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ABSTRACT

Compositions and methods for editing, e.g., introducing
double-stranded breaks, within the TTR gene are provided.
Compositions and methods for treating subjects having
amyloidosis associated with transthyretin (ATTR), are pro-

vided.
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COMPOSITIONS AND METHODS FOR TTR
GENE EDITING AND TREATING ATTR
AMYLOIDOSIS

[0001] This application is a Continuation of International
Application No. PCT/US2018/053382, which was filed on
Sep. 28, 2018, which claims the benefit of priority to U.S.
Provisional Application No. 62/556,236, which was filed on
Sep. 29, 2017, and U.S. Provisional Application No. 62/671,
902, which was filed on May 15, 2018, the contents of each
of which are incorporated by reference in their entirety.
[0002] The instant application contains a Sequence Listing
which has been submitted electronically in ASCII format
and is hereby incorporated by reference in its entirety. Said
ASCII copy, created on Mar. 23, 2020, is named 2020-03-
23_01155-0013-US_ST25.txt and is 417,533 bytes in size.
[0003] Transthyretin (TTR) is a protein produced by the
TTR gene that normally functions to transport retinol and
thyroxine throughout the body. TTR is predominantly syn-
thesized in the liver, with small fractions being produced in
the choroid plexus and retina. TTR normally circulates as a
soluble tetrameric protein in the blood.

[0004] Pathogenic variants of TTR, which may disrupt
tetramer stability, can be encoded by mutant alleles of the
TTR gene. Mutant TTR may result in misfolded TTR, which
may generate amyloids (i.e., aggregates of misfolded TTR
protein). In some cases, pathogenic variants of TTR can lead
to amyloidosis, or disease resulting from build-up of amy-
loids. For example, misfolded TTR monomers can polym-
erize into amyloid fibrils within tissues, such as the periph-
eral nerves, heart, and gastrointestinal tract. Amyloid
plaques can also comprise wild-type TTR that has deposited
on misfolded TTR.

[0005] Misfolding and deposition of wild-type TTR has
also been observed in males aged 60 or more and is
associated with heart rhythm problems, heart failure, and
carpal tunnel.

[0006] Amyloidosis characterized by deposition of TTR
may be referred to as “ATTR,” “TTR-related amyloidosis,”
“TTR amyloidosis,” or “ATTR amyloidosis,” “ATTR famil-
ial amyloidosis” (when associated with a genetic mutation in
a family), or “ATTRwt” or “wild-type ATTR” (when arising
from misfolding and deposition of wild-type TTR).

[0007] ATTR can present with a wide spectrum of symp-
toms, and patients with different classes of ATTR may have
different characteristics and prognoses. Some classes of
ATTR include familial amyloid polyneuropathy (FAP),
familial amyloid cardiomyopathy (FAC), and wild-type
TTR amyloidosis (wt-TTR amyloidosis). FAP commonly
presents with sensorimotor neuropathy, while FAC and
wt-TTR amyloidosis commonly present with congestive
heart failure. FAP and FAC are usually associated with a
genetic mutation in the TTR gene, and more than 100
different mutations in the TTR gene have been associated
with ATTR. In contrast, wt-TTR amyloidosis is associated
with aging and not with a genetic mutation in TTR. It is
estimated that approximately 50,000 patients worldwide
may be affected by FAP and FAC.

[0008] While more than 100 mutations in TTR are asso-
ciated with ATTR, certain mutations have been more closely
associated with neuropathy and/or cardiomyopathy. For
example, mutations at T60 of TTR are associated with both
cardiomyopathy and neuropathy; mutations at V30 are more
associated with neuropathy; and mutations at V122 are more
associated with cardiomyopathy.

Aug. 6, 2020

[0009] A range of treatment approaches have been studied
for treatment of ATTR, but there are no approved drugs that
stop disease progression and improve quality of life. While
liver transplant has been studied for treatment of ATTR, its
use is declining as it involves significant risk and disease
progression sometimes continues after transplantation.
Small molecule stabilizers, such as diflunisal and tafamidis,
appear to slow ATTR progression, but these agents do not
halt disease progression.

[0010] Approaches using small interfering RNA (siRNA)
knockdown, antisense knockdown, or a monoclonal anti-
body targeting amyloid fibrils for destruction are also cur-
rently being investigated, but while results on short-term
suppression of TTR expression show encouraging prelimi-
nary data, a need exists for treatments that can produce
long-lasting suppression of TTR.

[0011] Accordingly, the following embodiments are pro-
vided. In some embodiments, the present invention provides
compositions and methods using a guide RNA with an
RNA-guided DNA binding agent such as the CRISPR/Cas
system to substantially reduce or knockout expression of the
TTR gene, thereby substantially reducing or eliminating the
production of TTR protein associated with ATTR. The
substantial reduction or elimination of the production of
TTR protein associated with ATTR through alteration of the
TTR gene can be a long-term reduction or elimination.

SUMMARY

[0012] Embodiment 1 is a method of inducing a double-
stranded break (DSB) within the TTR gene, comprising
delivering a composition to a cell, wherein the composition
comprises

a. a guide RNA comprising a guide sequence selected from
SEQ ID NOs: 5-82;

b. a guide RNA comprising at least 17, 18, 19, or 20
contiguous nucleotides of a sequence selected from SEQ ID
NOs: 5-82; or

c. a guide RNA comprising a guide sequence that is at least
99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, or 90%
identical to a sequence selected from SEQ ID NOs: 5-82.
[0013] Embodiment 2 is a method of modifying the TTR
gene comprising delivering a composition to a cell, wherein
the composition comprises (i) an RNA-guided DNA binding
agent or a nucleic acid encoding an RNA-guided DNA
binding agent and (ii) a guide RNA comprising:

a. a guide sequence selected from SEQ ID NOs: 5-82;

b. at least 17, 18, 19, or 20 contiguous nucleotides of a
sequence selected from SEQ ID NOs: 5-82; or

c. a guide sequence that is at least 99%, 98%, 97%, 96%,
95%, 94%, 93%, 92%, 91%, or 90% identical to a sequence
selected from SEQ ID NOs: 5-82.

[0014] Embodiment 3 is a method of treating amyloidosis
associated with TTR (ATTR), comprising administering a
composition to a subject in need thereof, wherein the com-
position comprises (i) an RNA-guided DNA binding agent
or a nucleic acid encoding an RNA-guided DNA binding
agent and (ii) a guide RNA comprising:

a. a guide sequence selected from SEQ ID NOs: 5-82;

b. at least 17, 18, 19, or 20 contiguous nucleotides of a
sequence selected from SEQ ID NOs: 5-82; or

c. a guide sequence that is at least 99%, 98%, 97%, 96%,
95%, 94%, 93%, 92%, 91%, or 90% identical to a sequence
selected from SEQ ID NOs: 5-82,

thereby treating ATTR.
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[0015] Embodiment 4 is a method of reducing TTR serum
concentration, comprising administering a composition to a
subject in need thereof, wherein the composition comprises
(1) an RNA-guided DNA binding agent or a nucleic acid
encoding an RNA-guided DNA binding agent and (i) a
guide RNA comprising:

a. a guide sequence selected from SEQ ID NOs: 5-82;

b. at least 17, 18, 19, or 20 contiguous nucleotides of a
sequence selected from SEQ ID NOs: 5-82; or

c. a guide sequence that is at least 99%, 98%, 97%, 96%,
95%, 94%, 93%, 92%, 91%, or 90% identical to a sequence
selected from SEQ ID NOs: 5-82,

thereby reducing TTR serum concentration.

[0016] Embodiment 5 is a method for reducing or pre-
venting the accumulation of amyloids or amyloid fibrils
comprising TTR in a subject, comprising administering a
composition to a subject in need thereof, wherein the com-
position comprises (i) an RNA-guided DNA binding agent
or a nucleic acid encoding an RNA-guided DNA binding
agent and (i) a guide RNA comprising:

a. a guide sequence selected from SEQ ID NOs: 5-82;

b. at least 17, 18, 19, or 20 contiguous nucleotides of a
sequence selected from SEQ ID NOs: 5-82; or

c. a guide sequence that is at least 99%, 98%, 97%, 96%,
95%, 94%, 93%, 92%, 91%, or 90% identical to a sequence
selected from SEQ ID NOs: 5-82,

thereby reducing accumulation of amyloids or amyloid
fibrils.

[0017] Embodiment 6 is a composition comprising a guide
RNA comprising:

a. a guide sequence selected from SEQ ID NOs: 5-82;

b. at least 17, 18, 19, or 20 contiguous nucleotides of a
sequence selected from SEQ ID NOs: 5-82; or

c. a guide sequence that is at least 99%, 98%, 97%, 96%,
95%, 94%, 93%, 92%, 91%, or 90% identical to a sequence
selected from SEQ ID NOs: 5-82.

[0018] Embodiment 7 is a composition comprising a vec-
tor encoding a guide RNA, wherein the guide RNA com-
prises:

a. a guide sequence selected from SEQ ID NOs: 5-82;

b. at least 17, 18, 19, or 20 contiguous nucleotides of a
sequence selected from SEQ ID NOs: 5-82; or

c. a guide sequence that is at least 99%, 98%, 97%, 96%,
95%, 94%, 93%, 92%, 91%, or 90% identical to a sequence
selected from SEQ ID NOs: 5-82.

[0019] Embodiment 8 is the composition of embodiment 6
or 7, for use in inducing a double-stranded break (DSB)
within the TTR gene in a cell or subject.

[0020] Embodiment 9 is the composition of embodiment 6
or 7, for use in modifying the TTR gene in a cell or subject.
[0021] Embodiment 10 is the composition of embodiment
6 or 7, for use in treating amyloidosis associated with TTR
(ATTR) in a subject.

[0022] Embodiment 11 is the composition of embodiment
6 or 7, for use in reducing TTR serum concentration in a
subject.

[0023] Embodiment 12 is the composition of embodiment
6 or 7, for use in reducing or preventing the accumulation of
amyloids or amyloid fibrils in a subject.

[0024] Embodiment 13 is the method of any one of
embodiments 1-5 or the composition for use of any one of
embodiments 8-12, wherein the composition reduces serum
TTR levels.
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[0025] Embodiment 14 is the method or composition for
use of embodiment 13, wherein the serum TTR levels are
reduced by at least 50% as compared to serum TTR levels
before administration of the composition.

[0026] Embodiment 15 is the method or composition for
use of embodiment 13, wherein the serum TTR levels are
reduced by 50-60%, 60-70%, 70-80%, 80-90%, 90-95%,
95-98%, 98-99%, or 99-100% as compared to serum TTR
levels before administration of the composition.

[0027] Embodiment 16 is the method or composition for
use of any one of embodiments 1-5 or 8-15, wherein the
composition results in editing of the TTR gene.

[0028] Embodiment 17 is the method or composition for
use of embodiment 16, wherein the editing is calculated as
a percentage of the population that is edited (percent edit-
ing).

[0029] Embodiment 18 is the method or composition for
use of embodiment 17, wherein the percent editing is
between 30 and 99% of the population.

[0030] Embodiment 19 is the method or composition for
use of embodiment 17, wherein the percent editing is
between 30 and 35%, 35 and 40%, 40 and 45%, 45 and 50%,
50 and 55%, 55 and 60%, 60 and 65%, 65 and 70%, 70 and
75%, 75 and 80%, 80 and 85%, 85 and 90%, 90 and 95%,
or 95 and 99% of the population.

[0031] Embodiment 20 is the method of any one of
embodiments 1-5 or the composition for use of any one of
embodiments 8-19, wherein the composition reduces amy-
loid deposition in at least one tissue.

[0032] Embodiment 21 is the method or composition for
use of embodiment 20, wherein the at least one tissue
comprises one or more of stomach, colon, sciatic nerve, or
dorsal root ganglion.

[0033] Embodiment 22 is the method or composition for
use of embodiment 20 or 21, wherein amyloid deposition is
measured 8 weeks after administration of the composition.
[0034] Embodiment 23 is the method or composition for
use of any one of embodiments 20-22, wherein amyloid
deposition is compared to a negative control or a level
measured before administration of the composition.

[0035] Embodiment 24 is the method or composition for
use of any one of embodiments 20-23, wherein amyloid
deposition is measured in a biopsy sample and/or by immu-
nostaining.

[0036] Embodiment 25 is the method or composition for
use of any one of embodiments 20-24, wherein amyloid
deposition is reduced by between 30 and 35%, 35 and 40%,
40 and 45%, 45 and 50%, 50 and 55%, 55 and 60%, 60 and
65%, 65 and 70%, 70 and 75%, 75 and 80%, 80 and 85%,
85 and 90%, 90 and 95%, or 95 and 99% of the amyloid
deposition seen in a negative control.

[0037] Embodiment 26 is the method or composition for
use of any one of embodiments 20-25, wherein amyloid
deposition is reduced by between 30 and 35%, 35 and 40%,
40 and 45%, 45 and 50%, 50 and 55%, 55 and 60%, 60 and
65%, 65 and 70%, 70 and 75%, 75 and 80%, 80 and 85%,
85 and 90%, 90 and 95%, or 95 and 99% of the amyloid
deposition seen before administration of the composition.
[0038] Embodiment 27 is the method or composition for
use of any one of embodiments 1-5 or 8-26, wherein the
composition is administered or delivered at least two times.
[0039] Embodiment 28 is the method or composition for
use of embodiment 27, wherein the composition is admin-
istered or delivered at least three times.
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[0040] Embodiment 29 is the method or composition for
use of embodiment 27, wherein the composition is admin-
istered or delivered at least four times.

[0041] Embodiment 30 is the method or composition for
use of embodiment 27, wherein the composition is admin-
istered or delivered up to five, six, seven, eight, nine, or ten
times.

[0042] Embodiment 31 is the method or composition for
use of any one of embodiments 27-30, wherein the admin-
istration or delivery occurs at an interval of 1, 2, 3, 4, 5, 6,
7,8, 9, 10, 11, 12, 13, 14, or 15 days.

[0043] Embodiment 32 is the method or composition for
use of any one of embodiments 27-30, wherein the admin-
istration or delivery occurs at an interval of 1, 2, 3, 4, 5, 6,
7,8, 9,10, 11, 12, 13, 14, or 15 weeks.

[0044] Embodiment 33 is the method or composition for
use of any one of embodiments 27-30, wherein the admin-
istration or delivery occurs at an interval of 1, 2, 3, 4, 5, 6,
7,8, 9,10, 11, 12, 13, 14, or 15 months.

[0045] Embodiment 34 is the method or composition of
any one of the preceding embodiments, wherein the guide
sequence is selected from SEQ ID NOs: 5-82.

[0046] Embodiment 35 is the method or composition of
any one of the preceding embodiments, wherein the guide
RNA is at least partially complementary to a target sequence
present in the human TTR gene.

[0047] Embodiment 36 is the method or composition of
embodiment 35, wherein the target sequence is in exon 1, 2,
3, or 4 of the human TTR gene.

[0048] Embodiment 37 is the method or composition of
embodiment 35, wherein the target sequence is in exon 1 of
the human TTR gene.

[0049] Embodiment 38 is the method or composition of
embodiment 35, wherein the target sequence is in exon 2 of
the human TTR gene.

[0050] Embodiment 39 is the method or composition of
embodiment 35, wherein the target sequence is in exon 3 of
the human TTR gene.

[0051] Embodiment 40 is the method or composition of
embodiment 35, wherein the target sequence is in exon 4 of
the human TTR gene.

[0052] Embodiment 41 is the method or composition of
any one of embodiments 1-40, wherein the guide sequence
is complementary to a target sequence in the positive strand
of TTR.

[0053] Embodiment 42 is the method or composition of
any one of embodiments 1-40, wherein the guide sequence
is complementary to a target sequence in the negative strand
of TTR.

[0054] Embodiment 43 is the method or composition of
any one of embodiments 1-40, wherein the first guide
sequence is complementary to a first target sequence in the
positive strand of the TTR gene, and wherein the composi-
tion further comprises a second guide sequence that is
complementary to a second target sequence in the negative
strand of the TTR gene.

[0055] Embodiment 44 is the method or composition of
any one of the preceding embodiments, wherein the guide
RNA comprises a crRNA that comprises the guide sequence
and further comprises a nucleotide sequence of SEQ ID NO:
126, wherein the nucleotides of SEQ ID NO: 126 follow the
guide sequence at its 3' end.
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[0056] Embodiment 45 is the method or composition of
any one of the preceding embodiments, wherein the guide
RNA is a dual guide (dgRNA).

[0057] Embodiment 46 is the method or composition of
embodiment 45, wherein the dual guide RNA comprises a
crRNA comprising a nucleotide sequence of SEQ ID NO:
126, wherein the nucleotides of SEQ ID NO: 126 follow the
guide sequence at its 3' end, and a trRNA.

[0058] Embodiment 47 is the method or composition of
any one of embodiments 1-43, wherein the guide RNA is a
single guide (sgRNA).

[0059] Embodiment 48 is the method or composition of
embodiment 47, wherein the sgRNA comprises a guide
sequence that has the pattern of SEQ ID NO: 3.

[0060] Embodiment 49 is the method or composition of
embodiment 47, wherein the sgRNA comprises the sequence
of SEQ ID NO: 3.

[0061] Embodiment 50 is the method or composition of
embodiment 48 or 49, wherein each N in SEQ ID NO: 3 is
any natural or non-natural nucleotide, wherein the N’s form
the guide sequence, and the guide sequence targets Cas9 to
the TTR gene.

[0062] Embodiment 51 is the method or composition of
any one of embodiments 47-50, wherein the sgRNA com-
prises any one of the guide sequences of SEQ ID NOs: 5-82
and the nucleotides of SEQ ID NO: 126.

[0063] Embodiment 52 is the method or composition of
any one of embodiments 47-51, wherein the sgRNA com-
prises a guide sequence that is at least 99%, 98%, 97%, 96%,
95%, 94%, 93%, 92%, 91%, or 90% identical to a sequence
selected from SEQ ID Nos: 87-124.

[0064] Embodiment 53 is the method or composition of
embodiment 47, wherein the sgRNA comprises a sequence
selected from SEQ ID Nos: 87-124.

[0065] Embodiment 54 is the method or composition of
any one of the preceding embodiments, wherein the guide
RNA comprises at least one modification.

[0066] Embodiment 55 is the method or composition of
embodiment 54, wherein the at least one modification
includes a 2'-O-methyl (2'-O-Me) modified nucleotide.
[0067] Embodiment 56 is the method or composition of
embodiment 54 or 55, wherein the at least one modification
includes a phosphorothioate (PS) bond between nucleotides.
[0068] Embodiment 57 is the method or composition of
any one of embodiments 54-56, wherein the at least one
modification includes a 2'-fluoro (2'-F) modified nucleotide.
[0069] Embodiment 58 is the method or composition of
any one of embodiments 54-57, wherein the at least one
modification includes a modification at one or more of the
first five nucleotides at the 5' end.

[0070] Embodiment 59 is the method or composition of
any one of embodiments 54-58, wherein the at least one
modification includes a modification at one or more of the
last five nucleotides at the 3' end.

[0071] Embodiment 60 is the method or composition of
any one of embodiments 54-59, wherein the at least one
modification includes PS bonds between the first four
nucleotides.

[0072] Embodiment 61 is the method or composition of
any one of embodiments 54-60, wherein the at least one
modification includes PS bonds between the last four
nucleotides.

[0073] Embodiment 62 is the method or composition of
any one of embodiments 54-61, wherein the at least one
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modification includes 2'-O-Me modified nucleotides at the
first three nucleotides at the 5' end.

[0074] Embodiment 63 is the method or composition of
any one of embodiments 54-62, wherein the at least one
modification includes 2'-O-Me modified nucleotides at the
last three nucleotides at the 3' end.

[0075] Embodiment 64 is the method or composition of
any one of embodiments 54-63, wherein the guide RNA
comprises the modified nucleotides of SEQ ID NO: 3.
[0076] Embodiment 65 is the method or composition of
any one of embodiments 1-64, wherein the composition
further comprises a pharmaceutically acceptable excipient.
[0077] Embodiment 66 is the method or composition of
any one of embodiments 1-65, wherein the guide RNA is
associated with a lipid nanoparticle (LNP).

[0078] Embodiment 67 is the method or composition of
embodiment 66, wherein the LNP comprises a CCD lipid.
[0079] Embodiment 68 is the method or composition of
embodiment 67, wherein the CCD lipid is Lipid a or Lipid
B.

[0080] Embodiment 69 is the method or composition of
embodiment 66-68, wherein the LNP comprises a neutral
lipid.

[0081] Embodiment 70 is the method or composition of
embodiment 69, wherein the neutral lipid is DSPC

[0082] Embodiment 71 is the method or composition of
any one of embodiments 66-70, wherein the LNP comprises
a helper lipid.

[0083] Embodiment 72 is the method or composition of
embodiment 71, wherein the helper lipid is cholesterol.
[0084] Embodiment 73 is the method or composition of
any one of embodiments 66-72, wherein the LNP comprises
a stealth lipid.

[0085] Embodiment 74 is the method or composition of
embodiment 73, wherein the stealth lipid is PEG2k-DMG.
[0086] Embodiment 75 is the method or composition of
any one of the preceding embodiments, wherein the com-
position further comprises an RNA-guided DNA binding
agent.

[0087] Embodiment 76 is the method or composition of
any one of the preceding embodiments, wherein the com-
position further comprises an mRNA that encodes an RNA-
guided DNA binding agent.

[0088] Embodiment 77 is the method or composition of
embodiment 75 or 76, wherein the RNA-guided DNA
binding agent is a Cas cleavase.

[0089] Embodiment 78 is the method or composition of
embodiment 77, wherein the RNA-guided DNA binding
agent is Cas9.

[0090] Embodiment 79 is the method or composition of
any one of embodiments 75-78, wherein the RNA-guided
DNA binding agent is modified.

[0091] Embodiment 80 is the method or composition of
any one of embodiments 75-79, wherein the RNA-guided
DNA binding agent is a nickase.

[0092] Embodiment 81 is the method or composition of
embodiment 79 or 80, wherein the modified RNA-guided
DNA binding agent comprises a nuclear localization signal
(NLS).

[0093] Embodiment 82 is the method or composition of
any one of embodiments 75-81, wherein the RNA-guided
DNA binding agent is a Cas from a Type-II CRISPR/Cas
system.
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[0094] Embodiment 83 is the method or composition of
any one of the preceding embodiments, wherein the com-
position is a pharmaceutical formulation and further com-
prises a pharmaceutically acceptable carrier.

[0095] Embodiment 84 is the method or composition for
use of any one of embodiments 1-5 or 8-83, wherein the
composition reduces or prevents amyloids or amyloid fibrils
comprising TTR.

[0096] Embodiment 85 is the method or composition for
use of embodiment 84, wherein the amyloids or amyloid
fibrils are in the nerves, heart, or gastrointestinal track.
[0097] Embodiment 86 is the method or composition for
use of any one of embodiments 1-5 or 8-83, wherein
non-homologous ending joining (NHEJ) leads to a mutation
during repair of a DSB in the TTR gene.

[0098] Embodiment 87 is the method or composition for
use of embodiment 86, wherein NHEJ leads to a deletion or
insertion of a nucleotide(s) during repair of a DSB in the
TTR gene.

[0099] Embodiment 88 is the method or composition for
use of embodiment 87, wherein the deletion or insertion of
anucleotide(s) induces a frame shift or nonsense mutation in
the TTR gene.

[0100] Embodiment 89 is the method or composition for
use of embodiment 87, wherein a frame shift or nonsense
mutation is induced in the TTR gene of at least 50% of liver
cells.

[0101] Embodiment 90 is the method or composition for
use of embodiment 89, wherein a frame shift or nonsense
mutation is induced in the TTR gene of 50%-60%, 60%-
70%, 70% or 80%, 80%-90%, 90-95%, 95%-99%, or 99%-
100% of liver cells.

[0102] Embodiment 91 is the method or composition for
use of any one of embodiments 87-90, wherein a deletion or
insertion of a nucleotide(s) occurs in the TTR gene at least
50-fold or more than in off-target sites.

[0103] Embodiment 92 is the method or composition for
use of embodiment 91, wherein the deletion or insertion of
a nucleotide(s) occurs in the TTR gene 50-fold to 150-fold,
150-fold to 500-fold, 500-fold to 1500-fold, 1500-fold to
5000-fold, 5000-fold to 15000-fold, 15000-fold to 30000-
fold, or 30000-fold to 60000-fold more than in off-target
sites.

[0104] Embodiment 93 is the method or composition for
use of any one of embodiments 87-92, wherein the deletion
or insertion of a nucleotide(s) occurs at less than or equal to
3,2, 1, or 0 off-target site(s) in primary human hepatocytes,
optionally wherein the off-target site(s) does (do) not occur
in a protein coding region in the genome of the primary
human hepatocytes.

[0105] Embodiment 94 is the method or composition for
use of embodiment 93, wherein the deletion or insertion of
a nucleotide(s) occurs at a number of off-target sites in
primary human hepatocytes that is less than the number of
off-target sites at which a deletion or insertion of a nucleo-
tide(s) occurs in Cas9-overexpressing cells, optionally
wherein the off-target site(s) does (do) not occur in a protein
coding region in the genome of the primary human hepato-
cytes.

[0106] Embodiment 95 is the method or composition for
use of embodiment 94, wherein the Cas9-overexpressing
cells are HEK293 cells stably expressing Cas9.

[0107] Embodiment 96 is the method or composition for
use of any one of embodiments 93-95, wherein the number
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of off-target sites in primary human hepatocytes is deter-
mined by analyzing genomic DNA from primary human
hepatocytes transfected in vitro with Cas9 mRNA and the
guide RNA, optionally wherein the off-target site(s) does
(do) not occur in a protein coding region in the genome of
the primary human hepatocytes.

[0108] Embodiment 97 is the method or composition for
use of any one of embodiments 93-95, wherein the number
of off-target sites in primary human hepatocytes is deter-
mined by an oligonucleotide insertion assay comprising
analyzing genomic DNA from primary human hepatocytes
transfected in vitro with Cas9 mRNA, the guide RNA, and
a donor oligonucleotide, optionally wherein the off-target
site(s) does (do) not occur in a protein coding region in the
genome of the primary human hepatocytes.

[0109] Embodiment 98 is the method or composition of
any one of embodiments 1-43 or 47-97, wherein the
sequence of the guide RNA is:

[0110] a) SEQ ID NO: 92 or 104;

[0111] b) SEQ ID NO: 87, 89, 96, or 113;

[0112] ¢) SEQ ID NO: 100, 102, 106, 111, or 112; or
[0113] d) SEQ ID NO: 88, 90, 91, 93, 94, 95, 97, 101, 103,
108, or 109,

optionally wherein the guide RNA does not produce indels
at off-target site(s) that occur in a protein coding region in
the genome of primary human hepatocytes.

[0114] Embodiment 99 is the method or composition for
use of any one of embodiments 1-5 or 8-98, wherein
administering the composition reduces levels of TTR in the
subject.

[0115] Embodiment 100 is the method or composition for
use of embodiment 99, wherein the levels of TTR are
reduced by at least 50%.

[0116] Embodiment 101 is the method or composition for
use of embodiment 100, wherein the levels of TTR are
reduced by 50%-60%, 60%-70%, 70% or 80%, 80%-90%,
90-95%, 95%-99%, or 99%-100%.

[0117] Embodiment 102 is the method or composition for
use of embodiment 100 or 101, wherein the levels of TTR
are measured in serum, plasma, blood, cerebral spinal fluid,
or sputum.

[0118] Embodiment 103 is the method or composition for
use of embodiment 100 or 101, wherein the levels of TTR
are measured in liver, choroid plexus, and/or retina.

[0119] Embodiment 104 is the method or composition for
use of any one of embodiments 99-103, wherein the levels
of TTR are measured via enzyme-linked immunosorbent
assay (ELISA).

[0120] Embodiment 105 is the method or composition for
use of any one of embodiments 1-5 or 8-104, wherein the
subject has ATTR.

[0121] Embodiment 106 is the method or composition for
use of any one of embodiments 1-5 or 8-105, wherein the
subject is human.

[0122] Embodiment 107 is the method or composition for
use of embodiment 105 or 106, wherein the subject has
ATTRwt.

[0123] Embodiment 108 is the method or composition for
use of embodiment 105 or 106, wherein the subject has
hereditary ATTR.

[0124] Embodiment 109 is the method or composition for
use of any one of embodiments 1-5, 8-106, or 108, wherein
the subject has a family history of ATTR.
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[0125] Embodiment 110 is the method or composition for
use of any one of embodiments 1-5, 8-106, or 108-109,
wherein the subject has familial amyloid polyneuropathy.
[0126] Embodiment 111 is the method or composition for
use of any one of embodiments 1-5 or 8-110, wherein the
subject has only or predominantly nerve symptoms of
ATTR.

[0127] Embodiment 112 is the method or composition for
use of any one of embodiments 1-5 or 8-110, wherein the
subject has familial amyloid cardiomyopathy.

[0128] Embodiment 113 is the method or composition for
use of any one of embodiments 1-5, 8-109, or 112, wherein
the subject has only or predominantly cardiac symptoms of
ATTR.

[0129] Embodiment 114 is the method or composition for
use of any one of embodiments 1-5 or 8-113, wherein the
subject expresses TTR having a V30 mutation.

[0130] Embodiment 115 is the method or composition for
use of embodiment 114, wherein the V30 mutation is V30A,
V30G, V30L, or V30M.

[0131] Embodiment 116 is the method or composition for
use of embodiment any one of embodiments 1-5 or 8-113,
wherein the subject expresses TTR having a T60 mutation.
[0132] Embodiment 117 is the method or composition for
use of embodiment 116, wherein the T60 mutation is T60A.
[0133] Embodiment 118 is the method or composition for
use of embodiment any one of embodiments 1-5 or 8-113,
wherein the subject expresses TTR having a V122 mutation.
[0134] Embodiment 119 is the method or composition for
use of embodiment 118, wherein the V122 mutation is
V122A, V1221, or V122(-).

[0135] Embodiment 120 is the method or composition for
use of any one of embodiments 1-5 or 8-119, wherein the
subject expresses wild-type TTR.

[0136] Embodiment 121 is the method or composition for
use of any one of embodiments 1-5, 8-107, or 120, wherein
the subject does not express TTR having a V30, T60, or
V122 mutation.

[0137] Embodiment 122 is the method or composition for
use of any one of embodiments 1-5, 8-107, or 120-121,
wherein the subject does not express TTR having a patho-
logical mutation.

[0138] Embodiment 123 is the method or composition for
use of embodiment 121, wherein the subject is homozygous
for wild-type TTR.

[0139] Embodiment 124 is the method or composition for
use of any one of embodiments 1-5 or 8-123, wherein after
administration the subject has an improvement, stabiliza-
tion, or slowing of change in symptoms of sensorimotor
neuropathy.

[0140] Embodiment 125 is the method or composition for
use of embodiment 124, wherein the improvement, stabili-
zation, or slowing of change in sensory neuropathy is
measured using electromyogram, nerve conduction tests, or
patient-reported outcomes.

[0141] Embodiment 126 is the method or composition for
use of any one of embodiments 1-5 or 8-125, wherein the
subject has an improvement, stabilization, or slowing of
change in symptoms of congestive heart failure.

[0142] Embodiment 127 is the method or composition for
use of embodiment 126, wherein the improvement, stabili-
zation, or slowing of change in congestive heart failure is
measured using cardiac biomarker tests, lung function tests,
chest x-rays, or electrocardiography.
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[0143] Embodiment 128 is the method or composition for
use of any one of embodiments 1-5 or 8-127, wherein the
composition or pharmaceutical formulation is administered
via a viral vector.

[0144] Embodiment 129 is the method or composition for
use of any one of embodiments 1-5 or 8-127, wherein the
composition or pharmaceutical formulation is administered
via lipid nanoparticles.

[0145] Embodiment 130 is the method or composition for
use of any one of embodiments 1-5 or 8-129, wherein the
subject is tested for specific mutations in the TTR gene
before administering the composition or formulation.
[0146] Embodiment 131 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 5.
[0147] Embodiment 132 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 6.
[0148] Embodiment 133 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 7.
[0149] Embodiment 134 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 8.
[0150] Embodiment 135 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 9.
[0151] Embodiment 136 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 10.
[0152] Embodiment 137 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 11.
[0153] Embodiment 138 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 12.
[0154] Embodiment 139 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 13.
[0155] Embodiment 140 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 14.
[0156] Embodiment 141 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 15.
[0157] Embodiment 142 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 16.
[0158] Embodiment 143 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 17.
[0159] Embodiment 144 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 18.
[0160] Embodiment 145 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 19.
[0161] Embodiment 146 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 20.
[0162] Embodiment 147 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 21.

Aug. 6, 2020

[0163] Embodiment 148 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 22.
[0164] Embodiment 149 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 23.
[0165] Embodiment 150 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 24.
[0166] Embodiment 151 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 25.
[0167] Embodiment 152 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 26.
[0168] Embodiment 153 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 27.
[0169] Embodiment 154 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 28.
[0170] Embodiment 155 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 29.
[0171] Embodiment 156 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 30.
[0172] Embodiment 157 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 31.
[0173] Embodiment 158 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 32.
[0174] Embodiment 159 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 33.
[0175] Embodiment 160 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 34.
[0176] Embodiment 161 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 35.
[0177] Embodiment 162 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 36.
[0178] Embodiment 163 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 37.
[0179] Embodiment 164 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 38.
[0180] Embodiment 165 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 39.
[0181] Embodiment 166 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 40.
[0182] Embodiment 167 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 41.
[0183] Embodiment 168 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 42.
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[0184] Embodiment 169 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 43.
[0185] Embodiment 170 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 44.
[0186] Embodiment 171 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 45.
[0187] Embodiment 172 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 46.
[0188] Embodiment 173 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 47.
[0189] Embodiment 174 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 48.
[0190] Embodiment 175 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 49.
[0191] Embodiment 176 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 50.
[0192] Embodiment 177 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 51.
[0193] Embodiment 178 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 52.
[0194] Embodiment 179 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 53.
[0195] Embodiment 180 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 54.
[0196] Embodiment 181 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 55.
[0197] Embodiment 182 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 56.
[0198] Embodiment 183 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 57.
[0199] Embodiment 184 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 58.
[0200] Embodiment 185 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 59.
[0201] Embodiment 186 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 60.
[0202] Embodiment 187 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 61.
[0203] Embodiment 188 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 62.
[0204] Embodiment 189 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 63.
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[0205] Embodiment 190 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 64.
[0206] Embodiment 191 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 65.
[0207] Embodiment 192 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 66.
[0208] Embodiment 193 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 67.
[0209] Embodiment 194 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 68.
[0210] Embodiment 195 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 69.
[0211] Embodiment 196 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 70.
[0212] Embodiment 197 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 71.
[0213] Embodiment 198 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 72.
[0214] Embodiment 199 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 73.
[0215] Embodiment 200 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 74.
[0216] Embodiment 201 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 75.
[0217] Embodiment 202 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 76.
[0218] Embodiment 203 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 77.
[0219] Embodiment 204 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 78.
[0220] Embodiment 205 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 79.
[0221] Embodiment 206 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 80.
[0222] Embodiment 207 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 81.
[0223] Embodiment 208 is the method or composition of
any one of embodiments 1-130, wherein the sequence
selected from SEQ ID NOs: 5-82 is SEQ ID NO: 82.
[0224] Embodiment 209 is a use of a composition or
formulation of any of embodiments 6-208 for the prepara-
tion of a medicament for treating a human subject having
ATTR.

[0225] Also disclosed is the use of a composition or
formulation of any of the foregoing embodiments for the
preparation of a medicament for treating a human subject
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having ATTR. Also disclosed are any of the foregoing
compositions or formulations for use in treating ATTR or for
use in moditying (e.g., forming an indel in, or forming a
frameshift or nonsense mutation in) a TTR gene.

BRIEF DESCRIPTION OF THE DRAWINGS

[0226] FIG. 1 shows a schematic of chromosome 18 with
the regions of the TTR gene that are targeted by the guide
sequences provided in Table 1.

[0227] FIG. 2 shows off-target analysis in HEK293_Cas9
cells of certain dual guide RNAs targeting TTR. The on-
target site is designated by a filled square for each dual guide
RNA tested, whereas closed circles represent a potential
off-target site.

[0228] FIG. 3 shows off-target analysis in HEK_Cas9 cells
of certain single guide RNAs targeting TTR. The on-target
site is designated by a filled square for each single guide
RNA tested, whereas open circles represent a potential
off-target site.

[0229] FIG. 4 shows dose response curves of lipid nano-
particle formulated human TTR specific sgRNAs on primary
human hepatocytes.

[0230] FIG. 5 shows dose response curves of lipid nano-
particle formulated human TTR specific sgRNAs on primary
cyno hepatocytes.

[0231] FIG. 6 shows dose response curves of lipid nano-
particle formulated cyno TTR specific sgRNAs on primary
cyno hepatocytes.

[0232] FIG. 7 shows percent editing (% edit) of TTR and
reduction of secreted TTR following administration of the
guide in HUH7 cells sequences provided on the x-axis. The
values are normalized to the amount of alpha-1-antitrypsin
(AAT) protein.

[0233] FIG. 8 shows western blot analysis of intracellular
TTR following administration of targeted guides (listed in
Table 1) in HUH7 cells.

[0234] FIG. 9 shows percentage liver editing of TTR
observed following administration of LNP formulations to
mice with humanized (G481-G499) or murine (G282) TTR.
Note: the first three ‘0’s in each Guide ID is omitted from the
Figure, for example “G481” is “G000481” in Tables 2 and
3.

[0235] FIGS. 10A-B show serum TTR levels observed
following the dosing regimens indicated on the horizontal
axis as pg/ml (FIG. 10A) or percentage of TSS control (FIG.
10B). MPK=mg/kg throughout.

[0236] FIGS. 11A-B show serum TTR levels observed
following the dosing regimens indicated on the horizontal
axis for 1 mg/kg (FIG. 11A) or 0.5 mg/kg dosages (FIG.
11B). Data for a single 2 mg/kg dose is included as the right
column in both panels.

[0237] FIGS. 12A-B show percentage liver editing
observed following the dosing regimens indicated on the
horizontal axis for 1 mg/kg (FIG. 12A) or 0.5 mg/kg dosages
(FIG. 12B). FIG. 12C shows percentage liver editing
observed following a single dose at 0.5, 1, or 2 mg/kg.
[0238] FIG. 13 shows percent liver editing observed fol-
lowing administration of LNP formulations to mice human-
ized with respect to the TTR gene. Note: the first three ‘0’s
in each Guide ID is omitted from the Figure, for example
“G481” is “G000481” in Tables 2 and

[0239] FIGS. 14A-B show that there is correlation
between liver editing (FIG. 14A) and serum human TTR
levels (FIG. 14B) following administration of LNP formu-
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lations to mice humanized with respect to the TTR gene.
Note: the first three ‘0’s in each Guide ID is omitted from the
Figure, for example “G481” is “G000481” in Tables 2 and
3.

[0240] FIGS. 15A-B show that there is a dose response
with respect to percent editing (FIG. 15A) and serum TTR
levels (FIG. 15B) in wild type mice following administra-
tion of LNP formulations comprising guide G502, which is
cross homologous between mouse and cyno.

[0241] FIG. 16 shows dose response curves of lipid nano-
particle formulated human TTR specific sgRNAs on primary
cyno hepatocytes.

[0242] FIG. 17 shows dose response curves of lipid nano-
particle formulated cyno TTR specific sgRNAs on primary
human hepatocytes.

[0243] FIG. 18 shows dose response curves of lipid nano-
particle formulated cyno TTR specific sgRNAs on primary
cyno hepatocytes.

[0244] FIGS. 19A-D show serum TTR (% TSS; FIGS.
19A and 19C) and editing results following dosing of LNP
formulations at the indicated ratios and amounts (FIGS. 19B
and 19D).

[0245] FIG. 20 shows off-target analysis of certain single
guide RNAs in Primary Human Hepatocytes (PHH) target-
ing TTR. In the graph, filled squares represent the identifi-
cation of the on-target cut site, while open circles represent
the identification of potential off-target sites.

[0246] FIGS. 21A-B show percent editing on-target (ONT,
FIG. 21A) and at two off-target sites (OT2 and OT4) in
primary human hepatocytes following administration of
lipid nanoparticle formulated G000480. FIG. 21B is a re-
scaled version of the OT2, OT4, and negative control (Neg
Cont) data in FIG. 21A.

[0247] FIGS. 22A-B show percent editing on-target (ONT,
FIG. 22A) and at an off-target site (OT4) in primary human
hepatocytes following administration of lipid nanoparticle
formulated GO00486. FIG. 22B is a re-scaled version of the
OT4 and negative control (Neg Cont) data in FIG. 22A.
[0248] FIGS. 23A-B show percent editing (FIG. 23A) and
number of insertion and deletion events at the TTR locus
(FIG. 23B). FIG. 23A shows percent editing at the TTR
locus in control and treatment (dosed with lipid nanoparticle
formulated TTR specific sgRNA) groups. FIG. 23B shows
the number of insertion and deletion events at the TTR locus
when editing was observed in the treatment group of FIG.
23A.

[0249] FIGS. 24A-B show TTR levels in circulating
serum (FIG. 24A) and cerebrospinal fluid (CSF) (FIG. 24B),
respectively, in pg/mL for control and treatment (dosed with
lipid nanoparticle formulated TTR specific sgRNA) groups.
Treatment resulted in >99% knockdown of TTR levels in
serum.

[0250] FIGS. 25A-D show immunohistochemistry images
with staining for TTR in stomach (FIG. 25A), colon (FIG.
25B), sciatic nerve (FIG. 25C), and dorsal root ganglion
(DRG) (FIG. 25D) from control and treatment (dosed with
lipid nanoparticle formulated TTR specific sgRNA) mice. At
right, bar graphs show reduction in TTR staining 8 weeks
after treatment in treated mice as measured by percent
occupied area for each tissue type.

[0251] FIGS. 26A-C show liver TTR editing (FIG. 26A)
and serum TTR results (in pg/ml. (FIG. 26B) and as per-
centage of TSS-treated control (FIG. 26C)), respectively,
from humanized TTR mice dosed with LNP formulations
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across a range of doses with guides G000480, G000488,
G000489 and G000502 and containing Cas9 mRNA (SEQ
ID NO: 1) in a 1:1 ratio by weight to the guide.

[0252] FIGS. 27A-C show liver TTR editing (FIG. 27A)
and serum TTR results (in pg/ml. (FIG. 27B) and as per-
centage of TSS-treated control (FIG. 27C)), respectively,
from humanized TTR mice dosed with LNP formulations
across a range of doses with guides G000481, G000482,
G000486 and G000499 and containing Cas9 mRNA (SEQ
ID NO: 1) in a 1:1 ratio by weight to the guide.

[0253] FIGS. 28A-C show liver TTR editing (FIG. 28A)
and serum TTR results (in ng/ml. (FIG. 28B) and as per-
centage of TSS-treated control (FIG. 28C)), respectively,
from humanized TTR mice dosed with LNP formulations
across a range of doses with guides G000480, G000481,
G000486, G000499 and GO00502 and containing Cas9
mRNA (SEQ ID NO: 1) in a 1:2 ratio by weight to the guide.
[0254] FIG. 29 shows relative expression of TTR mRNA
in primary human hepatocytes (PHH) after treatment with
LNPs comprising Cas9 mRNA and a gRNA as indicated, as
compared to negative (untreated) controls.

[0255] FIG. 30 shows relative expression of TTR mRNA
in primary human hepatocytes (PHH) after treatment with
LNPs comprising Cas9 mRNA and a gRNA as indicated, as
compared to negative (untreated) controls.

DETAILED DESCRIPTION

[0256] Reference will now be made in detail to certain
embodiments of the invention, examples of which are illus-
trated in the accompanying drawings. While the invention
will be described in conjunction with the illustrated embodi-
ments, it will be understood that they are not intended to
limit the invention to those embodiments. On the contrary,
the invention is intended to cover all alternatives, modifi-
cations, and equivalents, which may be included within the
invention as defined by the appended claims.

[0257] Before describing the present teachings in detail, it
is to be understood that the disclosure is not limited to
specific compositions or process steps, as such may vary. It
should be noted that, as used in this specification and the
appended claims, the singular form “a”, “an” and “the”
include plural references unless the context clearly dictates
otherwise. Thus, for example, reference to “a conjugate”
includes a plurality of conjugates and reference to “a cell”
includes a plurality of cells and the like.

[0258] Numeric ranges are inclusive of the numbers defin-
ing the range. Measured and measurable values are under-
stood to be approximate, taking into account significant
digits and the error associated with the measurement. Also,

the use of “comprise”, “comprises”, “comprising”, “con-
»

tain”, “contains”, “containing”, “include”, “includes”, and
“including” are not intended to be limiting. It is to be
understood that both the foregoing general description and
detailed description are exemplary and explanatory only and
are not restrictive of the teachings.

[0259] Unless specifically noted in the above specifica-
tion, embodiments in the specification that recite “compris-
ing” various components are also contemplated as “consist-
ing of” or “consisting essentially of” the recited
components; embodiments in the specification that recite
“consisting of” various components are also contemplated as
“comprising” or “consisting essentially of” the recited com-
ponents; and embodiments in the specification that recite
“consisting essentially of” various components are also
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contemplated as “consisting of” or “comprising” the recited
components (this interchangeability does not apply to the
use of these terms in the claims). The term “or” is used in an
inclusive sense, i.e., equivalent to “and/or,” unless the
context clearly indicates otherwise.

[0260] The section headings used herein are for organiza-
tional purposes only and are not to be construed as limiting
the desired subject matter in any way. In the event that any
material incorporated by reference contradicts any term
defined in this specification or any other express content of
this specification, this specification controls. While the pres-
ent teachings are described in conjunction with various
embodiments, it is not intended that the present teachings be
limited to such embodiments. On the contrary, the present
teachings encompass various alternatives, modifications,
and equivalents, as will be appreciated by those of skill in
the art.

1. Definitions

[0261] Unless stated otherwise, the following terms and
phrases as used herein are intended to have the following
meanings:

[0262] “Polynucleotide” and “nucleic acid” are used
herein to refer to a multimeric compound comprising
nucleosides or nucleoside analogs which have nitrogenous
heterocyclic bases or base analogs linked together along a
backbone, including conventional RNA, DNA, mixed RNA-
DNA, and polymers that are analogs thereof. A nucleic acid
“backbone” can be made up of a variety of linkages,
including one or more of sugar-phosphodiester linkages,
peptide-nucleic acid bonds (“peptide nucleic acids” or PNA;
PCT No. WO 95/32305), phosphorothioate linkages, meth-
ylphosphonate linkages, or combinations thereof. Sugar
moieties of a nucleic acid can be ribose, deoxyribose, or
similar compounds with substitutions, e.g., 2' methoxy or 2'
halide substitutions. Nitrogenous bases can be conventional
bases (A, G, C, T, U), analogs thereof (e.g., modified
uridines such as S5-methoxyuridine, pseudouridine, or
N1-methylpseudouridine, or others); inosine; derivatives of
purines or pyrimidines (e.g., N*-methyl deoxyguanosine,
deaza- or aza-purines, deaza- or aza-pyrimidines, pyrimi-
dine bases with substituent groups at the 5 or 6 position (e.g.,
5-methylcytosine), purine bases with a substituent at the 2,
6, or 8 positions, 2-amino-6-methylaminopurine, O°-meth-
ylguanine, 4-thio-pyrimidines, 4-amino-pyrimidines, 4-dim-
ethylhydrazine-pyrimidines, and O*-alkyl-pyrimidines; U.S.
Pat. No. 5,378,825 and PCT No. WO 93/13121). For general
discussion see The Biochemistry of the Nucleic Acids 5-36,
Adams et al,, ed., 117 ed., 1992). Nucleic acids can include
one or more “abasic” residues where the backbone includes
no nitrogenous base for position(s) of the polymer (U.S. Pat.
No. 5,585,481). A nucleic acid can comprise only conven-
tional RNA or DNA sugars, bases and linkages, or can
include both conventional components and substitutions
(e.g., conventional bases with 2' methoxy linkages, or poly-
mers containing both conventional bases and one or more
base analogs). Nucleic acid includes “locked nucleic acid”
(LNA), an analogue containing one or more LNA nucleotide
monomers with a bicyclic furanose unit locked in an RNA
mimicking sugar conformation, which enhance hybridiza-
tion affinity toward complementary RNA and DNA
sequences (Vester and Wengel, 2004, Biochemistry 43(42):
13233-41). RNA and DNA have different sugar moieties and
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can differ by the presence of uracil or analogs thereof in
RNA and thymine or analogs thereof in DNA.

[0263] “Guide RNA”, “gRNA”, and “guide” are used
herein interchangeably to refer to either a crRNA (also
known as CRISPR RNA), or the combination of a crRNA
and a trRNA (also known as tracrRNA). The crRNA and
trRNA may be associated as a single RNA molecule (single
guide RNA, sgRNA) or in two separate RNA molecules
(dual guide RNA, dgRNA). “Guide RNA” or “gRNA” refers
to each type. The trRNA may be a naturally-occurring
sequence, or a trRNA sequence with modifications or varia-
tions compared to naturally-occurring sequences.

[0264] As used herein, a “guide sequence” refers to a
sequence within a guide RNA that is complementary to a
target sequence and functions to direct a guide RNA to a
target sequence for binding or modification (e.g., cleavage)
by an RNA-guided DNA binding agent. A “guide sequence”
may also be referred to as a “targeting sequence,” or a
“spacer sequence.” A guide sequence can be 20 base pairs in
length, e.g., in the case of Streptococcus pyogenes (i.e., Spy
Cas9) and related Cas9 homologs/orthologs. Shorter or
longer sequences can also be used as guides, e.g., 15-, 16-,
17-, 18-, 19-, 21-, 22-, 23-, 24-, or 25-nucleotides in length.
For example, in some embodiments, the guide sequence
comprises at least 17, 18, 19, or 20 contiguous nucleotides
of a sequence selected from SEQ ID NOs: 5-82. In some
embodiments, the target sequence is in a gene or on a
chromosome, for example, and is complementary to the
guide sequence. In some embodiments, the degree of
complementarity or identity between a guide sequence and
its corresponding target sequence may be about 75%, 80%,
85%, 88%, 90%, 95%, 96%, 97%, 98%, 99%, or 100%. For
example, in some embodiments, the guide sequence com-
prises a sequence with about 75%, 80%, 85%, 88%, 90%,
95%, 96%, 97%, 98%., 99%, or 100% identity to at least 17,
18, 19, or 20 contiguous nucleotides of a sequence selected
from SEQ ID NOs: 5-82. In some embodiments, the guide
sequence and the target region may be 100% complementary
or identical. In other embodiments, the guide sequence and
the target region may contain at least one mismatch. For
example, the guide sequence and the target sequence may
contain 1, 2, 3, or 4 mismatches, where the total length of the
target sequence is at least 17, 18, 19, 20 or more base pairs.
In some embodiments, the guide sequence and the target
region may contain 1-4 mismatches where the guide
sequence comprises at least 17, 18, 19, 20 or more nucleo-
tides. In some embodiments, the guide sequence and the
target region may contain 1, 2, 3, or 4 mismatches where the
guide sequence comprises 20 nucleotides.

[0265] Target sequences for Cas proteins include both the
positive and negative strands of genomic DNA (i.e., the
sequence given and the sequence’s reverse compliment), as
anucleic acid substrate for a Cas protein is a double stranded
nucleic acid. Accordingly, where a guide sequence is said to
be “complementary to a target sequence”, it is to be under-
stood that the guide sequence may direct a guide RNA to
bind to the reverse complement of a target sequence. Thus,
in some embodiments, where the guide sequence binds the
reverse complement of a target sequence, the guide sequence
is identical to certain nucleotides of the target sequence (e.g.,
the target sequence not including the PAM) except for the
substitution of U for T in the guide sequence.

[0266] As used herein, an “RNA-guided DNA binding
agent” means a polypeptide or complex of polypeptides
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having RNA and DNA binding activity, or a DNA-binding
subunit of such a complex, wherein the DNA binding
activity is sequence-specific and depends on the sequence of
the RNA. Exemplary RNA-guided DNA binding agents
include Cas cleavases/nickases and inactivated forms
thereof (“dCas DNA binding agents™). “Cas nuclease”, also
called “Cas protein”, as used herein, encompasses Cas
cleavases, Cas nickases, and dCas DNA binding agents. Cas
cleavases/nickases and dCas DN A binding agents include a
Csm or Cmr complex of a type III CRISPR system, the
Casl10, Csml, or Cmr2 subunit thereof, a Cascade complex
of a type I CRISPR system, the Cas3 subunit thereof, and
Class 2 Cas nucleases. As used herein, a “Class 2 Cas
nuclease” is a single-chain polypeptide with RNA-guided
DNA binding activity, such as a Cas9 nuclease or a Cpfl
nuclease. Class 2 Cas nucleases include Class 2 Cas cleav-
ases and Class 2 Cas nickases (e.g., H840A, D10A, or
N863A variants), which further have RNA-guided DNA
cleavases or nickase activity, and Class 2 dCas DNA binding
agents, in which cleavase/nickase activity is inactivated.
Class 2 Cas nucleases include, for example, Cas9, Cpfl,
C2c¢1, C2¢2, C2c¢3, HF Cas9 (e.g., N497A, R661A, Q695A,
Q926 A variants), HypaCas9 (e.g., N692A, M694A, Q695A,
H698A variants), eSPCas9(1.0) (e.g, K810A, KI1003A,
R1060A variants), and eSPCas9(1.1) (e.g., KB848A,
K1003A, R1060A variants) proteins and modifications
thereof. Cpfl protein, Zetsche et al., Cell, 163: 1-13 (2015),
is homologous to Cas9, and contains a RuvC-like nuclease
domain. Cpfl sequences of Zetsche are incorporated by
reference in their entirety. See, e.g., Zetsche, Tables S1 and
S3. “Cas9” encompasses Spy Cas9, the variants of Cas9
listed herein, and equivalents thereof. See, e.g., Makarova et
al., Nat Rev Microbiol, 13(11): 722-36 (2015); Shmakov et
al., Molecular Cell, 60:385-397 (2015).

[0267] “Modified uridine” is used herein to refer to a
nucleoside other than thymidine with the same hydrogen
bond acceptors as uridine and one or more structural differ-
ences from uridine. In some embodiments, a modified
uridine is a substituted uridine, i.e., a uridine in which one
or more non-proton substituents (e.g., alkoxy, such as
methoxy) takes the place of a proton. In some embodiments,
a modified uridine is pseudouridine. In some embodiments,
a modified uridine is a substituted pseudouridine, i.e., a
pseudouridine in which one or more non-proton substituents
(e.g., alkyl, such as methyl) takes the place of a proton. In
some embodiments, a modified uridine is any of a substi-
tuted uridine, pseudouridine, or a substituted pseudouridine.

[0268] “Uridine position” as used herein refers to a posi-
tion in a polynucleotide occupied by a uridine or a modified
uridine. Thus, for example, a polynucleotide in which
“100% of the uridine positions are modified uridines” con-
tains a modified uridine at every position that would be a
uridine in a conventional RNA (where all bases are standard
A, U, C, or G bases) of the same sequence. Unless otherwise
indicated, a U in a polynucleotide sequence of a sequence
table or sequence listing in, or accompanying, this disclosure
can be a uridine or a modified uridine.

[0269] As used herein, a first sequence is considered to
“comprise a sequence with at least X % identity to” a second
sequence if an alignment of the first sequence to the second
sequence shows that X % or more of the positions of the
second sequence in its entirety are matched by the first
sequence. For example, the sequence AAGA comprises a
sequence with 100% identity to the sequence AAG because
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an alignment would give 100% identity in that there are
matches to all three positions of the second sequence. The
differences between RNA and DNA (generally the exchange
of uridine for thymidine or vice versa) and the presence of
nucleoside analogs such as modified uridines do not con-
tribute to differences in identity or complementarity among
polynucleotides as long as the relevant nucleotides (such as
thymidine, uridine, or modified uridine) have the same
complement (e.g., adenosine for all of thymidine, uridine, or
modified uridine; another example is cytosine and 5-meth-
yleytosine, both of which have guanosine or modified
guanosine as a complement). Thus, for example, the
sequence 5'-AXG where X is any modified uridine, such as
pseudouridine, N1-methyl pseudouridine, or 5-methoxyuri-
dine, is considered 100% identical to AUG in that both are
perfectly complementary to the same sequence (5'-CAU).
Exemplary alignment algorithms are the Smith-Waterman
and Needleman-Wunsch algorithms, which are well-known
in the art. One skilled in the art will understand what choice
of algorithm and parameter settings are appropriate for a
given pair of sequences to be aligned; for sequences of
generally similar length and expected identity >50% for
amino acids or >75% for nucleotides, the Needleman-
Wunsch algorithm with default settings of the Needleman-
Wunsch algorithm interface provided by the EBI at the
www.ebi.ac.uk web server is generally appropriate.

[0270] “mRNA” is used herein to refer to a polynucleotide
that is not DNA and comprises an open reading frame that
can be translated into a polypeptide (i.e., can serve as a
substrate for translation by a ribosome and amino-acylated
tRNAs). mRNA can comprise a phosphate-sugar backbone
including ribose residues or analogs thereof, e.g.,
2'-methoxy ribose residues. In some embodiments, the sug-
ars of an mRNA phosphate-sugar backbone consist essen-
tially of ribose residues, 2'-methoxy ribose residues, or a
combination thereof. In general, mRNAs do not contain a
substantial quantity of thymidine residues (e.g., O residues or
fewer than 30, 20, 10, 5, 4, 3, or 2 thymidine residues; or less
than 10%, 9%, 8%, 7%, 6%, 5%, 4%, 4%, 3%, 2%, 1%,
0.5%, 0.2%, or 0.1% thymidine content). An mRNA can
contain modified uridines at some or all of its uridine
positions.

[0271] As used herein, the “minimum uridine content” of
a given open reading frame (ORF) is the uridine content of
an ORF that (a) uses a minimal uridine codon at every
position and (b) encodes the same amino acid sequence as
the given ORF. The minimal uridine codon(s) for a given
amino acid is the codon(s) with the fewest uridines (usually
0 or 1 except for a codon for phenylalanine, where the
minimal uridine codon has 2 uridines). Modified uridine
residues are considered equivalent to uridines for the pur-
pose of evaluating minimum uridine content.

[0272] As used herein, the “minimum uridine dinucleotide
content” of a given open reading frame (ORF) is the lowest
possible uridine dinucleotide (UU) content of an ORF that
(a) uses a minimal uridine codon (as discussed above) at
every position and (b) encodes the same amino acid
sequence as the given ORF. The uridine dinucleotide (UU)
content can be expressed in absolute terms as the enumera-
tion of UU dinucleotides in an ORF or on a rate basis as the
percentage of positions occupied by the uridines of uridine
dinucleotides (for example, AUUAU would have a uridine
dinucleotide content of 40% because 2 of 5 positions are
occupied by the uridines of a uridine dinucleotide). Modified
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uridine residues are considered equivalent to uridines for the
purpose of evaluating minimum uridine dinucleotide con-
tent.

[0273] As used herein, “TTR” refers to transthyretin,
which is the gene product of a TTR gene.

[0274] As used herein, “amyloid” refers to abnormal
aggregates of proteins or peptides that are normally soluble.
Amyloids are insoluble, and amyloids can create proteina-
ceous deposits in organs and tissues. Proteins or peptides in
amyloids may be misfolded into a form that allows many
copies of the protein to stick together to form fibrils. While
some forms of amyloid may have normal functions in the
human body, “amyloids” as used herein refers to abnormal
or pathologic aggregates of protein. Amyloids may comprise
a single protein or peptide, such as TTR, or they may
comprise multiple proteins or peptides, such as TTR and
additional proteins.

[0275] As used herein, “amyloid fibrils” refers to insoluble
fibers of amyloid that are resistant to degradation. Amyloid
fibrils can produce symptoms based on the specific protein
or peptide and the tissue and cell type in which it has
aggregated.

[0276] As used herein, “amyloidosis” refers to a disease
characterized by symptoms caused by deposition of amyloid
or amyloid fibrils. Amyloidosis can affect numerous organs
including the heart, kidney, liver, spleen, nervous system,
and digestive track.

[0277] As used herein, “ATTR,” “TTR-related amyloido-
sis,” “TTR amyloidosis,” “ATTR amyloidosis,” or “amyloi-
dosis associated with TTR” refers to amyloidosis associated
with deposition of TTR.

[0278] As used herein, “familial amyloid cardiomyopa-
thy” or “FAC” refers to a hereditary transthyretin amyloi-
dosis (ATTR) characterized primarily by restrictive cardio-
myopathy. Congestive heart failure is common in FAC.
Average age of onset is approximately 60-70 years of age,
with an estimated life expectancy of 4-5 years after diag-
nosis.

[0279] As used herein, “familial amyloid polyneuropathy”
or “FAP” refers to a hereditary transthyretin amyloidosis
(ATTR) characterized primarily by sensorimotor neuropa-
thy. Autonomic neuropathy is common in FAP. While neu-
ropathy is a primary feature, symptoms of FAP may also
include cachexia, renal failure, and cardiac disease. Average
age of onset of FAP is approximately 30-50 years of age,
with an estimated life expectancy of 5-15 after diagnosis.
[0280] As used herein, “wild-type ATTR” and “ATTRwt”
refer to ATTR not associated with a pathological TTR
mutation such as T60A, V30M, V30A, V30G, V30L, V1221,
V122A, or V122(-). ATTRwt has also been referred to as
senile systemic amyloidosis. Onset typically occurs in men
aged 60 or higher with the most common symptoms being
congestive heart failure and abnormal heart rhythm such as
atrial fibrillation. Additional symptoms include conse-
quences of poor heart function such as shortness of breath,
fatigue, dizziness, swelling (especially in the legs), nausea,
angina, disrupted sleep, and weight loss. A history of carpal
tunnel syndrome indicates increased risk for ATTRwt and
may in some cases be indicative of early-stage disease.
ATTRwt generally leads to decreasing heart function over
time but can have a better prognosis than hereditary ATTR
because wild-type TTR deposits accumulate more slowly.
Existing treatments are similar to other forms of ATTR
(other than liver transplantation) and are generally directed
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to supporting or improving heart function, ranging from
diuretics and limited fluid and salt intake to anticoagulants,
and in severe cases, heart transplants. Nonetheless, like
FAC, ATTRwt can result in death from heart failure, some-
times within 3-5 years of diagnosis.

[0281] Guide sequences useful in the guide RNA compo-
sitions and methods described herein are shown in Table 1
and throughout the application.

[0282] As used herein, “hereditary AT'TR” refers to ATTR
that is associated with a mutation in the sequence of the TTR
gene. Known mutations in the TTR gene associated with
ATTR include those resulting in TTR with substitutions of
T60A, V30M, V30A, V30G, V30L, V1221, V122A, or
V122(-).

[0283] As used herein, “indels” refer to insertion/deletion
mutations consisting of a number of nucleotides that are
either inserted or deleted at the site of double-stranded
breaks (DSBs) in a target nucleic acid.

[0284] As used herein, “knockdown” refers to a decrease
in expression of a particular gene product (e.g., protein,
mRNA, or both). Knockdown of a protein can be measured
either by detecting protein secreted by tissue or population
of cells (e.g., in serum or cell media) or by detecting total
cellular amount of the protein from a tissue or cell popula-
tion of interest. Methods for measuring knockdown of
mRNA are known, and include sequencing of mRNA iso-
lated from a tissue or cell population of interest. In some
embodiments, “knockdown” may refer to some loss of
expression of a particular gene product, for example a
decrease in the amount of mRNA transcribed or a decrease
in the amount of protein expressed or secreted by a popu-
lation of cells (including in vivo populations such as those
found in tissues).

[0285] As used herein, “knockout” refers to a loss of
expression of a particular protein in a cell. Knockout can be
measured either by detecting the amount of protein secretion
from a tissue or population of cells (e.g., in serum or cell
media) or by detecting total cellular amount of a protein a
tissue or a population of cells. In some embodiments, the
methods of the disclosure “knockout” TTR in one or more
cells (e.g., in a population of cells including in vivo popu-
lations such as those found in tissues). In some embodi-
ments, a knockout is not the formation of mutant TTR
protein, for example, created by indels, but rather the
complete loss of expression of TTR protein in a cell.
[0286] As used herein, “mutant TTR” refers to a gene
product of TTR (i.e., the TTR protein) having a change in
the amino acid sequence of TTR compared to the wildtype
amino acid sequence of TTR. The human wild-type TTR
sequence is available at NCBI Gene 1D: 7276; Ensembl:
Ensembl: ENSG00000118271. Mutants forms of TTR asso-
ciated with ATTR, e.g., in humans, include T60A, V30M,
V304, V30G, V30L, V1221, V122A, or V122(-).

[0287] As used herein, “mutant TTR” or “mutant TTR
allele” refers to a TTR sequence having a change in the
nucleotide sequence of TTR compared to the wildtype

sequence (NCBI  Gene ID:  7276; Ensembl:
ENSG00000118271).
[0288] As used herein, “ribonucleoprotein” (RNP) or

“RNP complex” refers to a guide RNA together with an
RNA-guided DNA binding agent, such as a Cas nuclease,
e.g., a Cas cleavase, Cas nickase, or dCas DNA binding
agent (e.g., Cas9). In some embodiments, the guide RNA
guides the RNA-guided DNA binding agent such as Cas9 to
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a target sequence, and the guide RNA hybridizes with and
the agent binds to the target sequence; in cases where the
agent is a cleavase or nickase, binding can be followed by
cleaving or nicking.

[0289] As used herein, a “target sequence” refers to a
sequence of nucleic acid in a target gene that has comple-
mentarity to the guide sequence of the gRNA. The interac-
tion of the target sequence and the guide sequence directs an
RNA-guided DNA binding agent to bind, and potentially
nick or cleave (depending on the activity of the agent),
within the target sequence.

[0290] As used herein, “treatment” refers to any admin-
istration or application of a therapeutic for disease or dis-
order in a subject, and includes inhibiting the disease,
arresting its development, relieving one or more symptoms
of'the disease, curing the disease, or preventing reoccurrence
of one or more symptoms of the disease. For example,
treatment of ATTR may comprise alleviating symptoms of
ATTR.

[0291] “Modified uridine” is used herein to refer to a
nucleoside other than thymidine with the same hydrogen
bond acceptors as uridine and one or more structural differ-
ences from uridine. In some embodiments, a modified
uridine is a substituted uridine, i.e., a uridine in which one
or more non-proton substituents (e.g., alkoxy, such as
methoxy) takes the place of a proton. In some embodiments,
a modified uridine is pseudouridine. In some embodiments,
a modified uridine is a substituted pseudouridine, i.e., a
pseudouridine in which one or more non-proton substituents
(e.g., alkyl, such as methyl) takes the place of a proton, e.g.,
N1-methyl pseudouridine. In some embodiments, a modi-
fied uridine is any of a substituted uridine, pseudouridine, or
a substituted pseudouridine.

[0292] As used herein, a first sequence is considered to
“comprise a sequence with at least X % identity to” a second
sequence if an alignment of the first sequence to the second
sequence shows that X % or more of the positions of the
second sequence in its entirety are matched by the first
sequence. For example, the sequence AAGA comprises a
sequence with 100% identity to the sequence AAG because
an alignment would give 100% identity in that there are
matches to all three positions of the second sequence. The
differences between RNA and DNA (generally the exchange
of uridine for thymidine or vice versa) and the presence of
nucleoside analogs such as modified uridines do not con-
tribute to differences in identity or complementarity among
polynucleotides as long as the relevant nucleotides (such as
thymidine, uridine, or modified uridine) have the same
complement (e.g., adenosine for all of thymidine, uridine, or
modified uridine; another example is cytosine and 5-meth-
yleytosine, both of which have guanosine as a complement).
Thus, for example, the sequence 5'-AXG where X is any
modified uridine, such as pseudouridine, N1-methyl
pseudouridine, or 5-methoxyuridine, is considered 100%
identical to AUG in that both are perfectly complementary
to the same sequence (5'-CAU). Exemplary alignment algo-
rithms are the Smith-Waterman and Needleman-Wunsch
algorithms, which are well-known in the art. One skilled in
the art will understand what choice of algorithm and param-
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eter settings are appropriate for a given pair of sequences to
be aligned; for sequences of generally similar length and
expected identity >50% for amino acids or >75% for nucleo-
tides, the Needleman-Wunsch algorithm with default set-
tings of the Needleman-Wunsch algorithm interface pro-
vided by the EBI at the www.ebi.ac.uk web server are
generally appropriate.

[0293] The term “about” or “approximately” means an
acceptable error for a particular value as determined by one
of ordinary skill in the art, which depends in part on how the
value is measured or determined.
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II. Compositions

[0294] A. Compositions Comprising Guide RNA (gR-

NAs)

[0295] Provided herein are compositions useful for editing

the TTR gene, e.g., using a guide RNA with an RNA-guided
DNA binding agent (e.g., a CRISPR/Cas system). The
compositions may be administered to subjects having wild-
type or non-wild type TTR gene sequences, such as, for
example, subjects with ATTR, which may be ATTR wt or a
hereditary or familial form of ATTR. Guide sequences
targeting the TTR gene are shown in Table 1 at SEQ ID Nos:
5-82.

TABLE 1
TTR targeted guide sequences, nomenclature, chromosomal coordinates, and
sequence.
SEQ
ID Guide De- Chromosomal
No. 1ID scription Species Location Guide Sequences*
5 CR003335 TTR Human chrl18:315919 CUGCUCCUCCUCUGCCUUGC
(Exon 1) 17-31591937
6 CR003336 TTR Human chrl18:315919 CCUCCUCUGCCUUGCUGGAC
(Exon 1) 22-31591942
7 CR003337 TTR Human chrl18:315919 CCAGUCCAGCAAGGCAGAGG
(Exon 1) 25-31591945
8 CR003338 TTR Human chrl18:315919 AUACCAGUCCAGCAAGGCAG
(Exon 1) 28-31591948
9 CR003339 TTR Human chrl18:315919 ACACAAAUACCAGUCCAGCA
(Exon 1) 34-31591954
10 CR003340 TTR Human chrl18:315919 UGGACUGGUAUUUGUGUCUG
(Exon 1) 37-31591957
11 CR003341 TTR Human chrl18:315919 CUGGUAUUUGUGUCUGAGGC
(Exon 1) 41-31591961
12 CR003342 TTR Human chrl18:315928 CUUCUCUACACCCAGGGCAC
(Exon 2) 80-31592900
13 CR003343 TTR Human chrl18:315929 CAGAGGACACUUGGAUUCAC
(Exon 2) 02-31592922
14 CR003344 TTR Human chrl18:315929 UUUGACCAUCAGAGGACACU
(Exon 2) 11-31592931
15 CR003345 TTR Human chrl18:315929 UCUAGAACUUUGACCAUCAG
(Exon 2) 19-31592939
16 CR003346 TTR Human chrl18:315929 AAAGUUCUAGAUGCUGUCCG
(Exon 2) 28-31592948
17 CR003347 TTR Human chrl18:315929 CAUUGAUGGCAGGACUGCCU
(Exon 2) 48-31592968
18 CR003348 TTR Human chrl18:315929 AGGCAGUCCUGCCAUCAAUG
(Exon 2) 48-31592968
19 CR003349 TTR Human chrl18:315929 UGCACGGCCACAUUGAUGGC
(Exon 2) 58-31592978
20 CR003350 TTR Human chrl18:315929 CACAUGCACGGCCACAUUGA
(Exon 2) 62-31592982
21 CR003351 TTR Human chrl18:315929 AGCCUUUCUGAACACAUGCA
(Exon 2) 74-31592994
22 CR003352 TTR Human chrl18:315929 GAAAGGCUGCUGAUGACACC

(Exon

2

86-31593006
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TABLE 1-continued

TTR targeted guide sequences, nomenclature, chromosomal coordinates, and

sequence.

SEQ

ID Guide De- Chromosomal

No. ID scription Species Location Guide Sequences*

23 CR0O03353 TTR Human chrl18:315929 AAAGGCUGCUGAUGACACCU
(Exon 2) 87-31593007

24 CR0O03354 TTR Human chrl18:315930 ACCUGGGAGCCAUUUGCCUC
(Exon 2) 03-31593023

25 CR0O03355 TTR Human chrl18:315930 CCCAGAGGCARAAUGGCUCCC
(Exon 2) 07-31593027

26 CR0O03356 TTR Human chrl18:315930 GCAACUUACCCAGAGGCAAA
(Exon 2) 15-31593035

27 CR0O03357 TTR Human chrl18:315930 UUCUUUGGCAACUUACCCAG
(Exon 2) 22-31593042

28 CR0O03358 TTR Human chrl18:315951 AUGCAGCUCUCCAGACUCAC
(Exon 3) 27-31595147

29 CR0O03359 TTR Human chrl18:315951 AGUGAGUCUGGAGAGCUGCA
(Exon 3) 26-31595146

30 CR0O03360 TTR Human chrl18:315951 GUGAGUCUGGAGAGCUGCAU
(Exon 3) 27-31595147

31 CR0O03361 TTR Human chrl18:315951 GCUGCAUGGGCUCACAACUG
(Exon 3) 40-31595160

32 CR0O03362 TTR Human chrl18:315951 GCAUGGGCUCACAACUGAGG
(Exon 3) 43-31595163

33 CR0O03363 TTR Human chrl18:315951 ACUGAGGAGGAAUUUGUAGA
(Exon 3) 56-31595176

34 CR0O03364 TTR Human chrl18:315951 CUGAGGAGGAAUUUGUAGAA
(Exon 3) 57-31595177

35 CR0O03365 TTR Human chrl18:315951 UGUAGAAGGGAUAUACAAAG
(Exon 3) 70-31595190

36 CR0O03366 TTR Human chrl18:315951 AAAUAGACACCAAAUCUUAC
(Exon 3) 93-31595213

37 CR0O03367 TTR Human chrl18:315951 AGACACCAAAUCUUACUGGA
(Exon 3) 97-31595217

38 CR0O03368 TTR Human chrl18:315952 AAGUGCCUUCCAGUAAGAUU
(Exon 3) 05-31595225

39 CR0O03369 TTR Human chrl18:315952 CUCUGCAUGCUCAUGGAAUG
(Exon 3) 35-31595255

40 CR0O03370 TTR Human chrl18:315952 CCUCUGCAUGCUCAUGGAAU
(Exon 3) 36-31595256

41 CR0O03371 TTR Human chrl18:315952 ACCUCUGCAUGCUCAUGGAA
(Exon 3) 37-31595257

42 CR0O03372 TTR Human chrl18:315952 UACUCACCUCUGCAUGCUCA
(Exon 3) 42-31595262

43 CR0O03373 TTR Human chrl18:315985 GUAUUCACAGCCAACGACUC
(Exon 4) 70-31598590

44 CR0O03374 TTR Human chrl18:315985 GCGGCGGGGGCCGGAGUCGU
(Exon 4) 83-31598603

45 CR0O03375 TTR Human chrl18:315985 AAUGGUGUAGCGGCGGGGGC
(Exon 4) 92-31598612
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TABLE 1-continued

TTR targeted guide sequences, nomenclature, chromosomal coordinates, and

sequence.

SEQ

ID Guide De- Chromosomal

No. ID scription Species Location Guide Sequences*

46 CR0O03376 TTR Human chrl18:315985 CGGCAAUGGUGUAGCGGCGG
(Exon 4) 96-31598616

47 CR0O03377 TTR Human chrl18:315985 GCGGCAAUGGUGUAGCGGCG
(Exon 4) 97-31598617

48 CR0O03378 TTR Human chrl18:315985 GGCGGCAAUGGUGUAGCGGC
(Exon 4) 98-31598618

49 CR0O03379 TTR Human chrl18:315985 GGGCGGCAAUGGUGUAGCGG
(Exon 4) 99-31598619

50 CR0O03380 TTR Human chrl18:315986 GCAGGGCGGCAAUGGUGUAG
(Exon 4) 02-31598622

51 CR0O03381 TTR Human chrl18:315986 GGGGCUCAGCAGGGCGGCAA
(Exon 4) 10-31598630

52 CR0O03382 TTR Human chrl18:315986 GGAGUAGGGGCUCAGCAGGG
(Exon 4) 16-31598636

53 CR0O03383 TTR Human chrl18:315986 AUAGGAGUAGGGGCUCAGCA
(Exon 4) 19-31598639

54 CR0O03384 TTR Human chrl18:315986 AAUAGGAGUAGGGGCUCAGC
(Exon 4) 20-31598640

55 CR0O03385 TTR Human chrl18:315986 CCCCUACUCCUAUUCCACCA
(Exon 4) 26-31598646

56 CR0O03386 TTR Human chrl18:315986 CCGUGGUGGAAUAGGAGUAG
(Exon 4) 29-31598649

57 CR0O03387 TTR Human chrl18:315986 GCCGUGGUGGAAUAGGAGUA
(Exon 4) 30-31598650

58 CR0O03388 TTR Human chrl18:315986 GACGACAGCCGUGGUGGAAU
(Exon 4) 37-31598657

59 CR0O03389 TTR Human chrl18:315986 AUUGGUGACGACAGCCGUGG
(Exon 4) 43-31598663

60 CR0O03390 TTR Human chrl18:315986 GGGAUUGGUGACGACAGCCG
(Exon 4) 46-31598666

61 CR0O03391 TTR Human chrl18:315986 GGCUGUCGUCACCAAUCCCA
(Exon 4) 47-31598667

62 CR0O03392 TTR Human chrl18:315986 AGUCCCUCAUUCCUUGGGAU
(Exon 4) 61-31598681

63 CR0O05298 TTR Human chrl18:315918 UCCACUCAUUCUUGGCAGGA
(Exon 1) 83-31591903

64 CR0O05299 TTR Human chrl18:315986 AGCCGUGGUGGAAUAGGAGU
(Exon 4) 31-31598651

65 CRO05300 TTR Human chrl18:315919 UCACAGAAACACUCACCGUA
(Exon 1) 67-31591987

66 CR0O05301 TTR Human chrl18:315919 GUCACAGAAACACUCACCGU
(Exon 1) 68-31591988

67 CR0O05302 TTR Human chrl8:315928 ACGUGUCUUCUCUACACCCA
(Exon 2) 74-31592894

68 CR0O05303 TTR Human chrl18:315929 UGAAUCCAAGUGUCCUCUGA
(Exon 2) 03-31592923
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TABLE 1-continued
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TTR targeted guide sequences, nomenclature, chromosomal coordinates, and

sequence.
SEQ
ID Guide De- Chromosomal
No. ID scription Species Location Guide Sequences*
69 CR0O05304 TTR Human chrl18:315929 GGCCGUGCAUGUGUUCAGAA
(Exon 2) 69-31592989
70 CR0O05305 TTR Human chrl18:315951 UAUAGGAAAACCAGUGAGUC
(Exon 3) 14-31595134
71 CR0O05306 TTR Human chrl18:315952 AAAUCUUACUGGAAGGCACU
(Exon 3) 04-31595224
72 CRO05307 TTR Human chrl18:315985 UGUCUGUCUUCUCUCAUAGG
(Exon 4) 48-31598568
73 CR0O00689 TTR Cyno chrl8:506815 ACACAAAUACCAGUCCAGCG
33-50681553
74 CR0O05364 TTR Cyno chrl8:506804 AAAGGCUGCUGAUGAGACCU
81-50680501
75 CR0O05365 TTR Cyno chrl8:506805 CAUUGACAGCAGGACUGCCU
20-50680540
76 CRO05366 TTR Cyno chrl8:506815 AUACCAGUCCAGCGAGGCAG
39-50681559
77 CRO05367 TTR Cyno chrl8:506815 CCAGUCCAGCGAGGCAGAGG
42-50681562
78 CR0O05368 TTR Cyno chrl8:506815 CCUCCUCUGCCUCGCUGGAC
45-50681565
79 CR0O05369 TTR Cyno chrl8:506805 AAAGUUCUAGAUGCCGUCCG
40-50680560
80 CR0O05370 TTR Cyno chrl8:506805 ACUUGUCUUCUCUAUACCCA
94-50680614
81 CRO05371 TTR Cyno chrl8:506782 AAGUGACUUCCAGUAAGAUU
16-50678236
82 CR0O05372 TTR Cyno chrl8:506804 AARAAGGCUGCUGAUGAGACC

82-50680502

[0296] Each of the Guide Sequences above may further
comprise additional nucleotides to form a crRNA, e.g., with
the following exemplary nucleotide sequence following the
Guide Sequence at its 3' end: GUUUUAGAGCUAUGCU-
GUUUUG (SEQ ID NO: 126). In the case of a sgRNA, the
above Guide Sequences may further comprise additional
nucleotides to form a sgRNA, e.g., with the following
exemplary nucleotide sequence following the 3' end of the
Guide  Sequence: GUUUUAGAGCUAGAAAUAG-
CAAGUUAAAAUAAGGCUAGUCCGUUAUCAACUU
GAAAAAGUGGCACCGAGUCGGUGCUUUU (SEQ ID
NO: 125) in 5' to 3' orientation.

[0297] In some embodiments, the sgRNA is modified. In
some embodiments, the sgRNA comprises the modification
pattern shown below in SEQ ID NO: 3, where N is any
natural or non-natural nucleotide, and where the totality of
the N’s comprise a guide sequence as described herein and

the modified sgRNA comprises the following sequence:
mN*mN*mN*GUUUUAGAMGmCmUmAmMGmAmAm
AmU mAMGMCAAGUUAAAAUAAGGCUAGUC-
CGUUAUCAMAMCmUmUmGmMAmAmMAm  AmAmG-
mUmGmGmCmAMCmCmGMAMGMUmCmGm
GmUmGmCmU*mU*mU*mU (SEQ ID NO: 3), where “N”
may be any natural or non-natural nucleotide. For example,
encompassed herein is SEQ ID NO: 3, where the N’s are
replaced with any of the guide sequences disclosed herein.
The modifications remain as shown in SEQ ID NO: 3 despite
the substitution of N’s for the nucleotides of a guide. That is,
although the nucleotides of the guide replace the “N’s”, the
first three nucleotides are 2’0OMe modified and there are
phosphorothioate linkages between the first and second
nucleotides, the second and third nucleotides and the third
and fourth nucleotides.

[0298] In some embodiments, any one of the sequences
recited in Table 2 is encompassed.
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TABLE 2

TTR targeted sgRNA sequences

SEQ
iD Guide Target and
No. ID Description Species Sequence
87 G000480 TTR Human MA*MA*mA*GGCUGCUGAUGACACCUGU
sgRNA UUUAGAMGMCMUMAMGMAMAMAMUMA
modified mMGMCAAGUUAAAAUAAGGCUAGUCCGU
sequence UAUCAMAMCMUMUMGMAMAMAMAMAN
GMmUMGMGMCMAMCmMCmMmGMAMGMUMCm
GmGMUMGMCMU*mU*mU*mU
88 G000481 TTR Human mU*mC*mU* AGAACUUUGACCAUCAGGU
sgRNA UUUAGAMGMCMUMAMGMAMAMAMUMA
modified mMGMCAAGUUAAAAUAAGGCUAGUCCGU
sequence UAUCAMAMCMUMUMGMAMAMAMAMAN
GMmUMGMGMCMAMCmMCmMmGMAMGMUMCm
GmGMUMGMCMU*mU*mU*mU
89 G000482 TTR Human mU*mG*mU* AGAAGGGAUAUACAAAGG
sgRNA UUUUAGAMGMCMUMAMGMAMAMAMUM
modified AMGMCAAGUUAAAAUAAGGCUAGUCCG
sequence UUAUCAMAMCMUMUMGMAMAMAMAMA
mGMmUMGMGMCmAMCmCMGmMAMGmMUMC
mGmGMUMGMCMU*mU*mU *mU
90 G000483 TTR Human mU*mC*mC* ACUCAUUCUUGGCAGGAGU
sgRNA UUUAGAMGMCMUMAMGMAMAMAMUMA
modified mMGMCAAGUUAAAAUAAGGCUAGUCCGU
sequence UAUCAMAMCMUMUMGMAMAMAMAMAN
GMmUMGMGMCMAMCmMCmMmGMAMGMUMCm
GmGMUMGMCMU*mU*mU*mU
91 G000484 TTR Human mA*mG*mA* CACCAAAUCUUACUGGAGU
sgRNA UUUAGAMGMCMUMAMGMAMAMAMUMA
modified mMGMCAAGUUAAAAUAAGGCUAGUCCGU
sequence UAUCAMAMCMUMUMGMAMAMAMAMAN
GMmUMGMGMCMAMCmMCmMmGMAMGMUMCm
GmGMUMGMCMU*mU*mU*mU
92 G000485 TTR Human mC*mC*mU* CCUCUGCCUUGCUGGACGU
sgRNA UUUAGAMGMCMUMAMGMAMAMAMUMA
modified mMGMCAAGUUAAAAUAAGGCUAGUCCGU
sequence UAUCAMAMCMUMUMGMAMAMAMAMAN
GMmUMGMGMCMAMCmMCmMmGMAMGMUMCm
GmGMUMGMCMU*mU*mU*mU
93 G000486 TTR Human mA*mC*mA* CAAAUACCAGUCCAGCAGU
sgRNA UUUAGAMGMCMUMAMGMAMAMAMUMA
modified mMGMCAAGUUAAAAUAAGGCUAGUCCGU
sequence UAUCAMAMCMUMUMGMAMAMAMAMAN
GMmUMGMGMCMAMCmMCmMmGMAMGMUMCm
GmGMUMGMCMU*mU*mU*mU
94 G000487 TTR Human mU*mU*mC*UUUGGCAACUUACCCAGGU
sgRNA UUUAGAMGMCMUMAMGMAMAMAMUMA
modified mMGMCAAGUUAAAAUAAGGCUAGUCCGU
sequence UAUCAMAMCMUMUMGMAMAMAMAMAN
GMmUMGMGMCMAMCmMCmMmGMAMGMUMCm
GmGMUMGMCMU*mU*mU*mU
95 G000488 TTR Human MA*MA*mA*GUUCUAGAUGCUGUCCGGU
sgRNA UUUAGAMGMCMUMAMGMAMAMAMUMA
modified mMGMCAAGUUAAAAUAAGGCUAGUCCGU
sequence UAUCAMAMCMUMUMGMAMAMAMAMAN
GMmUMGMGMCMAMCmMCmMmGMAMGMUMCm
GmGMUMGMCMU*mU*mU*mU
96 G000489 TTR Human mU*mU*mU*GACCAUCAGAGGACACUGU
sgRNA UUUAGAMGMCMUMAMGMAMAMAMUMA
modified mMGMCAAGUUAAAAUAAGGCUAGUCCGU
sequence UAUCAMAMCMUMUMGMAMAMAMAMAN

GMmUMGMGMCMAMCmMCmMmGMAMGMUMCm
GmGMUMGMCMU*mU*mU*mU
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TABLE 2-continued

TTR targeted sgRNA sequences

SEQ
iD Guide Target and
No. ID Description Species Sequence
97 G000490 TTR Human MA*MA*mA*UAGACACCAAAUCUUACGU
sgRNA UUUAGAMGMCMUMAMGMAMAMAMUMA
modified mMGMCAAGUUAAAAUAAGGCUAGUCCGU
sequence UAUCAMAMCMUMUMGMAMAMAMAMAN
GMmUMGMGMCMAMCmMCmMmGMAMGMUMCm
GmGMUMGMCMU*mU*mU*mU
98 G000491 TTR Human mA*mU*mA* CCAGUCCAGCAAGGCAGGU
sgRNA UUUAGAMGMCMUMAMGMAMAMAMUMA
modified mMGMCAAGUUAAAAUAAGGCUAGUCCGU
sequence UAUCAMAMCMUMUMGMAMAMAMAMAN
GMmUMGMGMCMAMCmMCmMmGMAMGMUMCm
GmGMUMGMCMU*mU*mU*mU
99 G000492 TTR Human mC*mU*mU* CUCUACACCCAGGGCACGU
sgRNA UUUAGAMGMCMUMAMGMAMAMAMUMA
modified mMGMCAAGUUAAAAUAAGGCUAGUCCGU
sequence UAUCAMAMCMUMUMGMAMAMAMAMAN
GMmUMGMGMCMAMCmMCmMmGMAMGMUMCm
GmGMUMGMCMU*mU*mU*mU
100 G000493 TTR Human MA*MA*mG*UGCCUUCCAGUAAGAUUGU
sgRNA UUUAGAMGMCMUMAMGMAMAMAMUMA
modified mMGMCAAGUUAAAAUAAGGCUAGUCCGU
sequence UAUCAMAMCMUMUMGMAMAMAMAMAN
GMmUMGMGMCMAMCmMCmMmGMAMGMUMCm
GmGMUMGMCMU*mU*mU*mU
101 G000494 TTR Human mG*mU*mG* AGUCUGGAGAGCUGCAUGU
sgRNA UUUAGAMGMCMUMAMGMAMAMAMUMA
modified mMGMCAAGUUAAAAUAAGGCUAGUCCGU
sequence UAUCAMAMCMUMUMGMAMAMAMAMAN
GMmUMGMGMCMAMCmMCmMmGMAMGMUMCm
GmGMUMGMCMU*mU*mU*mU
102 G000495 TTR Human mC*mA*mG* AGGACACUUGGAUUCACGU
sgRNA UUUAGAMGMCMUMAMGMAMAMAMUMA
modified mMGMCAAGUUAAAAUAAGGCUAGUCCGU
sequence UAUCAMAMCMUMUMGMAMAMAMAMAN
GMmUMGMGMCMAMCmMCmMmGMAMGMUMCm
GmGMUMGMCMU*mU*mU*mU
103 G000496 TTR Human mG*mG*mC* CGUGCAUGUGUUCAGAAGU
sgRNA UUUAGAMGMCMUMAMGMAMAMAMUMA
modified mMGMCAAGUUAAAAUAAGGCUAGUCCGU
sequence UAUCAMAMCMUMUMGMAMAMAMAMAN
GMmUMGMGMCMAMCmMCmMmGMAMGMUMCm
GmGMUMGMCMU*mU*mU*mU
104 G000497 TTR Human mC*mU*mG* CUCCUCCUCUGCCUUGCGU
sgRNA UUUAGAMGMCMUMAMGMAMAMAMUMA
modified mMGMCAAGUUAAAAUAAGGCUAGUCCGU
sequence UAUCAMAMCMUMUMGMAMAMAMAMAN
GMmUMGMGMCMAMCmMCmMmGMAMGMUMCm
GmGMUMGMCMU*mU*mU*mU
105 G000498 TTR Human MA*MG*mU* GAGUCUGGAGAGCUGCAGU
sgRNA UUUAGAMGMCMUMAMGMAMAMAMUMA
modified mMGMCAAGUUAAAAUAAGGCUAGUCCGU
sequence UAUCAMAMCMUMUMGMAMAMAMAMAN
GMmUMGMGMCMAMCmMCmMmGMAMGMUMCm
GmGMUMGMCMU*mU*mU*mU
106 G000499 TTR Human mU*mG*mA* AUCCAAGUGUCCUCUGAGU
sgRNA UUUAGAMGMCMUMAMGMAMAMAMUMA
modified mMGMCAAGUUAAAAUAAGGCUAGUCCGU
sequence UAUCAMAMCMUMUMGMAMAMAMAMAN
GMmUMGMGMCMAMCmMCmMmGMAMGMUMCm
GmGMUMGMCMU*mU*mU*mU
107 G000500 TTR Human mC*mC*mA*GUCCAGCAAGGCAGAGGGU

sgRNA UUUAGAMGMCMUMAMGMAMAMAMUMA



US 2020/0248180 Al Aug. 6, 2020
19

TABLE 2-continued

TTR targeted sgRNA sequences

SEQ
iD Guide Target and
No. ID Description Species Sequence
modified mMGMCAAGUUAAAAUAAGGCUAGUCCGU
sequence UAUCAMAMCMUMUMGMAMAMAMAMAN
GMmUMGMGMCMAMCmMCmMmGMAMGMUMCm
GmGMUMGMCMU*mU*mU*mU
108 G000501 TTR Human mU*mC*mA* CAGAAACACUCACCGUAGU
sgRNA UUUAGAMGMCMUMAMGMAMAMAMUMA
modified mMGMCAAGUUAAAAUAAGGCUAGUCCGU
sequence UAUCAMAMCMUMUMGMAMAMAMAMAN
GMmUMGMGMCMAMCmMCmMmGMAMGMUMCm
GmGMUMGMCMU*mU*mU*mU
109 G000567 TTR Human mG*mA*mA* AGGCUGCUGAUGACACCGU
sgRNA UUUAGAMGMCMUMAMGMAMAMAMUMA
modified mMGMCAAGUUAAAAUAAGGCUAGUCCGU
sequence UAUCAMAMCMUMUMGMAMAMAMAMAN
GMmUMGMGMCMAMCmMCmMmGMAMGMUMCm
GmGMUMGMCMU*mU*mU*mU
110 G000568 TTR Human mG*mG*mC*UGUCGUCACCAAUCCCAGU
sgRNA UUUAGAMGMCMUMAMGMAMAMAMUMA
modified mMGMCAAGUUAAAAUAAGGCUAGUCCGU
sequence UAUCAMAMCMUMUMGMAMAMAMAMAN
GMmUMGMGMCMAMCmMCmMmGMAMGMUMCm
GmGMUMGMCMU*mU*mU*mU
111 G000570 TTR Human mC*mA*mU* UGAUGGCAGGACUGCCUGU
sgRNA UUUAGAMGMCMUMAMGMAMAMAMUMA
modified mMGMCAAGUUAAAAUAAGGCUAGUCCGU
sequence UAUCAMAMCMUMUMGMAMAMAMAMAN
GMmUMGMGMCMAMCmMCmMmGMAMGMUMCm
GmGMUMGMCMU*mU*mU*mU
112 G000571 TTR Human mG*mU*mC*ACAGAAACACUCACCGUGU
sgRNA UUUAGAMGMCMUMAMGMAMAMAMUMA
modified mMGMCAAGUUAAAAUAAGGCUAGUCCGU
sequence UAUCAMAMCMUMUMGMAMAMAMAMAN
GMmUMGMGMCMAMCmMCmMmGMAMGMUMCm
GmGMUMGMCMU*mU*mU*mU
113 G000572 TTR Human mC*mC*mC* CUACUCCUAUUCCACCAGU
sgRNA UUUAGAMGMCMUMAMGMAMAMAMUMA
modified mMGMCAAGUUAAAAUAAGGCUAGUCCGU
sequence UAUCAMAMCMUMUMGMAMAMAMAMAN
GMmUMGMGMCMAMCmMCmMmGMAMGMUMCm
GmGMUMGMCMU*mU*mU*mU
114 G000502 TTR Cyno Cyno mA*mC*mA* CAAAUACCAGUCCAGCGGU
specific UUUAGAMGMCMUMAMGMAMAMAMUMA
sgRNA mMGMCAAGUUAAAAUAAGGCUAGUCCGU
modified UAUCAMAMCMUMUMGMAMAMAMAMAM
sequence GMmUMGMGMCMAMCmMCmMmGMAMGMUMCm
GmGMUMGMCMU*mU*mU*mU
115 G000503 TTR Cyno Cyno MA*MA*MmA* AGGCUGCUGAUGAGACCGU
specific UUUAGAMGMCMUMAMGMAMAMAMUMA
sgRNA mMGMCAAGUUAAAAUAAGGCUAGUCCGU
modified UAUCAMAMCMUMUMGMAMAMAMAMAM
sequence GMmUMGMGMCMAMCmMCmMmGMAMGMUMCm
GmGMUMGMCMU*mU*mU*mU
116 G000504 TTR Cyno Cyno MA*MA*mA*GGCUGCUGAUGAGACCUGU
specific UUUAGAMGMCMUMAMGMAMAMAMUMA
sgRNA mMGMCAAGUUAAAAUAAGGCUAGUCCGU
modified UAUCAMAMCMUMUMGMAMAMAMAMAM
sequence GMmUMGMGMCMAMCmMCmMmGMAMGMUMCm

GmGMUMGMCMU*mU*mU*mU
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TABLE 2-continued

TTR targeted sgRNA sequences

SEQ

iD Guide Target and

No. ID Description Species Sequence

117 G000505 TTR Cyno Cyno mC*mA*mU*UGACAGCAGGACUGCCUGU
specific UUUAGAMGMCMUMAMGMAMAMAMUMA
sgRNA mMGMCAAGUUAAAAUAAGGCUAGUCCGU
modified UAUCAMAMCMUMUMGMAMAMAMAMAN
sequence GMmUMGMGMCMAMCmMCmMmGMAMGMUMCm

118 G000506

119 G000507

120 G000508

121 G000509

122 G000510

123 G000511

124 G000282

GmGMUMGMCMU*mU*mU*mU

TTR Cyno Cyno mA*mU*mA* CCAGUCCAGCGAGGCAGGU
specific UUUAGAMGMCMUMAMGMAMAMAMUMA
sgRNA mMGMCAAGUUAAAAUAAGGCUAGUCCGU
modified UAUCAMAMCMUMUMGMAMAMAMAMAN
sequence GMmUMGMGMCMAMCmMCmMmGMAMGMUMCm

GmGMUMGMCMU*mU*mU*mU

TTR Cyno Cyno mC*mC*mA*GUCCAGCGAGGCAGAGGGU
specific UUUAGAMGMCMUMAMGMAMAMAMUMA
sgRNA mMGMCAAGUUAAAAUAAGGCUAGUCCGU
modified UAUCAMAMCMUMUMGMAMAMAMAMAN
sequence GMmUMGMGMCMAMCmMCmMmGMAMGMUMCm

GmGMUMGMCMU*mU*mU*mU

TTR Cyno Cyno mC*mC*mU* CCUCUGCCUCGCUGGACGU
specific UUUAGAMGMCMUMAMGMAMAMAMUMA
sgRNA mMGMCAAGUUAAAAUAAGGCUAGUCCGU
modified UAUCAMAMCMUMUMGMAMAMAMAMAN
sequence GMmUMGMGMCMAMCmMCmMmGMAMGMUMCm

GmGMUMGMCMU*mU*mU*mU

TTR Cyno Cyno MA*MA*mA*GUUCUAGAUGCCGUCCGGU
specific UUUAGAMGMCMUMAMGMAMAMAMUMA
sgRNA mMGMCAAGUUAAAAUAAGGCUAGUCCGU
modified UAUCAMAMCMUMUMGMAMAMAMAMAN
sequence GMmUMGMGMCMAMCmMCmMmGMAMGMUMCm

GmGMUMGMCMU*mU*mU*mU

TTR Cyno Cyno mMmA*mC*mU*UGUCUUCUCUAUACCCAGU
specific UUUAGAMGMCMUMAMGMAMAMAMUMA
sgRNA mMGMCAAGUUAAAAUAAGGCUAGUCCGU
modified UAUCAMAMCMUMUMGMAMAMAMAMAN
sequence GMmUMGMGMCMAMCmMCmMmGMAMGMUMCm

GmGMUMGMCMU*mU*mU*mU

TTR Cyno Cyno MA*MA*mG* UGACUUCCAGUAAGAUUGU
specific UUUAGAMGMCMUMAMGMAMAMAMUMA
sgRNA mMGMCAAGUUAAAAUAAGGCUAGUCCGU
modified UAUCAMAMCMUMUMGMAMAMAMAMAN
sequence GMmUMGMGMCMAMCmMCmMmGMAMGMUMCm

GmGMUMGMCMU*mU*mU*mU

TTR Mouse mU*mU*mA* CAGCCACGUCUACAGCAGU
UUUAGAMGMCMUMAMGMAMAMAMUMA
mGMCAAGUUAAAAUAAGGCUAGUCCGU
UAUCAMAMCMUMUMGMAMAMAMAMAN
GMmUMGMGMCMAMCmMCmMmGMAMGMUMCm
GmGMUMGMCMU*mU*mU*mU

* = P8 linkage; 'm!'

= 2'-0-Me nucleotide
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[0299] An alignment mapping of the Guide IDs with the
corresponding sgRNA IDs as well as homology to the cyno
genome and cyno matched guide IDs are provided in Table
3.

TABLE 3

Aug. 6, 2020

TABLE 3-continued

TTR targeted guide sequence ID mapping and Cyno Homology

TTR targeted guide sequence ID mapping and Cyno Homology

De- Human Human Number Cyno Cyno
scrip- Dual Single Mismatches to Matched Matched
tion Guide ID Guide ID Cyno Genome dgRNA ID  sgRNA ID

TTR CRO03335 G000497
TTR CRO03336 G000485
TTR CRO03337 G000500
TTR CRO0O03338 G000491
TTR CRO03339 G000486
TTR CR003340

CRO05368  G000508
CRO05367  G000507
CRO05366  G000506
CRO00689  G000502

[ g S G NEN

TTR CR003341 0
TTR CR003342 G000492 no PAM
in cyno
TTR CR003343 G000495 no PAM
in cyno
TTR CR003344 G000489 0
TTR CRO003345 G000481 0
TTR CR003346 G000488 1 CR005369  G000509
TTR CR003347 G000570 2 CR005365  G000505
TTR CR003348 2
TTR CRO003349 >3
TTR CRO003350 no PAM
in cyno
TTR CRO003351 no PAM
in cyno
TTR CRO003352 G000567 2 CR005372  G000503
TTR CRO003353 G000480 1 CR005364  G000504
TTR CRO003354 1
TTR CRO003355 1
TTR CRO003356 3
TTR CRO003357 G000487 >3
TTR CRO003358 0
TTR CRO003359 G000498 0
TTR CR003360 G000494 0
TTR CRO003361 0
TTR CRO003362 0
TTR CRO003363 0
TTR CRO003364 0
TTR CRO003365 G000482 0
TTR CR003366 G000490 0
TTR CR003367 G000484 no PAM
in cyno
TTR CRO003368 G000493 1 CR005371  G000511

TTR CRO0O03369
TTR CR003370
TTR CR003371
TTR CR003372
TTR CR003373
TTR CR003374
TTR CRO0O03375
TTR CR0O03376
TTR CR0O03377
TTR CR0O03378
TTR CR0O03379
TTR CRO03380
TTR CR003381
TTR CRO0O03382
TTR CRO0O03383
TTR CRO0O03384
TTR CRO03385 G000572
TTR CRO03386
TTR CRO03387
TTR CRO03388
TTR CRO03389 G000569
TTR CR003390
TTR CRO03391 G000568
TTR CR003392
TTR CRO05298 G000483
TTR CR0O05299

O, OO0 0000 OO0OOoO R HNMNMNNNDNFE OO OO

De- Human Human Number Cyno Cyno
scrip- Dual Single Mismatches to Matched Matched
tion Guide ID Guide ID  Cyno Genome dgRNAID  sgRNA ID
TTR CR005300 G000501 no PAM

in cyno
TTR CR005301 GO000571 0
TTR CR005302 2 CRO05370  G000510
TTR CR005303 G000499 0
TTR CR005304 G000496 >3
TTR CRO05305 0
TTR CR0O05306 1
TTR CR005307 0

[0300] In some embodiments, the invention provides a
composition comprising one or more guide RNA (gRNA)
comprising guide sequences that direct an RNA-guided
DNA binding agent, which can be a nuclease (e.g., a Cas
nuclease such as Cas9), to a target DNA sequence in TTR.
The gRNA may comprise a crRNA comprising a guide
sequence shown in Table 1. The gRNA may comprise a
crRNA comprising 17, 18, 19, or 20 contiguous nucleotides
of a guide sequence shown in Table 1. In some embodi-
ments, the gRNA comprises a crRNA comprising a sequence
with about 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%,
99%, or 100% identity to at least 17, 18, 19, or 20 contiguous
nucleotides of a guide sequence shown in Table 1. In some
embodiments, the gRNA comprises a crRNA comprising a
sequence with about 75%, 80%, 85%, 90%, 95%, 96%,
97%, 98%, 99%, or 100% identity to a guide sequence
shown in Table 1. The gRNA may further comprise a trRNA.
In each composition and method embodiment described
herein, the crRNA and trRNA may be associated as a single
RNA (sgRNA), or may be on separate RNAs (dgRNA). In
the context of sgRNAs, the crRNA and trRNA components
may be covalently linked, e.g., via a phosphodiester bond or
other covalent bond.

[0301] In each of the composition, use, and method
embodiments described herein, the guide RNA may com-
prise two RNA molecules as a “dual guide RNA” or
“dgRNA”. The dgRNA comprises a first RNA molecule
comprising a ctrRNA comprising, e.g., a guide sequence
shown in Table 1, and a second RNA molecule comprising
a trRNA. The first and second RNA molecules may not be
covalently linked, but may form a RNA duplex via the base
pairing between portions of the crRNA and the trRNA.
[0302] In each of the composition, use, and method
embodiments described herein, the guide RNA may com-
prise a single RNA molecule as a “single guide RNA” or
“sgRNA”. The sgRNA may comprise a crRNA (or a portion
thereof) comprising a guide sequence shown in Table 1
covalently linked to a trRNA. The sgRNA may comprise 17,
18, 19, or 20 contiguous nucleotides of a guide sequence
shown in Table 1. In some embodiments, the crRNA and the
trRNA are covalently linked via a linker. In some embodi-
ments, the sgRNA forms a stem-loop structure via the base
pairing between portions of the crRNA and the trRNA. In
some embodiments, the crRNA and the trRNA are cova-
lently linked via one or more bonds that are not a phos-
phodiester bond.

[0303] Insomeembodiments, the trRNA may comprise all
or a portion of a trRNA sequence derived from a naturally-
occurring CRISPR/Cas system. In some embodiments, the
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trRNA comprises a truncated or modified wild type trRNA.
The length of the trRNA depends on the CRISPR/Cas
system used. In some embodiments, the trRNA comprises or
consists of 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 25, 30, 40, 50, 60, 70, 80, 90, 100, or more than 100
nucleotides. In some embodiments, the ttRNA may com-
prise certain secondary structures, such as, for example, one
or more hairpin or stem-loop structures, or one or more
bulge structures.

[0304] In some embodiments, the invention provides a
composition comprising one or more guide RNAs compris-
ing a guide sequence of any one of SEQ ID NOs: 5-82.
[0305] Inone aspect, the invention provides a composition
comprising a gRNA that comprises a guide sequence that is
at least 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%,
or 90% identical to any of the nucleic acids of SEQ ID NOs:
5-82.

[0306] In other embodiments, the composition comprises
at least one, e.g., at least two gRNA’s comprising guide
sequences selected from any two or more of the guide
sequences of SEQ ID NOs: 5-82. In some embodiments, the
composition comprises at least two gRNA’s that each com-
prise a guide sequence at least 99%, 98%, 97%, 96%, 95%,
94%, 93%, 92%, 91%, or 90% identical to any of the nucleic
acids of SEQ ID NOs: 5-82.

[0307] In some embodiments, the gRNA is a sgRNA
comprising any one of the sequences shown in Table 2 (SEQ
ID Nos. 87-124). In some embodiments, the gRNA is a
sgRNA comprising any one of the sequences shown in Table
2 (SEQ ID Nos. 87-124, but without the modifications as
shown (i.e., unmodified SEQ ID Nos. 87-124). In some
embodiments, the sgRNA comprises a sequence that is at
least 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, or
90% identical to any of the nucleic acids of SEQ ID Nos.
87-124. In some embodiments, the sgRNA comprises a
sequence that is at least 99%, 98%, 97%, 96%, 95%, 94%,
93%, 92%, 91%, or 90% identical to any of the nucleic acids
of SEQ ID Nos. 87-124, but without the modifications as
shown (i.e., unmodified SEQ ID Nos. 87-124). In some
embodiments, the sgRNA comprises any one of the guide
sequences shown in Table 1 in place of the guide sequences
shown in the sgRNA sequences of Table 2 at SEQ ID Nos:
87-124, with or without the modifications.

[0308] The guide RNA compositions of the present inven-
tion are designed to recognize (e.g., hybridize to) a target
sequence in the TTR gene. For example, the TTR target
sequence may be recognized and cleaved by a provided Cas
cleavase comprising a guide RNA. In some embodiments,
an RNA-guided DNA binding agent, such as a Cas cleavase,
may be directed by a guide RNA to a target sequence of the
TTR gene, where the guide sequence of the guide RNA
hybridizes with the target sequence and the RNA-guided
DNA binding agent, such as a Cas cleavase, cleaves the
target sequence.

[0309] In some embodiments, the selection of the one or
more guide RNAs is determined based on target sequences
within the TTR gene.

[0310] Without being bound by any particular theory,
mutations (e.g., frameshift mutations resulting from indels
occurring as a result of a nuclease-mediated DSB) in certain
regions of the gene may be less tolerable than mutations in
other regions of the gene, thus the location of a DSB is an
important factor in the amount or type of protein knockdown
that may result. In some embodiments, a gRNA comple-
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mentary or having complementarity to a target sequence
within TTR is used to direct the RNA-guided DNA binding
agent to a particular location in the TTR gene. In some
embodiments, gRNAs are designed to have guide sequences
that are complementary or have complementarity to target
sequences in exon 1, exon 2, exon 3, or exon 4 of TTR.
[0311] In some embodiments, the guide sequence is at
least 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, or
90% identical to a target sequence present in the human TTR
gene. In some embodiments, the target sequence may be
complementary to the guide sequence of the guide RNA. In
some embodiments, the degree of complementarity or iden-
tity between a guide sequence of a guide RNA and its
corresponding target sequence may be at least 80%, 85%,
90%, 95%, 96%, 97%, 98%, 99%, or 100%. In some
embodiments, the target sequence and the guide sequence of
the gRNA may be 100% complementary or identical. In
other embodiments, the target sequence and the guide
sequence of the gRNA may contain at least one mismatch.
For example, the target sequence and the guide sequence of
the gRNA may contain 1, 2, 3, or 4 mismatches, where the
total length of the guide sequence is 20. In some embodi-
ments, the target sequence and the guide sequence of the
gRNA may contain 1-4 mismatches where the guide
sequence is 20 nucleotides.

[0312] In some embodiments, a composition or formula-
tion disclosed herein comprises an mRNA comprising an
open reading frame (ORF) encoding an RNA-guided DNA
binding agent, such as a Cas nuclease as described herein. In
some embodiments, an mRNA comprising an ORF encoding
an RNA-guided DNA binding agent, such as a Cas nuclease,
is provided, used, or administered.

[0313] In some embodiments, the RNA-guided DNA-
binding agent is a Class 2 Cas nuclease. In some embodi-
ments, the RNA-guided DNA-binding agent has cleavase
activity, which can also be referred to as double-strand
endonuclease activity. In some embodiments, the RNA-
guided DNA-binding agent comprises a Cas nuclease, such
as a Class 2 Cas nuclease (which may be, e.g., a Cas
nuclease of Type II, V, or VI). Class 2 Cas nucleases include,
for example, Cas9, Cpfl, C2cl, C2c2, and C2c3 proteins
and modifications thereof. Examples of Cas9 nucleases
include those of the type II CRISPR systems of S. pyogenes,
S. aureus, and other prokaryotes (see, e.g., the list in the next
paragraph), and modified (e.g., engineered or mutant) ver-
sions thereof. See, e.g., US2016/0312198 Al; US 2016/
0312199 Al. Other examples of Cas nucleases include a
Csm or Cmr complex of a type III CRISPR system or the
Casl0, Csml, or Cmr2 subunit thereof; and a Cascade
complex of a type I CRISPR system, or the Cas3 subunit
thereof. In some embodiments, the Cas nuclease may be
from a Type-11A, Type-1IB, or Type-1IC system. For discus-
sion of various CRISPR systems and Cas nucleases see, e.g.,
Makarova et al., Nar. Rev. Microsior. 9:467-477 (2011);
Makarova et al., Nar. Rev. Microrior, 13: 722-36 (2015);
Shmakov et al., MorecuLar Cerr, 60:385-397 (2015).

[0314] Non-limiting exemplary species that the Cas nucle-
ase can be derived from include Streprococcus pyogenes,
Streptococcus thermophilus, Streptococcus sp., Staphylo-
coccus aureus, Listeria innocua, Lactobacillus gasseri,
Francisella novicida, Wolinella succinogenes, Sutterella
wadsworthensis, Gammaproteobacterium, Neisseria menin-
gitidis, Campylobacter jejuni, Pasteurella multocida, Fibro-
bacter succinogene, Rhodospirillum rubrum, Nocardiopsis
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dassonvillei, Streptomyces pristinaespiralis, Streptomyces
viridochromogenes,  Streptomyces  viridochromogenes,
Streptosporangium roseum, Streptosporangium roseum, Ali-
cyclobacillus acidocaldarius, Bacillus pseudomycoides,
Bacillus selenitiveducens, Exiguobacterium sibiricum, Lac-
tobacillus delbrueckii, Lactobacillus salivarius, Lactobacil-
lus buchneri, Treponema denticola, Microscilla marina,
Burkholderiales bacterium, Polaromonas naphthaleniv-
orans, Polaromonas sp., Crocosphaera watsonii, Cyanoth-
ece sp., Microcystis aeruginosa, Synechococcus sp., Aceto-
halobium arabaticum, Ammonifex degensii,
Caldicelulosiruptor  becscii, Candidatus Desulforudis,
Clostridium botulinum, Clostridium difficile, Finegoldia
magna, Natranaerobius thermophilus, Pelotomaculum ther-
mopropionicum, Acidithiobacillus caldus, Acidithiobacillus
ferrooxidans, Allochromatium vinosum, Marinobacter sp.,
Nitrosococcus halophilus, Nitrosococcus watsoni, Pseudo-
alteromonas haloplanktis, Ktedonobacter racemifer, Metha-
nohalobium evestigatum, Anabaena variabilis, Nodularia
spumigena, Nostoc sp., Arthrospira maxima, Arthrospira
platensis, Arthrospira sp., Lyngbya sp., Microcoleus chtho-
noplastes, Oscillatoria sp., Petrotoga mobilis, Thermosipho
africanus, Streptococcus pasteurianus, Neisseria cinerea,
Campylobacter lari, Parvibaculum lavamentivorans,
Corynebacterium diphtheria, Acidaminococcus sp., Lach-
nospiraceae bacterium ND2006, and Acaryochloris marina.

[0315] Insomeembodiments, the Cas nuclease is the Cas9
nuclease from Streptococcus pyogemes. In some embodi-
ments, the Cas nuclease is the Cas9 nuclease from Strepro-
coccus thermophilus. In some embodiments, the Cas nucle-
ase is the Cas9 nuclease from Neisseria meningitidis. In
some embodiments, the Cas nuclease is the Cas9 nuclease is
from Staphylococcus aureus. In some embodiments, the Cas
nuclease is the Cpfl nuclease from Francisella novicida. In
some embodiments, the Cas nuclease is the Cpfl nuclease
from Acidaminococcus sp. In some embodiments, the Cas
nuclease is the Cpfl nuclease from Lachnospiraceae bac-
terium ND2006. In further embodiments, the Cas nuclease is
the Cpfl nuclease from Francisella tularensis, Lachno-
spiraceae bacterium, Butyrivibrio proteoclasticus, Per-
egrinibacteria  bacterium,  Parcubacteria  bacterium,
Smithella, Acidaminococcus, Candidatus Methanoplasma
termitum, FEubacterium eligens, Moraxella bovoculi, Lep-
tospira inadai, Porphyromonas crevioricanis, Prevotella
disiens, or Porphyromonas macacae. In certain embodi-
ments, the Cas nuclease is a Cpfl nuclease from an
Acidaminococcus or Lachnospiraceae.

[0316] Wild type Cas9 has two nuclease domains: RuvC
and HNH. The RuvC domain cleaves the non-target DNA
strand, and the HNH domain cleaves the target strand of
DNA. In some embodiments, the Cas9 nuclease comprises
more than one RuvC domain and/or more than one HNH
domain. In some embodiments, the Cas9 nuclease is a wild
type Cas9. In some embodiments, the Cas9 is capable of
inducing a double strand break in target DNA. In certain
embodiments, the Cas nuclease may cleave dsDNA, it may
cleave one strand of dsDNA, or it may not have DNA
cleavase or nickase activity. An exemplary Cas9 amino acid
sequence is provided as SEQ ID NO: 203. An exemplary
Cas9 mRNA ORF sequence, which includes start and stop
codons, is provided as SEQ ID NO: 204. An exemplary Cas9
mRNA coding sequence, suitable for inclusion in a fusion
protein, is provided as SEQ ID NO: 210.
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[0317] In some embodiments, chimeric Cas nucleases are
used, where one domain or region of the protein is replaced
by a portion of a different protein. In some embodiments, a
Cas nuclease domain may be replaced with a domain from
a different nuclease such as Fokl. In some embodiments, a
Cas nuclease may be a modified nuclease.

[0318] In other embodiments, the Cas nuclease may be
from a Type-I CRISPR/Cas system. In some embodiments,
the Cas nuclease may be a component of the Cascade
complex of a Type-I CRISPR/Cas system. In some embodi-
ments, the Cas nuclease may be a Cas3 protein. In some
embodiments, the Cas nuclease may be from a Type-III
CRISPR/Cas system. In some embodiments, the Cas nucle-
ase may have an RNA cleavage activity.

[0319] In some embodiments, the RNA-guided DNA-
binding agent has single-strand nickase activity, i.e., can cut
one DNA strand to produce a single-strand break, also
known as a “nick.” In some embodiments, the RNA-guided
DNA-binding agent comprises a Cas nickase. A nickase is an
enzyme that creates a nick in dsDNA, i.e., cuts one strand
but not the other of the DNA double helix. In some embodi-
ments, a Cas nickase is a version of a Cas nuclease (e.g., a
Cas nuclease discussed above) in which an endonucleolytic
active site is inactivated, e.g., by one or more alterations
(e.g., point mutations) in a catalytic domain. See, e.g., U.S.
Pat. No. 8,889,356 for discussion of Cas nickases and
exemplary catalytic domain alterations. In some embodi-
ments, a Cas nickase such as a Cas9 nickase has an inacti-
vated RuvC or HNH domain. An exemplary Cas9 nickase
amino acid sequence is provided as SEQ ID NO: 206. An
exemplary Cas9 nickase mRNA ORF sequence, which
includes start and stop codons, is provided as SEQ ID NO:
207. An exemplary Cas9 nickase mRNA coding sequence,
suitable for inclusion in a fusion protein, is provided as SEQ
ID NO: 211.

[0320] In some embodiments, the RNA-guided DNA-
binding agent is modified to contain only one functional
nuclease domain. For example, the agent protein may be
modified such that one of the nuclease domains is mutated
or fully or partially deleted to reduce its nucleic acid
cleavage activity. In some embodiments, a nickase is used
having a RuvC domain with reduced activity. In some
embodiments, a nickase is used having an inactive RuvC
domain. In some embodiments, a nickase is used having an
HNH domain with reduced activity. In some embodiments,
a nickase is used having an inactive HNH domain.

[0321] In some embodiments, a conserved amino acid
within a Cas protein nuclease domain is substituted to
reduce or alter nuclease activity. In some embodiments, a
Cas nuclease may comprise an amino acid substitution in the
RuvC or RuvC-like nuclease domain. Exemplary amino acid
substitutions in the RuvC or RuvC-like nuclease domain
include D10A (based on the S. pyogenes Cas9 protein). See,
e.g., Zetsche et al. (2015) Cell October 22:163(3): 759-771.
In some embodiments, the Cas nuclease may comprise an
amino acid substitution in the HNH or HNH-like nuclease
domain. Exemplary amino acid substitutions in the HNH or
HNH-like nuclease domain include E762A, HS840A,
N863A, HI83 A, and DI86A (based on the S. pyogenes Cas9
protein). See, e.g., Zetsche et al. (2015). Further exemplary
amino acid substitutions include D917A, E1006A, and
D1255A (based on the Francisella novicida U112 Cpfl
(FnCpfl) sequence (UniProtKB—A0Q7Q2 (CPF1_
FRATN)).
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[0322] In some embodiments, an mRNA encoding a nick-
ase is provided in combination with a pair of guide RNAs
that are complementary to the sense and antisense strands of
the target sequence, respectively. In this embodiment, the
guide RNAs direct the nickase to a target sequence and
introduce a DSB by generating a nick on opposite strands of
the target sequence (i.e., double nicking). In some embodi-
ments, use of double nicking may improve specificity and
reduce off-target effects. In some embodiments, a nickase is
used together with two separate guide RNAs targeting
opposite strands of DNA to produce a double nick in the
target DNA. In some embodiments, a nickase is used
together with two separate guide RNAs that are selected to
be in close proximity to produce a double nick in the target
DNA.

[0323] In some embodiments, the RNA-guided DNA-
binding agent lacks cleavase and nickase activity. In some
embodiments, the RNA-guided DNA-binding agent com-
prises a dCas DNA-binding polypeptide. A dCas polypep-
tide has DNA-binding activity while essentially lacking
catalytic (cleavase/nickase) activity. In some embodiments,
the dCas polypeptide is a dCas9 polypeptide. In some
embodiments, the RNA-guided DNA-binding agent lacking
cleavase and nickase activity or the dCas DNA-binding
polypeptide is a version of a Cas nuclease (e.g., a Cas
nuclease discussed above) in which its endonucleolytic
active sites are inactivated, e.g., by one or more alterations
(e.g., point mutations) in its catalytic domains. See, e.g., US
2014/0186958 Al; US 2015/0166980 Al. An exemplary
dCas9 amino acid sequence is provided as SEQ ID NO: 208.
An exemplary dCas9 mRNA ORF sequence, which includes
start and stop codons, is provided as SEQ ID NO: 209. An
exemplary dCas9 mRNA coding sequence, suitable for
inclusion in a fusion protein, is provided as SEQ ID NO:
212.

[0324] In some embodiments, the RNA-guided DNA-
binding agent comprises one or more heterologous func-
tional domains (e.g., is or comprises a fusion polypeptide).
[0325] In some embodiments, the heterologous functional
domain may facilitate transport of the RNA-guided DNA-
binding agent into the nucleus of a cell. For example, the
heterologous functional domain may be a nuclear localiza-
tion signal (NLS). In some embodiments, the RNA-guided
DNA-binding agent may be fused with 1-10 NLS(s). In
some embodiments, the RNA-guided DNA-binding agent
may be fused with 1-5 NLS(s). In some embodiments, the
RNA-guided DNA-binding agent may be fused with one
NLS. Where one NLS is used, the NLS may be linked at the
N-terminus or the C-terminus of the RNA-guided DNA-
binding agent sequence. It may also be inserted within the
RNA-guided DNA binding agent sequence. In other
embodiments, the RNA-guided DNA-binding agent may be
fused with more than one NLS. In some embodiments, the
RNA-guided DNA-binding agent may be fused with 2, 3, 4,
or 5 NLSs. In some embodiments, the RNA-guided DNA-
binding agent may be fused with two NLSs. In certain
circumstances, the two NLSs may be the same (e.g., two
SV40 NLSs) or different. In some embodiments, the RNA-
guided DNA-binding agent is fused to two SV40 NLS
sequences linked at the carboxy terminus. In some embodi-
ments, the RNA-guided DNA-binding agent may be fused
with two NLSs, one linked at the N-terminus and one at the
C-terminus. In some embodiments, the RNA-guided DNA-
binding agent may be fused with 3 NLSs. In some embodi-

Aug. 6, 2020

ments, the RNA-guided DNA-binding agent may be fused
with no NLS. In some embodiments, the NLS may be a
monopartite sequence, such as, e.g., the SV40 NLS, PKK-
KRKV (SEQ ID NO: 274) or PKKKRRV (SEQ ID NO:
275). In some embodiments, the NLS may be a bipartite
sequence, such as the NLS of nucleoplasmin, KRPAATK-
KAGQAKKKK (SEQ ID NO: 276). In a specific embodi-
ment, a single PKKKRKYV (SEQ ID NO: 274) NLS may be
linked at the C-terminus of the RNA-guided DNA-binding
agent. One or more linkers are optionally included at the
fusion site.

[0326] In some embodiments, the heterologous functional
domain may be capable of modifying the intracellular half-
life of the RNA-guided DNA binding agent. In some
embodiments, the half-life of the RNA-guided DNA binding
agent may be increased. In some embodiments, the half-life
of the RNA-guided DNA-binding agent may be reduced. In
some embodiments, the heterologous functional domain
may be capable of increasing the stability of the RNA-
guided DNA-binding agent. In some embodiments, the
heterologous functional domain may be capable of reducing
the stability of the RNA-guided DNA-binding agent. In
some embodiments, the heterologous functional domain
may act as a signal peptide for protein degradation. In some
embodiments, the protein degradation may be mediated by
proteolytic enzymes, such as, for example, proteasomes,
lysosomal proteases, or calpain proteases. In some embodi-
ments, the heterologous functional domain may comprise a
PEST sequence. In some embodiments, the RNA-guided
DNA-binding agent may be modified by addition of ubig-
uitin or a polyubiquitin chain. In some embodiments, the
ubiquitin may be a ubiquitin-like protein (UBL). Non-
limiting examples of ubiquitin-like proteins include small
ubiquitin-like modifier (SUMO), ubiquitin cross-reactive
protein (UCRP, also known as interferon-stimulated gene-15
(ISG15)), ubiquitin-related modifier-1 (URM1), neuronal-
precursor-cell-expressed developmentally downregulated
protein-8 (NEDDS, also called Rub 1 in S. cerevisiae),
human leukocyte antigen F-associated (FAT10),
autophagy-8 (ATGS8) and -12 (ATG12), Fau ubiquitin-like
protein (FUB1), membrane-anchored UBL (MUB), ubig-
uitin fold-modifier-1 (UFM1), and ubiquitin-like protein-5
(UBLS).

[0327] In some embodiments, the heterologous functional
domain may be a marker domain. Non-limiting examples of
marker domains include fluorescent proteins, purification
tags, epitope tags, and reporter gene sequences. In some
embodiments, the marker domain may be a fluorescent
protein. Non-limiting examples of suitable fluorescent pro-
teins include green fluorescent proteins (e.g., GFP, GFP-2,
tagGFP, turboGFP, sfGFP, EGFP, Emerald, Azami Green,
Monomeric Azami Green, CopGFP, AceGFP, ZsGreenl),
yellow fluorescent proteins (e.g., YFP, EYFP, Citrine, Venus,
YPet, PhiYFP, ZsYellowl), blue fluorescent proteins (e.g.,
EBFP, EBFP2, Azurite, mKalamal, GFPuv, Sapphire, T-sap-
phire), cyan fluorescent proteins (e.g., ECFP, Cerulean,
CyPet, AmCyanl, Midoriishi-Cyan), red fluorescent proteins
(e.g., mKate, mKate2, mPlum, DsRed monomer, mCherry,
mRFP1, DsRed-Express, DsRed2, DsRed-Monomer,
HcRed-Tandem, HcRedl, AsRed2, eqFP611, mRasberry,
mStrawberry, Jred), and orange fluorescent proteins (mOr-
ange, mKO, Kusabira-Orange, Monomeric Kusabira-Or-
ange, mTangerine, tdTomato) or any other suitable fluores-
cent protein. In other embodiments, the marker domain may
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be a purification tag and/or an epitope tag. Non-limiting
exemplary tags include glutathione-S-transferase (GST),
chitin binding protein (CBP), maltose binding protein
(MBP), thioredoxin (TRX), poly(NANP), tandem affinity
purification (TAP) tag, myc, AcVS5, AU1, AUS, E, ECS, E2,
FLAG, HA, nus, Softag 1, Softag 3, Strep, SBP, Glu-Glu,
HSV, KT3, S, S1, T7, V5, VSV-G, 6xHis, 8xHis, biotin
carboxyl carrier protein (BCCP), poly-His, and calmodulin.
Non-limiting exemplary reporter genes include glutathione-
S-transferase (GST), horseradish peroxidase (HRP),
chloramphenicol acetyltransferase (CAT), beta-galactosi-
dase, beta-glucuronidase, luciferase, or fluorescent proteins.
[0328] In additional embodiments, the heterologous func-
tional domain may target the RNA-guided DNA-binding
agent to a specific organelle, cell type, tissue, or organ. In
some embodiments, the heterologous functional domain
may target the RNA-guided DNA-binding agent to mito-
chondria.

[0329] In further embodiments, the heterologous func-
tional domain may be an effector domain. When the RNA-
guided DNA-binding agent is directed to its target sequence,
e.g., when a Cas nuclease is directed to a target sequence by
a gRNA, the effector domain may modify or affect the target
sequence. In some embodiments, the effector domain may
be chosen from a nucleic acid binding domain, a nuclease
domain (e.g., a non-Cas nuclease domain), an epigenetic
modification domain, a transcriptional activation domain, or
a transcriptional repressor domain. In some embodiments,
the heterologous functional domain is a nuclease, such as a
FokI nuclease. See, e.g., U.S. Pat. No. 9,023,649. In some
embodiments, the heterologous functional domain is a tran-
scriptional activator or repressor. See, e.g., Qi et al., “Repur-
posing CRISPR as an RNA-guided platform for sequence-
specific control of gene expression,” Cell 152:1173-83
(2013); Perez-Pinera et al., “RNA-guided gene activation by
CRISPR-Cas9-based transcription factors,” Nat. Methods
10:973-6 (2013); Mali et al., “CAS9 transcriptional activa-
tors for target specificity screening and paired nickases for
cooperative genome engineering,” Nat. Biotechnol.
31:833-8 (2013); Gilbert et al., “CRISPR-mediated modular
RNA-guided regulation of transcription in eukaryotes,” Cell
154:442-51 (2013). As such, the RNA-guided DNA-binding
agent essentially becomes a transcription factor that can be
directed to bind a desired target sequence using a guide
RNA.

[0330] B. Modified gRNAs and mRNAs

[0331] In some embodiments, the gRNA is chemically
modified. A gRNA comprising one or more modified nucleo-
sides or nucleotides is called a “modified” gRNA or “chemi-
cally modified” gRNA, to describe the presence of one or
more non-naturally and/or naturally occurring components
or configurations that are used instead of or in addition to the
canonical A, G, C, and U residues. In some embodiments, a
modified gRNA is synthesized with a non-canonical nucleo-
side or nucleotide, is here called “modified.” Modified
nucleosides and nucleotides can include one or more of: (i)
alteration, e.g., replacement, of one or both of the non-
linking phosphate oxygens and/or of one or more of the
linking phosphate oxygens in the phosphodiester backbone
linkage (an exemplary backbone modification); (ii) altera-
tion, e.g., replacement, of a constituent of the ribose sugar,
e.g., of the 2' hydroxyl on the ribose sugar (an exemplary
sugar modification); (iii) wholesale replacement of the phos-
phate moiety with “dephospho” linkers (an exemplary back-
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bone modification); (iv) modification or replacement of a
naturally occurring nucleobase, including with a non-ca-
nonical nucleobase (an exemplary base modification); (v)
replacement or modification of the ribose-phosphate back-
bone (an exemplary backbone modification); (vi) modifica-
tion of the 3' end or 5' end of the oligonucleotide, e.g.,
removal, modification or replacement of a terminal phos-
phate group or conjugation of a moiety, cap or linker (such
3' or 5' cap modifications may comprise a sugar and/or
backbone modification); and (vii) modification or replace-
ment of the sugar (an exemplary sugar modification).

[0332] As noted above, in some embodiments, a compo-
sition or formulation disclosed herein comprises an mRNA
comprising an open reading frame (ORF) encoding an
RNA-guided DNA binding agent, such as a Cas nuclease as
described herein. In some embodiments, an mRNA com-
prising an ORF encoding an RNA-guided DNA binding
agent, such as a Cas nuclease, is provided, used, or admin-
istered. In some embodiments, the ORF encoding an RNA-
guided DNA nuclease is a “modified RNA-guided DNA
binding agent ORF” or simply a “modified ORF,” which is
used as shorthand to indicate that the ORF is modified in one
or more of the following ways: (1) the modified ORF has a
uridine content ranging from its minimum uridine content to
150% of the minimum uridine content; (2) the modified
ORF has a uridine dinucleotide content ranging from its
minimum uridine dinucleotide content to 150% of the mini-
mum uridine dinucleotide content; (3) the modified ORF has
at least 90% identity to any one of SEQ ID NOs: 201, 204,
210, 214, 215, 223, 224, 250, 252, 254, 265, or 266; (4) the
modified ORF consists of a set of codons of which at least
75% of the codons are codons listed in the Table 3A of
Minimal Uridine Codons; or (5) the modified ORF com-
prises at least one modified uridine. In some embodiments,
the modified ORF is modified in at least two, three, or four
of the foregoing ways. In some embodiments, the modified
ORF comprises at least one modified uridine and is modified
in at least one, two, three, or all of (1)-(4) above.

TABLE 3A

of Minimal Uridine Codons

Amino Acid Minimal uridine codon
A Alanine GCA or GCC or GCG
G Glycine GGA or GGC or GGG
\' Valine GUC or GUA or GUG
D Aspartic acid GAC
E Glutamic acid GAA or GAG
I Isoleucine AUC or AUA
T Threonine ACA or ACC or ACG
N Asparagine AAC
K Lysine AAG or AAA
S Serine AGC
R Arginine AGA or AGG
L Leucine CUG or CUA or CUC
P Proline CCG or CCA or CCC
H Histidine CAC
Q Glutamine CAG or CAA
F Phenylalanine uucC
Y Tyrosine UAC
C Cysteine UGC
w Tryptophan UGG
M Methionine AUG
[0333] Inany of the foregoing embodiments, the modified

ORF may consist of a set of codons of which at least 75%,
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80%, 85%, 90%, 95%, 98%, 99%, or 100% of the codons are
codons listed in Table 3A showing Minimal Uridine Codons.
[0334] In any of the foregoing embodiments, the modified
ORF may comprise a sequence with at least 90%, 95%,
98%, 99%, or 100% identity to any one of SEQ ID NO: 201,
204, 210, 214, 215, 223, 224, 250, 252, 254, 265, or 266.
[0335] In any of the foregoing embodiments, the modified
ORF may have a uridine content ranging from its minimum
uridine content to 150%, 145%, 140%, 135%, 130%, 125%,
120%, 115%, 110%, 105%, 104%, 103%, 102%, or 101% of
the minimum uridine content.

[0336] In any of the foregoing embodiments, the modified
ORF may have a uridine dinucleotide content ranging from
its minimum uridine dinucleotide content to 150%, 145%,
140%, 135%, 130%, 125%, 120%, 115%, 110%, 105%,
104%, 103%, 102%, or 101% of the minimum uridine
dinucleotide content.

[0337] In any of the foregoing embodiments, the modified
ORF may comprise a modified uridine at least at one, a
plurality of, or all uridine positions. In some embodiments,
the modified uridine is a uridine modified at the 5 position,
e.g., with a halogen, methyl, or ethyl. In some embodiments,
the modified uridine is a pseudouridine modified at the 1
position, e.g., with a halogen, methyl, or ethyl. The modified
uridine can be, for example, pseudouridine, N1-methyl-
pseudouridine, 5-methoxyuridine, S-iodouridine, or a com-
bination thereof. In some embodiments, the modified uridine
is S5-methoxyuridine. In some embodiments, the modified
uridine is 5-iodouridine. In some embodiments, the modified
uridine is pseudouridine. In some embodiments, the modi-
fied uridine is N1-methyl-pseudouridine. In some embodi-
ments, the modified uridine is a combination of pseudouri-
dine and N1-methyl-pseudouridine. In some embodiments,
the modified uridine is a combination of pseudouridine and
5-methoxyuridine. In some embodiments, the modified uri-
dine is a combination of N1-methyl pseudouridine and
5-methoxyuridine. In some embodiments, the modified uri-
dine is a combination of 5-iodouridine and N1-methyl-
pseudouridine. In some embodiments, the modified uridine
is a combination of pseudouridine and 5-iodouridine. In
some embodiments, the modified uridine is a combination of
S-iodouridine and 5-methoxyuridine.

[0338] In some embodiments, at least 10%, 15%, 20%,
25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,
75%, 80%, 85%, 90%, 95%, 98%, 99%, or 100% of the
uridine positions in an mRNA according to the disclosure
are modified uridines. In some embodiments, 10%-25%,
15-25%, 25-35%, 35-45%, 45-55%, 55-65%, 65-75%,
75-85%, 85-95%, or 90-100% of the uridine positions in an
mRNA according to the disclosure are modified uridines,
e.g., S-methoxyuridine, 5-iodouridine, N1-methyl pseudou-
ridine, pseudouridine, or a combination thereof. In some
embodiments, 10%-25%, 15-25%, 25-35%, 35-45%,
45-55%, 55-65%, 65-75%, 75-85%, 85-95%, or 90-100% of
the uridine positions in an mRNA according to the disclo-
sure are S-methoxyuridine. In some embodiments, 10%-
25%, 15-25%, 25-35%, 35-45%, 45-55%, 55-65%, 65-75%,
75-85%, 85-95%, or 90-100% of the uridine positions in an
mRNA according to the disclosure are pseudouridine. In
some embodiments, 10%-25%, 15-25%, 25-35%, 35-45%,
45-55%, 55-65%, 65-75%, 75-85%, 85-95%, or 90-100% of
the uridine positions in an mRNA according to the disclo-
sure are N1-methyl pseudouridine. In some embodiments,
10%-25%, 15-25%, 25-35%, 35-45%, 45-55%, 55-65%,
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65-75%, 75-85%, 85-95%, or 90-100% of the uridine posi-
tions in an mRNA according to the disclosure are 5-iodou-
ridine. In some embodiments, 10%-25%, 15-25%, 25-35%,
35-45%, 45-55%, 55-65%, 65-75%, 75-85%, 85-95%, or
90-100% of the uridine positions in an mRNA according to
the disclosure are 5-methoxyuridine, and the remainder are
N1-methyl pseudouridine. In some embodiments, 10%-
25%, 15-25%, 25-35%, 35-45%, 45-55%, 55-65%, 65-75%,
75-85%, 85-95%, or 90-100% of the uridine positions in an
mRNA according to the disclosure are S-iodouridine, and
the remainder are N1-methyl pseudouridine.

[0339] In some embodiments, the mRNA comprises at
least one UTR from an expressed mammalian mRNA, such
as a constitutively expressed mRNA. An mRNA is consid-
ered constitutively expressed in a mammal if it is continually
transcribed in at least one tissue of a healthy adult mammal.
In some embodiments, the mRNA comprises a 5' UTR, 3'
UTR, or 5' and 3' UTRs from an expressed mammalian
RNA, such as a constitutively expressed mammalian
mRNA. Actin mRNA is an example of a constitutively
expressed mRNA.

[0340] In some embodiments, the mRNA comprises at
least one UTR from Hydroxysteroid 17-Beta Dehydroge-
nase 4 (HSD17B4 or HSD), e.g., a 5' UTR from HSD. In
some embodiments, the mRNA comprises at least one UTR
from a globin mRNA, for example, human alpha globin
(HBA) mRNA, human beta globin (HBB) mRNA, or Xeno-
pus laevis beta globin (XBG) mRNA. In some embodi-
ments, the mRNA comprises a 5' UTR, 3' UTR, or 5' and 3'
UTRs from a globin mRNA, such as HBA, HBB, or XBG.
In some embodiments, the mRNA comprises a 5' UTR from
bovine growth hormone, cytomegalovirus (CMV), mouse
Hba-al, HSD, an albumin gene, HBA, HBB, or XBG. In
some embodiments, the mRNA comprises a 3' UTR from
bovine growth hormone, cytomegalovirus, mouse Hba-al,
HSD, an albumin gene, HBA, HBB, or XBG. In some
embodiments, the mRNA comprises 5' and 3' UTRs from
bovine growth hormone, cytomegalovirus, mouse Hba-al,
HSD, an albumin gene, HBA, HBB, XBG, heat shock
protein 90 (Hsp90), glyceraldehyde 3-phosphate dehydro-
genase (GAPDH), beta-actin, alpha-tubulin, tumor protein
(p53), or epidermal growth factor receptor (EGFR).

[0341] Insome embodiments, the mRNA comprises 5' and
3' UTRs that are from the same source, e.g., a constitutively
expressed mRNA such as actin, albumin, or a globin such as
HBA, HBB, or XBG.

[0342] In some embodiments, the mRNA does not com-
prise a 5' UTR, e.g., there are no additional nucleotides
between the 5' cap and the start codon. In some embodi-
ments, the mRNA comprises a Kozak sequence (described
below) between the 5' cap and the start codon, but does not
have any additional 5' UTR. In some embodiments, the
mRNA does not comprise a 3' UTR, e.g., there are no
additional nucleotides between the stop codon and the
poly-A tail.

[0343] In some embodiments, the mRNA comprises a
Kozak sequence. The Kozak sequence can affect translation
initiation and the overall yield of a polypeptide translated
from an mRNA. A Kozak sequence includes a methionine
codon that can function as the start codon. A minimal Kozak
sequence is NNNRUGN wherein at least one of the follow-
ing is true: the first N is A or G and the second N is G. In
the context of a nucleotide sequence, R means a purine (A
or G). In some embodiments, the Kozak sequence is
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RNNRUGN, NNNRUGG, RNNRUGG, RNNAUGN,
NNNAUGG, or RNNAUGG. In some embodiments, the
Kozak sequence is rccRUGg with zero mismatches or with
up to one or two mismatches to positions in lowercase. In
some embodiments, the Kozak sequence is rccAUGg with
zero mismatches or with up to one or two mismatches to
positions in lowercase. In some embodiments, the Kozak
sequence is gccReccAUGG (SEQ ID NO: 277) with zero
mismatches or with up to one, two, or three mismatches to
positions in lowercase. In some embodiments, the Kozak
sequence is gccAccAUG with zero mismatches or with up to
one, two, three, or four mismatches to positions in lower-
case. In some embodiments, the Kozak sequence is
GCCACCAUG. In some embodiments, the Kozak sequence
is gecgecRecAUGG (SEQ ID NO: 278) with zero mis-
matches or with up to one, two, three, or four mismatches to
positions in lowercase.

[0344] In some embodiments, the mRNA comprising an
ORF encoding an RNA-guided DNA binding agent com-
prises a sequence having at least 90% identity to SEQ ID
NO: 1, optionally wherein the ORF of SEQ ID NO: 1 (i.e.,
SEQ ID NO: 204) is substituted with an alternative ORF of
any one of SEQ ID NO: 210, 214, 215, 223, 224, 250, 252,
254, 265, or 266.

[0345] In some embodiments, the mRNA comprising an
ORF encoding an RNA-guided DNA binding agent com-
prises a sequence having at least 90% identity to SEQ ID
NO: 244, optionally wherein the ORF of SEQ ID NO: 244
(i.e., SEQ ID NO: 204) is substituted with an alternative
ORF of any one of SEQ ID NO: 210, 214, 215, 223, 224,
250, 252, 254, 265, or 266.

[0346] In some embodiments, the mRNA comprising an
ORF encoding an RNA-guided DNA binding agent com-
prises a sequence having at least 90% identity to SEQ ID
NO: 256, optionally wherein the ORF of SEQ ID NO: 256
(i.e., SEQ ID NO: 204) is substituted with an alternative
ORF of any one of SEQ ID NO: 210, 214, 215, 223, 224,
250, 252, 254, 265, or 266.

[0347] In some embodiments, the mRNA comprising an
ORF encoding an RNA-guided DNA binding agent com-
prises a sequence having at least 90% identity to SEQ ID
NO: 257, optionally wherein the ORF of SEQ ID NO: 257
(i.e., SEQ ID NO: 204) is substituted with an alternative
ORF of any one of SEQ ID NO: 210, 214, 215, 223, 224,
250, 252, 254, 265, or 266.

[0348] In some embodiments, the mRNA comprising an
ORF encoding an RNA-guided DNA binding agent com-
prises a sequence having at least 90% identity to SEQ ID
NO: 257, optionally wherein the ORF of SEQ ID NO: 258
(i.e., SEQ ID NO: 204) is substituted with an alternative
ORF of any one of SEQ ID NO: 210, 214, 215, 223, 224,
250, 252, 254, 265, or 266.

[0349] In some embodiments, the mRNA comprising an
ORF encoding an RNA-guided DNA binding agent com-
prises a sequence having at least 90% identity to SEQ ID
NO: 259, optionally wherein the ORF of SEQ ID NO: 259
(i.e., SEQ ID NO: 204) is substituted with an alternative
ORF of any one of SEQ ID NO: 210, 214, 215, 223, 224,
250, 252, 254, 265, or 266.
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[0350] In some embodiments, the mRNA comprising an
ORF encoding an RNA-guided DNA binding agent com-
prises a sequence having at least 90% identity to SEQ ID
NO: 260, optionally wherein the ORF of SEQ ID NO: 260
(i.e., SEQ ID NO: 204) is substituted with an alternative
ORF of any one of SEQ ID NO: 210, 214, 215, 223, 224,
250, 252, 254, 265, or 266.

[0351] In some embodiments, the mRNA comprising an
ORF encoding an RNA-guided DNA binding agent com-
prises a sequence having at least 90% identity to SEQ ID
NO: 261, optionally wherein the ORF of SEQ ID NO: 261
(i.e., SEQ ID NO: 204) is substituted with an alternative
ORF of any one of SEQ ID NO: 210, 214, 215, 223, 224,
250, 252, 254, 265, or 266.

[0352] In some embodiments, the degree of identity to the
optionally substituted sequences of SEQ ID NOs 243, 244,
or 256-261 is 95%. In some embodiments, the degree of
identity to the optionally substituted sequences of SEQ ID
NOs 243, 244, or 256-261 is 98%. In some embodiments,
the degree of identity to the optionally substituted sequences
of SEQ ID NOs 243, 244, or 256-261 is 99%. In some
embodiments, the degree of identity to the optionally sub-
stituted sequences of SEQ ID NOs 243, 244, or 256-261 is
100%.

[0353] In some embodiments, an mRNA disclosed herein
comprises a 5' cap, such as a Cap0, Capl, or Cap2. A 5' cap
is generally a 7-methylguanine ribonucleotide (which may
be further modified, as discussed below e.g. with respect to
ARCA) linked through a 5'-triphosphate to the 5' position of
the first nucleotide of the 5'-to-3' chain of the mRNA, i.e.,
the first cap-proximal nucleotide. In Cap0, the riboses of the
first and second cap-proximal nucleotides of the mRNA both
comprise a 2'-hydroxyl. In Capl, the riboses of the first and
second transcribed nucleotides of the mRNA comprise a
2'-methoxy and a 2'-hydroxyl, respectively. In Cap2, the
riboses of the first and second cap-proximal nucleotides of
the mRNA both comprise a 2'-methoxy. See, e.g., Katibah et
al. (2014) Proc Natl Acad Sci USA 111(33):12025-30; Abbas
etal. (2017) Proc Natl Acad Sci USA 114(11):E2106-E2115.
Most endogenous higher eukaryotic mRNAs, including
mammalian mRNAs such as human mRNAs, comprise
Capl or Cap2. Cap0 and other cap structures differing from
Capl and Cap2 may be immunogenic in mammals, such as
humans, due to recognition as “non-self” by components of
the innate immune system such as IFIT-1 and IFIT-5, which
can result in elevated cytokine levels including type I
interferon. Components of the innate immune system such
as IFIT-1 and IFIT-5 may also compete with elF4E for
binding of an mRNA with a cap other than Capl or Cap2,
potentially inhibiting translation of the mRNA.

[0354] A cap can be included co-transcriptionally. For
example, ARCA (anti-reverse cap analog; Thermo Fisher
Scientific Cat. No. AM8045) is a cap analog comprising a
7-methylguanine 3'-methoxy-5'-triphosphate linked to the 5'
position of a guanine ribonucleotide which can be incorpo-
rated in vitro into a transcript at initiation. ARCA results in
a CapO cap in which the 2' position of the first cap-proximal
nucleotide is hydroxyl. See, e.g., Stepinski et al., (2001)
“Synthesis and properties of mRNAs containing the novel
‘anti-reverse’ cap analogs 7-methyl(3'-O-methyl)GpppG
and 7-methyl(3'deoxy)GpppG,” RNA 7: 1486-1495. The
ARCA structure is shown below.
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[0355] CleanCap™ AG (m7G(5)ppp(5H(2'OMeA)pG;
Trilink Biotechnologies Cat. No. N-7113) or CleanCap™
GG (m7G(S)ppp(5H(2'OMeG)pG; TriLink Biotechnologies
Cat. No. N-7133) can be used to provide a Capl structure
co-transcriptionally. 3'-O-methylated versions of Clean-
Cap™ AG and CleanCap™ GG are also available from
Trilink Biotechnologies as Cat. Nos. N-7413 and N-7433,
respectively. The CleanCap™ AG structure is shown below.
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[0356] Alternatively, a cap can be added to an RNA
post-transcriptionally. For example, Vaccinia capping
enzyme is commercially available (New England Biolabs
Cat. No. M2080S) and has RNA triphosphatase and guany-
lyltransferase activities, provided by its D1 subunit, and
guanine methyltransterase, provided by its D12 subunit. As
such, it can add a 7-methylguanine to an RNA, so as to give
Cap0, in the presence of S-adenosyl methionine and GTP.
See, e.g., Guo, P. and Moss, B. (1990) Proc. Natl. Acad. Sci.
USA 87,4023-4027; Mao, X. and Shuman, S. (1994) J. Biol.
Chem. 269, 24472-24479. For additional discussion of caps
and capping approaches, see, e.g., W02017/053297 and
Ishikawa et al., Nucl. Acids. Symp. Ser. (2009) No. 53,
129-130.

[0357] In some embodiments, the mRNA further com-
prises a poly-adenylated (poly-A) tail. In some embodi-
ments, the poly-A tail comprises at least 20, 30, 40, 50, 60,
70, 80, 90, or 100 adenines, optionally up to 300 adenines.
In some embodiments, the poly-A tail comprises 95, 96, 97,
98, 99, or 100 adenine nucleotides. In some instances, the
poly-A tail is “interrupted” with one or more non-adenine
nucleotide “anchors” at one or more locations within the
poly-A tail. The poly-A tails may comprise at least 8
consecutive adenine nucleotides, but also comprise one or
more non-adenine nucleotide. As used herein, “non-adenine
nucleotides” refer to any natural or non-natural nucleotides
that do not comprise adenine. Guanine, thymine, and cyto-
sine nucleotides are exemplary non-adenine nucleotides.
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Thus, the poly-A tails on the mRNA described herein may
comprise consecutive adenine nucleotides located 3' to
nucleotides encoding an RNA-guided DNA binding agent or
a sequence of interest. In some instances, the poly-A tails on
mRNA comprise non-consecutive adenine nucleotides
located 3' to nucleotides encoding an RNA-guided DNA
binding agent or a sequence of interest, wherein non-adenine
nucleotides interrupt the adenine nucleotides at regular or
irregularly spaced intervals.

[0358] In some embodiments, the one or more non-ad-
enine nucleotides are positioned to interrupt the consecutive
adenine nucleotides so that a poly(A) binding protein can
bind to a stretch of consecutive adenine nucleotides. In some
embodiments, one or more non-adenine nucleotide(s) is
located after at least 8, 9, 10, 11, or 12 consecutive adenine
nucleotides. In some embodiments, the one or more non-
adenine nucleotide is located after at least 8-50 consecutive
adenine nucleotides. In some embodiments, the one or more
non-adenine nucleotide is located after at least 8-100 con-
secutive adenine nucleotides. In some embodiments, the
non-adenine nucleotide is after one, two, three, four, five,
six, or seven adenine nucleotides and is followed by at least
8 consecutive adenine nucleotides.

[0359] The poly-A tail may comprise one sequence of
consecutive adenine nucleotides followed by one or more
non-adenine nucleotides, optionally followed by additional
adenine nucleotides.

[0360] Insome embodiments, the poly-A tail comprises or
contains one non-adenine nucleotide or one consecutive
stretch of 2-10 non-adenine nucleotides. In some embodi-
ments, the non-adenine nucleotide(s) is located after at least
8,9, 10, 11, or 12 consecutive adenine nucleotides. In some
instances, the one or more non-adenine nucleotides are
located after at least 8-50 consecutive adenine nucleotides.
In some embodiments, the one or more non-adenine nucleo-
tides are located after at least 8, 9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32,
33, 34,35,36,37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48,
49, or 50 consecutive adenine nucleotides.

[0361] In some embodiments, the non-adenine nucleotide
is guanine, cytosine, or thymine. In some instances, the
non-adenine nucleotide is a guanine nucleotide. In some
embodiments, the non-adenine nucleotide is a cytosine
nucleotide. In some embodiments, the non-adenine nucleo-
tide is a thymine nucleotide. In some instances, where more
than one non-adenine nucleotide is present, the non-adenine
nucleotide may be selected from: a) guanine and thymine
nucleotides; b) guanine and cytosine nucleotides; ¢) thymine
and cytosine nucleotides; or d) guanine, thymine and cyto-
sine nucleotides. An exemplary poly-A tail comprising non-
adenine nucleotides is provided as SEQ ID NO: 4.
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[0362] In some embodiments, the mRNA further com-
prises a poly-adenylated (poly-A) tail. In some instances, the
poly-A tail is “interrupted” with one or more non-adenine
nucleotide “anchors” at one or more locations within the
poly-A tail. The poly-A tails may comprise at least 8
consecutive adenine nucleotides, but also comprise one or
more non-adenine nucleotide. As used herein, “non-adenine
nucleotides” refer to any natural or non-natural nucleotides
that do not comprise adenine. Guanine, thymine, and cyto-
sine nucleotides are exemplary non-adenine nucleotides.
Thus, the poly-A tails on the mRNA described herein may
comprise consecutive adenine nucleotides located 3' to
nucleotides encoding an RNA-guided DNA-binding agent
or a sequence of interest. In some instances, the poly-A tails
on mRNA comprise non-consecutive adenine nucleotides
located 3' to nucleotides encoding an RNA-guided DNA-
binding agent or a sequence of interest, wherein non-adenine
nucleotides interrupt the adenine nucleotides at regular or
irregularly spaced intervals.

[0363] In some embodiments, the one or more non-ad-
enine nucleotides are positioned to interrupt the consecutive
adenine nucleotides so that a poly(A) binding protein can
bind to a stretch of consecutive adenine nucleotides. In some
embodiments, one or more non-adenine nucleotide(s) is
located after at least 8, 9, 10, 11, or 12 consecutive adenine
nucleotides. In some embodiments, the one or more non-
adenine nucleotide is located after at least 8-50 consecutive
adenine nucleotides. In some embodiments, the one or more
non-adenine nucleotide is located after at least 8-100 con-
secutive adenine nucleotides. In some embodiments, the
non-adenine nucleotide is after one, two, three, four, five,
six, or seven adenine nucleotides and is followed by at least
8 consecutive adenine nucleotides.

[0364] The poly-A tail of the present invention may com-
prise one sequence of consecutive adenine nucleotides fol-
lowed by one or more non-adenine nucleotides, optionally
followed by additional adenine nucleotides.

[0365] Insome embodiments, the poly-A tail comprises or
contains one non-adenine nucleotide or one consecutive
stretch of 2-10 non-adenine nucleotides. In some embodi-
ments, the non-adenine nucleotide(s) is located after at least
8,9, 10, 11, or 12 consecutive adenine nucleotides. In some
instances, the one or more non-adenine nucleotides are
located after at least 8-50 consecutive adenine nucleotides.
In some embodiments, the one or more non-adenine nucleo-
tides are located after at least 8, 9, 10, 11, 12, 13, 14, 15, 16,
17,18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32,
33,34, 35,36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48,
49, or 50 consecutive adenine nucleotides.

[0366] In some embodiments, the non-adenine nucleotide
is guanine, cytosine, or thymine. In some instances, the
non-adenine nucleotide is a guanine nucleotide. In some
embodiments, the non-adenine nucleotide is a cytosine
nucleotide. In some embodiments, the non-adenine nucleo-
tide is a thymine nucleotide. In some instances, where more
than one non-adenine nucleotide is present, the non-adenine
nucleotide may be selected from: a) guanine and thymine
nucleotides; b) guanine and cytosine nucleotides; ¢) thymine
and cytosine nucleotides; or d) guanine, thymine and cyto-
sine nucleotides. An exemplary poly-A tail comprising non-
adenine nucleotides is provided as SEQ ID NO: 4:
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AAAAAAAAAAAAAAAADADAAAAAAANAAAAGCGAAAAAAAARNAAARNAAAA
AAAAAAAAAAAAACCGAAAAAAAAAAAAAAAAAAAAAAAAANAAARNAARA
AAARA.

[0367] Chemical modifications such as those listed above
can be combined to provide modified gRNAs and/or
mRNAs comprising nucleosides and nucleotides (collec-
tively “residues™) that can have two, three, four, or more
modifications. For example, a modified residue can have a
modified sugar and a modified nucleobase. In some embodi-
ments, every base of a gRNA is modified, e.g., all bases have
a modified phosphate group, such as a phosphorothioate
group. In certain embodiments, all, or substantially all, of
the phosphate groups of an gRNA molecule are replaced
with phosphorothioate groups. In some embodiments, modi-
fied gRNAs comprise at least one modified residue at or near
the 5' end of the RNA. In some embodiments, modified
gRNAs comprise at least one modified residue at or near the
3" end of the RNA.

[0368] In some embodiments, the gRNA comprises one,
two, three or more modified residues. In some embodiments,
at least 5% (e.g., at least 5%, at least 10%, at least 15%, at
least 20%, at least 25%, at least 30%, at least 35%, at least
40%, at least 45%, at least 50%, at least 55%, at least 60%,
at least 65%, at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, at least 95%, or 100%) of the positions
in a modified gRNA are modified nucleosides or nucleo-
tides.

[0369] Unmodified nucleic acids can be prone to degra-
dation by, e.g., intracellular nucleases or those found in
serum. For example, nucleases can hydrolyze nucleic acid
phosphodiester bonds. Accordingly, in one aspect the
gRNAs described herein can contain one or more modified
nucleosides or nucleotides, e.g., to introduce stability toward
intracellular or serum-based nucleases. In some embodi-
ments, the modified gRNA molecules described herein can
exhibit a reduced innate immune response when introduced
into a population of cells, both in vivo and ex vivo. The term
“innate immune response” includes a cellular response to
exogenous nucleic acids, including single stranded nucleic
acids, which involves the induction of cytokine expression
and release, particularly the interferons, and cell death.
[0370] In some embodiments of a backbone modification,
the phosphate group of a modified residue can be modified
by replacing one or more of the oxygens with a different
substituent. Further, the modified residue, e.g., modified
residue present in a modified nucleic acid, can include the
wholesale replacement of an unmodified phosphate moiety
with a modified phosphate group as described herein. In
some embodiments, the backbone modification of the phos-
phate backbone can include alterations that result in either
an uncharged linker or a charged linker with unsymmetrical
charge distribution.

[0371] Examples of modified phosphate groups include,
phosphorothioate, phosphoroselenates, borano phosphates,
borano phosphate esters, hydrogen phosphonates, phospho-
roamidates, alkyl or aryl phosphonates and phosphotriesters.
The phosphorous atom in an unmodified phosphate group is
achiral. However, replacement of one of the non-bridging
oxygens with one of the above atoms or groups of atoms can
render the phosphorous atom chiral. The stereogenic phos-
phorous atom can possess either the “R” configuration
(herein Rp) or the “S” configuration (herein Sp). The back-
bone can also be modified by replacement of a bridging
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oxygen, (i.e., the oxygen that links the phosphate to the
nucleoside), with nitrogen (bridged phosphoroamidates),
sulfur (bridged phosphorothioates) and carbon (bridged
methylenephosphonates). The replacement can occur at
either linking oxygen or at both of the linking oxygens.
[0372] The phosphate group can be replaced by non-
phosphorus containing connectors in certain backbone
modifications. In some embodiments, the charged phosphate
group can be replaced by a neutral moiety. Examples of
moieties which can replace the phosphate group can include,
without limitation, e.g., methyl phosphonate, hydroxy-
lamino, siloxane, carbonate, carboxymethyl, carbamate,
amide, thioether, ethylene oxide linker, sulfonate, sulfona-
mide, thioformacetal, formacetal, oxime, methyleneimino,
methylenemethylimino, methylenehydrazo, methylenedim-
ethylhydrazo and methyleneoxymethylimino.

[0373] Scaffolds that can mimic nucleic acids can also be
constructed wherein the phosphate linker and ribose sugar
are replaced by nuclease resistant nucleoside or nucleotide
surrogates. Such modifications may comprise backbone and
sugar modifications. In some embodiments, the nucleobases
can be tethered by a surrogate backbone. Examples can
include, without limitation, the morpholino, cyclobutyl, pyr-
rolidine and peptide nucleic acid (PNA) nucleoside surro-
gates.

[0374] The modified nucleosides and modified nucleotides
can include one or more modifications to the sugar group,
i.e. at sugar modification. For example, the 2' hydroxyl
group (OH) can be modified, e.g. replaced with a number of
different “oxy” or “deoxy” substituents. In some embodi-
ments, modifications to the 2' hydroxyl group can enhance
the stability of the nucleic acid since the hydroxyl can no
longer be deprotonated to form a 2'-alkoxide ion.

[0375] Examples of 2' hydroxyl group modifications can
include alkoxy or aryloxy (OR, wherein “R” can be, e.g.,
alkyl, cycloalkyl, aryl, aralkyl, heteroaryl or a sugar); poly-
ethyleneglycols (PEG), O(CH,CH,0),CH,CH,OR wherein
R can be, e.g., H or optionally substituted alkyl, and n can
be an integer from 0 to 20 (e.g., from 0 to 4, from 0 to 8, from
0to 10, from O to 16, from 1 to 4, from 1 to 8, from 1 to 10,
from 1 to 16, from 1 to 20, from 2 to 4, from 2 to 8, from
2 to 10, from 2 to 16, from 2 to 20, from 4 to 8, from 4 to
10, from 4 to 16, and from 4 to 20). In some embodiments,
the 2' hydroxyl group modification can be 2'-O-Me. In some
embodiments, the 2' hydroxyl group modification can be a
2'-fluoro modification, which replaces the 2' hydroxyl group
with a fluoride. In some embodiments, the 2' hydroxyl group
modification can include “locked” nucleic acids (LNA) in
which the 2' hydroxyl can be connected, e.g., by a C,
alkylene or C, 4 heteroalkylene bridge, to the 4' carbon of
the same ribose sugar, where exemplary bridges can include
methylene, propylene, ether, or amino bridges; O-amino
(wherein amino can be, e.g., NH,; alkylamino, dialky-
lamino, heterocyclyl, arylamino, diarylamino, heteroary-
lamino, or diheteroarylamino, ethylenediamine, or
polyamino) and aminoalkoxy, O(CH,),-amino, (wherein
amino can be, e.g., NH,; alkylamino, dialkylamino, hetero-
cyclyl, arylamino, diarylamino, heteroarylamino, or dihet-
eroarylamino, ethylenediamine, or polyamino). In some
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embodiments, the 2' hydroxyl group modification can
included “unlocked” nucleic acids (UNA) in which the
ribose ring lacks the C2'-C3' bond. In some embodiments,
the 2' hydroxyl group modification can include the methoxy-
ethyl group (MOE), (OCH,CH,OCHj;, e.g., a PEG deriva-
tive).

[0376] “Deoxy” 2' modifications can include hydrogen
(i.e. deoxyribose sugars, e.g., at the overhang portions of
partially dsRNA); halo (e.g., bromo, chloro, fluoro, or iodo);
amino (wherein amino can be, e.g., NH,; alkylamino,
dialkylamino, heterocyclyl, arylamino, diarylamino, het-
eroarylamino, diheteroarylamino, or amino acid);
NH(CH,CH,NH),,CH,CH,— amino (wherein amino can
be, e.g., as described herein), —NHC(O)R (wherein R can
be, e.g., alkyl, cycloalkyl, aryl, aralkyl, heteroaryl or sugar),
cyano; mercapto; alkyl-thio-alkyl; thioalkoxy; and alkyl,
cycloalkyl, aryl, alkenyl and alkynyl, which may be option-
ally substituted with e.g., an amino as described herein.

[0377] The sugar modification can comprise a sugar group
which may also contain one or more carbons that possess the
opposite stereochemical configuration than that of the cor-
responding carbon in ribose. Thus, a modified nucleic acid
can include nucleotides containing e.g., arabinose, as the
sugar. The modified nucleic acids can also include abasic
sugars. These abasic sugars can also be further modified at
one or more of the constituent sugar atoms. The modified
nucleic acids can also include one or more sugars that are in
the L form, e.g. L-nucleosides.

[0378] The modified nucleosides and modified nucleotides
described herein, which can be incorporated into a modified
nucleic acid, can include a modified base, also called a
nucleobase. Examples of nucleobases include, but are not
limited to, adenine (A), guanine (G), cytosine (C), and uracil
(U). These nucleobases can be modified or wholly replaced
to provide modified residues that can be incorporated into
modified nucleic acids. The nucleobase of the nucleotide can
be independently selected from a purine, a pyrimidine, a
purine analog, or pyrimidine analog. In some embodiments,
the nucleobase can include, for example, naturally-occurring
and synthetic derivatives of a base.

[0379] In embodiments employing a dual guide RNA,
each of the crRNA and the tracr RNA can contain modifi-
cations. Such modifications may be at one or both ends of
the crRNA and/or tracr RNA. In embodiments comprising
an sgRNA, one or more residues at one or both ends of the
sgRNA may be chemically modified, or the entire sgRNA
may be chemically modified. Certain embodiments com-
prise a 5' end modification. Certain embodiments comprise
a 3' end modification. In certain embodiments, one or more
or all of the nucleotides in single stranded overhang of a
guide RN A molecule are deoxynucleotides.

[0380] In some embodiments, the guide RNAs disclosed
herein comprise one of the modification patterns disclosed in
U.S. 62/431,756, filed Dec. 8, 2016, titled “Chemically
Modified Guide RNAs,” the contents of which are hereby
incorporated by reference in their entirety.
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[0381] In some embodiments, the invention comprises a
gRNA comprising one or more modifications. In some
embodiments, the modification comprises a 2'-O-methyl
(2'-O-Me) modified nucleotide. In some embodiments, the
modification comprises a phosphorothioate (PS) bond
between nucleotides.

[0382] The terms “mA,” “mC,” “mU,” or “mG” may be
used to denote a nucleotide that has been modified with
2'-0O-Me.

[0383] Modification of 2'-O-methyl can be depicted as
follows:
"1,‘"0 l'I’I"O
Base Base
O O
(S) OH 0] OCH;
RNA 2'-0-Me
[0384] Another chemical modification that has been

shown to influence nucleotide sugar rings is halogen sub-
stitution. For example, 2'-fluoro (2'-F) substitution on
nucleotide sugar rings can increase oligonucleotide binding
affinity and nuclease stability.

[0385] In this application, the terms “fA,” “fC,” “fU,” or
“fG” may be used to denote a nucleotide that has been
substituted with 2'-F

[0386] Substitution of 2'-F can be depicted as follows:
l’1’."‘0 LLL‘O
Base Base
O O
(é) OH (g) F
RNA 2'F-RNA
Natural composition of 2'F substitution
RNA
[0387] Phosphorothioate (PS) linkage or bond refers to a

bond where a sulfur is substituted for one nonbridging
phosphate oxygen in a phosphodiester linkage, for example
in the bonds between nucleotides bases. When phosphoro-
thioates are used to generate oligonucleotides, the modified
oligonucleotides may also be referred to as S-oligos.

[0388] A “*” may be used to depict a PS modification. In
this application, the terms A*, C*, U*, or G* may be used
to denote a nucleotide that is linked to the next (e.g., 3")
nucleotide with a PS bond.

[0389] In this application, the terms “mA*,” “mC*”
“mU*,” or “mG*” may be used to denote a nucleotide that
has been substituted with 2'-O-Me and that is linked to the
next (e.g., 3') nucleotide with a PS bond.
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[0390] The diagram below shows the substitution of S—
into a nonbridging phosphate oxygen, generating a PS bond
in lieu of a phosphodiester bond:

""b.o %"‘O
Base Base
Y 0

(|3 X 0 X
0=f|’—0' O=I|’—S'

. }

Base Base
O 0
(@] X fo) X

§

Phosphorothioate (PS)
Modified phosphorothioate
(PS) bond

Phosphodiester
Natural phosphodiester
linkage of RNA

[0391] Abasic nucleotides refer to those which lack nitrog-
enous bases. The figure below depicts an oligonucleotide
with an abasic (also known as apurinic) site that lacks a base:

o Base
_O\ /O
P P
o’
(6]
\\Q/ Apurinic site
O, A0
P P
o™ |
© B
o ase

[0392] Inverted bases refer to those with linkages that are
inverted from the normal 5' to 3' linkage (i.e., either a 5' to
5' linkage or a 3' to 3' linkage). For example:
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L""“o
Base
o o]
o X ©
| R 0
0=P—0O" |
| O=P—OH
0 |
Base O R
0 0
0 X 0

Normal oligonucleotide
linkage

Inverted oligonucleotide
linkage

[0393] An abasic nucleotide can be attached with an
inverted linkage. For example, an abasic nucleotide may be
attached to the terminal 5' nucleotide via a 5' to 5' linkage,
or an abasic nucleotide may be attached to the terminal 3'
nucleotide via a 3' to 3' linkage. An inverted abasic nucleo-
tide at either the terminal 5' or 3' nucleotide may also be
called an inverted abasic end cap.

[0394] In some embodiments, one or more of the first
three, four, or five nucleotides at the 5' terminus, and one or
more of the last three, four, or five nucleotides at the 3'
terminus are modified. In some embodiments, the modifi-
cation is a 2'-O-Me, 2'-F, inverted abasic nucleotide, PS
bond, or other nucleotide modification well known in the art
to increase stability and/or performance.

[0395] In some embodiments, the first four nucleotides at
the 5' terminus, and the last four nucleotides at the 3'
terminus are linked with phosphorothioate (PS) bonds.
[0396] In some embodiments, the first three nucleotides at
the 5' terminus, and the last three nucleotides at the 3'
terminus comprise a 2'-O-methyl (2'-O-Me) modified
nucleotide. In some embodiments, the first three nucleotides
at the 5' terminus, and the last three nucleotides at the 3'
terminus comprise a 2'-fluoro (2'-F) modified nucleotide. In
some embodiments, the first three nucleotides at the 5'
terminus, and the last three nucleotides at the 3' terminus
comprise an inverted abasic nucleotide.

[0397] In some embodiments, the guide RNA comprises a
modified sgRNA. In some embodiments, the sgRNA com-
prises the modification pattern shown in SEQ ID No: 3,
where N is any natural or non-natural nucleotide, and where
the totality of the N’s comprise a guide sequence that directs
a nuclease to a target sequence.

[0398] In some embodiments, the guide RNA comprises a
sgRNA shown in any one of SEQ ID No: 87-124. In some
embodiments, the guide RNA comprises a sgRNA compris-
ing any one of the guide sequences of SEQ ID No: 5-82 and
the nucleotides of SEQ ID No: 125, wherein the nucleotides
of SEQ ID No: 125 are on the 3' end of the guide sequence,
and wherein the guide sequence may be modified as shown
in SEQ ID No: 3.

[0399] C. Ribonucleoprotein Complex

[0400] In some embodiments, a composition is encom-
passed comprising one or more gRNAs comprising one or
more guide sequences from Table 1 or one or more sgRNAs
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from Table 2 and an RNA-guided DNA binding agent, e.g.,
a nuclease, such as a Cas nuclease, such as Cas9. In some
embodiments, the encoded RNA-guided DNA-binding
agent has cleavase activity, which can also be referred to as
double-strand endonuclease activity. In some embodiments,
the RNA-guided DNA-binding agent comprises a Cas nucle-
ase. Examples of Cas9 nucleases include those of the type 11
CRISPR systems of S. pyogemes, S. aureus, and other
prokaryotes (see, e.g., the list in the next paragraph), and
modified (e.g., engineered or mutant) versions thereof. See,
e.g., US2016/0312198 Al; US 2016/0312199 Al. Other
examples of Cas nucleases include a Csm or Cmr complex
of a type III CRISPR system or the Cas10, Csm1, or Cmr2
subunit thereof; and a Cascade complex of a type I CRISPR
system, or the Cas3 subunit thereof. In some embodiments,
the Cas nuclease may be from a Type-IIA, Type-IIB, or
Type-1IC system. For discussion of various CRISPR sys-
tems and Cas nucleases see, e.g., Makarova et al., Nat. Rev.
Micropior. 9:467-477 (2011); Makarova et al., Nar. Rev.
Micropior, 13: 722-36 (2015); Shmakov et al., MoLECULAR
CeLL, 60:385-397 (2015).

[0401] Non-limiting exemplary species that the Cas nucle-
ase can be derived from include Streprococcus pyogenes,
Streptococcus thermophilus, Streptococcus sp., Staphylo-
coccus aureus, Listeria innocua, Lactobacillus gasseri,
Francisella novicida, Wolinella succinogenes, Sutterella
wadsworthensis, Gammaproteobacterium, Neisseria menin-
gitidis, Campylobacter jejuni, Pasteurella multocida, Fibro-
bacter succinogene, Rhodospirillum rubrum, Nocardiopsis
dassonvillei, Streptomyces pristinaespiralis, Streptomyces
viridochromogenes,  Streptomyces  viridochromogenes,
Streptosporangium roseum, Streptosporangium roseum, Ali-
cyclobacillus acidocaldarius, Bacillus pseudomycoides,
Bacillus selenitiveducens, Exiguobacterium sibiricum, Lac-
tobacillus delbrueckii, Lactobacillus salivarius, Lactobacil-
lus buchneri, Treponema denticola, Microscilla marina,
Burkholderiales bacterium, Polaromonas naphthaleniv-
orans, Polaromonas sp., Crocosphaera watsonii, Cyanoth-
ece sp., Microcystis aeruginosa, Synechococcus sp., Aceto-
halobium arabaticum, Ammonifex degensii,
Caldicelulosiruptor  becscii, Candidatus Desulforudis,
Clostridium botulinum, Clostridium difficile, Finegoldia
magna, Natranaerobius thermophilus, Pelotomaculum ther-
mopropionicum, Acidithiobacillus caldus, Acidithiobacillus
ferrooxidans, Allochromatium vinosum, Marinobacter sp.,
Nitrosococcus halophilus, Nitrosococcus watsoni, Pseudo-
alteromonas haloplanktis, Ktedonobacter racemifer, Metha-
nohalobium evestigatum, Anabaena variabilis, Nodularia
spumigena, Nostoc sp., Arthrospira maxima, Arthrospira
platensis, Arthrospira sp., Lyngbya sp., Microcoleus chtho-
noplastes, Oscillatoria sp., Petrotoga mobilis, Thermosipho
africanus, Streptococcus pasteurianus, Neisseria cinerea,
Campylobacter lari, Parvibaculum lavamentivorans,
Corynebacterium diphtheria, Acidaminococcus sp., Lach-
nospiraceae bacterium ND2006, and Acaryochloris marina.

[0402] Insome embodiments, the Cas nuclease is the Cas9
nuclease from Streptococcus pyogenes. In some embodi-
ments, the Cas nuclease is the Cas9 nuclease from Strepro-
coccus thermophilus. In some embodiments, the Cas nucle-
ase is the Cas9 nuclease from Neisseria meningitidis. In
some embodiments, the Cas nuclease is the Cas9 nuclease is
from Staphylococcus aureus. In some embodiments, the Cas
nuclease is the Cpfl nuclease from Francisella novicida. In
some embodiments, the Cas nuclease is the Cpfl nuclease
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from Acidaminococcus sp. In some embodiments, the Cas
nuclease is the Cpfl nuclease from Lachnospiraceae bac-
terium ND2006. In further embodiments, the Cas nuclease is
the Cpfl nuclease from Francisella tularensis, Lachno-
spiraceae bacterium, Butyrivibrio proteoclasticus, Per-
egrinibacteria  bacterium,  Parcubacteria  bacterium,
Smithella, Acidaminococcus, Candidatus Methanoplasma
termitum, FEubacterium eligens, Moraxella bovoculi, Lep-
tospira inadai, Porphyromonas crevioricanis, Prevotella
disiens, or Porphyromonas macacae. In certain embodi-
ments, the Cas nuclease is a Cpfl nuclease from an
Acidaminococcus or Lachnospiraceae.

[0403] In some embodiments, the gRNA together with an
RNA-guided DNA binding agent is called a ribonucleopro-
tein complex (RNP). In some embodiments, the RNA-
guided DNA binding agent is a Cas nuclease. In some
embodiments, the gRNA together with a Cas nuclease is
called a Cas RNP. In some embodiments, the RNP comprises
Type-1, Type-11, or Type-III components. In some embodi-
ments, the Cas nuclease is the Cas9 protein from the Type-II
CRISPR/Cas system. In some embodiment, the gRNA
together with Cas9 is called a Cas9 RNP.

[0404] Wild type Cas9 has two nuclease domains: RuvC
and HNH. The RuvC domain cleaves the non-target DNA
strand, and the HNH domain cleaves the target strand of
DNA. In some embodiments, the Cas9 protein comprises
more than one RuvC domain and/or more than one HNH
domain. In some embodiments, the Cas9 protein is a wild
type Cas9. In each of the composition, use, and method
embodiments, the Cas induces a double strand break in
target DNA.

[0405] Wild type Cas9 has two nuclease domains: RuvC
and HNH. The RuvC domain cleaves the non-target DNA
strand, and the HNH domain cleaves the target strand of
DNA. In some embodiments, the Cas9 nuclease comprises
more than one RuvC domain and/or more than one HNH
domain. In some embodiments, the Cas9 nuclease is a wild
type Cas9. In some embodiments, the Cas9 is capable of
inducing a double strand break in target DNA. In certain
embodiments, the Cas nuclease may cleave dsDNA, it may
cleave one strand of dsDNA, or it may not have DNA
cleavase or nickase activity. An exemplary Cas9 amino acid
sequence is provided as SEQ ID NO: 203. An exemplary
Cas9 mRNA ORF sequence, which includes start and stop
codons, is provided as SEQ ID NO: 204. An exemplary Cas9
mRNA coding sequence, suitable for inclusion in a fusion
protein, is provided as SEQ ID NO: 210.

[0406] In some embodiments, chimeric Cas nucleases are
used, where one domain or region of the protein is replaced
by a portion of a different protein. In some embodiments, a
Cas nuclease domain may be replaced with a domain from
a different nuclease such as FokI. In some embodiments, a
Cas nuclease may be a modified nuclease.

[0407] In other embodiments, the Cas nuclease may be
from a Type-1 CRISPR/Cas system. In some embodiments,
the Cas nuclease may be a component of the Cascade
complex of a Type-I CRISPR/Cas system. In some embodi-
ments, the Cas nuclease may be a Cas3 protein. In some
embodiments, the Cas nuclease may be from a Type-III
CRISPR/Cas system. In some embodiments, the Cas nucle-
ase may have an RNA cleavage activity.

[0408] In some embodiments, the RNA-guided DNA-
binding agent has single-strand nickase activity, i.e., can cut
one DNA strand to produce a single-strand break, also
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known as a “nick.” In some embodiments, the RNA-guided
DNA-binding agent comprises a Cas nickase. A nickase is an
enzyme that creates a nick in dsDNA, i.e., cuts one strand
but not the other of the DNA double helix. In some embodi-
ments, a Cas nickase is a version of a Cas nuclease (e.g., a
Cas nuclease discussed above) in which an endonucleolytic
active site is inactivated, e.g., by one or more alterations
(e.g., point mutations) in a catalytic domain. See, e.g., U.S.
Pat. No. 8,889,356 for discussion of Cas nickases and
exemplary catalytic domain alterations. In some embodi-
ments, a Cas nickase such as a Cas9 nickase has an inacti-
vated RuvC or HNH domain. An exemplary Cas9 nickase
amino acid sequence is provided as SEQ ID NO: 206. An
exemplary Cas9 nickase mRNA ORF sequence, which
includes start and stop codons, is provided as SEQ ID NO:
207. An exemplary Cas9 nickase mRNA coding sequence,
suitable for inclusion in a fusion protein, is provided as SEQ
ID NO: 211.

[0409] In some embodiments, the RNA-guided DNA-
binding agent is modified to contain only one functional
nuclease domain. For example, the agent protein may be
modified such that one of the nuclease domains is mutated
or fully or partially deleted to reduce its nucleic acid
cleavage activity. In some embodiments, a nickase is used
having a RuvC domain with reduced activity. In some
embodiments, a nickase is used having an inactive RuvC
domain. In some embodiments, a nickase is used having an
HNH domain with reduced activity. In some embodiments,
a nickase is used having an inactive HNH domain.

[0410] In some embodiments, a conserved amino acid
within a Cas protein nuclease domain is substituted to
reduce or alter nuclease activity. In some embodiments, a
Cas nuclease may comprise an amino acid substitution in the
RuvC or RuvC-like nuclease domain. Exemplary amino acid
substitutions in the RuvC or RuvC-like nuclease domain
include D10A (based on the S. pyogenes Cas9 protein). See,
e.g., Zetsche et al. (2015) Cell October 22:163(3): 759-771.
In some embodiments, the Cas nuclease may comprise an
amino acid substitution in the HNH or HNH-like nuclease
domain. Exemplary amino acid substitutions in the HNH or
HNH-like nuclease domain include E762A, HS840A,
N863A, HI83 A, and DI86A (based on the S. pyogenes Cas9
protein). See, e.g., Zetsche et al. (2015). Further exemplary
amino acid substitutions include D917A, E1006A, and
D1255A (based on the Francisella novicida U112 Cpfl

(FnCpfl) sequence (UniProtKB—A0Q7Q2 (CPF1_
FRATN)).
[0411] In some embodiments, an mRNA encoding a nick-

ase is provided in combination with a pair of guide RNAs
that are complementary to the sense and antisense strands of
the target sequence, respectively. In this embodiment, the
guide RNAs direct the nickase to a target sequence and
introduce a DSB by generating a nick on opposite strands of
the target sequence (i.e., double nicking). In some embodi-
ments, use of double nicking may improve specificity and
reduce off-target effects. In some embodiments, a nickase is
used together with two separate guide RNAs targeting
opposite strands of DNA to produce a double nick in the
target DNA. In some embodiments, a nickase is used
together with two separate guide RNAs that are selected to
be in close proximity to produce a double nick in the target
DNA.

[0412] In some embodiments, the RNA-guided DNA-
binding agent lacks cleavase and nickase activity. In some
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embodiments, the RNA-guided DNA-binding agent com-
prises a dCas DNA-binding polypeptide. A dCas polypep-
tide has DNA-binding activity while essentially lacking
catalytic (cleavase/nickase) activity. In some embodiments,
the dCas polypeptide is a dCas9 polypeptide. In some
embodiments, the RNA-guided DNA-binding agent lacking
cleavase and nickase activity or the dCas DNA-binding
polypeptide is a version of a Cas nuclease (e.g., a Cas
nuclease discussed above) in which its endonucleolytic
active sites are inactivated, e.g., by one or more alterations
(e.g., point mutations) in its catalytic domains. See, e.g., US
2014/0186958 Al; US 2015/0166980 Al. An exemplary
dCas9 amino acid sequence is provided as SEQ ID NO: 208.
An exemplary Cas9 mRNA ORF sequence, which includes
start and stop codons, is provided as SEQ ID NO: 209. An
exemplary Cas9 mRNA coding sequence, suitable for inclu-
sion in a fusion protein, is provided as SEQ ID NO: 212.

[0413] In some embodiments, the RNA-guided DNA-
binding agent comprises one or more heterologous func-
tional domains (e.g., is or comprises a fusion polypeptide).

[0414] In some embodiments, the heterologous functional
domain may facilitate transport of the RNA-guided DNA-
binding agent into the nucleus of a cell. For example, the
heterologous functional domain may be a nuclear localiza-
tion signal (NLS). In some embodiments, the RNA-guided
DNA-binding agent may be fused with 1-10 NLS(s). In
some embodiments, the RNA-guided DNA-binding agent
may be fused with 1-5 NLS(s). In some embodiments, the
RNA-guided DNA-binding agent may be fused with one
NLS. Where one NLS is used, the NLS may be linked at the
N-terminus or the C-terminus of the RNA-guided DNA-
binding agent sequence. In some embodiments, the RNA-
guided DNA-binding agent may be fused C-terminally to at
least one NLS. An NLS may also be inserted within the
RNA-guided DNA binding agent sequence. In other
embodiments, the RNA-guided DNA-binding agent may be
fused with more than one NLS. In some embodiments, the
RNA-guided DNA-binding agent may be fused with 2, 3, 4,
or 5 NLSs. In some embodiments, the RNA-guided DNA-
binding agent may be fused with two NLSs. In certain
circumstances, the two NLSs may be the same (e.g., two
SV40 NLSs) or different. In some embodiments, the RNA-
guided DNA-binding agent is fused to two SV40 NLS
sequences linked at the carboxy terminus. In some embodi-
ments, the RNA-guided DNA-binding agent may be fused
with two NLSs, one linked at the N-terminus and one at the
C-terminus. In some embodiments, the RNA-guided DNA-
binding agent may be fused with 3 NLSs. In some embodi-
ments, the RNA-guided DNA-binding agent may be fused
with no NLS. In some embodiments, the NLS may be a
monopartite sequence, such as, e.g., the SV40 NLS, PKK-
KRKV (SEQ ID NO: 274) or PKKKRRV (SEQ ID NO:
275). In some embodiments, the NLS may be a bipartite
sequence, such as the NLS of nucleoplasmin, KRPAATK-
KAGQAKKKK (SEQ ID NO: 276). In a specific embodi-
ment, a single PKKKRKYV (SEQ ID NO: 274) NLS may be
linked at the C-terminus of the RNA-guided DNA-binding
agent. One or more linkers are optionally included at the
fusion site. In some embodiments, one or more NLS(s)
according to any of the foregoing embodiments are present
in the RNA-guided DNA-binding agent in combination with
one or more additional heterologous functional domains,
such as any of the heterologous functional domains
described below.
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[0415] In some embodiments, the heterologous functional
domain may be capable of modifying the intracellular half-
life of the RNA-guided DNA binding agent. In some
embodiments, the half-life of the RNA-guided DNA binding
agent may be increased. In some embodiments, the half-life
of the RNA-guided DNA-binding agent may be reduced. In
some embodiments, the heterologous functional domain
may be capable of increasing the stability of the RNA-
guided DNA-binding agent. In some embodiments, the
heterologous functional domain may be capable of reducing
the stability of the RNA-guided DNA-binding agent. In
some embodiments, the heterologous functional domain
may act as a signal peptide for protein degradation. In some
embodiments, the protein degradation may be mediated by
proteolytic enzymes, such as, for example, proteasomes,
lysosomal proteases, or calpain proteases. In some embodi-
ments, the heterologous functional domain may comprise a
PEST sequence. In some embodiments, the RNA-guided
DNA-binding agent may be modified by addition of ubig-
uitin or a polyubiquitin chain. In some embodiments, the
ubiquitin may be a ubiquitin-like protein (UBL). Non-
limiting examples of ubiquitin-like proteins include small
ubiquitin-like modifier (SUMO), ubiquitin cross-reactive
protein (UCRP, also known as interferon-stimulated gene-15
(ISG15)), ubiquitin-related modifier-1 (URM1), neuronal-
precursor-cell-expressed developmentally downregulated
protein-8 (NEDDS, also called Rub 1 in S. cerevisiae),
human leukocyte antigen F-associated (FAT10),
autophagy-8 (ATGS8) and -12 (ATG12), Fau ubiquitin-like
protein (FUB1), membrane-anchored UBL (MUB), ubig-
uitin fold-modifier-1 (UFM1), and ubiquitin-like protein-5
(UBLS).

[0416] In some embodiments, the heterologous functional
domain may be a marker domain. Non-limiting examples of
marker domains include fluorescent proteins, purification
tags, epitope tags, and reporter gene sequences. In some
embodiments, the marker domain may be a fluorescent
protein. Non-limiting examples of suitable fluorescent pro-
teins include green fluorescent proteins (e.g., GFP, GFP-2,
tagGFP, turboGFP, sfGFP, EGFP, Emerald, Azami Green,
Monomeric Azami Green, CopGFP, AceGFP, ZsGreenl),
yellow fluorescent proteins (e.g., YFP, EYFP, Citrine, Venus,
YPet, PhiYFP, ZsYellowl), blue fluorescent proteins (e.g.,
EBFP, EBFP2, Azurite, mKalamal, GFPuv, Sapphire, T-sap-
phire), cyan fluorescent proteins (e.g., ECFP, Cerulean,
CyPet, AmCyanl, Midoriishi-Cyan), red fluorescent proteins
(e.g., mKate, mKate2, mPlum, DsRed monomer, mCherry,
mRFP1, DsRed-Express, DsRed2, DsRed-Monomer,
HcRed-Tandem, HcRedl, AsRed2, eqFP611, mRasberry,
mStrawberry, Jred), and orange fluorescent proteins (mOr-
ange, mKO, Kusabira-Orange, Monomeric Kusabira-Or-
ange, mTangerine, tdTomato) or any other suitable fluores-
cent protein. In other embodiments, the marker domain may
be a purification tag and/or an epitope tag. Non-limiting
exemplary tags include glutathione-S-transferase (GST),
chitin binding protein (CBP), maltose binding protein
(MBP), thioredoxin (TRX), poly(NANP), tandem affinity
purification (TAP) tag, myc, AcVS5, AU1, AUS, E, ECS, E2,
FLAG, HA, nus, Softag 1, Softag 3, Strep, SBP, Glu-Glu,
HSV, KT3, S, S1, T7, V5, VSV-G, 6xHis, 8xHis, biotin
carboxyl carrier protein (BCCP), poly-His, and calmodulin.
Non-limiting exemplary reporter genes include glutathione-
S-transferase (GST), horseradish peroxidase (HRP),
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chloramphenicol acetyltransferase (CAT), beta-galactosi-
dase, beta-glucuronidase, luciferase, or fluorescent proteins.
[0417] In additional embodiments, the heterologous func-
tional domain may target the RNA-guided DNA-binding
agent to a specific organelle, cell type, tissue, or organ. In
some embodiments, the heterologous functional domain
may target the RNA-guided DNA-binding agent to mito-
chondria.

[0418] In further embodiments, the heterologous func-
tional domain may be an effector domain. When the RNA-
guided DNA-binding agent is directed to its target sequence,
e.g., when a Cas nuclease is directed to a target sequence by
a gRNA, the effector domain may modify or affect the target
sequence. In some embodiments, the effector domain may
be chosen from a nucleic acid binding domain, a nuclease
domain (e.g., a non-Cas nuclease domain), an epigenetic
modification domain, a transcriptional activation domain, or
a transcriptional repressor domain. In some embodiments,
the heterologous functional domain is a nuclease, such as a
FokI nuclease. See, e.g., U.S. Pat. No. 9,023,649. In some
embodiments, the heterologous functional domain is a tran-
scriptional activator or repressor. See, e.g., Qi et al., “Repur-
posing CRISPR as an RNA-guided platform for sequence-
specific control of gene expression,” Cell 152:1173-83
(2013); Perez-Pinera et al., “RNA-guided gene activation by
CRISPR-Cas9-based transcription factors,” Nat. Methods
10:973-6 (2013); Mali et al., “CAS9 transcriptional activa-
tors for target specificity screening and paired nickases for
cooperative genome engineering,” Nat. Biotechnol.
31:833-8 (2013); Gilbert et al., “CRISPR-mediated modular
RNA-guided regulation of transcription in eukaryotes,” Cell
154:442-51 (2013). As such, the RNA-guided DNA-binding
agent essentially becomes a transcription factor that can be
directed to bind a desired target sequence using a guide
RNA.

[0419] D. Determination of Efficacy of gRNAs

[0420] In some embodiments, the efficacy of a gRNA is
determined when delivered or expressed together with other
components forming an RNP. In some embodiments, the
gRNA is expressed together with an RNA-guided DNA
nuclease, such as a Cas protein. In some embodiments, the
gRNA is delivered to or expressed in a cell line that already
stably expresses an RNA-guided DNA nuclease, such as a
Cas protein. In some embodiments the gRNA is delivered to
a cell as part of a RNP. In some embodiments, the gRNA is
delivered to a cell along with a mRNA encoding an RNA-
guided DNA nuclease, such as a Cas nuclease.

[0421] As described herein, use of an RNA-guided DNA
nuclease and a guide RNA disclosed herein can lead to
double-stranded breaks in the DNA which can produce
errors in the form of insertion/deletion (indel) mutations
upon repair by cellular machinery. Many mutations due to
indels alter the reading frame or introduce premature stop
codons and, therefore, produce a non-functional protein.
[0422] In some embodiments, the efficacy of particular
gRNAs is determined based on in vitro models. In some
embodiments, the in vitro model is HEK293 cells stably
expressing Cas9 (HEK293_Cas9). In some embodiments,
the in vitro model is HUH7 human hepatocarcinoma cells.
In some embodiments, the in vitro model is HepG2 cells. In
some embodiments, the in vitro model is primary human
hepatocytes. In some embodiments, the in vitro model is
primary cynomolgus hepatocytes. With respect to using
primary human hepatocytes, commercially available pri-
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mary human hepatocytes can be used to provide greater
consistency between experiments. In some embodiments,
the number of off-target sites at which a deletion or insertion
occurs in an in vitro model (e.g., in primary human hepato-
cytes) is determined, e.g., by analyzing genomic DNA from
primary human hepatocytes transfected in vitro with Cas9
mRNA and the guide RNA. In some embodiments, such a
determination comprises analyzing genomic DNA from pri-
mary human hepatocytes transfected in vitro with Cas9
mRNA, the guide RNA, and a donor oligonucleotide. Exem-
plary procedures for such determinations are provided in the
working examples below.

[0423] In some embodiments, the efficacy of particular
gRNAs is determined across multiple in vitro cell models for
a gRNA selection process. In some embodiments, a cell line
comparison of data with selected gRNAs is performed. In
some embodiments, cross screening in multiple cell models
is performed.

[0424] In some embodiments, the efficacy of particular
gRNAs is determined based on in vivo models. In some
embodiments, the in vivo model is a rodent model. In some
embodiments, the rodent model is a mouse which expresses
a human TTR gene, which may be a mutant human TTR
gene. In some embodiments, the in vivo model is a non-
human primate, for example cynomolgus monkey.

[0425] In some embodiments, the efficacy of a guide RNA
is measured by percent editing of TTR. In some embodi-
ments, the percent editing of TTR is compared to the percent
editing necessary to achieve knockdown of TTR protein,
e.g., in the cell culture media in the case of an in vitro model
or in serum or tissue in the case of an in vivo model.
[0426] Insome embodiments, the efficacy of a guide RNA
is measured by the number and/or frequency of indels at
off-target sequences within the genome of the target cell
type. In some embodiments, efficacious guide RNAs are
provided which produce indels at off target sites at very low
frequencies (e.g., <5%) in a cell population and/or relative
to the frequency of indel creation at the target site. Thus, the
disclosure provides for guide RNAs which do not exhibit
off-target indel formation in the target cell type (e.g., a
hepatocyte), or which produce a frequency of off-target indel
formation of <5% in a cell population and/or relative to the
frequency of indel creation at the target site. In some
embodiments, the disclosure provides guide RNAs which do
not exhibit any off target indel formation in the target cell
type (e.g., hepatocyte). In some embodiments, guide RNAs
are provided which produce indels at less than 5 off-target
sites, e.g., as evaluated by one or more methods described
herein. In some embodiments, guide RNAs are provided
which produce indels at less than or equal to 4, 3, 2, or 1
off-target site(s) e.g., as evaluated by one or more methods
described herein. In some embodiments, the off-target site(s)
does not occur in a protein coding region in the target cell
(e.g., hepatocyte) genome.

[0427] In some embodiments, detecting gene editing
events, such as the formation of insertion/deletion (“indel”)
mutations and homology directed repair (HDR) events in
target DNA utilize linear amplification with a tagged primer
and isolating the tagged amplification products (herein after
referred to as “LAM-PCR,” or “Linear Amplification (LA)”
method).

[0428] In some embodiments, the method comprises iso-
lating cellular DNA from a cell that has been induced to have
a double strand break (DSB) and optionally that has been
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provided with an HDR template to repair the DSB; perform-
ing at least one cycle of linear amplification of the DNA with
a tagged primer; isolating the linear amplification products
that comprise tag, thereby discarding any amplification
product that was amplified with a non-tagged primer;
optionally further amplifying the isolated products; and
analyzing the linear amplification products, or the further
amplified products, to determine the presence or absence of
an editing event such as, for example, a double strand break,
an insertion, deletion, or HDR template sequence in the
target DNA. In some instances, the editing event can be
quantified. Quantification and the like as used herein (in-
cluding in the context of HDR and non-HDR editing events
such as indels) includes detecting the frequency and/or
type(s) of editing events in a population.

[0429] In some embodiments, only one cycle of linear
amplification is conducted.

[0430] In some instances, the tagged primer comprises a
molecular barcode. In some embodiments, the tagged primer
comprises a molecular barcode, and only one cycle of linear
amplification is conducted.

[0431] In some embodiments, the analyzing step com-
prises sequencing the linear amplified products or the further
amplified products. Sequencing may comprise any method
known to those of skill in the art, including, next generation
sequencing, and cloning the linear amplification products or
further amplified products into a plasmid and sequencing the
plasmid or a portion of the plasmid. In other aspects, the
analyzing step comprises performing digital PCR (dPCR) or
droplet digital PCR (ddPCR) on the linear amplified prod-
ucts or the further amplified products. In other instances, the
analyzing step comprises contacting the linear amplified
products or the further amplified products with a nucleic
acid probe designed to identify DNA comprising HDR
template sequence and detecting the probes that have bound
to the linear amplified product(s) or further amplified prod-
uct(s). In some embodiments, the method further comprises
determining the location of the HDR template in the target
DNA.

[0432] In certain embodiments, the method further com-
prises determining the sequence of an insertion site in the
target DNA, wherein the insertion site is the location where
the HDR template incorporates into the target DNA, and
wherein the insertion site may include some target DNA
sequence and some HDR template sequence.

[0433] In some embodiments, the linear amplification of
the target DNA with a tagged primer is performed for 1-50
cycles, 1-60 cycles, 1-70 cycles, 1-80 cycles, 1-90 cycles, or
1-100 cycles.

[0434] In some embodiments, the linear amplification of
the target DNA with a tagged primer comprises a denatur-
ation step to separate DNA duplexes, an annealing step to
allow primer binding, and an elongation step. In some
embodiments, the linear amplification is isothermal (does
not require a change in temperature). In some embodiments,
the isothermal linear amplification is a loop-mediated iso-
thermal amplification (LAMP), a strand displacement ampli-
fication (SDA), a helicase-dependent amplification, or a
nicking enzyme amplification reaction.

[0435] Insome embodiments, the tagged primer anneals to
the target DNA at least 50, at least 60, at least 70, at least 80,
at least 90, at least 100, at least 110, at least 120, at least 130,
at least 140, at least 150, at least 160, at least 170, at least
180, at least 190, at least 200, at least 210, at least 220, at
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least 230, at least 240, at least 250, at least 260, at least 270,
at least 280, at least 290, at least 300, at least 1,000, at least
5,000, or at least 10,000 nucleotides away from of the
expected editing event location, e.g., the insertion, deletion,
or template insertion site.

[0436] In some embodiments, the tagged primer com-
prises a molecular barcode. In some embodiments, the
molecular barcode comprises a sequence that is not comple-
mentary to the target DNA. In some embodiments, the
molecular barcode comprises 6, 8, 10, or 12 nucleotides.
[0437] In some embodiments, the tag on the primer is
biotin, streptavidin, digoxigenin, a DNA sequence, or fluo-
rescein isothiocyanate (FITC).

[0438] In some embodiments, the linear amplification
product(s) are isolated using a capture reagent specific for
the tag on the primer. In some embodiments, the capture
reagent is on a bead, solid support, matrix, or column. In
some embodiments, the isolation step comprises contacting
the linear amplification product(s) with a capture reagent
specific for the tag on the primer. In some embodiments, the
capture reagent is biotin, streptavidin, digoxigenin, a DNA
sequence, or fluorescein isothiocyanate (FITC).

[0439] In some embodiments, the tag is biotin and capture
reagent is streptavidin. In some embodiments, the tag is
streptavidin and the capture reagent is biotin. In some
embodiments, the tag is on the 5' terminus of the primer, the
3' terminus of the primer, or internal to the primer. In some
embodiments, the tag and/or the capture reagent is removed
after the isolation step. In some embodiments, the tag and/or
the capture reagent is not removed, and the further ampli-
fying and analyzing steps are performed in the presence of
tag and/or capture.

[0440] In some embodiments, the further amplification is
non-linear. In some embodiments, the further amplification
is digital PCR, qPCR, or RT-PCR. In some embodiments,
the sequencing is next generation sequencing (NGS).
[0441] In some embodiments, the target DNA is genomic
or mitochondrial. In some embodiments, the target DNA is
genomic DNA of a prokaryotic or eukaryotic cell. In some
embodiments, the target DNA is mammalian. The target
DNA may be from a non-dividing cell or a dividing cell. In
some embodiments, the target DNA may be from a primary
cell. In some embodiments, the target DNA is from a
replicating cell.

[0442] In some instances, the cellular DNA is sheared
prior to linear amplification. In some embodiments, the
sheared DNA has an average size between 0.5 kb and 20 kb.
In some instances, the cellular DNA is sheared to an average
size0f0.5,0.75,1.0,1.25,1.5,1.75, 2.0, 2.25, 2.5, 2.75, 3.0,
3.25,3.5,3.75,4.0,4.25,4.5,4.75,5.0,5.25,5.5, 5.75, 6.0,
6.25,6.5,6.75,7.0,7.25,7.5,7.75, 8.0, 8.25, 8.5, 8.75, 9.0,
9.25, 9.5, 9.75, 10.0, 10.25, 10.5, 10.75, 11.0, 11.25, 11.5,
11.75, 12.0, 12.25, 12.5, 12.75, 13.0, 13.25, 13.5, 13.75,
14.0, 14.25, 14.5, 14.75, 15.0, 15.25, 15.5, 15.75, 16.0,
16.25, 16.5, 16.75, 17.0, 17.25, 17.5, 17.75, 18.0, 18.25,
18.5, 18.75, 19.0, 19.25, 19.5, 19.75, or 20.0 kb. In some
instances, the cellular DNA is sheared to an average size of
about 1.5 kb.

[0443] Insome embodiments, the efficacy of a guide RNA
is measured by secretion of TTR. In some embodiments,
secretion of TTR is measured using an enzyme-linked
immunosorbent assay (ELISA) assay with cell culture media
or serum. In some embodiments, secretion of TTR is mea-
sured in the same in vitro or in vivo systems or models used
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to measure editing. In some embodiments, secretion of TTR
is measured in primary human hepatocytes. In some
embodiments, secretion of TTR is measured in HUH7 cells.
In some embodiments, secretion of TTR is measured in
HepG2 cells.

[0444] ELISA assays are generally known to the skilled
artisan and can be designed to determine serum TTR levels.
In one exemplary embodiment, blood is collected and the
serum is isolated. The total TTR serum levels may be
determined using a Mouse Prealbumin (Transthyretin)
ELISA Kit (Aviva Systems Biology, Cat. OKIA00111) or
similar kit for measuring human TTR. If no kit is available,
an ELISA can be developed using plates that are pre-coated
with capture antibody specific for the TTR one is measuring.
The plate is next incubated at room temperature for a period
of time before washing. Enzyme-anti-TTR antibody conju-
gate is added and inncubated. Unbound antibody conjugate
is removed and the plate washed before the addition of the
chromogenic substrate solution that reactes with the
enzyme. The plate is read on an appropriate plate reader at
an absorbance specific for the enzyme and substrate used.
[0445] In some embodiments, the amount of TTR in cells
(including those from tissue) measures efficacy of a gRNA.
In some embodiments, the amount of TTR in cells is
measured using western blot. In some embodiments, the cell
used is HUH?7 cells. In some embodiments, the cell used is
a primary human hepatocyte. In some embodiments, the cell
used is a primar cell obtained from an animal. In some
embodiments, the amount of TTR is compared to the amount
of glyceraldehyde 3-phosphate dehydrogenase GAPDH (a
housekeeping gene) to control for changes in cell number.

III. LNP Formulations and Treatment of ATTR

[0446] In some embodiments, a method of inducing a
double-stranded break (DSB) within the TTR gene is pro-
vided comprising administering a composition comprising a
guide RNA comprising any one or more guide sequences of
SEQ ID Nos: 5-82, or any one or more of the sgRNAs of
SEQ ID Nos: 87-124. In some embodiments, gRNAs com-
prising any one or more of the guide sequences of SEQ ID
Nos: 5-82 are administered to induce a DSB in the TTR
gene. The guide RNAs may be administered together with
an RNA-guided DNA nuclease such as a Cas nuclease (e.g.,
Cas9) or an mRNA or vector encoding an RNA-guided
DNA nuclease such as a Cas nuclease (e.g., Cas9).

[0447] In some embodiments, a method of modifying the
TTR gene is provided comprising administering a compo-
sition comprising a guide RNA comprising any one or more
of the guide sequences of SEQ ID Nos: 5-82, or any one or
more of the sgRNAs of SEQ ID Nos: 87-124. In some
embodiments, gRNAs comprising any one or more of the
guide sequences of SEQ ID Nos: 5-82, or any one or more
of the sgRNAs of SEQ ID Nos: 87-124, are administered to
modify the TTR gene. The guide RNAs may be adminis-
tered together with an RNA-guided DNA nuclease such as
a Cas nuclease (e.g., Cas9) or an mRNA or vector encoding
an RNA-guided DNA nuclease such as a Cas nuclease (e.g.,
Cas9).

[0448] In some embodiments, a method of treating ATTR
is provided comprising administering a composition com-
prising a guide RNA comprising any one or more of the
guide sequences of SEQ ID NOs: 5-82, or any one or more
of the sgRNAs of SEQ ID Nos: 87-124. In some embodi-
ments, gRNAs comprising any one or more of the guide
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sequences of SEQ ID NOs: 5-82, or any one or more of the
sgRNAs of SEQ ID Nos: 87-124 are administered to treat
ATTR. The guide RNAs may be administered together with
an RNA-guided DNA nuclease such as a Cas nuclease (e.g.,
Cas9) or an mRNA or vector encoding an RNA-guided
DNA nuclease such as a Cas nuclease (e.g., Cas9).

[0449] In some embodiments, a method of reducing TTR
serum concentration is provided comprising administering a
guide RNA comprising any one or more of the guide
sequences of SEQ ID NOs: 5-82, or any one or more of the
sgRNAs of SEQ ID Nos: 87-124. In some embodiments,
gRNAs comprising any one or more of the guide sequences
of SEQ ID NOs: 5-82 or any one or more of the sgRNAs of
SEQ ID Nos: 87-124 are administered to reduce or prevent
the accumulation of TTR in amyloids or amyloid fibrils. The
gRNAs may be administered together with an RNA-guided
DNA nuclease such as a Cas nuclease (e.g., Cas9) or an
mRNA or vector encoding an RNA-guided DNA nuclease
such as a Cas nuclease (e.g., Cas9).

[0450] In some embodiments, a method of reducing or
preventing the accumulation of TTR in amyloids or amyloid
fibrils of a subject is provided comprising administering a
composition comprising a guide RN A comprising any one or
more of the guide sequences of SEQ ID NOs: 5-82, or any
one or more of the sgRNAs of SEQ ID Nos: 87-124. In some
embodiments, a method of reducing or preventing the accu-
mulation of TTR in amyloids or amyloid fibrils of a subject
is provided comprising administering a composition com-
prising any one or more of the sgRNAs of SEQ ID Nos:
87-113. In some embodiments, gRNAs comprising any one
or more of the guide sequences of SEQ ID NOs: 5-82 or any
one or more of the sgRNAs of SEQ ID Nos: 87-124 are
administered to reduce or prevent the accumulation of TTR
in amyloids or amyloid fibrils. The gRNAs may be admin-
istered together with an RNA-guided DNA nuclease such as
a Cas nuclease (e.g., Cas9) or an mRNA or vector encoding
an RNA-guided DNA nuclease such as a Cas nuclease (e.g.,
Cas9).

[0451] In some embodiments, the gRNAs comprising the
guide sequences of Table 1 or one or more sgRNAs from
Table 2 together with an RNA-guided DNA nuclease such as
a Cas nuclease induce DSBs, and non-homologous ending
joining (NHEJ) during repair leads to a mutation in the TTR
gene. In some embodiments, NHEJ leads to a deletion or
insertion of a nucleotide(s), which induces a frame shift or
nonsense mutation in the TTR gene.

[0452] In some embodiments, administering the guide
RNAs of the invention (e.g., in a composition provided
herein) reduces levels (e.g., serum levels) of TTR in the
subject, and therefore prevents accumulation and aggrega-
tion of TTR in amyloids or amyloid fibrils.

[0453] In some embodiments, reducing or preventing the
accumulation of TTR in amyloids or amyloid fibrils of a
subject comprises reducing or preventing TTR deposition in
one or more tissues of the subject, such as stomach, colon,
or nervous tissue. In some embodiments, the nervous tissue
comprises sciatic nerve or dorsal root ganglion. In some
embodiments, TTR deposition is reduced in two, three, or
four of the stomach, colon, dorsal root ganglion, and sciatic
nerve. The level of deposition in a given tissue can be
determined using a biopsy sample, e.g., using immunostain-
ing. In some embodiments, reducing or preventing the
accumulation of TTR in amyloids or amyloid fibrils of a
subject and/or reducing or preventing TTR deposition is
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inferred based on reducing serum TTR levels for a period of
time. As discussed in the examples, it has been found that
reducing serum TTR levels in accordance with methods and
uses provided herein can result in clearance of deposited
TTR from tissues such as those discussed above and in the
examples, e.g., as measured 8 weeks after administration of
the composition.

[0454] In some embodiments, the subject is mammalian.
In some embodiments, the subject is human. In some
embodiments, the subject is cow, pig, monkey, sheep, dog,
cat, fish, or poultry.

[0455] In some embodiments, the use of a guide RNAs
comprising any one or more of the guide sequences in Table
1 or one or more sgRNAs from Table 2 (e.g., in a compo-
sition provided herein) is provided for the preparation of a
medicament for treating a human subject having ATTR.
[0456] In some embodiments, the guide RNAs, composi-
tions, and formulations are administered intravenously. In
some embodiments, the guide RNAs, compositions, and
formulations are administered into the hepatic circulation.
[0457] In some embodiments, a single administration of a
composition comprising a guide RNA provided herein is
sufficient to knock down expression of the mutant protein. In
some embodiments, a single administration of a composition
comprising a guide RNA provided herein is sufficient to
knock out expression of the mutant protein in a population
of cells. In other embodiments, more than one administra-
tion of a composition comprising a guide RNA provided
herein may be beneficial to maximize editing via cumulative
effects.

[0458] Forexample, a composition provided herein can be
administered 2, 3, 4, 5, or more times, such as 2 times.
Administrations can be separated by a period of time rang-
ing from, e.g., 1 day to 2 years, such as 1 to 7 days, 7 to 14
days, 14 days to 30 days, 30 days to 60 days, 60 days to 120
days, 120 days to 183 days, 183 days to 274 days, 274 days
to 366 days, or 366 days to 2 years.

[0459] In some embodiments, a composition is adminis-
tered in an effective amount in the range of 0.01 to 10 mg/kg
(mpk), e.g., 0.01 to 0.1 mpk, 0.1 to 0.3 mpk, 0.3 to 0.5 mpk,
0.5 to 1 mpk, 1 to 2 mpk, 2 to 3 mpk, 3 to 5 mpk, 5 to 10
mpk, or 0.1, 0.2, 0.3, 0.5, 1, 2, 3, 5, or 10 mpk.

[0460] In some embodiments, the efficacy of treatment
with the compositions of the invention is seen at 1 year, 2
years, 3 years, 4 years, 5 years, or 10 years after delivery. In
some embodiments, efficacy of treatment with the compo-
sitions of the invention is assessed by measuring serum
levels of TTR before and after treatment. In some embodi-
ments, efficacy of treatment with the compositions assessed
via a reduction of serum levels of TTR is seen at 1 week, 2
weeks, 3 weeks, 4 weeks, 2 months, 3 months, 4 months, 5
months, 6 months, 7 months, 8 months, 9 months, 10
months, or at 11 months.

[0461] In some embodiments, treatment slows or halts
disease progression.

[0462] In some embodiments, treatment slows or halts
progression of FAP. In some embodiments, treatment results
in improvement, stabilization, or slowing of change in
symptoms of sensorimotor neuropathy or autonomic neu-
ropathy.

[0463] In some embodiments, treatment results in
improvement, stabilization, or slowing of change in symp-
toms of FAC. In some embodiments, treatment results in
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improvement, stabilization, or slowing of change symptoms
of restrictive cardiomyopathy or congestive heart failure.
[0464] In some embodiments, efficacy of treatment is
measured by increased survival time of the subject.

[0465] In some embodiments, efficacy of treatment is
measured by improvement or slowing of progression in
symptoms of sensorimotor or autonomic neuropathy. In
some embodiments, efficacy of treatment is measured by an
increase or a slowing of decrease in ability to move an area
of the body or to feel in any area of the body. In some
embodiments, efficacy of treatment is measured by improve-
ment or a slowing of decrease in the ability to swallow;
breath; use arms, hands, legs, or feet; or walk. In some
embodiments, efficacy of treatment is measured by improve-
ment or a slowing of progression of neuralgia. In some
embodiments, the neuralgia is characterized by pain, burn-
ing, tingling, or abnormal feeling.

[0466] In some embodiments, efficacy of treatment is
measured by improvement or a slowing of increase in
postural hypotension, dizziness, gastrointestinal dysmotility,
bladder dystfunction, or sexual dysfunction. In some embodi-
ments, efficacy of treatment is measured by improvement or
a slowing of progression of weakness. In some embodi-
ments, efficacy of treatment is measured using electromyo-
gram, nerve conduction tests, or patient-reported outcomes.
[0467] In some embodiments, efficacy of treatment is
measured by improvement or slowing of progression of
symptoms of congestive heart failure or CHF. In some
embodiments, efficacy of treatment is measured by an
decrease or a slowing of increase in shortness of breath,
trouble breathing, fatigue, or swelling in the ankles, feet,
legs, abdomen, or veins in the neck. In some embodiments,
efficacy of treatment is measured by improvement or a
slowing of progression of fluid buildup in the body, which
may be assessed by measures such as weight gain, frequent
urination, or nighttime cough. In some embodiments, effi-
cacy of treatment is measured using cardiac biomarker tests
(such as B-type natriuretic peptide [BNP] or N-terminal pro
b-type natriuretic peptide [NT-proBNP]), lung function
tests, chest x-rays, or electrocardiography.

[0468] A. Combination Therapy

[0469] In some embodiments, the invention comprises
combination therapies comprising any one of the gRNAs
comprising any one or more of the guide sequences dis-
closed in Table 1 or any one or more of the sgRNAs in Table
2 (e.g., in a composition provided herein) together with an
additional therapy suitable for alleviating symptoms of
ATTR.

[0470] In some embodiments, the additional therapy for
ATTR is a treatment for sensorimotor or autonomic neu-
ropathy. In some embodiments, the treatment for sensorimo-
tor or autonomic neuropathy is a nonsteroidal anti-inflam-
matory drug, antidepressant, anticonvulsant medication,
antiarrythmic medication, or narcotic agent. In some
embodiments, the antidepressant is a tricylic agent or a
serotonin-norepinephrine reuptake inhibitor. In some
embodiments, the antidepressant is amitriptyline, dulox-
etine, or venlafaxine. In some embodiments, the anticonvul-
sant agent is gabapentin, pregabalin, topiramate, or carbam-
azepine. In some embodiments, the additional therapy for
sensorimotor neuropathy is transcutaneous electrical nerve
stimulation.

[0471] In some embodiments, the additional therapy for
ATTR 1is a treatment for restrictive cardiomyopathy or
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congestive heart failure (CHF). In some embodiments, the
treatment for CHF is a ACE inhibitor, aldosterone antago-
nist, angiotensin receptor blocker, beta blocker, digoxin,
diuretic, or isosorbide dinitrate/hydralazine hydrochloride.
In some embodiments, the ACE inhibitor is enalapril, cap-
topril, ramipril, perindopril, imidapril, or quinapril. In some
embodiments, the aldosterone antagonist is eplerenone or
spironolactone. In some embodiments, the angiotensin
receptor blocker is azilsartan, cadesartan, eprosartan, irbe-
sartan, losartan, olmesartan, telmisartan, or valsartan. In
some embodiments, the beta blocker is acebutolol, atenolol,
bisoprolol, metoprolol, nadolol, nebivolol, or propranolol. In
some embodiments, the diuretic is chlorothiazide, chlortha-
lidone, hydrochlorothiazide, indapamide, metolazone,
bumetanide, furosemide, torsemide, amiloride, or triam-
eterene.

[0472] In some embodiments, the combination therapy
comprises any one of the gRNAs comprising any one or
more of the guide sequences disclosed in Table 1 or any one
or more of the sgRNAs in Table 2 (e.g., in a composition
provided herein) together with a siRNA that targets TTR or
mutant TTR. In some embodiments, the siRNA is any
siRNA capable of further reducing or eliminating the expres-
sion of wild type or mutant TTR. In some embodiments, the
siRNA is the drug Patisiran (ALN-TTRO2) or ALN-
TTRsc02. In some embodiments, the siRNA is administered
after any one of the gRNAs comprising any one or more of
the guide sequences disclosed in Table 1 or any one or more
of the sgRNAs in Table 2 (e.g., in a composition provided
herein). In some embodiments, the siRNA is administered
on a regular basis following treatment with any of the gRNA
compositions provided herein.

[0473] In some embodiments, the combination therapy
comprises any one of the gRNAs comprising any one or
more of the guide sequences disclosed in Table 1 or any one
or more of the sgRNAs in Table 2 (e.g., in a composition
provided herein) together with antisense nucleotide that
targets TTR or mutant TTR. In some embodiments, the
antisense nucleotide is any antisense nucleotide capable of
further reducing or eliminating the expression of wild type
or mutant TTR. In some embodiments, the antisense nucleo-
tide is the drug Inotersen (IONS-TTRRX). In some embodi-
ments, the antisense nucleotide is administered after any one
of the gRNAs comprising any one or more of the guide
sequences disclosed in Table 1 or any one or more of the
sgRNAs in Table 2 (e.g., in a composition provided herein).
In some embodiments, the antisense nucleotide is adminis-
tered on a regular basis following treatment with any of the
gRNA compositions provided herein.

[0474] In some embodiments, the combination therapy
comprises any one of the gRNAs comprising any one or
more of the guide sequences disclosed in Table 1 or any one
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or more of the sgRNAs in Table 2 (e.g., in a composition
provided herein) together with a small molecule stabilizer
that promotes kinetic stabilization of the correctly folded
tetrameric form of TTR. In some embodiments, the small
molecule stabilizer is the drug tatamidis (Vyndagel®) or
diflunisal. In some embodiments, the small molecule stabi-
lizer is administered after any one of the gRNAs comprising
any one or more of the guide sequences disclosed in Table
1 or any one or more of the sgRNAs in Table 2 (e.g., in a
composition provided herein). In some embodiments, the
small molecule stabilizer is administered on a regular basis
following treatment with any of the gRNA compositions
provided herein.

[0475]

[0476] In some embodiments, the guide RNA composi-
tions described herein, alone or encoded on one or more
vectors, are formulated in or administered via a lipid nano-
particle; see e.g., PCT/US2017/024973, filed Mar. 30, 2017
entitled “LIPID NANOPARTICLE FORMULATIONS FOR
CRISPR/CAS COMPONENTS,” the contents of which are
hereby incorporated by reference in their entirety. Any lipid
nanoparticle (LNP) known to those of skill in the art to be
capable of delivering nucleotides to subjects may be utilized
with the guide RNAs described herein, as well as either
mRNA encoding an RNA-guided DNA nuclease such as Cas
or Cas9, or an RNA-guided DNA nuclease such as Cas or
Cas9 protein itself.

[0477] Disclosed herein are various embodiments of LNP
formulations for RNAs, including CRISPR/Cas cargoes.
Such LNP formulations may include (i) a CCD lipid, such as
an amine lipid, (ii) a neutral lipid, (iii) a helper lipid, and (iv)
a stealth lipid, such as a PEG lipid. Some embodiments of
the LNP formulations include an “amine lipid”, along with
a helper lipid, a neutral lipid, and a stealth lipid such as a
PEG lipid. By “lipid nanoparticle” is meant a particle that
comprises a plurality of (i.e. more than one) lipid molecules
physically associated with each other by intermolecular
forces.

[0478]

[0479] Lipid compositions for delivery of CRISPR/Cas
mRNA and guide RNA components to a liver cell comprise
a CCD Lipid.

[0480] In some embodiments, the CCD lipid is Lipid A,
which is (97,127)-3-((4,4-bis(octyloxy)butanoyl)oxy)-2-
((((3-(diethylamino)propoxy )carbonyl)oxy )methyl)propyl
octadeca-9,12-dienoate, also called 3-((4,4-bis(octyloxy)bu-
tanoyl)oxy)-2-((((3-(diethylamino)propoxy)carbonyl)oxy)
methyl)propyl (97,127)-octadeca-9,12-diencate. Lipid A
can be depicted as:
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[0481] Lipid A may be synthesized according to WO2015/
095340 (e.g., pp. 84-86).

[0482] In some embodiments, the CCD lipid is Lipid B,
which is ((5-((dimethylamino)methyl)-1,3-phenylene)bis
(oxy))bis(octane-8,1-diyl)bis(decanoate), also called ((5-
((dimethylamino)methyl)-1,3-phenylene)bis(oxy))bis(oc-
tane-8,1-diyl) bis(decanoate). Lipid B can be depicted as:
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[0483] Lipid B may be synthesized according to W0O2014/
136086 (e.g., pp. 107-09).

[0484] In some embodiments, the CCD lipid is Lipid C,
which is 2-((4-(((3-(dimethylamino)propoxy)carbonyl)oxy)
hexadecanoyl)oxy)propane-1,3-diyl (97,9'7,127,12'7)-bis
(octadeca-9,12-dienoate). Lipid C can be depicted as:
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[0485] In some embodiments, the CCD lipid is Lipid D, [0487] Lipid C and Lipid D may be synthesized according
which is 3-(((3-(dimethylamino)propoxy )carbonyl)oxy)-13- to W02015/095340.
(octanoyloxy)tridecyl 3-octylundecanoate. [0488] The CCD lipid can also be an equivalent to Lipid
[0486] Lipid D can be depicted as: A, Lipid B, Lipid C, or Lipid D. In certain embodiments, the
CCD lipid is an equivalent to Lipid A, an equivalent to Lipid
B, an equivalent to Lipid C, or an equivalent to Lipid D.
[0489] Amine Lipids
[0490] In some embodiments, the LNP compositions for

N
the delivery of biologically active agents comprise an
OYO “amine lipid”, which is defined as Lipid A, Lipid B, Lipid C,
O

O,
Lipid D or equivalents of Lipid A (including acetal analogs
0 ) of Lipid A), equivalents of Lipid B, equivalents of Lipid C,
and equivalents of Lipid D.

[0491] In some embodiments, the amine lipid is Lipid A,
which is (97,127)-3-((4,4-bis(octyloxy)butanoyl)oxy)-2-
((((3-(diethylamino)propoxy )carbonyl)oxy )methyl)propyl

O
octadeca-9,12-dienoate, also called 3-((4,4-bis(octyloxy)bu-
O tanoyl)oxy)-2-((((3 -(diethylamino)propoxy)carbonyl)o?(y)
methyl)propyl (97,127)-octadeca-9,12-diencate. Lipid A

can be depicted as:
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[0492] Lipid A may be synthesized according to WO2015/
095340 (e.g., pp. 84-86). In certain embodiments, the amine
lipid is an equivalent to Lipid A.

[0493] In certain embodiments, an amine lipid is an analog
of Lipid A. In certain embodiments, a Lipid A analog is an
acetal analog of Lipid A. In particular LNP compositions,
the acetal analog is a C4-C12 acetal analog. In some
embodiments, the acetal analog is a C5-C12 acetal analog.
In additional embodiments, the acetal analog is a C5-C10
acetal analog. In further embodiments, the acetal analog is
chosen from a C4, C5, C6, C7,C9,C10, C11, and C12 acetal
analog.

[0494] Amine lipids suitable for use in the LNPs described
herein are biodegradable in vivo. The amine lipids have low
toxicity (e.g., are tolerated in animal models without adverse
effect in amounts of greater than or equal to 10 mg/kg). In
certain embodiments, LNPs comprising an amine lipid
include those where at least 75% of the amine lipid is cleared
from the plasma within 8, 10, 12, 24, or 48 hours, or 3, 4,
5, 6,7, or 10 days. In certain embodiments, LNPs compris-
ing an amine lipid include those where at least 50% of the
mRNA or gRNA is cleared from the plasma within 8, 10, 12,
24, or 48 hours, or 3, 4, 5, 6, 7, or 10 days. In certain
embodiments, LNPs comprising an amine lipid include
those where at least 50% of the LNP is cleared from the
plasma within 8, 10, 12, 24, or 48 hours, or 3, 4, 5, 6, 7, or
10 days, for example by measuring a lipid (e.g. an amine
lipid), RNA (e.g. mRNA), or other component. In certain
embodiments, lipid-encapsulated versus free lipid, RNA, or
nucleic acid component of the LNP is measured.

[0495] Lipid clearance may be measured as described in
literature. See Maier, M. A., et al. Biodegradable Lipids
Enabling Rapidly Eliminated Lipid Nanoparticles for Sys-
temic Delivery of RNAi Therapeutics. Mol. Ther. 2013,
21(8), 1570-78 (“Maier”). For example, in Maier, LNP-
siRNA systems containing luciferases-targeting siRNA were
administered to six- to eight-week old male C57Bl/6 mice at
0.3 mg/kg by intravenous bolus injection via the lateral tail
vein. Blood, liver, and spleen samples were collected at
0.083, 0.25, 0.5, 1, 2, 4, 8, 24, 48, 96, and 168 hours
post-dose. Mice were perfused with saline before tissue
collection and blood samples were processed to obtain
plasma. All samples were processed and analyzed by LC-
MS. Further, Maier describes a procedure for assessing
toxicity after administration of LNP-siRNA formulations.
For example, a luciferase-targeting siRNA was administered
at 0, 1, 3, 5, and 10 mg/kg (5 animals/group) via single
intravenous bolus injection at a dose volume of 5 ml/kg to
male Sprague-Dawley rats. After 24 hours, about 1 mL of
blood was obtained from the jugular vein of conscious
animals and the serum was isolated. At 72 hours post-dose,
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all animals were euthanized for necropsy. Assessment of
clinical signs, body weight, serum chemistry, organ weights
and histopathology was performed. Although Maier
describes methods for assessing siRNA-LNP formulations,
these methods may be applied to assess clearance, pharma-
cokinetics, and toxicity of administration of LNP composi-
tions of the present disclosure.

[0496] The amine lipids lead to an increased clearance
rate. In some embodiments, the clearance rate is a lipid
clearance rate, for example the rate at which an amine lipid
is cleared from the blood, serum, or plasma. In some
embodiments, the clearance rate is an RNA clearance rate,
for example the rate at which an mRNA or a gRNA is cleared
from the blood, serum, or plasma. In some embodiments, the
clearance rate is the rate at which LNP is cleared from the
blood, serum, or plasma. In some embodiments, the clear-
ance rate is the rate at which LNP is cleared from a tissue,
such as liver tissue or spleen tissue. In certain embodiments,
a high rate of clearance rate leads to a safety profile with no
substantial adverse effects. The amine lipids reduce LNP
accumulation in circulation and in tissues. In some embodi-
ments, a reduction in LNP accumulation in circulation and
in tissues leads to a safety profile with no substantial adverse
effects.

[0497] The amine lipids of the present disclosure may be
ionizable depending upon the pH of the medium they are in.
For example, in a slightly acidic medium, the amine lipids
may be protonated and thus bear a positive charge. Con-
versely, in a slightly basic medium, such as, for example,
blood where pH is approximately 7.35, the amine lipids may
not be protonated and thus bear no charge. In some embodi-
ments, the amine lipids of the present disclosure may be
protonated at a pH of at least about 9. In some embodiments,
the amine lipids of the present disclosure may be protonated
at a pH of at least about 9. In some embodiments, the amine
lipids of the present disclosure may be protonated at a pH of
at least about 10.

[0498] The ability of an amine lipid to bear a charge is
related to its intrinsic pKa. For example, the amine lipids of
the present disclosure may each, independently, have a pKa
in the range of from about 5.8 to about 6.2. For example, the
amine lipids of the present disclosure may each, indepen-
dently, have a pKa in the range of from about 5.8 to about
6.5. This may be advantageous as it has been found that
cationic lipids with a pKa ranging from about 5.1 to about
7.4 are effective for delivery of cargo in vivo, e.g. to the
liver. Further, it has been found that cationic lipids with a
pKa ranging from about 5.3 to about 6.4 are effective for
delivery in vivo, e.g. to tumors. See, e.g., W02014/136086.
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[0499] Additional Lipids

[0500] “Neutral lipids” suitable for use in a lipid compo-
sition of the disclosure include, for example, a variety of
neutral, uncharged or zwitterionic lipids. Examples of neu-
tral phospholipids suitable for use in the present disclosure
include, but are not limited to, 5-heptadecylbenzene-1,3-diol
(resorcinol), dipalmitoylphosphatidylcholine (DPPC), dis-
tearoylphosphatidylcholine ~ (DSPC),  pohsphocholine
(DOPC), dimyristoylphosphatidylcholine (DMPC), phos-
phatidylcholine (PLPC), 1,2-distearoyl-sn-glycero-3-phos-
phocholine (DAPC), phosphatidylethanolamine (PE), egg
phosphatidylcholine (EPC), dilauryloylphosphatidylcholine
(DLPC), dimyristoylphosphatidylcholine (DMPC), 1-myris-
toyl-2-palmitoyl phosphatidylcholine (MPPC), 1-palmitoyl-
2-myristoyl phosphatidylcholine (PMPC), 1-palmitoyl-2-
stearoyl phosphatidylcholine (PSPC), 1,2-diarachidoyl-sn-
glycero-3-phosphocholine (DBPC), 1-stearoyl-2-palmitoyl
phosphatidylcholine (SPPC), 1,2-dieicosenoyl-sn-glycero-
3-phosphocholine (DEPC), palmitoyloleoyl phosphatidyl-
choline (POPC), lysophosphatidyl choline, dioleoyl phos-
phatidylethanolamine (DOPE),
dilinoleoylphosphatidylcholine di stearoylphosphatidyletha-
nolamine (DSPE), dimyristoyl phosphatidylethanolamine
(DMPE), dipalmitoyl phosphatidylethanolamine (DPPE),
palmitoyloleoyl phosphatidylethanolamine (POPE), lyso-
phosphatidylethanolamine and combinations thereof. In one
embodiment, the neutral phospholipid may be selected from
the group consisting of distearoylphosphatidylcholine
(DSPC) and dimyristoyl phosphatidyl ethanolamine
(DMPE). In another embodiment, the neutral phospholipid
may be distearoylphosphatidylcholine (DSPC).

[0501] “Helper lipids” include steroids, sterols, and alkyl
resorcinols. Helper lipids suitable for use in the present
disclosure include, but are not limited to, cholesterol, 5-hep-
tadecylresorcinol, and cholesterol hemisuccinate. In one
embodiment, the helper lipid may be cholesterol. In one
embodiment, the helper lipid may be cholesterol hemisuc-
cinate.

[0502] “Stealth lipids™ are lipids that alter the length of
time the nanoparticles can exist in vivo (e.g., in the blood).
Stealth lipids may assist in the formulation process by, for
example, reducing particle aggregation and controlling par-
ticle size. Stealth lipids used herein may modulate pharma-
cokinetic properties of the LNP. Stealth lipids suitable for
use in a lipid composition of the disclosure include, but are
not limited to, stealth lipids having a hydrophilic head group
linked to a lipid moiety. Stealth lipids suitable for use in a
lipid composition of the present disclosure and information
about the biochemistry of such lipids can be found in
Romberg et al., Pharmaceutical Research, Vol. 25, No. 1,
2008, pg. 55-71 and Hoekstra et al., Biochimica et Bio-
physica Acta 1660 (2004) 41-52. Additional suitable PEG
lipids are disclosed, e.g., in WO 2006/007712.

[0503] In one embodiment, the hydrophilic head group of
stealth lipid comprises a polymer moiety selected from
polymers based on PEG. Stealth lipids may comprise a lipid
moiety. In some embodiments, the stealth lipid is a PEG
lipid.

[0504] In one embodiment, a stealth lipid comprises a
polymer moiety selected from polymers based on PEG
(sometimes referred to as poly(ethylene oxide)), poly(ox-
azoline), poly(vinyl alcohol), poly(glycerol), poly(N-vi-
nylpyrrolidone), polyaminoacids and poly[N-(2-hydroxy-
propyl)methacrylamide].
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[0505] In one embodiment, the PEG lipid comprises a
polymer moiety based on PEG (sometimes referred to as
poly(ethylene oxide)).

[0506] The PEG lipid further comprises a lipid moiety. In
some embodiments, the lipid moiety may be derived from
diacylglycerol or diacylglycamide, including those compris-
ing a dialkylglycerol or dialkylglycamide group having alkyl
chain length independently comprising from about C4 to
about C40 saturated or unsaturated carbon atoms, wherein
the chain may comprise one or more functional groups such
as, for example, an amide or ester. In some embodiments, the
alkyl chail length comprises about C10 to C20. The dialky-
Iglycerol or dialkylglycamide group can further comprise
one or more substituted alkyl groups. The chain lengths may
be symmetrical or assymetric.

[0507] Unless otherwise indicated, the term “PEG” as
used herein means any polyethylene glycol or other poly-
alkylene ether polymer. In one embodiment, PEG is an
optionally substituted linear or branched polymer of ethyl-
ene glycol or ethylene oxide. In one embodiment, PEG is
unsubstituted. In one embodiment, the PEG is substituted,
e.g., by one or more alkyl, alkoxy, acyl, hydroxy, or aryl
groups. In one embodiment, the term includes PEG copo-
lymers such as PEG-polyurethane or PEG-polypropylene
(see, e.g., J. Milton Harris, Poly(ethylene glycol) chemistry:
biotechnical and biomedical applications (1992)); in another
embodiment, the term does not include PEG copolymers. In
one embodiment, the PEG has a molecular weight of from
about 130 to about 50,000, in a sub-embodiment, about 150
to about 30,000, in a sub-embodiment, about 150 to about
20,000, in a sub-embodiment about 150 to about 15,000, in
a sub-embodiment, about 150 to about 10,000, in a sub-
embodiment, about 150 to about 6,000, in a sub-embodi-
ment, about 150 to about 5,000, in a sub-embodiment, about
150 to about 4,000, in a sub-embodiment, about 150 to about
3,000, in a sub-embodiment, about 300 to about 3,000, in a
sub-embodiment, about 1,000 to about 3,000, and in a
sub-embodiment, about 1,500 to about 2,500.

[0508] In certain embodiments, the PEG (e.g., conjugated
to a lipid moiety or lipid, such as a stealth lipid), is a
“PEG-2K,” also termed “PEG 2000,” which has an average
molecular weight of about 2,000 daltons. PEG-2K is repre-
sented herein by the following formula (I), wherein n is 45,
meaning that the number averaged degree of polymerization
comprises about 45 subunits. However, other PEG embodi-
ments known in the art may be used, including, e.g., those
where the number-averaged degree of polymerization com-
prises about 23 subunits (n=23), and/or 68 subunits (n=68).
In some embodiments, n may range from about 30 to about
60. In some embodiments, n may range from about 35 to
about 55. In some embodiments, n may range from about 40
to about 50. In some embodiments, n may range from about
42 to about 48. In some embodiments, n may be 45. In some
embodiments, R may be selected from H, substituted alkyl,
and unsubstituted alkyl. In some embodiments, R may be
unsubstituted alkyl. In some embodiments, R may be
methyl.

[0509] In any of the embodiments described herein, the
PEG lipid may be selected from PEG-dilauroylglycerol,
PEG-dimyristoylglycerol (PEG-DMG) (catalog # GM-020
from NOF, Tokyo, Japan), PEG-dipalmitoylglycerol, PEG-
di stearoylglycerol (PEG-DSPE) (catalog # DSPE-020CN,
NOF, Tokyo, Japan), PEG-dilaurylglycamide, PEG-dimyri-
stylglycamide, PEG-dipalmitoylglycamide, and PEG-di
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stearoylglycamide, PEG-cholesterol (1-[8'-(Cholest-5-en-3
[beta]-oxy)carboxamido-3',6'-dioxaoctanyl]|carbamoyl-
[omega]-methyl-poly(ethylene glycol), PEG-DMB (3.4-
ditetradecoxylbenzyl-[ omega]-methyl-poly(ethylene
glycolether), 1,2-dimyristoyl-sn-glycero-3-phosphoetha-
nolamine-N-[methoxy(polyethylene glycol)-2000] (PEG2k-
DMG) (cat. #880150P from Avanti Polar Lipids, Alabaster,
Ala.,, USA), 1,2-distearoyl-sn-glycero-3-phosphoetha-
nolamine-N-[methoxy(polyethylene glycol)-2000] (PEG2k-
DSPE) (cat. #880120C from Avanti Polar Lipids, Alabaster,
Ala., USA), 1,2-distearoyl-sn-glycerol, methoxypolyethyl-
ene glycol (PEG2k-DSG; GS-020, NOF Tokyo, Japan),
poly(ethylene glycol)-2000-dimethacrylate (PEG2k-DMA),
and 1,2-distearyloxypropyl-3-amine-N-[methoxy(polyeth-
ylene glycol)-2000] (PEG2k-DSA). In one embodiment, the
PEG lipid may be PEG2k-DMG. In some embodiments, the
PEG lipid may be PEG2k-DSG. In one embodiment, the
PEG lipid may be PEG2k-DSPE. In one embodiment, the
PEG lipid may be PEG2k-DMA. In one embodiment, the
PEG lipid may be PEG2k-C-DMA. In one embodiment, the
PEG lipid may be compound 5027, disclosed in WO2016/
010840 (paragraphs [00240] to [00244]). In one embodi-
ment, the PEG lipid may be PEG2k-DSA. In one embodi-
ment, the PEG lipid may be PEG2k-Cl11. In some
embodiments, the PEG lipid may be PEG2k-C14. In some
embodiments, the PEG lipid may be PEG2k-C16. In some
embodiments, the PEG lipid may be PEG2k-C18.

[0510] LNP Formulations

[0511] The LNP may contain (i) an amine lipid for encap-
sulation and for endosomal escape, (ii) a neutral lipid for
stabilization, (iii) a helper lipid, also for stabilization, and
(iv) a stealth lipid, such as a PEG lipid.

[0512] In some embodiments, an LNP composition may
comprise an RNA component that includes one or more of
an RNA-guided DNA-binding agent, a Cas nuclease mRNA,
a Class 2 Cas nuclease mRNA, a Cas9 mRNA, and a gRNA.
In some embodiments, an LNP composition may include a
Class 2 Cas nuclease and a gRNA as the RNA component.
In certain embodiments, an LNP composition may comprise
the RNA component, an amine lipid, a helper lipid, a neutral
lipid, and a stealth lipid. In certain LNP compositions, the
helper lipid is cholesterol. In other compositions, the neutral
lipid is DSPC. In additional embodiments, the stealth lipid
is PEG2k-DMG or PEG2k-C11. In certain embodiments, the
LNP composition comprises Lipid A or an equivalent of
Lipid A; a helper lipid; a neutral lipid; a stealth lipid; and a
guide RNA. In certain compositions, the amine lipid is Lipid
A. In certain compositions, the amine lipid is Lipid A or an
acetal analog thereof; the helper lipid is cholesterol; the
neutral lipid is DSPC; and the stealth lipid is PEG2k-DMG.
[0513] In certain embodiments, lipid compositions are
described according to the respective molar ratios of the
component lipids in the formulation. Embodiments of the
present disclosure provide lipid compositions described
according to the respective molar ratios of the component
lipids in the formulation. In one embodiment, the mol-% of
the amine lipid may be from about 30 mol-% to about 60
mol-%. In one embodiment, the mol-% of the amine lipid
may be from about 40 mol-% to about 60 mol-%. In one
embodiment, the mol-% of the amine lipid may be from
about 45 mol-% to about 60 mol-%. In one embodiment, the
mol-% of the amine lipid may be from about 50 mol-% to
about 60 mol-%. In one embodiment, the mol-% of the
amine lipid may be from about 55 mol-% to about 60 mol-%.
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In one embodiment, the mol-% of the amine lipid may be
from about 50 mol-% to about 55 mol-%. In one embodi-
ment, the mol-% of the amine lipid may be about 50 mol-%.
In one embodiment, the mol-% of the amine lipid may be
about 55 mol-%. In some embodiments, the amine lipid
mol-% of the LNP batch will be £30%, £25%, £20%, £15%,
£10%, £5%, or £2.5% of the target mol-%. In some embodi-
ments, the amine lipid mol-% of the LNP batch will be =4
mol-%, 3 mol-%, +2 mol-%, 1.5 mol-%, 1 mol-%, +0.5
mol-%, or £0.25 mol-% of the target mol-%. All mol-%
numbers are given as a fraction of the lipid component of the
LNP compositions. In certain embodiments, LNP inter-lot
variability of the amine lipid mol-% will be less than 15%,
less than 10% or less than 5%.

[0514] In one embodiment, the mol-% of the neutral lipid
may be from about 5 mol-% to about 15 mol-%. In one
embodiment, the mol-% of the neutral lipid may be from
about 7 mol-% to about 12 mol-%. In one embodiment, the
mol-% of the neutral lipid may be about 9 mol-%. In some
embodiments, the neutral lipid mol-% of the LNP batch will
be £30%, £25%, £20%, £15%, +10%, +5%, or £2.5% of the
target neutral lipid mol-%. In certain embodiments, LNP
inter-lot variability will be less than 15%, less than 10% or
less than 5%.

[0515] In one embodiment, the mol-% of the helper lipid
may be from about 20 mol-% to about 60 mol-%. In one
embodiment, the mol-% of the helper lipid may be from
about 25 mol-% to about 55 mol-%. In one embodiment, the
mol-% of the helper lipid may be from about 25 mol-% to
about 50 mol-%. In one embodiment, the mol-% of the
helper lipid may be from about 25 mol-% to about 40
mol-%. In one embodiment, the mol-% of the helper lipid
may be from about 30 mol-% to about 50 mol-%. In one
embodiment, the mol-% of the helper lipid may be from
about 30 mol-% to about 40 mol-%. In one embodiment, the
mol-% of the helper lipid is adjusted based on amine lipid,
neutral lipid, and PEG lipid concentrations to bring the lipid
component to 100 mol-%. In some embodiments, the helper
mol-% of the LNP batch will be £30%, £25%, £20%, £15%,
+10%, 5%, or +2.5% of the target mol-%. In certain
embodiments, LNP inter-lot variability will be less than
15%, less than 10% or less than 5%.

[0516] In one embodiment, the mol-% of the PEG lipid
may be from about 1 mol-% to about 10 mol-%. In one
embodiment, the mol-% of the PEG lipid may be from about
2 mol-% to about 10 mol-%. In one embodiment, the mol-%
of the PEG lipid may be from about 2 mol-% to about 8
mol-%. In one embodiment, the mol-% of the PEG lipid may
be from about 2 mol-% to about 4 mol-%. In one embodi-
ment, the mol-% of the PEG lipid may be from about 2.5
mol-% to about 4 mol-%. In one embodiment, the mol-% of
the PEG lipid may be about 3 mol-%. In one embodiment,
the mol-% of the PEG lipid may be about 2.5 mol-%. In
some embodiments, the PEG lipid mol-% of the LNP batch
will be £30%, £25%, £20%, £15%, £10%, £5%, or £2.5%
of' the target PEG lipid mol-%. In certain embodiments, LNP
inter-lot variability will be less than 15%, less than 10% or
less than 5%.

[0517] In certain embodiments, the cargo includes an
mRNA encoding an RNA-guided DNA-binding agent (e.g.
a Cas nuclease, a Class 2 Cas nuclease, or Cas9), and a
gRNA or a nucleic acid encoding a gRNA, or a combination
of mRNA and gRNA. In one embodiment, an LNP compo-
sition may comprise a Lipid A or its equivalents. In some
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aspects, the amine lipid is Lipid A. In some aspects, the
amine lipid is a Lipid A equivalent, e.g. an analog of Lipid
A. In certain aspects, the amine lipid is an acetal analog of
Lipid A. In various embodiments, an LNP composition
comprises an amine lipid, a neutral lipid, a helper lipid, and
a PEG lipid. In certain embodiments, the helper lipid is
cholesterol. In certain embodiments, the neutral lipid is
DSPC. In specific embodiments, PEG lipid is PEG2k-DMG.
In some embodiments, an LNP composition may comprise
a Lipid A, a helper lipid, a neutral lipid, and a PEG lipid. In
some embodiments, an LNP composition comprises an
amine lipid, DSPC, cholesterol, and a PEG lipid. In some
embodiments, the LNP composition comprises a PEG lipid
comprising DMG. In certain embodiments, the amine lipid
is selected from Lipid A, and an equivalent of Lipid A,
including an acetal analog of Lipid A. In additional embodi-
ments, an LNP composition comprises Lipid A, cholesterol,
DSPC, and PEG2k-DMG.

[0518] Embodiments of the present disclosure also pro-
vide lipid compositions described according to the molar
ratio between the positively charged amine groups of the
amine lipid (N) and the negatively charged phosphate
groups (P) of the nucleic acid to be encapsulated. This may
be mathematically represented by the equation N/P. In some
embodiments, an LNP composition may comprise a lipid
component that comprises an amine lipid, a helper lipid, a
neutral lipid, and a helper lipid; and a nucleic acid compo-
nent, wherein the N/P ratio is about 3 to 10. In some
embodiments, an LNP composition may comprise a lipid
component that comprises an amine lipid, a helper lipid, a
neutral lipid, and a helper lipid; and an RNA component,
wherein the N/P ratio is about 3 to 10. In one embodiment,
the N/P ratio may about 5-7. In one embodiment, the N/P
ratio may about 4.5-8. In one embodiment, the N/P ratio may
about 6. In one embodiment, the N/P ratio may be 6+1. In
one embodiment, the N/P ratio may about 6+0.5. In some
embodiments, the N/P ratio will be £30%, £25%, +20%,
+15%, £10%, £5%, or £2.5% of the target N/P ratio. In
certain embodiments, LNP inter-lot variability will be less
than 15%, less than 10% or less than 5%.

[0519] In some embodiments, the RNA component may
comprise an mRNA, such as an mRNA disclosed herein,
e.g., encoding a Cas nuclease. In one embodiment, RNA
component may comprise a Cas9 mRNA. In some compo-
sitions comprising an mRNA encoding a Cas nuclease, the
LNP further comprises a gRNA nucleic acid, such as a
gRNA. In some embodiments, the RNA component com-
prises a Cas nuclease mRNA and a gRNA. In some embodi-
ments, the RNA component comprises a Class 2 Cas nucle-
ase mRNA and a gRNA.

[0520] In certain embodiments, an LNP composition may
comprise an mRNA disclosed herein, e.g., encoding a Cas
nuclease, such as a Class 2 Cas nuclease, an amine lipid, a
helper lipid, a neutral lipid, and a PEG lipid. In certain LNP
compositions comprising an mRNA encoding a Cas nucle-
ase such as a Class 2 Cas nuclease, the helper lipid is
cholesterol. In other compositions comprising an mRNA
encoding a Cas nuclease such as a Class 2 Cas nuclease, the
neutral lipid is DSPC. In additional embodiments compris-
ing an mRNA encoding a Cas nuclease such as a Class 2 Cas
nuclease, the PEG lipid is PEG2k-DMG or PEG2k-C11. In
specific compositions comprising an mRNA encoding a Cas
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nuclease such as a Class 2 Cas nuclease, the amine lipid is
selected from Lipid A and its equivalents, such as an acetal
analog of Lipid A.

[0521] In some embodiments, an LNP composition may
comprise a gRNA. In certain embodiments, an LNP com-
position may comprise an amine lipid, a gRNA, a helper
lipid, a neutral lipid, and a PEG lipid. In certain LNP
compositions comprising a gRNA, the helper lipid is cho-
lesterol. In some compositions comprising a gRNA, the
neutral lipid is DSPC. In additional embodiments compris-
ing a gRNA, the PEG lipid is PEG2k-DMG or PEG2k-C11.
In certain embodiments, the amine lipid is selected from
Lipid A and its equivalents, such as an acetal analog of Lipid
A.

[0522] In one embodiment, an LNP composition may
comprise an sgRNA. In one embodiment, an LNP compo-
sition may comprise a Cas9 sgRNA. In one embodiment, an
LNP composition may comprise a Cpfl sgRNA. In some
compositions comprising an sgRNA, the LNP includes an
amine lipid, a helper lipid, a neutral lipid, and a PEG lipid.
In certain compositions comprising an sgRNA, the helper
lipid is cholesterol. In other compositions comprising an
sgRNA, the neutral lipid is DSPC. In additional embodi-
ments comprising an sgRNA, the PEG lipid is PEG2k-DMG
or PEG2k-C11. In certain embodiments, the amine lipid is
selected from Lipid A and its equivalents, such as acetal
analogs of Lipid A.

[0523] In certain embodiments, an LNP composition com-
prises an mRNA encoding a Cas nuclease and a gRNA,
which may be an sgRNA. In one embodiment, an LNP
composition may comprise an amine lipid, an mRNA encod-
ing a Cas nuclease, a gRNA, a helper lipid, a neutral lipid,
and a PEG lipid. In certain compositions comprising an
mRNA encoding a Cas nuclease and a gRNA, the helper
lipid is cholesterol. In some compositions comprising an
mRNA encoding a Cas nuclease and a gRNA, the neutral
lipid is DSPC. In additional embodiments comprising an
mRNA encoding a Cas nuclease and a gRNA, the PEG lipid
is PEG2k-DMG or PEG2k-C11. In certain embodiments, the
amine lipid is selected from Lipid A and its equivalents, such
as acetal analogs of Lipid A.

[0524] In certain embodiments, the LNP compositions
include a Cas nuclease mRNA, such as a Class 2 Cas mRNA
and at least one gRNA. In certain embodiments, the LNP
composition includes a ratio of gRNA to Cas nuclease
mRNA, such as Class 2 Cas nuclease mRNA from about
25:1 to about 1:25. In certain embodiments, the LNP for-
mulation includes a ratio of gRNA to Cas nuclease mRNA,
such as Class 2 Cas nuclease mRNA from about 10:1 to
about 1:10. In certain embodiments, the LNP formulation
includes a ratio of gRNA to Cas nuclease mRNA, such as
Class 2 Cas nuclease mRNA from about 8:1 to about 1:8. As
measured herein, the ratios are by weight. In some embodi-
ments, the LNP formulation includes a ratio of gRNA to Cas
nuclease mRNA, such as Class 2 Cas mRNA from about 5:1
to about 1:5. In some embodiments, ratio range is about 3:1
to 1:3, about 2:1 to 1:2, about 5:1 to 1:2, about 5:1 to 1:1,
about 3:1 to 1:2, about 3:1 to 1:1, about 3:1, about 2:1 to 1:1.
In some embodiments, the gRNA to mRNA ratio is about 3:1
or about 2:1 In some embodiments the ratio of gRNA to Cas
nuclease mRNA, such as Class 2 Cas nuclease is about 1:1.
The ratio may be about 25:1, 10:1, 5:1, 3:1, 1:1, 1:3, 1:5,
1:10, or 1:25.
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[0525] The LNP compositions disclosed herein may
include a template nucleic acid. The template nucleic acid
may be co-formulated with an mRNA encoding a Cas
nuclease, such as a Class 2 Cas nuclease mRNA. In some
embodiments, the template nucleic acid may be co-formu-
lated with a guide RNA. In some embodiments, the template
nucleic acid may be co-formulated with both an mRNA
encoding a Cas nuclease and a guide RNA. In some embodi-
ments, the template nucleic acid may be formulated sepa-
rately from an mRNA encoding a Cas nuclease or a guide
RNA. The template nucleic acid may be delivered with, or
separately from the LNP compositions. In some embodi-
ments, the template nucleic acid may be single- or double-
stranded, depending on the desired repair mechanism. The
template may have regions of homology to the target DNA,
or to sequences adjacent to the target DNA.

[0526] Insome embodiments, LNPs are formed by mixing
an aqueous RNA solution with an organic solvent-based
lipid solution, e.g., 100% ethanol. Suitable solutions or
solvents include or may contain: water, PBS, Tris buffer,
NaCl, citrate buffer, ethanol, chloroform, diethylether,
cyclohexane, tetrahydrofuran, methanol, isopropanol. A
pharmaceutically acceptable buffer, e.g., for in vivo admin-
istration of LNPs, may be used. In certain embodiments, a
buffer is used to maintain the pH of the composition com-
prising LNPs at or above pH 6.5. In certain embodiments, a
buffer is used to maintain the pH of the composition com-
prising LNPs at or above pH 7.0. In certain embodiments,
the composition has a pH ranging from about 7.2 to about
7.7. In additional embodiments, the composition has a pH
ranging from about 7.3 to about 7.7 or ranging from about
7.4 to about 7.6. In further embodiments, the composition
has a pH of about 7.2, 7.3, 7.4, 7.5, 7.6, or 7.7. The pH of
a composition may be measured with a micro pH probe. In
certain embodiments, a cryoprotectant is included in the
composition. Non-limiting examples of cryoprotectants
include sucrose, trehalose, glycerol, DMSO, and ethylene
glycol. Exemplary compositions may include up to 10%
cryoprotectant, such as, for example, sucrose. In certain
embodiments, the LNP composition may include about 1, 2,
3,4, 5 6,7, 8, 9, or 10% cryoprotectant. In certain
embodiments, the LNP composition may include about 1, 2,
3,4,5,6,7,8,9, or 10% sucrose. In some embodiments, the
LNP composition may include a buffer. In some embodi-
ments, the buffer may comprise a phosphate buffer (PBS), a
Tris buffer, a citrate buffer, and mixtures thereof. In certain
exemplary embodiments, the buffer comprises NaCl. In
certain embodiments, NaCl is omitted. Exemplary amounts
of NaCl may range from about 20 mM to about 45 mM.
Exemplary amounts of NaCl may range from about 40 mM
to about 50 mM. In some embodiments, the amount of NaCl
is about 45 mM. In some embodiments, the buffer is a Tris
buffer. Exemplary amounts of Tris may range from about 20
mM to about 60 mM. Exemplary amounts of Tris may range
from about 40 mM to about 60 mM. In some embodiments,
the amount of Tris is about 50 mM. In some embodiments,
the buffer comprises NaCl and Tris. Certain exemplary
embodiments of the LNP compositions contain 5% sucrose
and 45 mM NaCl in Tris buffer. In other exemplary embodi-
ments, compositions contain sucrose in an amount of about
5% wi/v, about 45 mM NaCl, and about 50 mM Tris at pH
7.5. The salt, buffer, and cryoprotectant amounts may be
varied such that the osmolality of the overall formulation is
maintained. For example, the final osmolality may be main-
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tained at less than 450 mOsm/L. In further embodiments, the
osmolality is between 350 and 250 mOsm/L. Certain
embodiments have a final osmolality of 300+/-20 mOsm/L.
[0527] Insome embodiments, microfluidic mixing, T-mix-
ing, or cross-mixing is used. In certain aspects, flow rates,
junction size, junction geometry, junction shape, tube diam-
eter, solutions, and/or RNA and lipid concentrations may be
varied. LNPs or LNP compositions may be concentrated or
purified, e.g., via dialysis, tangential flow filtration, or
chromatography. The LNPs may be stored as a suspension,
an emulsion, or a lyophilized powder, for example. In some
embodiments, an LNP composition is stored at 2-8° C., in
certain aspects, the LNP compositions are stored at room
temperature. In additional embodiments, an LNP composi-
tion is stored frozen, for example at -20° C. or -80° C. In
other embodiments, an LNP composition is stored at a
temperature ranging from about 0° C. to about -80° C.
Frozen LNP compositions may be thawed before use, for
example on ice, at 4° C., at room temperature, or at 25° C.
Frozen LNP compositions may be maintained at various
temperatures, for example on ice, at 4° C., at room tem-
perature, at 25° C., or at 37° C.

[0528] In some embodiments, an LNP composition has
greater than about 80% encapsulation. In some embodi-
ments, an LNP composition has a particle size less than
about 120 nm. In some embodiments, an LNP composition
has a pdi less than about 0.2. In some embodiments, at least
two of these features are present. In some embodiments,
each of these three features is present. Analytical methods
for determining these parameters are discussed below in the
general reagents and methods section.

[0529] Insome embodiments, microfluidic mixing, T-mix-
ing, or cross-mixing is used. In certain aspects, flow rates,
junction size, junction geometry, junction shape, tube diam-
eter, solutions, and/or RNA and lipid concentrations may be
varied. LNPs or LNP compositions may be concentrated or
purified, e.g., via dialysis or chromatography. The LNPs
may be stored as a suspension, an emulsion, or a lyophilized
powder, for example. In some embodiments, the LNP com-
positions are stored at 2-8° C., in certain aspects, the LNP
compositions are stored at room temperature. In additional
embodiments, the LNP composition is stored frozen, for
example at -20° C. or -80° C. In other embodiments, the
LNP composition is stored at a temperature ranging from 0°
C. to -80° C. Frozen LNP compositions may be thawed
before use, for example on ice, at room temperature, or at
25° C.

[0530] Dynamic Light Scattering (“DLS”) can be used to
characterize the polydispersity index (“pdi”) and size of the
LNPs of the present disclosure. DLS measures the scattering
of light that results from subjecting a sample to a light
source. PDI, as determined from DLS measurements, rep-
resents the distribution of particle size (around the mean
particle size) in a population, with a perfectly uniform
population having a PDI of zero. In some embodiments, the
pdi may range from 0.005 to 0.75. In some embodiments, the
pdi may range from 0.01 to 0.5. In some embodiments, the
pdi may range from 0.02 to 0.4. In some embodiments, the
pdi may range from 0.03 to 0.35. In some embodiments, the
pdi may range from 0.1 to 0.35.

[0531] In some embodiments, LNPs disclosed herein have
a size of 1 to 250 nm. In some embodiments, the LNPs have
a size of 10 to 200 nm. In further embodiments, the LNPs
have a size of 20 to 150 nm. In some embodiments, the LNPs
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have a size of 50 to 150 nm. In some embodiments, the LNPs
have a size of 50 to 100 nm. In some embodiments, the LNPs
have a size of 50 to 120 nm. In some embodiments, the LNPs
have a size 0of 75 to 150 nm. In some embodiments, the LNPs
have a size of 30 to 200 nm. Unless indicated otherwise, all
sizes referred to herein are the average sizes (diameters) of
the fully formed nanoparticles, as measured by dynamic
light scattering on a Malvern Zetasizer. The nanoparticle
sample is diluted in phosphate buffered saline (PBS) so that
the count rate is approximately 200-400 kcts. The data is
presented as a weighted-average of the intensity measure. In
some embodiments, the LNPs are formed with an average
encapsulation efficiency ranging from 50% to 100%. In
some embodiments, the LNPs are formed with an average
encapsulation efficiency ranging from 50% to 70%. In some
embodiments, the LNPs are formed with an average encap-
sulation efficiency ranging from 70% to 90%. In some
embodiments, the LNPs are formed with an average encap-
sulation efficiency ranging from 90% to 100%. In some
embodiments, the LNPs are formed with an average encap-
sulation efficiency ranging from 75% to 95%.

[0532] In some embodiments, LNPs associated with the
gRNAs disclosed herein are for use in preparing a medica-
ment for treating ATTR. In some embodiments, LNPs asso-
ciated with the gRNAs disclosed herein are for use in
preparing a medicament for reducing or preventing accu-
mulation and aggregation of TTR in amyloids or amyloid
fibrils in subjects having ATTR. In some embodiments,
LNPs associated with the gRNAs disclosed herein are for
use in preparing a medicament for reducing serum TTR
concentration. In some embodiments, LNPs associated with
the gRNAs disclosed herein are for use in treating ATTR in
a subject, such as a mammal, e.g., a primate such as a
human. In some embodiments, LNPs associated with the
gRNAs disclosed herein are for use in reducing or prevent-
ing accumulation and aggregation of TTR in amyloids or
amyloid fibrils in subjects having AT'TR, such as a mammal,
e.g., a primate such as a human. In some embodiments,
LNPs associated with the gRNAs disclosed herein are for
use in reducing serum TTR concentration in a subject, such
as a mammal, e.g., a primate such as a human.

[0533] Electroporation is also a well-known means for
delivery of cargo, and any electroporation methodology may
be used for delivery of any one of the gRNAs disclosed
herein. In some embodiments, electroporation may be used
to deliver any one of the gRNAs disclosed herein and an
RNA-guided DNA nuclease such as Cas9 or an mRNA
encoding an RNA-guided DNA nuclease such as Cas9.
[0534] In some embodiments, the invention comprises a
method for delivering any one of the gRNAs disclosed
herein to an ex vivo cell, wherein the gRNA is associated
with an LNP or not associated with an LNP. In some
embodiments, the gRNA/LNP or gRNA is also associated
with an RNA-guided DNA nuclease such as Cas9 or an
mRNA encoding an RNA-guided DNA nuclease such as
Cas9.

[0535] In certain embodiments, the invention comprises
DNA or RNA vectors encoding any of the guide RNAs
comprising any one or more of the guide sequences
described herein. In some embodiments, in addition to guide
RNA sequences, the vectors further comprise nucleic acids
that do not encode guide RNAs. Nucleic acids that do not
encode guide RNA include, but are not limited to, promot-
ers, enhancers, regulatory sequences, and nucleic acids
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encoding an RNA-guided DNA nuclease, which can be a
nuclease such as Cas9. In some embodiments, the vector
comprises one or more nucleotide sequence(s) encoding a
crRNA, a trRNA, or a crRNA and trRNA. In some embodi-
ments, the vector comprises one or more nucleotide
sequence(s) encoding a sgRNA and an mRNA encoding an
RNA-guided DNA nuclease, which can be a Cas nuclease,
such as Cas9 or Cpfl. In some embodiments, the vector
comprises one or more nucleotide sequence(s) encoding a
crRNA, a trRNA, and an mRNA encoding an RNA-guided
DNA nuclease, which can be a Cas protein, such as, Cas9.
In one embodiment, the Cas9 is from Streptococcus pyo-
genes (1.e., Spy Cas9). In some embodiments, the nucleotide
sequence encoding the crRNA, trRNA, or crRNA and
trRNA (which may be a sgRNA) comprises or consists of a
guide sequence flanked by all or a portion of a repeat
sequence from a naturally-occurring CRISPR/Cas system.
The nucleic acid comprising or consisting of the crRNA,
trRNA, or crRNA and trRNA may further comprise a vector
sequence wherein the vector sequence comprises or consists
of'nucleic acids that are not naturally found together with the
crRNA, trRNA, or crRNA and trRNA.

[0536] In some embodiments, the crRNA and the trRNA
are encoded by non-contiguous nucleic acids within one
vector. In other embodiments, the crRNA and the trRNA
may be encoded by a contiguous nucleic acid. In some
embodiments, the ctrRNA and the trRNA are encoded by
opposite strands of a single nucleic acid. In other embodi-
ments, the crRNA and the trRNA are encoded by the same
strand of a single nucleic acid.

[0537] In some embodiments, the vector may be circular.
In other embodiments, the vector may be linear. In some
embodiments, the vector may be enclosed in a lipid nano-
particle, liposome, non-lipid nanoparticle, or viral capsid.
Non-limiting exemplary vectors include plasmids,
phagemids, cosmids, artificial chromosomes, minichromo-
somes, transposons, viral vectors, and expression vectors.

[0538] In some embodiments, the vector may be a viral
vector. In some embodiments, the viral vector may be
genetically modified from its wild type counterpart. For
example, the viral vector may comprise an insertion, dele-
tion, or substitution of one or more nucleotides to facilitate
cloning or such that one or more properties of the vector is
changed. Such properties may include packaging capacity,
transduction efficiency, immunogenicity, genome integra-
tion, replication, transcription, and translation. In some
embodiments, a portion of the viral genome may be deleted
such that the virus is capable of packaging exogenous
sequences having a larger size. In some embodiments, the
viral vector may have an enhanced transduction efficiency.
In some embodiments, the immune response induced by the
virus in a host may be reduced. In some embodiments, viral
genes (such as, e.g., integrase) that promote integration of
the viral sequence into a host genome may be mutated such
that the virus becomes non-integrating. In some embodi-
ments, the viral vector may be replication defective. In some
embodiments, the viral vector may comprise exogenous
transcriptional or translational control sequences to drive
expression of coding sequences on the vector. In some
embodiments, the virus may be helper-dependent. For
example, the virus may need one or more helper virus to
supply viral components (such as, e.g., viral proteins)
required to amplify and package the vectors into viral
particles. In such a case, one or more helper components,
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including one or more vectors encoding the viral compo-
nents, may be introduced into a host cell along with the
vector system described herein. In other embodiments, the
virus may be helper-free. For example, the virus may be
capable of amplifying and packaging the vectors without
any helper virus. In some embodiments, the vector system
described herein may also encode the viral components
required for virus amplification and packaging.

[0539] Non-limiting exemplary viral vectors include
adeno-associated virus (AAV) vector, lentivirus vectors,
adenovirus vectors, helper dependent adenoviral vectors
(HDAGJ), herpes simplex virus (HSV-1) vectors, bacterio-
phage T4, baculovirus vectors, and retrovirus vectors. In
some embodiments, the viral vector may be an AAV vector.
In some embodiments, the viral vector is AAV2, AAV3,
AAV3B, AAVS, AAV6, AAV6.2, AAV7, AAVrh.64R1,
AAVhu37, AAVrh8, AAVrh3233, AAVS, AAV9Y,
AAVrh10, or AAVLKO3. In other embodiments, the viral
vector may a lentivirus vector.

[0540] In some embodiments, the lentivirus may be non-
integrating. In some embodiments, the viral vector may be
an adenovirus vector. In some embodiments, the adenovirus
may be a high-cloning capacity or “gutless” adenovirus,
where all coding viral regions apart from the 5' and 3'
inverted terminal repeats (ITRs) and the packaging signal
(‘I’) are deleted from the virus to increase its packaging
capacity. In yet other embodiments, the viral vector may be
an HSV-1 vector. In some embodiments, the HSV-1-based
vector is helper dependent, and in other embodiments it is
helper independent. For example, an amplicon vector that
retains only the packaging sequence requires a helper virus
with structural components for packaging, while a 30 kb-
deleted HSV-1 vector that removes non-essential viral func-
tions does not require helper virus. In additional embodi-
ments, the viral vector may be bacteriophage T4. In some
embodiments, the bacteriophage T4 may be able to package
any linear or circular DNA or RN A molecules when the head
of the virus is emptied. In further embodiments, the viral
vector may be a baculovirus vector. In yet further embodi-
ments, the viral vector may be a retrovirus vector. In
embodiments using AAV or lentiviral vectors, which have
smaller cloning capacity, it may be necessary to use more
than one vector to deliver all the components of a vector
system as disclosed herein. For example, one AAV vector
may contain sequences encoding an RNA-guided DNA
nuclease such as a Cas nuclease, while a second AAV vector
may contain one or more guide sequences.

[0541] In some embodiments, the vector may be capable
of driving expression of one or more coding sequences in a
cell. In some embodiments, the cell may be a prokaryotic
cell, such as, e.g., a bacterial cell. In some embodiments, the
cell may be a eukaryotic cell, such as, e.g., a yeast, plant,
insect, or mammalian cell. In some embodiments, the
eukaryotic cell may be a mammalian cell. In some embodi-
ments, the eukaryotic cell may be a rodent cell. In some
embodiments, the eukaryotic cell may be a human cell.
Suitable promoters to drive expression in different types of
cells are known in the art. In some embodiments, the
promoter may be wild type. In other embodiments, the
promoter may be modified for more efficient or efficacious
expression. In yet other embodiments, the promoter may be
truncated yet retain its function. For example, the promoter
may have a normal size or a reduced size that is suitable for
proper packaging of the vector into a virus.
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[0542] In some embodiments, the vector may comprise a
nucleotide sequence encoding an RNA-guided DNA nucle-
ase such as a nuclease described herein. In some embodi-
ments, the nuclease encoded by the vector may be a Cas
protein. In some embodiments, the vector system may
comprise one copy of the nucleotide sequence encoding the
nuclease. In other embodiments, the vector system may
comprise more than one copy of the nucleotide sequence
encoding the nuclease. In some embodiments, the nucleotide
sequence encoding the nuclease may be operably linked to
at least one transcriptional or translational control sequence.
In some embodiments, the nucleotide sequence encoding the
nuclease may be operably linked to at least one promoter.

[0543] In some embodiments, the promoter may be con-
stitutive, inducible, or tissue-specific. In some embodiments,
the promoter may be a constitutive promoter. Non-limiting
exemplary constitutive promoters include cytomegalovirus
immediate early promoter (CMV), simian virus (SV40)
promoter, adenovirus major late (MLP) promoter, Rous
sarcoma virus (RSV) promoter, mouse mammary tumor
virus (MMTV) promoter, phosphoglycerate kinase (PGK)
promoter, elongation factor-alpha (EFla) promoter, ubiq-
uitin promoters, actin promoters, tubulin promoters, immu-
noglobulin promoters, a functional fragment thereof, or a
combination of any of the foregoing. In some embodiments,
the promoter may be a CMV promoter. In some embodi-
ments, the promoter may be a truncated CMV promoter. In
other embodiments, the promoter may be an EF1a promoter.
In some embodiments, the promoter may be an inducible
promoter. Non-limiting exemplary inducible promoters
include those inducible by heat shock, light, chemicals,
peptides, metals, steroids, antibiotics, or alcohol. In some
embodiments, the inducible promoter may be one that has a
low basal (non-induced) expression level, such as, e.g., the
Tet-On® promoter (Clontech).

[0544] In some embodiments, the promoter may be a
tissue-specific promoter, e.g., a promoter specific for expres-
sion in the liver.

[0545] The vector may further comprise a nucleotide
sequence encoding the guide RNA described herein. In some
embodiments, the vector comprises one copy of the guide
RNA. In other embodiments, the vector comprises more
than one copy of the guide RNA. In embodiments with more
than one guide RNA, the guide RNAs may be non-identical
such that they target different target sequences, or may be
identical in that they target the same target sequence. In
some embodiments where the vectors comprise more than
one guide RNA, each guide RNA may have other different
properties, such as activity or stability within a complex with
an RNA-guided DNA nuclease, such as a Cas RNP complex.
In some embodiments, the nucleotide sequence encoding the
guide RNA may be operably linked to at least one transcrip-
tional or translational control sequence, such as a promoter,
a 3' UTR, or a 5' UTR. In one embodiment, the promoter
may be a tRNA promoter, e.g., tRNA®*> or a tRNA
chimera. See Mefferd et al., RNA. 2015 21:1683-9; Scherer
et al., Nucleic Acids Res. 2007 35: 2620-2628. In some
embodiments, the promoter may be recognized by RNA
polymerase III (Pol III). Non-limiting examples of Pol III
promoters include U6 and H1 promoters. In some embodi-
ments, the nucleotide sequence encoding the guide RNA
may be operably linked to a mouse or human U6 promoter.
In other embodiments, the nucleotide sequence encoding the
guide RNA may be operably linked to a mouse or human H1
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promoter. In embodiments with more than one guide RNA,
the promoters used to drive expression may be the same or
different. In some embodiments, the nucleotide encoding the
crRNA of the guide RNA and the nucleotide encoding the
trRNA of the guide RNA may be provided on the same
vector. In some embodiments, the nucleotide encoding the
crRNA and the nucleotide encoding the trRNA may be
driven by the same promoter. In some embodiments, the
crRNA and trRNA may be transcribed into a single tran-
script. For example, the crRNA and trRNA may be pro-
cessed from the single transcript to form a double-molecule
guide RNA. Alternatively, the crRNA and trRNA may be
transcribed into a single-molecule guide RNA (sgRNA). In
other embodiments, the crRNA and the trRNA may be
driven by their corresponding promoters on the same vector.
In yet other embodiments, the crRNA and the trRNA may be
encoded by different vectors.

[0546] In some embodiments, the nucleotide sequence
encoding the guide RNA may be located on the same vector
comprising the nucleotide sequence encoding an RNA-
guided DNA nuclease such as a Cas nuclease. In some
embodiments, expression of the guide RNA and of the
RNA-guided DNA nuclease such as a Cas protein may be
driven by their own corresponding promoters. In some
embodiments, expression of the guide RNA may be driven
by the same promoter that drives expression of the RNA-
guided DNA nuclease such as a Cas protein. In some
embodiments, the guide RNA and the RNA-guided DNA
nuclease such as a Cas protein transcript may be contained
within a single transcript. For example, the guide RNA may
be within an untranslated region (UTR) of the RNA-guided
DNA nuclease such as a Cas protein transcript. In some
embodiments, the guide RNA may be within the 5' UTR of
the transcript. In other embodiments, the guide RNA may be
within the 3' UTR of the transcript. In some embodiments,
the intracellular half-life of the transcript may be reduced by
containing the guide RNA within its 3' UTR and thereby
shortening the length of its 3' UTR. In additional embodi-
ments, the guide RNA may be within an intron of the
transcript. In some embodiments, suitable splice sites may
be added at the intron within which the guide RNA is located
such that the guide RNA is properly spliced out of the
transcript. In some embodiments, expression of the RNA-
guided DNA nuclease such as a Cas protein and the guide
RNA from the same vector in close temporal proximity may
facilitate more efficient formation of the CRISPR RNP
complex.

[0547] In some embodiments, the compositions comprise
a vector system. In some embodiments, the vector system
may comprise one single vector. In other embodiments, the
vector system may comprise two vectors. In additional
embodiments, the vector system may comprise three vec-
tors. When different guide RNAs are used for multiplexing,
or when multiple copies of the guide RNA are used, the
vector system may comprise more than three vectors.

[0548] In some embodiments, the vector system may
comprise inducible promoters to start expression only after
it is delivered to a target cell. Non-limiting exemplary
inducible promoters include those inducible by heat shock,
light, chemicals, peptides, metals, steroids, antibiotics, or
alcohol. In some embodiments, the inducible promoter may
be one that has a low basal (non-induced) expression level,
such as, e.g., the Tet-On® promoter (Clontech).
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[0549] In additional embodiments, the vector system may
comprise tissue-specific promoters to start expression only
after it is delivered into a specific tissue.

[0550] The vector may be delivered by liposome, a nano-
particle, an exosome, or a microvesicle. The vector may also
be delivered by a lipid nanoparticle (LNP); see e.g., U.S. Ser.
No. 62/433,228, filed Dec. 12, 2016 and entitled “LIPID
NANOPARTICLE FORMULATIONS FOR CRISPR/CAS
COMPONENTS,” the contents of which are hereby incor-
porated by reference in their entirety. Any of the LNPs and
LNP formulations described herein are suitable for delivery
of the guides alone or together a cas nuclease or an mRNA
encoding a cas nuclease. In some embodiments, an LNP
composition is encompassed comprising: an RNA compo-
nent and a lipid component, wherein the lipid component
comprises an amine lipid, a neutral lipid, a helper lipid, and
a stealth lipid; and wherein the N/P ratio is about 1-10.
[0551] In some instances, the lipid component comprises
Lipid A or its acetal analog, cholesterol, DSPC, and PEG-
DMG:; and wherein the N/P ratio is about 1-10. In some
embodiments, the lipid component comprises: about 40-60
mol-% amine lipid; about 5-15 mol-% neutral lipid; and
about 1.5-10 mol-% PEG lipid, wherein the remainder of the
lipid component is helper lipid, and wherein the N/P ratio of
the LNP composition is about 3-10. In some embodiments,
the lipid component comprises about 50-60 mol-% amine
lipid; about 8-10 mol-% neutral lipid; and about 2.5-4
mol-% PEG lipid, wherein the remainder of the lipid com-
ponent is helper lipid, and wherein the N/P ratio of the LNP
composition is about 3-8. In some instances, the lipid
component comprises: about 50-60 mol-% amine lipid;
about 5-15 mol-% DSPC; and about 2.5-4 mol-% PEG lipid,
wherein the remainder of the lipid component is cholesterol,
and wherein the N/P ratio of the LNP composition is about
3-8. In some instances, the lipid component comprises:
48-53 mol-% Lipid A; about 8-10 mol-% DSPC; and 1.5-10
mol-% PEG lipid, wherein the remainder of the lipid com-
ponent is cholesterol, and wherein the N/P ratio of the LNP
composition is 3-8+0.2.

[0552] Insome embodiments, the vector may be delivered
systemically. In some embodiments, the vector may be
delivered into the hepatic circulation.

[0553] This description and exemplary embodiments
should not be taken as limiting. For the purposes of this
specification and appended claims, unless otherwise indi-
cated, all numbers expressing quantities, percentages, or
proportions, and other numerical values used in the speci-
fication and claims, are to be understood as being modified
in all instances by the term “about,” to the extent they are not
already so modified. Accordingly, unless indicated to the
contrary, the numerical parameters set forth in the following
specification and attached claims are approximations that
may vary depending upon the desired properties sought to be
obtained. At the very least, and not as an attempt to limit the
application of the doctrine of equivalents to the scope of the
claims, each numerical parameter should at least be con-
strued in light of the number of reported significant digits
and by applying ordinary rounding techniques.

[0554] It is noted that, as used in this specification and the
appended claims, the singular forms “a,” “an,” and “the,”
and any singular use of any word, include plural referents
unless expressly and unequivocally limited to one referent.
As used herein, the term “include” and its grammatical
variants are intended to be non-limiting, such that recitation
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of items in a list is not to the exclusion of other like items
that can be substituted or added to the listed items.

Examples

[0555] The following examples are provided to illustrate
certain disclosed embodiments and are not to be construed
as limiting the scope of this disclosure in any way.

Example 1. Materials and Methods

[0556] In Vitro Transcription (“IVT”) of Nuclease mRNA

[0557] Capped and polyadenylated Streptococcus pyo-
genes (“Spy”) Cas9 mRNA containing N1-methyl pseudo-U
was generated by in vitro transcription using a linearized
plasmid DNA template and T7 RNA polymerase. Plasmid
DNA containing a T7 promoter, a sequence for transcription
according to SEQ ID NO: 1 or 2, and a 100 nt poly (A/T)
region was linearized by incubating at 37° C. for 2 hours
with Xbal with the following conditions: 200 ng/ul. plasmid,
2 U/uL, Xbal (NEB), and 1x reaction buffer. The Xbal was
inactivated by heating the reaction at 65° C. for 20 min. The
linearized plasmid was purified from enzyme and buffer
salts using a silica maxi spin column (Epoch Life Sciences)
and analyzed by agarose gel to confirm linearization. The
IVT reaction to generate Cas9 modified mRNA was incu-
bated at 37° C. for 4 hours in the following conditions: 50
ng/ul linearized plasmid; 2 mM each of GTP, ATP, CTP, and
N1-methyl pseudo-UTP (Trilink); 10 mM ARCA (Trilink);
5 U/ul. T7 RNA polymerase (NEB); 1 U/ul, Murine RNase
inhibitor (NEB); 0.004 U/uL. Inorganic E. coli pyrophos-
phatase (NEB); and 1x reaction buffer. After the 4-hour
incubation, TURBO DNase (ThermoFisher) was added to a
final concentration of 0.01 U/ul, and the reaction was
incubated for an additional 30 minutes to remove the DNA
template. The Cas9 mRNA was purified from enzyme and
nucleotides using a MegaClear Transcription Clean-up kit
per the manufacturer’s protocol (ThermoFisher). Alterna-
tively, the mRNA was purified through a precipitation pro-
tocol, which in some cases was followed by HPLC-based
purification. Briefly, after the DNase digestion, the mRNA
was precipitated by adding 0.21x vol of a 7.5 M LiCl
solution and mixing, and the precipitated mRNA was pel-
leted by centrifugation. Once the supernatant was removed,
the mRNA was reconstituted in water. The mRNA was
precipitated again using ammonium acetate and ethanol. SM
Ammonium acetate was added to the mRNA solution for a
final concentration of 2M along with 2x volume of 100%
EtOH. The solution was mixed and incubated at -20° C. for
15 min. The precipitated mRNA was again pelleted by
centrifugation, the supernatant was removed, and the mRNA
was reconstituted in water. As a final step, the mRNA was
precipitated using sodium acetate and ethanol. 1/10 volume
of 3 M sodium acetate (pH 5.5) was added to the solution
along with 2x volume of 100% EtOH. The solution was
mixed and incubated at —20° C. for 15 min. The precipitated
mRNA was again pelleted by centrifugation, the supernatant
was removed, the pellet was washed with 70% cold ethanol
and allowed to air dry. The mRNA was reconstituted in
water. For HPLC purified mRNA, after the LiCl precipita-
tion and reconstitution, the mRNA was purified by RP-IP
HPLC (see, e.g., Kariko, et al. Nucleic Acids Research,
2011, Vol. 39, No. 21 el42). The fractions chosen for
pooling were combined and desalted by sodium acetate/
ethanol precipitation as described above. The transcript
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concentration was determined by measuring the light absor-
bance at 260 nm (Nanodrop), and the transcript was ana-
lyzed by capillary electrophoresis by Bioanlayzer (Agilent).

[0558] When SEQ ID NOs: 1 and 2 are referred to below
with respect to RNAs, it is understood that Ts should be
replaced with Us (which were N1-methyl pseudouridines as
described above). Cas9 mRNAs used in the Examples
include a 5' cap and a 3' poly-A tail, e.g., up to 100 nts, and
are identified by SEQ ID NO.

SEQ ID NO: 1: Cas9 sequence 1 for transcription.
GGGTCCCGCAGTCGGCGTCCAGCGGCTCTGCTTGTTCGTGTGTGTGTCGT

TGCAGGCCTTATTCGGATCCGCCACCATGGACAAGAAGTACAGCATCGGA
CTGGACATCGGAACAAACAGCGTCGGATGGGCAGTCATCACAGACGAATA
CAAGGTCCCGAGCAAGAAGTTCAAGGTCCTGGGAAACACAGACAGACACA
GCATCAAGAAGAACCTGATCGGAGCACTGCTGTTCGACAGCGGAGAAACA
GCAGAAGCAACAAGACTGAAGAGAACAGCAAGAAGAAGATACACAAGAAG
AAAGAACAGAATCTGCTACCTGCAGGAAATCTTCAGCAACGAAATGGCAA
AGGTCGACGACAGCTTCTTCCACAGACTGGAAGAAAGCTTCCTGGTCGAA
GAAGACAAGAAGCACGAAAGACACCCGATCTTCGGAAACATCGTCGACGA
AGTCGCATACCACGAAAAGTACCCGACAATCTACCACCTGAGAAAGAAGC
TGGTCGACAGCACAGACAAGGCAGACCTGAGACTGATCTACCTGGCACTG
GCACACATGATCAAGTTCAGAGGACACTTCCTGATCGAAGGAGACCTGAA
CCCGGACAACAGCGACGTCGACAAGCTGTTCATCCAGCTGGTCCAGACAT
ACAACCAGCTGTTCGAAGAAAACCCGATCAACGCAAGCGGAGTCGACGCA
AAGGCAATCCTGAGCGCAAGACTGAGCAAGAGCAGAAGACTGGAAAACCT
GATCGCACAGCTGCCGGGAGAAAAGAAGAACGGACTGTTCGGAAACCTGA
TCGCACTGAGCCTGGGACTGACACCGAACTTCAAGAGCAACTTCGACCTG
GCAGAAGACGCAAAGCTGCAGCTGAGCAAGGACACATACGACGACGACCT
GGACAACCTGCTGGCACAGATCGGAGACCAGTACGCAGACCTGTTCCTGG
CAGCAAAGAACCTGAGCGACGCAATCCTGCTGAGCGACATCCTGAGAGTC
AACACAGAAATCACAAAGGCACCGCTGAGCGCAAGCATGATCAAGAGATA
CGACGAACACCACCAGGACCTGACACTGCTGAAGGCACTGGTCAGACAGC
AGCTGCCGGAAAAGTACAAGGAAATCTTCTTCGACCAGAGCAAGAACGGA
TACGCAGGATACATCGACGGAGGAGCAAGCCAGGAAGAATTCTACAAGTT
CATCAAGCCGATCCTGGAAAAGATGGACGGAACAGAAGAACTGCTGGTCA
AGCTGAACAGAGAAGACCTGCTGAGAAAGCAGAGAACATTCGACAACGGA
AGCATCCCGCACCAGATCCACCTGGGAGAACTGCACGCAATCCTGAGAAG
ACAGGAAGACTTCTACCCGTTCCTGAAGGACAACAGAGAAAAGATCGAAA
AGATCCTGACATTCAGAATCCCGTACTACGTCGGACCGCTGGCAAGAGGA
AACAGCAGATTCGCATGGATGACAAGAAAGAGCGAAGAAACAATCACACC
GTGGAACTTCGAAGAAGTCGTCGACAAGGGAGCAAGCGCACAGAGCTTCA

TCGAAAGAATGACAAACTTCGACAAGAACCTGCCGAACGAAAAGGTCCTG
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-continued
CCGAAGCACAGCCTGCTGTACGAATACTTCACAGTCTACAACGAACTGAC

AAAGGTCAAGTACGTCACAGAAGGAATGAGAAAGCCGGCATTCCTGAGCG
GAGAACAGAAGAAGGCAATCGTCGACCTGCTGTTCAAGACAAACAGAAAG
GTCACAGTCAAGCAGCTGAAGGAAGACTACTTCAAGAAGATCGAATGCTT
CGACAGCGTCGAAATCAGCGGAGTCGAAGACAGATTCAACGCAAGCCTGG
GAACATACCACGACCTGCTGAAGATCATCAAGGACAAGGACTTCCTGGAC
AACGAAGAAAACGAAGACATCCTGGAAGACATCGTCCTGACACTGACACT
GTTCGAAGACAGAGAAATGATCGAAGAAAGACTGAAGACATACGCACACC
TGTTCGACGACAAGGTCATGAAGCAGCTGAAGAGAAGAAGATACACAGGA
TGGGGAAGACTGAGCAGAAAGCTGATCAACGGAATCAGAGACAAGCAGAG
CGGAAAGACAATCCTGGACTTCCTGAAGAGCGACGGATTCGCAARACAGAA
ACTTCATGCAGCTGATCCACGACGACAGCCTGACATTCAAGGAAGACATC
CAGAAGGCACAGGTCAGCGGACAGGGAGACAGCCTGCACGAACACATCGC
ARAACCTGGCAGGAAGCCCGGCAATCAAGAAGGGAATCCTGCAGACAGTCA
AGGTCGTCGACGAACTGGTCAAGGT CATGGGAAGACACAAGCCGGAARAAC
ATCGTCATCGAAATGGCAAGAGAAAACCAGACAACACAGAAGGGACAGAA
GAACAGCAGAGAAAGAATGAAGAGAAT CGAAGAAGGAATCAAGGAACTGG
GAAGCCAGATCCTGAAGGAACACCCGGTCGAAAACACACAGCTGCAGAAC
GAAAAGCTGTACCTGTACTACCTGCAGAACGGAAGAGACATGTACGTCGA
CCAGGAACTGGACATCAACAGACTGAGCGACTACGACGTCGACCACATCG
TCCCGCAGAGCTTCCTGAAGGACGACAGCATCGACAACAAGGTCCTGACA
AGAAGCGACAAGAACAGAGGAAAGAGCGACAACGTCCCGAGCGAAGAAGT
CGTCAAGAAGATGAAGAACTACTGGAGACAGCTGCTGAACGCARAGCTGA
TCACACAGAGAAAGTTCGACAACCTGACAAAGGCAGAGAGAGGAGGACTG
AGCGAACTGGACAAGGCAGGATTCATCAAGAGACAGCTGGTCGAAACAAG
ACAGATCACAAAGCACGTCGCACAGATCCTGGACAGCAGAATGAACACAA
AGTACGACGAAAACGACAAGCTGATCAGAGAAGTCAAGGTCATCACACTG
AAGAGCAAGCTGGTCAGCGACTTCAGAAAGGACTTCCAGTTCTACAAGGT
CAGAGAAATCAACAACTACCACCACGCACACGACGCATACCTGAACGCAG
TCGTCGGAACAGCACTGATCAAGAAGTACCCGAAGCTGGAAAGCGAATTC
GTCTACGGAGACTACAAGGTCTACGACGTCAGAAAGATGATCGCAAAGAG
CGAACAGGAAATCGGAAAGGCAACAGCAAAGTACTTCTTCTACAGCAACA
TCATGAACTTCTTCAAGACAGAAATCACACTGGCAAACGGAGARATCAGA
AAGAGACCGCTGATCGAAACAAACGGAGAAACAGGAGARAATCGTCTGGGA
CAAGGGAAGAGACTTCGCAACAGTCAGAAAGGTCCTGAGCATGCCGCAGG
TCAACATCGTCAAGAAGACAGAAGTCCAGACAGGAGGATTCAGCAAGGAA
AGCATCCTGCCGAAGAGAAACAGCGACAAGCTGATCGCAAGAAAGAAGGA
CTGGGACCCGAAGAAGTACGGAGGATTCGACAGCCCGACAGTCGCATACA

GCGTCCTGGTCGTCGCAAAGGTCGAAAAGGGAAAGAGCAAGAAGCTGAAG

50
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AGCGTCAAGGAACTGCTGGGAATCACAATCATGCAAAGAAGCAGCTTCGA

AAAGAACCCGATCGACTTCCTGGAAGCAAAGGGATACAAGGAAGT CAAGA
AGGACCTGATCATCAAGCTGCCGAAGTACAGCCTGTTCGAACTGGAAAAC
GGAAGAAAGAGAATGCTGGCAAGCGCAGGAGAACTGCAGAAGGGAAACGA
ACTGGCACTGCCGAGCAAGTACGTCAACTTCCTGTACCTGGCAAGCCACT
ACGAAAAGCTGAAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCTGTTC
GTCGAACAGCACAAGCACTACCTGGACGAAATCATCGAACAGATCAGCGA
ATTCAGCAAGAGAGTCATCCTGGCAGACGCAAACCTGGACAAGGTCCTGA
GCGCATACAACAAGCACAGAGACAAGCCGATCAGAGAACAGGCAGAAAAC
ATCATCCACCTGTTCACACTGACAAACCTGGGAGCACCGGCAGCATTCAA
GTACTTCGACACAACAATCGACAGAAAGAGATACACAAGCACAAAGGAAG
TCCTGGACGCAACACTGATCCACCAGAGCATCACAGGACTGTACGAAACA
AGAATCGACCTGAGCCAGCTGGGAGGAGACGGAGGAGGAAGCCCGAAGAA
GAAGAGAAAGGTCTAGCTAGCCATCACATTTAAAAGCATCTCAGCCTACC
ATGAGAATAAGAGAAAGAAAATGAAGATCAATAGCTTATTCATCTCTTTT
TCTTTTTCGTTGGTGTAAAGCCAACACCCTGTCTAAAAAACATAAATTTC
TTTAATCATTTTGCCTCTTTTCTCTGTGCTTCAATTAATAAAARATGGAA
AGAACCTCGAG

SEQ ID NO: 2: Cas9 sequence 2 for transcription.
GGGTCCCGCAGTCGGCGTCCAGCGGCTCTGCTTGTTCGTGTGTGTGTCGT

TGCAGGCCTTATTCGGATCCATGGATAAGAAGTACTCAATCGGGCTGGAT
ATCGGAACTAATTCCGTGGGTTGGGCAGTGATCACGGATGAATACAAAGT
GCCGTCCAAGAAGTTCAAGGTCCTGGGGAACACCGATAGACACAGCATCA
AGAAAAATCTCATCGGAGCCCTGCTGTTTGACTCCGGCGAAACCGCAGAA
GCGACCCGGCTCAAACGTACCGCGAGGCGACGCTACACCCGGCGGAAGAA
TCGCATCTGCTATCTGCAAGAGATCTTTTCGAACGAAATGGCARAAGGTCG
ACGACAGCTTCTTCCACCGCCTGGAAGAATCTTTCCTGGTGGAGGAGGAC
AAGAAGCATGAACGGCATCCTATCTTTGGAAACATCGTCGACGAAGTGGC
GTACCACGAAAAGTACCCGACCATCTACCATCTGCGGAAGAAGTTGGTTG
ACTCAACTGACAAGGCCGACCTCAGATTGATCTACTTGGCCCTCGCCCAT
ATGATCAAATTCCGCGGACACTTCCTGATCGAAGGCGATCTGAACCCTGA
TAACTCCGACGTGGATAAGCTTTTCATTCAACTGGTGCAGACCTACAACC
AACTGTTCGAAGAAAACCCAATCAATGCTAGCGGCGTCGATGCCAAGGCC
ATCCTGTCCGCCCGGCTGTCGAAGTCGCGGCGCCTCGAAAACCTGATCGC
ACAGCTGCCGGGAGAGAAAAAGAACGGACTTTTCGGCAACTTGATCGCTC
TCTCACTGGGACTCACTCCCAATTTCAAGTCCAATTTTGACCTGGCCGAG
GACGCGAAGCTGCAACTCTCAAAGGACACCTACGACGACGACTTGGACAA
TTTGCTGGCACAAATTGGCGATCAGTACGCGGATCTGTTCCTTGCCGCTA
AGAACCTTTCGGACGCAATCTTGCTGTCCGATATCCTGCGCGTGAACACC

GAAATAACCAAAGCGCCGCTTAGCGCCTCGATGATTAAGCGGTACGACGA
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GCATCACCAGGATCTCACGCTGCTCAAAGCGCTCGTGAGACAGCAACTGC
CTGAAAAGTACAAGGAGATCTTCTTCGACCAGTCCAAGAATGGGTACGCA
GGGTACATCGATGGAGGCGCTAGCCAGGAAGAGTTCTATAAGTTCATCAA
GCCAATCCTGGAAAAGATGGACGGAACCGAAGAACTGCTGGTCAAGCTGA
ACAGGGAGGATCTGCTCCGGAAACAGAGAACCTTTGACAACGGATCCATT
CCCCACCAGATCCATCTGGGTGAGCTGCACGCCATCTTGCGGCGCCAGGA
GGACTTTTACCCATTCCTCAAGGACAACCGGGAAAAGATCGAGAARATTC
TGACGTTCCGCATCCCGTATTACGTGGGCCCACTGGCGCGCGGCAATTCG
CGCTTCGCGTGGATGACTAGAAAATCAGAGGAAACCATCACTCCTTGGAA
TTTCGAGGAAGTTGTGGATAAGGGAGCTTCGGCACAAAGCTTCATCGAAC
GAATGACCAACTTCGACAAGAATCTCCCAAACGAGAAGGTGCTTCCTAAG
CACAGCCTCCTTTACGAATACTTCACTGTCTACAACGAACTGACTAAAGT
GAAATACGTTACTGAAGGAATGAGGAAGCCGGCCTTTCTGTCCGGAGAAC
AGAAGAAAGCAATTGTCGATCTGCTGTTCAAGACCAACCGCAAGGTGACC
GTCAAGCAGCTTAAAGAGGACTACTTCAAGAAGATCGAGTGTTTCGACTC
AGTGGAAATCAGCGGGGTGGAGGACAGATTCAACGCTTCGCTGGGAACCT
ATCATGATCTCCTGAAGATCATCAAGGACAAGGACTTCCTTGACAACGAG
GAGAACGAGGACATCCTGGAAGATATCGTCCTGACCTTGACCCTTTTCGA
GGATCGCGAGATGATCGAGGAGAGGCTTAAGACCTACGCTCATCTCTTCG
ACGATAAGGTCATGAAACAACTCAAGCGCCGCCGGTACACTGGTTGGGGC
CGCCTCTCCCGCAAGCTGATCAACGGTATTCGCGATAAACAGAGCGGTAA
AACTATCCTGGATTTCCTCAAATCGGATGGCTTCGCTAATCGTAACTTCA
TGCAATTGATCCACGACGACAGCCTGACCTTTAAGGAGGACATCCAAAAL
GCACAAGTGTCCGGACAGGGAGACTCACTCCATGAACACATCGCGAATCT
GGCCGGTTCGCCGGCGATTAAGAAGGGAATTCTGCAAACTGTGAAGGTGG
TCGACGAGCTGGTGAAGGTCATGGGACGGCACAAACCGGAGAATATCGTG
ATTGAAATGGCCCGAGAAAACCAGACTACCCAGAAGGGCCAGAAAAACTC
CCGCGAAAGGATGAAGCGGAT CGAAGAAGGAATCAAGGAGCTGGGCAGCC
AGATCCTGAAAGAGCACCCGGTGGAAAACACGCAGCTGCAGAACGAGAAG
CTCTACCTGTACTATTTGCAAAATGGACGGGACATGTACGTGGACCAAGA
GCTGGACATCAATCGGTTGTCTGATTACGACGTGGACCACATCGTTCCAC
AGTCCTTTCTGAAGGATGACTCGATCGATAACAAGGTGTTGACTCGCAGC
GACAAGAACAGAGGGAAGTCAGATAATGTGCCATCGGAGGAGGTCGTGAA
GAAGATGAAGAATTACTGGCGGCAGCTCCTGAATGCGAAGCTGATTACCC
AGAGAAAGTTTGACAATCTCACTAAAGCCGAGCGCGGCGGACTCTCAGAG
CTGGATAAGGCTGGATTCATCAAACGGCAGCTGGTCGAGACTCGGCAGAT
TACCAAGCACGTGGCGCAGATCTTGGACTCCCGCATGAACACTAAATACG
ACGAGAACGATAAGCTCATCCGGGAAGTGAAGGTGATTACCCTGAAAAGC

AAACTTGTGTCGGACTTTCGGAAGGACTTTCAGTTTTACAAAGTGAGAGA
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AATCAACAACTACCATCACGCGCATGACGCATACCTCAACGCTGTGGTCG
GTACCGCCCTGATCAAAAAGTACCCTAAACTTGAATCGGAGTTTGTGTAC
GGAGACTACAAGGTCTACGACGTGAGGAAGATGATAGCCAAGTCCGAACA
GGAAATCGGGAAAGCAACTGCGAAATACTTCTTTTACTCAAACATCATGA
ACTTTTTCAAGACTGAAATTACGCTGGCCAATGGAGAAATCAGGAAGAGG
CCACTGATCGAAACTAACGGAGAAACGGGCGAAATCGTGTGGGACAAGGG
CAGGGACTTCGCAACTGTTCGCAAAGTGCTCTCTATGCCGCAAGTCAATA
TTGTGAAGAAAACCGAAGTGCAAACCGGCGGATTTTCAAAGGAATCGATC
CTCCCAAAGAGAAATAGCGACAAGCTCATTGCACGCAAGAAAGACTGGGA
CCCGAAGAAGTACGGAGGATTCGATTCGCCGACTGTCGCATACTCCGTCC
TCGTGGTGGCCAAGGTGGAGAAGGGAAAGAGCAAAAAGCTCAAATCCGTC
AAAGAGCTGCTGGGGATTACCATCATGGAACGATCCTCGTTCGAGAAGAA
CCCGATTGATTTCCTCGAGGCGAAGGGTTACAAGGAGGTGAAGAAGGATC
TGATCATCAAACTCCCCAAGTACTCACTGTTCGAACTGGAAAATGGTCGG
AAGCGCATGCTGGCTTCGGCCGGAGAACTCCAAAAAGGAAATGAGCTGGC
CTTGCCTAGCAAGTACGTCAACTTCCTCTATCTTGCTTCGCACTACGAAA
AACTCAAAGGGTCACCGGAAGATAACGAACAGAAGCAGCTTTTCGTGGAG
CAGCACAAGCATTATCTGGATGAAATCATCGAACAAATCTCCGAGTTTTC
AAAGCGCGTGATCCTCGCCGACGCCAACCTCGACAAAGTCCTGTCGGCCT
ACAATAAGCATAGAGATAAGCCGATCAGAGAACAGGCCGAGAACATTATC
CACTTGTTCACCCTGACTAACCTGGGAGCCCCAGCCGCCTTCAAGTACTT
CGATACTACTATCGATCGCAAAAGATACACGTCCACCAAGGAAGTTCTGG
ACGCGACCCTGATCCACCAAAGCATCACTGGACTCTACGAAACTAGGATC
GATCTGTCGCAGCTGGGTGGCGATGGCGGTGGATCTCCGAAAAAGAAGAG
AAAGGTGTAATGAGCTAGCCATCACATTTAAAAGCATCTCAGCCTACCAT
GAGAATAAGAGAAAGAAAATGAAGATCAATAGCTTATTCATCTCTTTTTC
TTTTTCGTTGGTGTAAAGCCAACACCCTGTCTAAAAAACATAAATTTCTT
TAATCATTTTGCCTCTTTTCTCTGTGCTTCAATTAATAAAAAATGGAAAG

AACCTCGAG

Human TTR Guide Design and Human TTR with Cyno-
molgus Monkey Homology Guide Design

[0559] Initial guide selection was performed in silico
using a human reference genome (e.g., hg38) and user
defined genomic regions of interest (e.g., TTR protein
coding exons), for identifying PAMs in the regions of
interest. For each identified PAM, analyses were performed
and statistics reported. gRNA molecules were further
selected and rank ordered based on a number of criteria (e.g.,
GC content, predicted on-target activity, and potential off-
target activity).

A total of 68 guide RNAs were designed toward TTR
(ENSG00000118271) targeting the protein coding regions
within Exon 1, 2, 3 and 4. Of the total 68 guides, 33 were
100% homologous in cynomolgus monkey (“cyno™). In
addition, for 10 of the human TTR guides which were not



US 2020/0248180 Al

perfectly homologous in cyno, “surrogate” guides were
designed and made in parallel to perfectly match the corre-
sponding cyno target sequence. These “surrogate” or “tool”
guides may be screened in cyno, e.g., to approximate the
activity and function of the homologous human guide
sequence. Guide sequences and corresponding genomic
coordinates are provided (Table 1). All of the guide RNAs
were made as dual guide RNAs, and a subset of the guide
sequences were made as modified single guide RNA (Table
2). Guide 1D alignment across dual guide RNA (dgRNA)
1Ds, modified single guide RNA (sgRNA) IDs, the number
of mismatches to the cyno genome as well as the cyno exact
matched IDs are provided (Table 3). Where dgRNAs are
used in the experiments detailed throughout the Examples,
SEQ ID NO: 270 was used.

Cas9 mRNA and Guide RNA Delivery In Vitro

[0560] HEK293_Cas9 Cell Line.

[0561] The human embryonic kidney adenocarcinoma cell
line HEK293 constitutively expressing Spy Cas9
(“HEK293_Cas9”) was cultured in DMEM media supple-
mented with 10% fetal bovine serum and 500 pg/ml G418.
Cells were plated at a density of 10,000 cells/well in a
96-well plate 24 hours prior to transfection. Cells were
transfected with Lipofectamine RNAIMAX (ThermoFisher,
Cat. 13778150) per the manufacturer’s protocol. Cells were
transfected with a lipoplex containing individual crRNA (25
nM), rRNA (25 nM), Lipofectamine RNAIMAX (0.3
ulL/well) and OptiMem.

[0562] HUH7 Cell Line.

[0563] The human hepatocellular carcinoma cell line
HUH7 (Japanese Collection of Research Bioresources Cell
Bank, Cat. JCRB0403) was cultured in DMEM media
supplemented with 10% fetal bovine serum. Cells were
plated on at a density of 15,000 cells/well in a 96-well plate
20 hours prior to transfection. Cells were transfected with
Lipofectamine MessengerMAX  (ThermoFisher, Cat.
LMRNAOO03) per the manufacturer’s protocol. Cells were
sequentially transfected with a lipoplex containing Spy Cas9
mRNA (100 ng), MessengerMAX (0.3 pl/well) and
OptiMem followed by a separate lipoplex containing indi-
vidual crRNA (25 nM), tracer RNA (25 nM), Messenger-
MAX (0.3 pl/well) and OptiMem.

[0564] HepG2 Cell Line.

[0565] The human hepatocellular carcinoma cell line
HepG2 (American Type Culture Collection, Cat. HB-8065)
was cultured in DMEM media supplemented with 10% fetal
bovine serum. Cells were counted and plated on Bio-coat
collagen 1 coated 96-well plates (ThermoFisher, Cat.
877272) at a density of 10,000 cells/well in a 96-well plate
24 hours prior to transfection. Cells were transfected with
Lipofectamine 2000 (ThermoFisher, Cat. 11668019) per the
manufacturer’s protocol. Cells were sequentially transfected
with lipoplex containing Spy Cas9 mRNA (100 ng), Lipo-
fectamine 2000 (0.2 pl/well) and OptiMem followed by a
separate lipoplex containing individual crRNA (25 nM),
tracer RNA (25 nM), Lipofectamine 2000 (0.2 pul./well) and
OptiMem.

[0566] Primary Liver Hepatocytes.

[0567] Primary human liver hepatocytes (PHH) and pri-
mary cynomolgus liver hepatocytes (PCH) (Gibco) were
cultured per the manufacturer’s protocol (Invitrogen, proto-
col 11.28.2012). In brief] the cells were thawed and resus-
pended in hepatocyte thawing medium with supplements
(Gibco, Cat. CM7000) followed by centrifugation at 100 g
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for 10 minutes for human and 80 g for 4 minutes for cyno.
The supernatant was discarded and the pelleted cells resus-
pended in hepatocyte plating medium plus supplement pack
(Invitrogen, Cat. A1217601 and CM3000). Cells were
counted and plated on Bio-coat collagen I coated 96-well
plates (ThermoFisher, Cat. 877272) at a density of 33,000
cells/well for human or 60,000 cells/well for cyno (or 65,000
cells/well when assaying effects on TTR protein, described
further below). Plated cells were allowed to settle and adhere
for 6 or 24 hours in a tissue culture incubator at 37° C. and
5% CO, atmosphere. After incubation cells were checked
for monolayer formation and media was replaced with
hepatocyte culture medium with serum-free supplement
pack (Invitrogen, Cat. A1217601 and CM4000).

[0568] Lipofectamine RNAiMax (ThermoFisher, Cat.
13778150) based transfections were conducted as per the
manufacturer’s protocol. Cells were sequentially transfected
with a lipoplex containing Spy Cas9 mRNA (100 ng),
Lipofectamine RNAiMax (0.4 pl/well) and OptiMem fol-
lowed by a separate lipoplex containing crRNA (25 nM) and
tracer RNA (25 nM) or sgRNA (25 nM), Lipofectamine
RNAiMax (0.4 pl/well) and OptiMem.

[0569] Ribonucleotide formation was performed prior to
electroporation or transfection of Spy Cas9 protein loaded
with guide RNAs (RNPs) onto cells. For dual guide (dgR-
NAs), individual crRNA and trRNA was pre-annealed by
mixing equivalent amounts of reagent and incubating at 95°
C. for 2 min and cooling to room temperature. Single guide
(sgRNAs) were boiled at 95° C. for 2 min and cooling to
room temperature. The boiled dgRNA or sgRNA was incu-
bated with Spy Cas9 protein in Optimem for 10 minutes at
room temperature to form a ribonucleoprotein (RNP) com-
plex.

[0570] For RNP electroporation into primary human and
cyno hepatocytes, the cells are thawed and resuspended in
Lonza electroporation Primary Cell P3 buffer at a concen-
tration of 2500 cells per uL. for human hepatocytes and 3500
cells per ulL for cyno hepatocytes. A volume of 20 ul. of
resuspended cells and 5 ulL of RNP are mixed together per
guide. 20ul. of the mixture is placed into a Lonza electropo-
ration plate. The cells were electroporated using the Lonza
nucleofector with the preset protocol EX-147. Post elec-
troporation, the cells are transferred into a Biocoat plate
containing pre-warmed maintenance media and placed in a
tissue culture incubator at 37° C. and 5% CO,.

[0571] For RNP lipoplex transfections, cells were trans-
fected with Lipofectamine RNAIMAX (ThermoFisher, Cat.
13778150) per the manufacturer’s protocol. Cells were
transfected with an RNP containing Spy Cas9 (10 nM),
individual guide (10 nM), tracer RNA (10 nM), Lipo-
fectamine RNAIMAX (1.0 pL/well) and OptiMem. RNP
formation was performed as described above.

[0572] LNPs were formed either by microfluidic mixing of
the lipid and RNA solutions using a Precision Nanosystems
NanoAssemblr™ Benchtop Instrument, per the manufactur-
er’s protocol, or cross-flow mixing.

[0573] LNP Formulation—NanoAssemblr

[0574] In general, the lipid nanoparticle components were
dissolved in 100% ethanol with the lipid component of
various molar ratios. The RNA cargos were dissolved in 25
mM citrate, 100 mM NaCl, pH 5.0, resulting in a concen-
tration of RNA cargo of approximately 0.45 mg/ml.. The
LNPs were formulated with a lipid amine to RNA phosphate
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(N:P) molar ratio of about 4.5 or about 6, with the ratio of
mRNA to gRNA at 1:1 by weight.

[0575] The LNPs were formed by microfluidic mixing of
the lipid and RNA solutions using a Precision Nanosystems
NanoAssemblr™ Benchtop Instrument, according to the
manufacturer’s protocol. A 2:1 ratio of aqueous to organic
solvent was maintained during mixing using differential
flow rates. After mixing, the LNPs were collected, diluted in
water (approximately 1:1 v/v), held for 1 hour at room
temperature, and further diluted with water (approximately
1:1 v/v) before final buffer exchange. The final buffer
exchange into 50 mM Tris, 45 mM NaCl, 5% (w/v) sucrose,
pH 7.5 (TSS) was completed with PD-10 desalting columns
(GE). If required, formulations were concentrated by cen-
trifugation with Amicon 100 kDa centrifugal filters (Milli-
pore). The resulting mixture was then filtered using a 0.2 pm
sterile filter. The final LNP was stored at —80° C. until
further use.

LNP Formulation—Cross-Flow

[0576] For LNPs prepared using the cross-flow technique,
the LNPs were formed by impinging jet mixing of the lipid
in ethanol with two volumes of RNA solutions and one
volume of water. The lipid in ethanol is mixed through a
mixing cross with the two volumes of RNA solution. A
fourth stream of water is mixed with the outlet stream of the
cross through an inline tee. (See W02016010840 FIG. 2.)
The LNPs were held for 1 hour at room temperature, and
further diluted with water (approximately 1:1 v/v). Diluted
LNPs were concentrated using tangential flow filtration on a
flat sheet cartridge (Sartorius, 100 kD MWCO) and then
buffer exchanged by diafiltration into 50 mM Tris, 45 mM
NaCl, 5% (w/v) sucrose, pH 7.5 (TSS). Alternatively, the
final buffer exchange into TSS was completed with PD-10
desalting columns (GE). If required, formulations were
concentrated by centrifugation with Amicon 100 kDa cen-
trifugal filters (Millipore). The resulting mixture was then
filtered using a 0.2 um sterile filter. The final LNP was stored
at 4° C. or —80° C. until further use.

Formulation Analytics

[0577] Dynamic Light Scattering (“DLS”) is used to char-
acterize the polydispersity index (“pdi”) and size of the
LNPs of the present disclosure. DLS measures the scattering
of light that results from subjecting a sample to a light
source. PDI, as determined from DLS measurements, rep-
resents the distribution of particle size (around the mean
particle size) in a population, with a perfectly uniform
population having a PDI of zero. Average particle size and
polydispersity are measured by dynamic light scattering
(DLS) using a Malvern Zetasizer DLS instrument. LNP
samples were diluted 30x in PBS prior to being measured by
DLS. Z-average diameter which is an intensity based mea-
surement of average particle size was reported along with
number average diameter and pdi. A Malvern Zetasizer
instrument is also used to measure the zeta potential of the
LNP. Samples are diluted 1:17 (50 ulL into 800 ul) in
0.1xPBS, pH 7.4 prior to measurement.

[0578] A fluorescence-based assay (Ribogreen®, Thermo-
Fisher Scientific) is used to determine total RNA concen-
tration and free RNA. Encapsulation efficiency is calculated
as (Total RNA-Free RNA)/Total RNA. LNP samples are
diluted appropriately with 1xTE buffer containing 0.2%
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Triton-X 100 to determine total RNA or 1xTE buffer to
determine free RNA. Standard curves are prepared by uti-
lizing the starting RNA solution used to make the formula-
tions and diluted in IXTE buffer+/-0.2% Triton-X 100.
Diluted RiboGreen® dye (according to the manufacturer’s
instructions) is then added to each of the standards and
samples and allowed to incubate for approximately 10
minutes at room temperature, in the absence of light. A
SpectraMax M5 Microplate Reader (Molecular Devices) is
used to read the samples with excitation, auto cutoff and
emission wavelengths set to 488 nm, 515 nm, and 525 nm
respectively. Total RNA and free RNA are determined from
the appropriate standard curves.

[0579] Encapsulation efficiency is calculated as (Total
RNA-Free RNA)/Total RNA. The same procedure may be
used for determining the encapsulation efficiency of a DNA-
based cargo component. For single-strand DNA Oligreen
Dye may be used, and for double-strand DNA, Picogreen
Dye.

[0580] Typically, when preparing [LNPs, encapsulation
was >80%, particle size was <120 nm, and pdi was <0.2.

LNP Delivery In Vivo

[0581] Unless otherwise noted, CD-1 female mice, rang-
ing from 6-10 weeks of age were used in each study.
Animals were weighed and grouped according to body
weight for preparing dosing solutions based on group aver-
age weight. LNPs were dosed via the lateral tail vein in a
volume of 0.2 mL per animal (approximately 10 mL per
kilogram body weight). The animals were observed at
approximately 6 hours post dose for adverse effects. Body
weight was measured at twenty-four hours post-administra-
tion, and animals were euthanized at various time points by
exsanguination via cardiac puncture under isoflourane anes-
thesia. Blood was collected into serum separator tubes or
into tubes containing buffered sodium citrate for plasma as
described herein. For studies involving in vivo editing, liver
tissue was collected from the median lobe or from three
independent lobes (e.g., the right median, left median, and
left lateral lobes) from each animal for DNA extraction and
analysis.

Transthyretin (TTR) ELISA Analysis Used in Animal
Studies

[0582] Blood was collected and the serum was isolated as
indicated. The total mouse TTR serum levels were deter-
mined using a Mouse Prealbumin (Transthyretin) ELISA Kit
(Aviva Systems Biology, Cat. OKIA00111); rat TTR serum
levels were measured using a rat specific ELISA kit (Aviva
Systems Biology catalog number OKIA00159); human TTR
serum levels were measured using a human specific ELISA
kit (Aviva Systems Biology catalog number OKIA00081);
each according to manufacture’s protocol. Briefly, sera were
serial diluted with kit sample diluent to a final dilution of
10,000-fold, or 5,000-fold when measuring human TTR in
mouse sera. 100 ul of the prepared standard curve or diluted
serum samples were added to the ELISA plate, incubated for
30 minutes at room temperature then washed 3 times with
provided wash buffer. 100 ul. of detection antibody was then
added to each well and incubated for 20 minutes at room
temperature followed by 3 washes. 100 ul. of substrate is
added then incubated for 10 minutes at room temperature
before the addition of 100 uL stop solution. The absorbance
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of the contents was measured on the Spectramax M5 plate
reader with analysis using SoftmaxPro version 7.0 software.
Serum TTR levels were quantitated off the standard curve
using 4 parameter logistic fit and expressed as ug/mL of
serum or percent knockdown relative control (vehicle
treated) animals.

Genomic DNA Isolation

[0583] Transfected cells were harvested post-transfection
at 24, 48, or 72 hours. The genomic DNA was extracted from
each well of a 96-well plate using 50 pl/well Buccal Amp
DNA Extraction solution (Epicentre, Cat. QE09050) per
manufacturer’s protocol. All DNA samples were subjected
to PCR and subsequent NGS analyses, as described herein.

Next-Generation Sequencing (“NGS”) Analysis

[0584] To quantitatively determine the efficiency of edit-
ing at the target location in the genome, sequencing was
utilized to identify the presence of insertions and deletions
introduced by gene editing.

[0585] Primers were designed around the target site within
the gene of interest (e.g. TTR), and the genomic area of
interest was amplified.

[0586] Additional PCR was performed per the manufac-
turer’s protocols (Illumina) to add chemistry for sequencing.
The amplicons were sequenced on an [llumina MiSeq instru-
ment. The reads were aligned to a reference genome (e.g.,
the human reference genome (hg38), the cynomologus ref-
erence genome (mf?5), the rat reference genome (rn6), or the
mouse reference genome (mml0)) after eliminating those
having low quality scores. The resulting files containing the
reads were mapped to the reference genome (BAM files),
where reads that overlapped the target region of interest
were selected and the number of wild type reads versus the
number of reads which contain an insertion, substitution, or
deletion was calculated.

[0587] The editing percentage (e.g., the “editing effi-
ciency” or “percent editing” or “indel frequency”™) is defined
as the total number of sequence reads with insertions/
deletions (“indels”) or substitutions over the total number of
sequence reads, including wild type.

Analysis of Secreted Transthyretin (“TTR”) Protein by
Western Blot

[0588] Secreted levels of TTR protein in media were
determined using western blotting methods. HepG2 cells
were transfected as previously described with select guides
from Table 1. Media changes were performed every 3 days
post transfection. Six days post-transfection, the media was
removed, and cells were washed once with media that did
not contain fetal bovine serum (FBS). Media without serum
was added to the cells and incubated at 37° C. After 4 hrs the
media was removed and centrifuged to pellet any debris; cell
number for each well was estimated based on the values
obtained from a CTG assay on remaining cells and com-
parison to the plate average. After centrifugation, the media
was transferred to a new plate and stored at -20° C. An
acetone precipitation of the media was performed to pre-
cipitate any protein that had been secreted into the media.
Four volumes of ice cold acetone were added to one volume
of media. The solution was mixed well and kept at -20° C.
for 90 min. The acetone:media mixture was centrifuged at
15,000xg and 4° C. for 15 min. The supernatant was
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discarded and the retained pellet was air dried to eliminate
any residual acetone. The pellet was resuspended in 154,
RIPA buffer (Boston Bio Products, Cat. BP-115) plus freshly
added protease inhibitor mixture consisting of complete
protease inhibitor cocktail (Sigma, Cat. 11697498001) and 1
mM DTT. Lysates were mixed with Laemmli buffer and
denatured at 95° C. for 10 minutes. Western blots were run
using the NuPage system on 12% Bis-Tris gels (Thermo-
Fisher) per the manufacturer’s protocol followed by wet
transfer onto 0.45 um nitrocellulose membrane (Bio-Rad,
Cat. 1620115). Blots were blocked using 5% Dry Milk in
TBS for 30 minutes on a lab rocker at room temperature.
Blots were rinsed with TBST and probed with rabbit a-TTR
monoclonal antibody (Abcam, Cat. Ab75815) at 1:1000 in
TBST. Alpha-1 antitrypsin was used as a loading control
(Sigma, Cat. HPA001292) at 1:1000 in TBST and incubated
simultaneously with the TTR primary antibody. Blots were
sealed in a bag and kept overnight at 4° C. on a lab rocker.
After incubation, blots were rinsed 3 times for 5 min each in
TBST and probed with secondary antibodies to Rabbit
(ThermoFisher, Cat. PISA535571) at 1:25,000 in TBST for
30 min at room temperature. After incubation, blots were
rinsed 3 times for 5 min each in TBST and 2 times with PBS.
Blots were visualized and analyzed using a Licor Odyssey
system.

Analysis of Intracellular TTR by Western Blot

[0589] The hepatocellular carcinoma cell line, HUH7, was
transfected as previously described with select guides from
Table 1. Six-days post-transfection, the media was removed
and the cells were lysed with 50 pl/well RIPA buffer
(Boston Bio Products, Cat. BP-115) plus freshly added
protease inhibitor mixture consisting of complete protease
inhibitor cocktail (Sigma, Cat. 11697498001), 1 mM DTT,
and 250 U/ml Benzonase (EMD Millipore, Cat. 71206-3).
Cells were kept on ice for 30 minutes at which time NaCl (1
M final concentration) was added. Cell lysates were thor-
oughly mixed and retained on ice for 30 minutes. The whole
cell extracts (“WCE”) were transferred to a PCR plate and
centrifuged to pellet debris. A Bradford assay (Bio-Rad, Cat.
500-0001) was used to assess protein content of the lysates.
The Bradford assay procedure was completed per the manu-
facturer’s protocol. Extracts were stored at minus 20° C.
prior to use. Western blots were performed to assess intra-
cellular TTR protein levels. Lysates were mixed with Laem-
mli buffer and denatured at 95° C. for 10 min. Western blots
were run using the NuPage system on 12% Bis-Tris gels
(ThermoFisher) per the manufacturer’s protocol followed by
wet transfer onto 0.45 um nitrocellulose membrane (Bio-
Rad, Cat. 1620115). After transfer membranes were rinsed
thoroughly with water and stained with Ponceau S solution
(Boston Bio Products, Cat. ST-180) to confirm complete and
even transfer. Blots were blocked using 5% Dry Milk in TBS
for 30 minutes on a lab rocker at room temperature. Blots
were rinsed with TBST and probed with rabbit a-TTR
monoclonal antibody (Abcam, Cat. Ab75815) at 1:1000 in
TBST. (3-actin was used as a loading control (Thermo-
Fisher, Cat. AM4302) at 1:2500 in TBST and incubated
simultaneously with the TTR primary antibody. Blots were
sealed in a bag and kept overnight at 4° C. on a lab rocker.
After incubation, blots were rinsed 3 times for 5 minutes
each in TBST and probed with secondary antibodies to
Mouse and Rabbit (ThermoFisher, Cat. PI35518 and
PISAS535571) at 1:25,000 each in TBST for 30 min at room
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temperature. After incubation, blots were rinsed 3 times for TABLE 4-continued
5 min each in TBST and 2 times with PBS. Blots were
visualized and ana]yzed using a Licor Odyssey system. TTR editing data in Hek Cas9 cells transfected with dgRNAs
. Std Std Std
Example 2. Screening of dgRNA Sequences Avg Dev Avg Dev Avg Dev
: : : % % % % % %
,[I? 590]  Cross Screening of TTR ngNAS m Multlple Cell GUIDE ID Edit Edit Insert  Insert Deletion Deletion
ypes
[0591] Guides in dgRNA format targeting human TTR and CR003376 28.16 4.49 135 018 2681 4.52
the cynomologus matched sequences were delivered to gﬁggggg ;g;g ‘21"6“71 421.471; 8.451491 fé'iz Z'?é
HEK293_Cas9, HUH7 and HepG2 cell lines, as well as CRO03379 3632 501 534 061 2008 530
primary human hepatocytes and primary cynomolgus mon- CRO03380 47.64 574 3.64 024 4400 552
key hepatocytes as described in Example 1. Percent editing CR003381 22.04 5.74 3.82 126 1823 4.64
was determined for crRNAs comprising each guide CRO03382 29.95 3.13 446 045 2549 273
h cell d the ouid CRO03383 4047 0.64 2512 045 1535  0.66
sequence across each cell type and the guide sequences were  crpo33gs 1745 132 145 023 1600 142
then rank ordered based on highest % edit. The screening CR003385 26.19 5.62 736 157 1882 4.06
data for the guide sequences in Table 1 in all five cell lines CR003386 3312 10.65 2.94 063 3018  10.03
ae Tistd below (Tabl 4 theough 11), come Mg s m o le e o
[0592] Table 4 shqws the average and ste}ndard deviation CRO03389 3418 500 1030 212 2387 302
for % Edit, % Insertion (Ins), and % Deletion (Del) for the CR003390 28.02 3.77 431 025 2371 3.61
TTR crRNAs in the human kidney adenocarcinoma cell line, CR003391 44.81 4.67 0.61 007 4419  4.63
CR003392 21.67 7.52 0.85 026 2082  7.27

HEK293_Cas9, which constitutively over expresses Spy
Cas9 protein.

[0593] Table 5 shows the average and standard deviation

TABLE 4 for % Edit, % Insertion (Ins), and % Deletion (Del) for the
TTR editing data in Hek Cas9 cells transfected with dgRNAs tested TTR crRNAs co-transfected with Spy Cas9 mRNA
(SEQ ID NO:2) in the human hepatocellular carcinoma cell
Std Std Std line, HUH7.
Avg Dev Avg Dev Avg Dev
% % % % % %
GUIDE ID Edit Edit Insert  Insert Deletion Deletion TABLE 5
CRO03335 26.59 4.73 4.73 0.65 21.87 4.09 TTR editing data in HUH7 cells transfected with
CRO03336 29.09 4.57 331 024 2578 432 Spy Cas9 mRNA and deRNAs
CRO03337 42.72 1.72 5.24 1.62 37.48 0.70
CRO03338 52.42 3.8 476 003 4766 330 Std Std Std
CRO03339 56.37 413 4939 3.23 698 091 Avg Dov Avg  Dev  Avg  Dev
CRO03340 42.38 843 2788 431 1450  4.13 % % % % % %
CR003341 20.04 5.26 6.73 1.86 13.31 341 GUIDE ID Edit Edit Insert Insert Deletion Deletion
CR003342 36.57 5.80 1.19 0.22 35.38 5.59
CR003343 24.36 1.51 4.82 0.43 19.53 1.39 CRO03335 31.95 4.50 4.62 0.83 27.57 4.08
CR0O03344 33.87 2.93 4.32 0.58 29.54 2.37 CR0O03336 30.05 4.25 4.14 1.07 26.56 3.55
CR0O03345 35.02 7.05 19.00 3.58 16.01 348 CRO03337 55.72 3.12 8.34 0.93 48.95 2.24
CR0O03346 48.33 5.81 33.03 3.12 15.30 2.72 CRO03338 75.64 2.03 10.22 1.42 67.06 2.79
CR003347 21.45 5.57 0.95 0.33 20.50 5.26 CR0O03339 79.97 4.73 60.55 3.94 20.13 1.02
CR0O03348 35.53 5.81 22.32 3.79 13.21 2.03 CR003340 46.93 7.12 33.33 6.01 14.23 1.65
CR003349 13.19 4.46 8.03 2.81 5.16 1.66 CR003341 20.58 5.98 7.78 1.64 13.20 4.44
CRO03350 22.31 4.25 5.54 0.74 16.77 3.51 CR003342 45.14 7.16 1.23 091 44.66 7.68
CRO03351 49.67 3.77 28.42 1.69 21.24 2.22 CR003343 76.13 7.04 9.58 3.49 66.97 6.10
CR0O03352 27.90 7.55 491 1.35 22.99 6.26 CR003344 64.02 3.33 10.76 1.35 54.40 2.71
CRO03353 25.03 5.16 3.71 0.75 21.32 4.42 CR0O03345 72.43 2.17 41.33 0.96 32.18 1.37
CR0O03354 18.46 2.02 2.56 0.21 15.90 1.89 CR0O03346 18.07 1.02 13.17 1.39 6.97 3.06
CRO03355 30.60 2.53 6.99 0.80 23.61 1.75 CR003347 32.16 5.50 1.64 0.42 30.79 5.11
CRO03356 32.21 4.71 10.03 1.39 22.19 3.36 CR0O03348 57.14 10.98 36.08 6.97 22.71 4.42
CRO03357 43.23 6.71 5.38 0.87 37.85 5.88 CR003349 14.14 4.99 9.73 3.26 4.82 1.91
CRO03358 5.44 0.86 1.29 0.16 4.14 0.84 CRO03350 5291 7.61 13.43 2.00 41.64 6.03
CRO03359 37.75 7.50 18.35 3.73 19.40 3.78 CR0O03351 63.51 4.61 36.87 249 27.49 2.14
CRO03360 22.68 3.16 2.70 0.56 19.98 2.60 CR0O03352 39.68 9.53 7.62 742 32.79 7.37
CR0O03361 34.45 8.97 8.66 1.66 25.78 7.32 CRO03353 69.18 4.59 7.73 246 62.87 3.13
CR0O03362 9.90 2.66 1.48 0.33 8.41 233 CR0O03354 12.27 3.38 1.25 0.40 11.46 3.23
CR0O03363 31.03 10.74 14.77 4.21 16.26 6.54 CRO03355 38.83 531 9.40 1.81 30.31 3.56
CRO03364 35.65 7.90 19.17 4.24 16.48 3.76 CR0O03356 49.63 5.55 18.98 2.67 31.31 3.04
CRO03365 36.43 6.20 11.83 1.88 24.61 4.45 CRO03357 36.31 5.72 6.37 1.17 30.82 4.68
CRO03366 47.36 6.59 10.10 1.28 37.26 5.32 CRO03358 36.50 6.17 10.53 1.56 26.60 4.49
CRO03367 47.11 15.43 28.44 9.11 18.67 6.33 CR0O03359 66.75 5.84 21.73 2.30 45.97 3.93
CRO03368 40.35 10.13 3.73 0.96 36.61 9.17 CRO03360 58.62 8.73 5.01 0.60 55.13 8.19
CRO03369 33.10 7.26 9.06 1.12 24.04 6.16 CR0O03361 28.68 6.52 6.84 1.26 22.44 5.31
CRO03370 34.22 5.69 4.49 0.67 29.73 5.06 CR0O03362 26.43 0.83 3.43 0.32 23.76 0.85
CR0O03371 25.60 8.33 3.84 1.41 21.76 6.92 CR0O03363 41.01 7.16 17.83 3.32 23.78 3.97
CR0O03372 15.24 7.92 3.25 1.61 11.99 6.31 CRO03364 47.13 10.61 24.68 5.15 23.03 5.74
CRO03373 13.55 2.40 1.31 0.21 12.25 2.19 CRO03365 60.68 5.25 17.77 1.57 43.82 3.73
CR0O03374 10.91 0.88 0.81 0.10 10.10 0.81 CRO03366 69.98 8.84 20.77 3.10 50.32 5.69

CRO0O03375 11.63 3.18 0.78 0.17 10.85 3.05 CR003367 66.29 448 33.62 4.14 33.48 0.51
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TABLE 5-continued TABLE 6-continued
TIR editisng déta 9in I;LI{I}II: CZUZ t;a;siected with TTR editing data in HepG2 cells transfected with Spy Cas9
DY a5 MANA ANC Canons mRNA and dgRNAs
Std Std Std
Avg Dev Avg Dev Avg Dev Std Std Std
% % % % % % Avg Dev Avg Dev Avg Dev
GUIDE ID Edit Edit Insert Insert Deletion Deletion o o o o o o
CRO03368 31.57 11.73 3.08 0.92 29.69 11.32 GUIDE ID Edit Edit Insert Insert Deletion Deletion
CR003369 24.19 6.89 712 227 1738 476
CR003370 39.16 11.59 483 179 3555 1035 CR003352 44.28 8.71 39.51 7.10 477 179
CR003371 40.47 7.68 607 089 3565 7.01 CR003353 60.40 11.37 56.71 9.95 3.68  1.45
CR003372 21.52 6.02 489  1.66 1725 458 CRO03354 536 304 484 341 053 071
CR003373 27.29 4.45 331 0.66 2512 412
CRO03374 310 o6 025 04 S &7 051 CR003355 15.80 5.38 1236 423 344 116
CRO03375 2.38 0.22 026  0.14 225 012 CR0O03356 939 1.82 567 103 372 092
CR003376 19.42 5.60 1.37 0.45 18.55 5.8 CRO03357 45.83 10.66 42.37 8.47 3.46 2.28
CR003377 34.93 5.47 559  0.88 2989 471 CR003358 35.93 734 28.66 7.76 727 177
CR0O03378 40.73 4.63 9.73 1.85 32.27 2.91 CR003359 64.44 14.90 4879 1432 15.65 1.94
gﬁgggg;g ;?;2 gg g;g 8-;; ;g-‘z‘g ‘S‘-fé CR0O03360 4131 1223 3894 10.60 238 178
CRO03381  99.70 0.17 192 020 9970 017 CRO03361 14.03 479 1147435 258 043
CR003382 34.47 571 014 016 3447 571 CRO03362 17.44 434 1650 486 094 052
CR003383 42.89 10.14 214 056 4119 9.67 CR003363 42,65 9.90 28.58 695 1407  3.01
CR003384 17.03 1.95 0.84 0.30 16.29 1.84 CR003364 51.88 7.67 31.03 2.67 2085 5.03
g%gggggg 22'22 12-‘6% 8-;; 8-@ g?;‘s‘ 12-2; CRO03365 46.88 1578 3577 1349 1111 230
CR003388 59.48 4.29 388  0.68 5645 4.45 CR003366 34.69 9.10  46.20 8.98 849 LI
CRO03389  62.32 197 1319 118 5090 102 CROO3367 4553 819 2428 657 2127 162
CR003390 18.97 4.82 331 091 1649 3.98 CRO003368 51.55 8.60 4834  9.87 322 136
CR003391 61.31 13.21 210 051 5970 12.76 CR003369 22.62 401 17.11 4.47 551 252
CR003371 1591 417 1407 4.02 1.84 022
o CR003372 14.57 247 1214 2.08 242 040
[0594] Table 6 shows the average and standard deviation CR0O03373 17.69 8.41 15.92 6.44 1.77 1.97
for % Edit, % Insertion (Ins), and % Deletion (Del) for the CRO03374 5.43 0.53 5.12 0.62 031 036
tested TTR and control crRNAs co-transfected with Spy CRO003375 2.06 0.04 196 006 010  0.03
Cas9 mRNA (SEQ ID NO:2) in the human hepatocellular CRO03376 1441 3.01 1416  2.93 024 010
carcinoma cell line, HepG2. CR003377 1630 2.85 1529 259 102 0.59
CR003378 8.16 3.83 6.82 3.43 134 061
TABLE 6 CR003379 19.74 424 1770 430 204 033
CR003380 17.08 248 14.78 1.18 230 1.36
TTR editing data in HepG2 cells transfected with Spy Cas9 CRO003381 6.81 3.48 6.18 3.82 0.63 0.44
mRNA and dgRNAs CR003382 1.73 0.14 1.58 0.12 0.15  0.03
CR003383 6.35 1.67 6.19 1.68 0.16  0.04
Std Std Std
Ave Dev Ave Dev Ave Dev CR003384 3.37 0.88 3.12 0.94 025  0.09
% % % % % % CR003385 53.94 9.41 4632 10.66 7.62 129
GUIDE ID Edit Edit Insert  Insert Deletion Deletion CR003386 271 0.76 2.15 0.77 056  0.53
P o6 s o PP ——— CR003387 1.39 0.15 1.27 0.17 012  0.02
(control) : ’ ’ ’ : : CR003388 9.33 447 776 456 156 0.10
CRO01262  63.33 566 5988 492 345 086 CRO03380  31.84 609 2727 596 457 L2l
(control) CR003390 24.88 496 244 341 244 225
CR001263 39.19 6.98 37.59 8.01 1.60  1.92 CR003391 4878 1441 4828 1444 050 052
(control) CR003392 14.64 5.25 1432 495 033 036
(Cclzggilzf“ 57.00 1214 4747 925 961 289 CRO05208  42.65 1094 2129 816 2136  2.87
CRO03335 37.19 212 3296  1.67 423 059 CR005299 38.61 557 3632 399 230 211
CR003336 31.31 5.47 30.48 5.10 0.83 0.75 CRO05300 64.34 9.55 53.20 6.59 11.15 3.33
CR003337 61.93 2.68 59.28 2.11 265 139 CR005301 37.04 5.32 33.39 3.85 3.65  1.89
CR0O03338 68.00 6.09 65.40 6.78 2.60 1.17 CRO05302 33.21 2.19 30.93 2.43 2.29 0.24
CR003339 68.21 7.67 12.37 147 5584 631 CRO05303 21.63 6.05 20.55 5.80 108 025
CR003340 37.76 6.01 6.12 195 31.65 407
CRO03341 15.60 549 Go4 338 s66 213 CR005304 62.82 3.28 8.07 122 5475 427
CR003342 11.06 6.71 10.78 6.69 0.28 0.03 CRO05305 13.51 3.58 12.30 3.49 1.21 0.84
CR003343 45.41 15.20 40.05 10.79 5.36 5.20 CRO0O05306 24.07 5.24 21.20 5.03 287 1.10
CR003344 33.43 6.11 29.81 5.09 3.62 113 CRO0S307 22,03 186 770 135 1433 415
CR003345 10.58 9.25 6.12 538 445 387
CR003346 0.13 0.05 0.07 0.02 0.05 003
CR003347 22.57 1094 2108 1119 149 090
g%gggig 3222 12-‘1‘; 11-2‘61 f-g‘; 2;-‘9‘? 3-32 [0595] Table 7 shows the average and standard deviation
! ) ' . : ) o e . N .
CRO03350 20,60 517 2516 456 444 067 for % Edit, % Insertion (Ins), and % Deletlon (Del) for tl.le
CRO03351 57.54 567 3198 263 2557  3.08 tested TTR dgRNAs electroporated with Spy Cas9 protein

(RNP) in primary human hepatocytes.



US 2020/0248180 Al Aug. 6, 2020

57
TABLE 7 [0596] Table 8 shows the average and standard deviation
for % Edit, % Insertion (Ins), and % Deletion (Del) for the
TTR editing data in primary human hepatocytes electroporated tested TTR and control ngN ‘As transfected with Spy Cas9
with Spy Cas9 protein loaded with dgRNAs protein (RNP) in primary human hepatocytes.
Std Std Std
Avg Dev Avg Dev Avg Dev TABLE 8
% % % % % %
GUIDE ID Edit Edit Insert  Insert Deletion Deletion TTR editing data in primary human hepatocytes transfected
with Spy Cas9 loaded with dgRNAs
CR003335 7220  4.53 69.70 436 2.50 0.30
CR003336 39.17 3.04 3843 3.20 0.70 0.17 std Std Std
CR003337 54.27 2.70 53.23 3.05 1.30 0.26 Avg Dev Avg Dev Avg Dev
CR003338 83.03 4.84 80.87  4.63 2.13 0.25 % % % % % %
CRO03339 43.00 2.66 8.93 1.86 34.07 1.72 GUIDE ID Edit Edit Insert  Insert Deletion Deletion
CR003340 12.03 1.55 5.60 1.32 6.50 0.53
CR003341 11.43 0.71 7.03 0.50 4.40 1.21 CR0O01261 32.51 1.00 12.50 047 2001 0.59
CR003342 32.77 3.63 31.87 3.28 0.90 0.35 CR001262 50.09 1.48 45.25 1.69 4.83 0.31
CR003343 77.10 2.21 75.63 2.01 1.50 0.36 CRO01263 15.25 241 14.83 237 042  0.10
CR003344 39.40 3.86 33.30 2.52 6.10 1.31 CR0O01264 45.30 3.48 23.87 209 2143 1.68
CR003345 48.07 6.24 3453 2.95 13.57 3.74 CR003335 51.14 427 4951 4.04 1.63 0.25
CR003346 35.67 1.80 20.83 1.65 14.83 1.66 CR003336 30.70 2.41 30.11 248 0.58 0.11
CR003347 82.30 5.93 81.97 5.98 043 0.15 CR003337 49.43 4.75 47.54 4.49 1.88 047
CR003348 28.53 1.79 11.30 2.46 17.27 0.86 CR003338 61.34 3.55 59.13 344 222 0.11
CR003349 4.10 0.17 233 0.46 1.87 0.25 CR003339 45.06 9.83 8.85 1.65  36.21 8.34
CR003350 28.13 3.50 22.40 2.41 5.73 1.22 CR003340 10.44 2.44 5.94 1.34 4.50 1.16
CRO03351 51.77 5.11 30.83 3.32 20.97 2.43 CR003341 19.66 3.67 14.64 3.31 5.02 0.37
CR003352 29.83 4.18 25.63 3.67 4.30 0.56 CR003342 20.66 2.55 19.85 2.54 0.81 0.15
CR003353 84.83 4.68 82.23 4.05 2.63 0.74 CR003343 43.25 447 41.61 4.26 1.63 0.33
CR003354 2.50 0.36 243 0.32 0.03 0.06 CR003344 35.45 13.12 3097  11.72 4.48 1.51
CR003355 12.53 1.54 10.60 2.36 1.97 1.17 CR003345 28.90 6.33 21.00 5.23 7.91 1.81
CR003356 9.97 2.68 7.80 2.01 2.23 0.85 CR003346 4.11 1.36 2.27 0.53 1.84 085
CR003357 36.23 4.02 3547 411 0.77 0.61 CR003347 66.35 4.48 66.11 4.51 0.24  0.08
CR003358 5.70 1.42 4.93 1.36 0.80 0.26 CR003348 23.18 2.16 13.74 1.17 944 099
CR003359 63.77 7.07 56.33 5.81 7.50 1.35 CR003349 10.83 1.57 9.00 1.41 1.83 0.32
CR003360 32.23 3.09 31.67 2.97 0.63 0.31 CR003350 24.84 2.74 19.77 1.91 507 0.89
CR003361 4.10 0.36 3.73 0.42 0.37 0.06 CR003351 40.28 1.31 23.92 0.70 1636  0.78
CR003362 7.03 1.30 6.87 1.20 0.20 0.20 CR003352 30.48 1.93 27.27 231 3.21 0.38
CR003363 9.43 8.22 7.80 6.86 1.63 1.44 CR003353 61.54 4.13 59.38 4.04 2.16 0.11
CR003364 23.30 5.20 16.93 4.96 6.53 0.55 CR003354 1031 147 10.07 1.50 0.23 0.11
CR003365 42.37 3.88 35.57 1.88 6.83 2.00 CR0O03355 19.11 0.92 17.69 0.79 142 044
CR003366 34.70 3.26 31.63 2.98 3.10 1.15 CR003356 753 1.78 6.24 1.51 1.29 032
CR003367 39.20 5.31 22.93 4.14 16.37 1.46 CR003357 49.35 253 48.45 2.54 090  0.13
CR003368 28.47 3.29 27.63 2.90 0.80 0.66 CR003358 31.62 5.97 25.95 5.03 5.67 1.04
CR003369 3.67 1.16 3.30 1.06 0.40 0.20 CR003359 59.47 6.05 50.96 5.69 8.51 0.54
CRO03370 15.27 1.75 14.43 1.72 0.90 0.20 CR003360 31.47 412 30.27 4.21 1.19 0.22
CR003371 16.20 2.13 14.47 2.37 1.87 0.81 CR0O03361 13.08 1.48 12.52 1.45 056  0.18
CR003372 12.17 2.69 10.47 2.63 1.77 0.12 CR003362 11.65 1.24 11.10 1.06 056 036
CR003373 0.87 0.21 0.83 0.25 0.07 0.12 CR003363 27.65 2.84 21.47 2.39 6.18  0.61
CR003374 0.80 0.17 0.70 0.26 0.10 0.10 CRO03364 35.29 3.50 23.93 2,63 1136 1.16
CR003375 1.33 1.10 1.27 1.08 0.07 0.06 CR003365 47.78 3.67 40.24 3.12 7.54 072
CR003376 1.90 1.06 1.87 1.00 0.03 0.06 CR003366 42.74 3.41 37.95 2.88 479 0.60
CR003377 10.23 1.53 10.13 1.51 0.10 0.10 CR003367 31.19 4.60 16.06 2.66  15.13 1.94
CRO03378 4.60 1.92 3.87 1.19 0.73 0.67 CRO03368 34.83 5.05 33.83 5.09 .00 0.10
CR003379 6.57 1.00 6.30 0.70 0.27 0.31 CR003369 12.98 0.26 11.67 0.21 1.31 0.11
CR003380 5.37 2.57 5.27 2.54 0.10 0.10 CR003370 20.06 1.79 18.80 1.65 1.26 0.8
CR003381 6.20 2.74 5.83 2.61 0.50 0.10 CR003371 18.80 273 17.23 2.34 1.57 043
CR003382 8.40 2.07 8.10 1.87 0.43 0.21 CR003372 17.56 2.26 15.74 2.16 1.81 0.10
CR003383 8.57 0.75 3.37 0.67 5.27 0.46 CR003373 3.64 0.29 344 0.30 019  0.07
CR003384 1.87 0.67 1.73 0.57 0.23 0.12 CR003374 2.65 0.33 2.52 0.33 0.14  0.02
CR003385 40.87 6.86 38.43 6.41 2.53 0.45 CR0O03375 5.04 0.66 4.93 0.66 0.11 0.01
CR003386 4.90 1.20 447 1.14 0.47 0.25 CR003376 5.00 1.10 4.86 1.10 0.14  0.03
CR003387 1.87 0.25 1.70 0.26 0.20 0.10 CR003377 12.77 2.00 12.45 1.84 0.31 0.18
CR003388 5.70 0.40 5.47 0.40 0.27 0.12 CR003378 8.66 1.90 8.24 1.74 042  0.19
CR003389 27.67 2.76 27.20 2.88 0.50 0.36 CR003379 16.86 2.62 16.51 2.62 034  0.08
CR003390 15.97 3.86 15.80 3.99 0.23 0.15 CR003380 8.17 1.42 7.71 1.47 046  0.10
CR003391 29.77 3.85 29.57 3.85 0.27 0.06 CR003381 7.15 0.73 6.88 0.67 027 007
CR003392 4.13 1.21 4.00 1.15 0.17 0.06 CR003382 2.44 0.06 2.28 0.05 0.15 0.03
CR005298 39.90 2.92 22.37 3.04 17.57 0.42 CR003383 476 0.40 4.52 0.42 024 0.09
CR005299 8.65 0.78 8.30 0.99 0.35 0.21 CR003384 3.56 0.26 3.39 0.26 0.17  0.01
CR0O05300 57.47 1.69 53.47 1.86 4.10 0.92 CR0O03385 41.15 6.06 38.15 5.59 3.00 048
CR005301 25.37 1.65 24.00 2.26 1.60 0.82 CR003386 3.22 0.25 297 0.27 0.25 0.02
CR005302 61.10 5.20 60.10  4.77 1.00 0.46 CR003387 1.79 0.11 1.68 0.09 0.11 0.04
CR005303 53.57 8.52 53.07 8.36 0.53 0.47 CR003388 5.43 1.03 438 1.00 1.05 0.25
CR005304 67.00 5.80 5.53 1.37 61.63 6.98 CR003389 19.87 439 19.19 452 0.68 024
CR005305 3.83 0.78 3.53 0.61 0.40 0.17 CR003390 16.09 2.84 15.85 291 0.24  0.09
CR0O05306 9.43 1.63 8.07 2.17 1.37 0.72 CR003391 34.72 8.29 34.46 8.35 026  0.06
CR005307 8.17 1.20 5.20 0.87 3.00 0.82 CR003392 10.07 1.06 9.93 1.02 0.14  0.04

CR005298 32,07 1.02 21.12 1.02 10.95 0.15
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TABLE 9-continued

TTR editing data in primary human hepatocytes transfected
with Spy Cas9 loaded with dgRNAs

TTR editing data in primary human hepatocytes transfected with
Spy Cas9 mRNA and dgRNAs

Std Std Std Std Std Std
Avg Dev Avg Dev Avg Dev Avg Dev Avg Dev Avg Dev
% % % % % % % % % % % %
GUIDE ID Edit Edit Insert Insert Deletion Deletion GUIDE ID Edit Edit Insert Insert Deletion Deletion
CR005299 19.37 0.61 18.79 0.51 0.58 0.13 CR003372 1.77  0.75 1.13 057 0.63 0.23
CR0O05300 57.23 6.24 53.62 5.44 3.61 0.87 CR003373 1.40 0.36 1.00 035 0.37 0.12
CR0O05301 31.37 3.02 29.53 2.88 1.84 0.15 CR003374 0.27 0.21 027 0.21 0.03 0.06
CR0O05302 48.29 5.22 47.32 5.32 0.97 0.14 CRO03375 1.27  0.64 1.23 058 0.03 0.06
CR005303 36.45 4.83 36.06 4.72 0.39 0.12 CR003376 2.83  0.81 273 0.81 0.13 0.06
CR0O05304 49.45 6.85 4.32 0.31 45.13 6.74 CR003377 17.53 6.35 16.97 6.11 0.57 0.25
CRO05305 7.07 143 6.73 1.30 0.34 0.17 CR003378 9.80 1.37 8.50 1.21 1.37 0.15
CR0O05306 18.81 1.82 16.24 1.57 2.57 0.35 CR003379 13.20 1.18 12.00 1.05 1.27 0.15
CR0O05307 18.73 1.68 10.18 0.92 8.55 0.88 CR0O03380 293  0.38 247 0.57 0.47 0.15
CR003381 4.07 1.21 333  0.96 0.73 0.25
CR003382 0.97 0.25 097 0.25 0.00 0.00
[0597] Table 9 shows the average and standard deviation gﬁgggggi 1?:;8 32; f% 8:;2 13:;8 é:?é
for % Edit, % Insertion (Ins), and % Deletion (Del) for the CRO03385 3677 070 3323 0.74 3.60 0.26
tested TTR and control dgRNAs co-transfected with Spy g%ggg;gg g-é; }-gg g-;g }-2471 8-(1)3 8-82
Cas9 mRNA (SEQ ID NO:2) in primary human hepatocytes. CRO03388 1297 130 1187 1021 117 0.25
CR003389 44.27 1.72 4147 1.59 2.83 0.15
TABLE 9 CR003390 2023 208 1873 192 1.60 0.17
CR003391 15.47 587 1520  5.72 0.30 0.10
TTR editing data in primary human hepatocytes transfected with CR0O03392 243 0.55 237059 0.07 0.06
Spy Cas9 mRNA and deRNAs CR005298 1570 279 413 087 1160 2.00
CR005299 9.43  0.68 8.93  0.68 0.60 0.00
Std Std Std CRO05300 3153 344 27.60 277 397 0.76
Ave  Dev  Ave  Dev  Avg Dev CR005301 677 144 547 096 1.40 0.61
% % % % % % CRO05302 3480 717 33.67 701 113 0.21
GUIDE ID Edit Edit Insert Insert Deletion Deletion CR0O05303 35.50 590 3500 5.81 0.50 0.10
CR005304 45.27 471 083 0.15 44.47 4.57
CRO01261 32.33 495 5.83 1.63 26.47 3.30 CRO05305 7.53 1.06 5.93 1.10 1.60 0.10
CR001262 41.50 471 3443 331 7.13 1.42 CRO05306 9.97 038 713 0.23 2.87 0.12
CRO01263 10.23  3.61 940  3.20 0.90 0.44 CRO05307 12.90 243 3.67 0.61 9.30 1.80
CR0O01264 42.80 0.50 11.90 1.32 30.90 1.80
CR003335 36.43 298 33.03 231 3.40 0.70
g%gggg;g }g:gg i;g }g:fg i:ii ?:gg 8:41#51 [0598] Table 10 shows the average and standard deviation
CR003338 3630 955 3373 927 273 0.49 for % Edit, % Insertion (Ins), and % Deletion (Del) for the
CR0O03339 3643 121 227 015 3423 1.31 tested TTR dgRNAs electroporated with Spy Cas9 protein
CR003340 2497 2.78 1.83  0.23 23.17 2.66 (RNP) in primary cyno hepatocytes
CR003341 15.83 1.38 6.80  0.53 9.07 0.81 )
CR003342 22.10 1.27 20.60 0.57 1.50 0.71
CR003343 55.03 038 5240 0.53 2.60 0.44 TABLE 10
CR003344 31.50 1.30 2240 1.31 9.20 0.10
CR0O03345 50.65 290 3230 1.56 18.45 1.20 TTR editing data in primary cyno hepatocytes electroporated with
CR003346 1997 194 563 055 1433 1.72 Spy Cas9 protein and deRNAs
CR003347 41.47 359 4133  3.63 0.17 0.06
CR003348 1800 0.87 230 0.66  15.80 0.61 Std Std Std
CR003349 257 081 090 035 1.70 0.46 Avg Dev  Avg Dev  Avg Dev
CR003350 26.63 425 1633 245  10.33 1.75 % % % % % %
CRO03351 2650 1.61 1020 0.92 16.37 0.97 GUIDE ID Edit Edit Insert Insert Deletion Deletion
CR0O03352 16.80  5.03 11.73  3.86 5.07 1.14
CR003353 53.73 6.01 4950 582 4.43 0.75 CR003336 8.18 1.93 8.10 1.94 0.07 0.01
CR003354 297 095 2.87 0.85 0.13 0.12 CR003337 24.94 5.80 2410 471 0.84 1.10
CRO03355 12.07  2.61 1047  2.08 1.63 0.59 CR003338 44.94 9.99 4489 997 0.05 0.01
CR003356 7.27  0.72 470  0.53 2.67 0.21 CR003339 8.95 0.89 493  0.64 4.02 0.25
CR0O03357 2593 455 2530 4.22 0.63 0.35 CR003340 12.53 2.22 772 0.13 4.80 2.09
CR0O03358 3.90 079 273 045 1.17 0.51 CR003341 8.43 10.53 7.66 991 0.77 0.63
CR003359 3293 434 25.67 3.25 7.33 1.24 CR003344 35.72 4.67 33.81 5.29 1.91 0.61
CR0O03360 1490 4.85 14.13  4.66 0.90 0.52 CR003345 52.92 3.26 30.74  0.78 22.19 2.48
CR003361 3.53  0.60 273  0.55 0.87 0.15 CR003346 1.91 0.86 1.82  0.82 0.09 0.04
CR003362 6.60 1.47 6.17 145 0.47 0.21 CR003347 7241 0.38 72,15 0.73 0.25 0.34
CR003363 16.70 1.08 11.80  0.79 4.93 0.60 CR003352 1.25 0.20 1.16 0.21 0.09 0.01
CR0O03364 15.63 245 6.73  0.81 8.93 1.70 CR003353 4.75 0.43 4.67 047 0.08 0.04
CR003365 2690  3.05 2023 202 6.67 1.16 CR003358 2047 0.30 19.01 0.51 1.46 0.21
CR003366 24.53 1.26 2047 145 4.07 0.23 CR003359 46.17 1.14 40.66  2.00 5.51 0.86
CR0O03367 37.33 1.40 14.03 040 23.37 1.25 CR003360 2947 0.63 29.05 1.00 0.42 0.37
CRO0O03368 11.10 191 10.53 1.90 0.60 0.10 CR003361 4.53 0.14 446 0.18 0.08 0.04
CR0O03369 1.60 0.46 0.90 0.20 0.70 0.36 CR003362 4.59 0.80 436 077 0.22 0.03
CR0O03370 2.83 057 233 040 0.50 0.17 CR003363 15.64 1.92 13.24  2.65 2.39 0.73
CRO03371 3.40  0.80 2.67 0.75 0.73 0.15 CR003364 19.62 2.54 1427  2.72 5.35 0.17
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TABLE 10-continued

TTR editing data in primary cyno hepatocytes electroporated with
Spy Cas9 protein and dgRNAs

Std Std Std
Avg Dev Avg Dev Avg Dev
% % % % % %
GUIDE ID Edit Edit Insert Insert Deletion Deletion
CR0O03365 10.31 1.81 933 1.80 0.97 0.01
CR0O03366 18.52 0.71 17.62 033 0.90 0.39
CRO0O03368 18.56 3.89 1830  3.77 0.26 0.11
CR003369 1.53 0.25 1.28  0.40 0.25 0.15
CRO0O03370 2.52 0.64 240  0.63 0.12 0.01
CRO003371 1.83 0.38 1.69 041 0.14 0.03
CRO003372 2.15 0.30 1.83 033 0.32 0.04
CRO003382 10.86 2.04 854 193 2.33 0.11
CRO003383 8.86 2.30 431  0.69 4.55 1.61
CR003384 3.75 0.35 250 0.37 1.25 0.02
CRO003385 30.96 1.61 26.84  2.20 412 0.59
CR0O03386 5.54 1.42 351 1.26 2.03 0.15
CR003387 4.72 0.03 455 0.08 0.17 0.11
CRO0O03388 6.81 0.17 6.59  0.28 0.22 0.11
CR003389 18.83 4.99 18.05 492 0.78 0.07
CR003390 16.87 3.88 1649 348 0.39 0.39
CR003391 36.44 1.09 3573 1.37 0.71 0.28
CR003392 7.02 0.97 6.63  0.59 0.38 0.37
CR005299 13.48 2.96 1323 274 0.26 0.22
CR005301 46.76 1.75 4634 219 0.42 0.44
CR005302 1.34 0.19 1.26  0.19 0.08 0.00
CRO0O05303 59.28 1.05 5872 1.06 0.56 0.00
CRO05305 11.28 0.39 11.13  0.39 0.15 0.00
CRO0O05307 4.56 0.71 201 049 2.55 0.21
[0599] Table 11 shows the average and standard deviation

for % Edit, % Insertion (Ins), and % Deletion (Del) for the
tested cyno specific TTR dgRNAs electroporated with Spy
Cas9 protein (RNP) on primary cyno hepatocytes.

TABLE 11

TTR editing data in primary cyno hepatocytes electroporated
with Spy Cas9 protein and cyno specific dgRNAs

Std Std Std
Avg Dev Avg Dev Avg Dev
% % % % % %

GUIDE ID Edit Edit Insert  Inmsert Deletion Deletion
CRO00689 24.41 1.67 18.11 2.41 6.30 0.93
CRO05364 27.70 0.74 0.58 0.29 27.11 0.60
CRO05365 64.94 2.03 0.10 0.04 64.85 2.05
CRO05366 77.00 1.17 0.33 0.27 76.67 0.99
CRO05367 50.79 0.53 0.53 0.25 50.26 0.36
CRO05368 27.60 2.07 0.33 0.45 27.27 2.32
CRO05369 42.01 0.33 8.09 0.55 33.92 0.31
CRO05370 63.52 3.21 0.59 0.33 62.93 2.88
CRO05371 8.42 0.69 0.31 0.12 8.10 0.57
CRO05372 17.98 1.39 0.83 0.77 17.16 0.71

Example 3. Screening of sgRNA Sequences

[0600] Cross Screening of TTR sgRNAs in Multiple Cell
Types
[0601] Guides in modified sgRNA format targeting human

and/or cyno TTR were delivered to primary human hepato-
cytes and primary cyno hepatocytes as described in Example
1. Percent editing was determined for crRNAs comprising
each guide sequence across each cell type and the guide
sequences were then rank ordered based on highest % edit.
The screening data for the guide sequences in Table 2 in both
cell lines are listed below (Table 12 through 15).
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[0602] Table 12 shows the average and standard deviation
for % Edit, % Insertion (Ins), and % Deletion (Del) for the
tested TTR sgRNAs transfected with Spy Cas9 protein
(RNP) in primary human hepatocytes.

TABLE 12

TTR editing data in primary human hepatocytes transfected
with Spy Cas9 protein and sgRNAs

Std Std Std
Avg Dev Avg Dev Avg Dev
% % % % % %

GUIDE ID Edit Edit Insert Insert  Deletion Deletion
G000480 81.80 1.98 77.15 2.19 4.70 0.28
G000481 46.90 1.71 27.77 3.88 19.43 4.76
G000482 66.67 2.35 56.57 4.14 10.10 1.85
G000483 47.90 6.56 19.57 3.37 28.50 3.25
G000484 62.97 0.90 29.23 0.21 33.83 0.95
G000485 56.07 3.37 53.07 2.84 3.13 0.60
G000486 69.73 6.86 9.83 1.93 59.93 5.63
G000487 67.30 2.75 65.27 3.41 2.07 1.06
G000488 61.27 1.95 26.30 1.55 35.00 1.30
G000489 60.17 2.75 51.07 3.18 9.43 0.45
G000490 55.90 7.88 46.13 7.55 9.80 0.69
G000491 74.30 1.55 70.27 2.37 4.33 0.72
G000492 60.97 5.81 57.90 4.64 3.13 1.35
G000493 41.40 3.08 38.90 3.29 2.67 0.35
G000494 62.23 3.30 61.47 3.25 0.77 0.31
G000495 50.80 1.85 45.80 1.25 5.37 0.64
G000496 72.33 1.63 4473 2.14 27.67 1.46
G000497 59.67 1.40 51.10 1.14 8.73 0.71
G000498 72.80 3.75 60.17 3.12 12.70 0.72
G000499 66.40 3.55 65.23 3.72 1.17 0.38
G000500 65.53 1.21 62.00 1.11 3.83 0.40
G000501 60.93 191 55.13 143 6.00 0.56

[0603] Table 13 shows the average and standard deviation

at 12.5 nM for % Edit, % Insertion (Ins), and % Deletion
(Del) for the tested TTR sgRNAs co-transfected with Spy
Cas9 mRNA (SEQ ID NO:2) in primary human hepatocytes.

TABLE 13

TTR editing data in primary human hepatocytes transfected
with Spy Cas9 mRNA and sgRNAs

Std Std Std
Avg Dev Avg Dev Avg Dev
% % % % % %

GUIDE ID Edit Edit Insert Insert  Deletion Deletion
G000480 73.28 0.61 59.85 0.13 13.47 0.51
G000481 34.30 5.26 14.62 2.59 19.77 2.72
G000482 40.93 3.95 27.70 2.92 13.25 0.97
G000483 27.82 2.93 4.05 0.51 23.85 243
G000484 43.37 6.79 13.98 2.61 29.48 4.15
G000485 30.82 5.76 28.87 5.50 1.97 0.28
G000486 59.13 5.62 2.82 0.86 56.37 4.92
G000487 49.57 0.99 47.38 0.89 2.27 0.24
G000488 49.40 5.05 11.98 1.40 37.48 3.68
G000489 24.25 2.82 14.17 2.01 10.28 1.38
G000490 24.72 2.35 19.38 2.04 5.38 041
G000491 45.93 1.22 4242 1.06 3.60 0.33
G000492 34.65 2.21 3245 2.01 2.22 0.25
G000493 11.55 1.35 10.65 1.58 0.97 0.30
G000494 26.22 4.03 25.17 3.89 1.07 0.15
G000495 47.77 1.88 43.40 1.91 445 0.17
G000496 63.30 2.60 11.08 2.10 52.25 0.67
G000497 40.33 3.32 3448 2.71 5.85 0.61
G000498 60.02 542 45.20 4.34 14.90 1.08
G000499 39.30 6.04 38.58 5.86 0.77 0.12
G000500 35.50 0.61 3247 0.49 3.10 0.18
G000501 40.32 1.50 33.82 2.04 6.62 0.55
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TABLE 13-continued
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TABLE 15-continued

TTR editing data in primary human hepatocytes transfected
with Spy Cas9 mRNA and sgRNAs

Std Std Std
Avg Dev Avg Dev Avg Dev
% % % % % %
GUIDE ID Edit Edit Insert Insert  Deletion Deletion
G000567 27.28 7.59 17.35 4.72 10.02 294
G000568 43.75 5.83 43.00 5.81 0.80 0.18
G000570 68.42 3.64 68.08 3.61 0.35 0.00
G000571 2047 341 14.47 2.72 6.13 0.78
G000572 5542 8.13 41.62 6.48 13.85 1.60
[0604] Table 14 shows the average and standard deviation

for % Edit, % Insertion (Ins), and % Deletion (Del) for the
tested TTR sgRNAs electroporated with Spy Cas9 protein
(RNP) on primary cyno hepatocytes. Note that guides
G000480 and G000488 have one mismatch to cyno, which
may compromise their editing efficiency in cyno cells.

TABLE 14

TTR editing data in primary cyno hepatocytes electroporated
with Spy Cas9 protein and sgRNAs

Std Std Std
Avg Dev Avg Dev Avg Dev
% % % % % %
GUIDE ID Edit Edit Insert  Insert Deletion Deletion
G000480 10.20 0.56 9.83 0.81 0.37 0.25
G000481 69.13 8.62 33.73 2.67 35.50 11.23
G000482 75.17 2.34 55.23 2.00 20.03 0.85
G000485 22.93 0.95 22.00 0.82 1.07 0.21
G000486 79.90 0.79 11.90 0.85 68.07 0.35
G000488 9.63 0.50 5.37 0.38 4.27 0.35
G000489 67.53 1.15 53.53 1.56 14.17 0.64
G000490 61.67 0.72 5447 1.10 7.27 1.23
G000491 66.20 1.11 64.37 0.47 1.90 0.70
G000493 50.13 0.74 48.07 1.69 2.10 0.98
G000494 81.53 0.71 79.57 0.49 2.07 0.67
G000498 91.37 1.48 68.50 1.64 22.87 1.50
G000499 83.40 0.36 82.00 0.20 1.43 0.55
G000500 45.20 3.66 42.60 3.80 2.63 0.25
[0605] Table 15 shows the average and standard deviation

for % Edit, % Insertion (Ins), and % Deletion (Del) for the
tested cyno specific TTR sgRNAs electroporated with Spy
Cas9 protein (RNP) on primary cyno hepatocytes.

TABLE 15

TTR editing data in primary cyno hepatocytes electroporated
with Spy Cas9 protein and cyno specific sgRNAs (e.g.,

those having an analogous human gRNA, See Table 3

Std Std Std
Avg Dev Avg Dev Avg Dev
% % % % % %

GUIDE ID Edit Edit Insert Insert Deletion Deletion
G000502 95.10 096 1397 1.69 81.27 2.60
G000503 58.53 240 5207 1.68 6.50 246
G000504 77.17 096 69.73  1.29 7.53 0.57
G000505 9553  1.06 9550 1.01 0.10 0.10
G000506 89.43 136 8690 1.64 3.07 0.42
G000507 71.17 322 67.03 239 4.60 1.65
G000508 4563 3.01 4157 295 4.17 0.91
G000509 93.03 0.81 43.60 130 49.73 1.76

TTR editing data in primary cyno hepatocytes electroporated
with Spy Cas9 protein and cyno specific sgRNAs (e.g.,
those having an analogous human gRNA, See Table 3)

Std Std Std
Avg Dev Avg Dev Avg Dev
% % % % % %
GUIDE ID Edit Edit Insert Insert Deletion Deletion
G000510 90.80 0.53 89.13 040 1.77 0.12
G000511 6277 1.63  60.87 1.55 2.00 0.35

Example 4. Screening of Lipid Nanoparticle (LNP)
Formulations Containing Spy Ca9 mRNA and
sgRNA
[0606] Cross screening of LNP formulated TTR sgRNAs
with Spy Cas9 mRNA in primary human hepatocytes and

primary cyno hepatocytes.

[0607] Lipid nanoparticle formulations of modified sgR-
NAs targeting human TTR and the cyno matched sgRNA
sequences were tested on primary human hepatocytes and
primary cyno hepatocytes in a dose response curve. Primary
human and cyno hepatocytes were plated as described in
Example 1. Both cell lines were incubated at 37° C., 5%
CO, for 24 hours prior to treatment with LNPs. The LNPs
used in the experiments detailed in Tables 16-19 were
prepared using the Nanoassemblr™ procedure, each con-
taining the specified sgRNA and Cas9 mRNA (SEQ ID
NO:2), each having Lipid. The LNPs contained Lipid A,
Cholesterol, DSPC, and PEG2k-DMG in a 45:44:9:2 molar
ratio, respectively, and had a N:P ratio of 4.5. LNPs were
incubated in hepatocyte maintenance media containing 6%
cyno serum at 37° C. for 5 minutes. Post incubation the
LNPs were added onto the primary human or cyno hepato-
cytes in an 8 point 2-fold dose response curve starting at 100
ng mRNA. The cells were lysed 72 hours post treatment for
NGS analysis as described in Example 1. Percent editing
was determined for crRNAs comprising each guide
sequence across each cell type and the guide sequences were
then rank ordered based on highest % editing at 12.5 ng
mRNA input and 3.9 nM guide concentration. The dose
response curve data for the guide sequences in both cell lines
is shown in FIGS. 4 through 7. The % editing at 12.5 ng
mRNA input and 3.9 nM guide concentration are listed
below (Table 16 through 18).

[0608] Table 16 shows the average and standard deviation
at 12.5 ng of cas9 mRNA for % Edit, % Insertion (Ins), and
% Deletion (Del) for the tested TTR sgRNAs formulated in
lipid nanoparticles with Spy Cas9 mRNA on primary human
hepatocytes as dose response curves. GO00570 exhibited an
uncharacteristic dose response curve compared to the other
sgRNAs which may be an artifact of the experiment. The
data are shown graphically in FIG. 4.

TABLE 16

TTR editing data in primary human hepatocytes treated with
LNP formulated Spy Cas9 mRNA (SEQ ID NO: 2) and sgRNAs

12.5 ng mRNA,

3.9 nM sgRNA
GUIDE ID Avg % Edit Std Dev % Edit
G000480 59.33 0.73
G000481 24.37 0.37
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TABLE 16-continued

TTR editing data in primary human hepatocytes treated with
LNP formulated Spy Cas9 mRNA (SEQ ID NO: 2) and sgRNAs

12.5 ng mRNA,
3.9 nM sgRNA
GUIDE ID Avg % Edit Std Dev % Edit
G000482 19.10 2.64
G000483 7.37 0.67
G000484 16.67 1.23
G000485 14.23 2.36
G000486 61.33 2.59
G000487 17.37 0.95
G000488 44.80 3.00
G000489 16.85 0.06
G000490 10.53 1.90
G000491 31.60 2.33
G000492 15.87 0.44
G000493 7.33 0.73
G000494 6.37 1.07
G000495 23.97 1.66
G000496 30.73 3.76
G000497 15.10 3.30
G000498 24.43 1.30
G000499 16.07 1.67
GO00500 23.57 2.44
G000501 32.30 2.49
GO00567 48.95 1.06
GO00568 54.60 3.68
GO00570 88.30 1.84
GO00572 55.45 1.20
[0609] Table 17 shows the average and standard deviation

at 12.5 ng of mNRA and 3.9 nM guide concentration for %
Edit, % Insertion (Ins), and % Deletion (Del) for the tested
TTR sgRNAs formulated in lipid nanoparticles with Spy
Cas9 mRNA on primary cyno hepatocytes as dose response
curves. The data are shown graphically in FIG. 5.

TABLE 17

TTR editing data in primary cyno hepatocytes treated with
LNP formulated Spy Cas9 mRNA (SEQ ID NO: 2) and sgRNAs

12.5 ng mRNA,
3.9 nM sgRNA,
GUIDE ID Avg % Edit Std Dev % Edit
GO00480 0.73 0.15
G000481 49.20 139
G000482 26.13 5.33
G000483 0.73 0.60
G000484 0.10 0.00
G000485 143 1.02
G000489 31.87 2.40
G000490 15.23 1.08
G000491 6.37 0.38
G000492 0.70 0.28
G000493 7.63 1.14
G000494 1430 1.06
G000495 0.73 0.06
G000497 0.23 0.06
G000498 37.90 142
G000499 14.63 0.70
GO00500 10.47 0.32
G000501 1.37 0.31
GO00567 0.10 0.00
GO00568 9.25 0.21
GO00570 17.30 0.85
GO00571 20.20 2.26
GO00572 30.60 0.42
[0610] Table 18 shows the average and standard deviation

at 12.5 ng of mRNA and 3.9 nM guide concentration for %
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Edit, % Insertion (Ins), and % Deletion (Del) for the tested
cyno specific TTR sgRNAs formulated in lipid nanoparticles
with Spy Cas9 mRNA on primary cyno hepatocytes as dose
response curves. The data are shown graphically in FIG. 6.

TABLE 18

TTR editing data in primary cyno hepatocytes
treated with LNP formulated Spy Cas9 mRNA
(SEQ ID NO: 2) and cyno matched sgRNAs

12.5 ng mRNA,

3.9 nM sgRNA
GUIDE ID % Edit Std Dev % Edit
G000502 80.70 0.14
G000506 60.13 0.70
G000509 74.47 7.28
G000510 61.87 2.54

Cross Screening of LNP Formulated TTR sgRNAs with Spy
Cas9 mRNA in Primary Human Hepatocytes and Primary
Cyno Hepatocytes

[0611] Lipid nanoparticle formulations of modified sgR-
NAs targeting human TTR and the cyno matched sgRNA
sequences were tested on primary human hepatocytes and
primary cyno hepatocytes in a dose response curve. Primary
human and cyno hepatocytes were plated as described in
Example 1. Both cell lines were incubated at 37° C., 5%
CO, for 24 hours prior to treatment with LNPs. The LNPs
used in the experiments detailed in Tables 20-22 were
prepared using the cross-flow procedure described above but
purified using PD-10 columns (GE Healthcare Life Sci-
ences) and concentrated using Amicon centrifugal filter units
(Millipore Sigma), each containing the specified sgRNA and
Cas9 mRNA (SEQ ID NO:1). The LNPs contained Lipid A,
Cholesterol, DSPC, and PEG2k-DMG in a 50:38:9:3 molar
ratio, respectively, and had a N:P ratio of 6.0. LNPs were
incubated in hepatocyte maintenance media containing 6%
cyno serum at 37° C., 5% CO, for 5 minutes. Post incubation
the LNPs were added onto the primary human or cyno
hepatocytes in an 8 point 3-fold dose response curve starting
at 300 ng mRNA. The cells were lysed 72 hours post
treatment for NGS analysis as described in Example 1.
Percent editing was determined for crRNAs comprising each
guide sequence across each cell type and the guide
sequences were then rank ordered based on EC50 values and
maximum editing percent. The dose response curve data for
the guide sequences in both cell lines is shown in FIGS. 4
through 7. The EC 50 values and maximum editing percent
are listed below (Table 19 through 22).

[0612] Table 19 shows the EC50 and maximum editing the
tested human specific TTR sgRNAs formulated in lipid
nanoparticles with U-depleted Spy Cas9 mRNA on primary
human hepatocytes as dose response curves. The data are
shown graphically in FIG. 4.

TABLE 19

TTR editing data in primary human hepatocytes treated with
LNP formulated Spy Cas9 mRNA and human specific sgRNAs

GUIDE ID ECS50 Max Editing
G000480 0.10 98.69
G000481 143 87.05
G000482 0.65 97.02
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TABLE 19-continued

TTR editing data in primary human hepatocytes treated with
LNP formulated Spy Cas9 mRNA and human specific ssRNAs

GUIDE ID ECS50 Max Editing
G000483 1.88 77.39
G000484 0.95 94.14
G000488 0.72 95.83
G000489 1.38 86.33
G000490 1.52 94.16
G000493 242 63.95
G000494 1.28 75.70
G000499 0.63 96.31
G000500 0.39 88.70
GO00568 0.78 95.72
GO000570 0.23 98.22
G000571 2.21 71.28
G000572 0.42 97.94

[0613] Table 20 shows the EC50 and maximum editing the
tested human specific TTR sgRNAs formulated in lipid
nanoparticles with U-depleted Spy Cas9 mRNA on primary
cyno hepatocytes as dose response curves. The data are
shown graphically in FIG. 16.

TABLE 20

TTR editing data in primary cyno hepatocytes treated with
LNP formulated Spy Cas9 mRNA and human specific sgRNAs

GUIDE ID ECS50 Max Editing
G000480 5.28 20.32
G000481 0.93 95.07
G000482 0.89 9747
G000483 4.40 56.52
G000484 347 0.22
G000488 11.56 21.63
G000489 1.79 89.21
G000490 3.09 90.76
G000493 4.97 61.15
G000494 2.77 60.84
G000499 2.00 74.94
G000500 442 58.04
G000567 1.76 97.06
GO00568 1.87 87.93
GO000570 2.00 96.73
G000571 1.55 97.03
G000572 0.79 100.31

[0614] Table 21 shows the EC50 and maximum editing the
tested cyno matched TTR sgRNAs formulated in lipid
nanoparticles with U-depleted Spy Cas9 mRNA on primary
human hepatocytes as dose response curves. The data are
shown graphically in FIG. 17.

TABLE 21
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cyno hepatocytes as dose response curves. The data are
shown graphically in FIG. 18.

TABLE 22

TTR editing data in primary cyno hepatocytes treated with
LNP formulated Spy Cas9 mRNA and cyno specific sgRNAs

GUIDE ID ECS50 Max Editing
G000502 0.26 100.05
G000503 2.26 83.41
G000504 142 98.04
G000505 1.10 99.97
G000506 0.66 99.18

Example 5. Off-Target Analysis of TTR dgRNAs
and sgRNAs Off-Target Analysis of TTR Guides

[0616] Anoligo insertion based assay (See, e.g., Tsai et al.,
Nature Biotechnology 33, 187-197; 2015) was used to
determine potential off-target genomic sites cleaved by Cas9
targeting TTR. Forty-five dgRNAs from Table 1 (and two
control guides with known off-target profiles) were screened
in the HEK293_Cas9 cells. The human embryonic kidney
adenocarcinoma cell line HEK293 constitutively expressing
Spy Cas9 (“HEK293_Cas9”) was cultured in DMEM media
supplemented with 10% fetal bovine serum and 500 pg/ml
G418. Cells were plated at a density of 30,000 cells/well in
a 96-well plate 24 hours prior to transfection. Cells were
transfected with Lipofectamine RNAIMAX (ThermoFisher,
Cat. 13778150) per the manufacturer’s protocol. Cells were
transfected with a lipoplex containing individual crRNA (15
nM), trRNA (15 nM), and donor oligo with (10 nM) Lipo-
fectamine RNAIMAX (0.3 pl/well) and OptiMem. Cells
were lysed 24 hours post transfection and genomic DNA
was extracting using Zymo’s Quick gDNA 96 Extraction kit
(catalog # D3012) following the manufacturer’s recom-
mended protocol. The gDNA was quantified using the Qubit
High Sensitivity dsDNA kit (Life Technologies). Libraries
were prepared per the previously described method in Tsai
et al, 2015 with minor modifications. Sequencing was per-
formed on Illumina’s MiSeq and HiSeq 2500. The assay
identified potential off-target sites for some of the crRNAs
which are plotted in FIG. 2.

[0617] Table 23 shows the number of off-target integration
sites detected in HekCas9 cells transfected with TTR dgR-
NAs along with a double stranded DNA oligo donor
sequence.

TABLE 23

Number of off-target integration sites detected
for TTR dgRNAs via an oligo insertion based assay

TTR editing data in primary human hepatocytes treated with

LNP formulated Spy Cas9 mRNA and cyno specific ssRNAs GUIDE 1D # Sites
. CRO03335 0
GUIDE ID EC50 Max Editing CRO03336 )
GO00502 0.70 91.50 CR003337 10
G000504 5.16 7.16 CRO03338 2
G000505 3.57 13.48 CR003339 3
GO00506 1.26 89.49 CR003340 0
CR0O03342 0
CR0O03343 2
. .. CR003344 0
[0615] Table 22 shows the EC50 and maximum editing the CRO03345 0
tested cyno matched TTR sgRNAs formulated in lipid CRO03346 0

nanoparticles with U-depleted Spy Cas9 mRNA on primary
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TABLE 23-continued TABLE 24-continued
Number of off-target integration sites detected Number of off-target integration sites detected
for TTR dgRNAs via an oligo insertion based assay for TTR sgRNAs via an insertion detection method

GUIDE ID # Sites GUIDE ID # Sites
CRO03347 1 G000497 26
CRO03348 3 G000498 82
CRO003351 1 G000499 4
CR003352 2 G000500 46
CR003353 2 G000501 4
CRO03355 1 G000567 9
CRO03356 4 G000568 937
CRO03357 3 G000570 19
CRO03359 6 G000571 16
CRO03360 0 G000572 15
CR003363 4
CRO03365 3
CRO03366 1
CR003367 1 Example 6. Targeted Sequencing for Validating
CRO03368 2 : :
CRO03369 5 Potential Off-Target Sites
CRO03377 0 [0620] The HEK293_Cas9 cells used in Example 5 for
CRO03380 0 . . N
CRO03382 4 detecting Potentlal oﬁ-targets constitutively _overexpress
CR003383 1 Cas9, leading to a higher number of potential off-target
CRO03385 3 “hits” as compared to a transient delivery paradigm in
CRO03386 1 various cell types. Further, when delivering sgRNAs (as
gﬁgggggg g opposed to dgRNAs), the number of potential off-target hits
CR003389 5 may be further inflated as sgRNA molecules are more stable
CRO003390 1 than dgRNAs (especially when chemically modified).
CR003351 0 Accordingly, potential off-target sites identified by an oligo
ggggggé 8 insertion method as used in Example 5 may be validated
CRO05300 0 using targeted sequencing of the identified potential off-
CRO05301 0 target sites.
CRO05302 1 [0621] In one approach, primary hepatocytes are treated
gﬁggggi é with LNPs comprising Cas9 mRNA and a sgRNA of interest

[0618] Additionally, a subset of the guides was assessed
for off-target potential as modified sgRNAs in the Hek_Cas9
cells via the oligo based insertion method described above.
The off-target results were plotted in FIG. 4.

[0619] Table 24 shows the number of off-target integration
sites detected in HekCas9 cells transfected with TTR sgR-
NAs along with a double stranded DNA oligo donor
sequence.

TABLE 24

Number of off-target integration sites detected
for TTR sgRNAs via an insertion detection method

GUIDE ID # Sites
G000480 11
G000481 3
G000482 13
G000483 5
G000484 7
G000485 22
G000486 12
G000487 14
G000488 0
G000489 19
G000490 12
G000491 28
G000492 97
G000493 7
G000494 4
G000495 13
G000496 1

(e.g., a sgRNA having potential off-target sites for evalua-
tion). The primary hepatocytes are then lysed and primers
flanking the potential off-target site(s) are used to generate
an amplicon for NGS analysis. Identification of indels at a
certain level may validate potential off-target site, whereas
the lack of indels found at the potential off-target site may
indicate a false positive in the HEK293_Cas9 cell assay.

Example 7. Phenotypic Analysis

Western Blot Analysis of Secreted TTR

[0622] The hepatocellular carcinoma cell line, HepG2,
was transfected as described in Example 1 with select guides
from Table 1 in triplicate. Two days post-transfection, one
replicate was harvested for genomic DNA and analysis by
NGS sequencing for editing efficiency. Five days post-
transfection, media without serum was replaced on one
replicate. After 4 hrs the media was harvested for analysis of
secreted TTR by WB as previously described. The data for
% edit for each guide and reduction of extracellular TTR is
provided in FIG. 7.

Western Blot Analysis of Intracellular TTR

[0623] The hepatocellular carcinoma cell line, HUH7, was
transfected as described in Example 1 with crRNA compris-
ing the guides from Table 1. The transfected pools of cells
were retained in tissue culture and passaged for further
analysis. At seven days post-transfection, cells were har-
vested and whole cell extracts (WCEs) were prepared and
subjected to analysis by Western Blot as previously
described.
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[0624] WCEs were analyzed by Western Blot for reduc-
tion of TTR protein. Full length TTR protein has a predicted
molecular weight of =16 kD. A band at this molecular
weight was observed in the control lanes in the Western Blot.

[0625] Percent reduction of TTR protein was calculated
using the Licor Odyssey Image Studio Ver 5.2 software.
GAPDH was used as a loading control and probed simul-
taneously with TTR. A ratio was calculated for the densi-
tometry values for GAPDH within each sample compared to
the total region encompassing the TTR band. Percent reduc-
tion of TTR protein was determined after the ratios were
normalized to control lanes. Results are shown in FIG. 8.

Example 8. LNP Delivery to Humanized TTR Mice
and Mice Having Wt (Murine) TTR

[0626] Mice humanized with respect to the TTR gene
were dosed with LNP formulations 701-704 containing the
guides indicated in Table 25 (5§ mice per formulation). These
humanized TTR mice were engineered such that a region of
the endogenous murine TTR locus was deleted and replaced
with an orthologous human TTR sequence so that the locus
encodes a human TTR protein. For comparison, 6 mice with
murine TTR were dosed with LNP700, containing a guide
(G000282) targeting murine TTR. LNPs with Formulation
Numbers 1-5 in Table 25 were prepared using the Nanoas-
semblr™ procedure as described above while LNPs with
Formulation Numbers 6-16 were prepared using the cross-
flow procedure described above but purified using PD-10
columns (GE Healthcare Life Sciences) and concentrated
using Amicon centrifugal filter units (Millipore Sigma). As
negative controls, mice of the corresponding genotype were
dosed with vehicle alone (Tris-saline-sucrose buffer (TSS)).
The background of the humanized TTR mice administered
LNPs with Formulation Numbers 2-5 in Table 25 was 50%
12956/SvEvTac 50% C57BL/6NTac; the background of the
humanized TTR mice administered LNPs having Formula-
tion Numbers 6-16 in Table 25 as well as the mice with
murine TTR (administered LNP700, Formulation Number
1) was 75% CS57BL/6NTac 25% 12956/SvEvTac.

TABLE 25

LNP formulations for dosing humanized TTR mice.

Molar Ratios
(Lipid A,

RNA Cholesterol,

concen- DSPC, and

Formulation tration N:P  PEG2k-DMG,

Number LNP Guide (mg/ml) Ratio respectively)
1 LNP700  G000282 0.53 4.5 45:44:9:2
2 LNP701  G000481 0.46 4.5 45:44:9:2
3 LNP702  G000489 0.61 4.5 45:44:9:2
4 LNP703  G000494 0.57 4.5 45:44:9:2
5 LNP704  G000499 0.59 4.5 45:44:9:2
6 LNP1148  G000481 0.73 4.5 45:44:9:2
7 LNP1152  G000499 0.45 6.0 50:38:9:3
8 LNP1153  G000482 0.53 6.0 50:38:9:3
9 LNP1155 G000571 0.70 6.0 50:38:9:3
10 LNP1156  G000572 0.58 6.0 50:38:9:3
11 LNP1157  G000480 0.84 6.0 50:38:9:3
12 LNP1159  G000488 0.79 6.0 50:38:9:3
13 LNP1160  G000493 0.71 6.0 50:38:9:3
14 LNP1161  G000500 0.66 6.0 50:38:9:3
15 LNP1162  G000567 0.69 6.0 50:38:9:3
16 LNP1163  G000570 0.66 6.0 50:38:9:3

Aug. 6, 2020

[0627] LNPs having Formulation numbers 1-5 contained
Cas9 mRNA of SEQ ID NO:2 and LNPs having Formula-
tion Numbers 6-16 contained Cas9 mRNA of SEQ ID NO:
1, all in a 1:1 ratio by weight to the guide. The LNPs
contained Lipid A, Cholesterol, DSPC, and PEG2k-DMG in
the molar ratios recited in Table 25, respectively. Dosing
with LNPs having Formulation Numbers 1-5 was at 2 mg/kg
(total RNA content) and dosing with LNPs having Formu-
lation Numbers 6-16 was at 1 mg/kg (total RNA content).
Liver editing results were determined using primers
designed to amplify the region of interest for NGS analysis.
Liver editing results for Formulation Numbers 1-5 are
shown in FIG. 9 and indicate editing of the human TTR
sequence with each of the four guides tested at a level >35%
editing (mean values) with G000494 and G000499 provid-
ing values near 60%. Liver editing results for formulation
numbers 6-8, 10-13, and 15-16 are shown in FIG. 13 and
Table 26, which show efficient editing of the human TTR
sequence with each of the formulations tested. Greater than
38% editing was seen for all formulations, with several
formulations providing editing values greater than 60%.
Formulations 9 and 14 are not shown due to the design of the
PCR amplicon and a resulting low number of sequencing
reads.

[0628] The level of human TTR in serum was measured in
the mice provided formulation numbers 6-8, 10-13, and
15-16. See FIG. 14B. FIG. 14A is a repeat of FIG. 13
provided for comparison purposes. Knockdown of serum
human TTR was detected for each formulation tested, which
correlated with the amount of editing detected in liver (See
FIG. 14A vs 14B, Table 26).

TABLE 26

GUIDE ID % Editing Serum TTR(% TSS)
TSS (vehicle) 0.06 100
G481 61.28 10.52
G499 65.66 8.39
G482 70.86 4.65
G572 73.52 2.11
G480 77.34 3.48
G488 59.125 27.78
G493 38.55 49.73
G567 47.525 44.24
G570 45.5 41.73
G571 33.88 11.39
G500 44.44 34.28

[0629] In another set of experiments, humanized TTR
mice were dosed with LNP formulations across a range of
doses with guides GO000480, G000488, G000489 and
G000502. The formulations contained Cas9 mRNA (SEQ
ID NO: 1) in a 1:1 ratio by weight to the guide. The LNPs
contained Lipid A, Cholesterol, DSPC, and PEG2k-DMG in
a 50:38:9:3 molar ratio, respectively, and having a N:P ratio
of 6. Dosing was at 1, 0.3, 0.1, or 0.03 mg/kg (n=5/group).
The LNPs were prepared using the cross-flow procedure
described above and purified and concentrated using PD-10
columns and Amicon centrifugal filter units, respectively.
Liver editing results were determined using primers
designed to amplify the region of interest for NGS analysis
and serum human TTR levels were measured as described
above. Results for liver editing are shown in FIG. 26A and
serum human TTR levels in FIG. 26B-C. A dose response
for both editing and serum TTR levels was evident.
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[0630] In another set of experiments, humanized TTR
mice were dosed with LNP formulations across a range of
doses with guides G000481, G000482, G000486 and
G000499. The formulations contained Cas9 mRNA (SEQ
ID NO: 1) in a 1:1 ratio by weight to the guide. The LNPs
contained Lipid A, Cholesterol, DSPC, and PEG2k-DMG in
a 50:38:9:3 molar ratio, respectively, and had an N:P ratio of
6. Dosing was at 1, 0.3, or 0.1 mg/kg (n=5/group). The LNPs
were prepared using the cross-flow procedure described
above and purified and concentrated using PD-10 columns
and Amicon centrifugal filter units, respectively. Liver edit-
ing results were determined using primers designed to
amplify the region of interest for NGS analysis and serum
human TTR levels were measured as described above.
Results for liver editing are shown in FIG. 27A and serum
human TTR levels in FIG. 27B-C. A dose response for both
editing and serum TTR levels was evident.

[0631] In another set of experiments, humanized TTR
mice were dosed with LNP formulations across a range of
doses with guides G000480, G000481, G000486, GO00499
and G000502. The formulations contained Cas9 mRNA
(SEQ ID NO: 1) in a 1:2 ratio by weight to the guide. The
LNPs contained Lipid A, Cholesterol, DSPC, and PEG2k-
DMG in a 50:38:9:3 molar ratio, respectively, and had an
N:P ratio of 6. Dosing was at 1, 0.3, or 0.1 mg/kg (n=5/
group). The LNPs were prepared using the cross-flow pro-
cedure described above and purified and concentrated using
PD-10 columns and Amicon centrifugal filter units, respec-
tively. Liver editing results were determined using primers
designed to amplify the region of interest for NGS analysis
and serum human TTR levels were measured as described
above. Results for liver editing are shown in FIG. 28A and
serum human TTR levels in FIG. 28B-C. A dose response
for both editing and serum TTR levels was evident.
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[0632] In separate experiments using wild type CD-1
mice, an LNP formulation comprising guide G000502,
which is cross homologous between mouse and cyno, was
tested in a dose response study. The formulation contained
Cas9 mRNA (SEQ ID NO: 1) in a 1:1 ratio by weight to the
guide. The LNP contained Lipid A, Cholesterol, DSPC, and
PEG2k-DMG in a 45:44:9:2 molar ratio, respectively, and
having a N:P ratio of 6. Dosing was at 1, 0.3, 0.1, 0.03, or
0.01 mg/kg (n=5/group). Liver editing results were deter-
mined using primers designed to amplify the region of
interest for NGS analysis. Results for liver editing are shown
in FIG. 15A and serum mouse TTR levels in FIG. 15B. A
dose response for both editing and serum TTR levels was
evident.

Example 9. LNP Delivery to Mice in Multiple
Doses

[0633] Mice (females from Charles River Laboratory,
aged approximately 6-7 weeks) were dosed with an LNP
formulation LNP705, prepared using cross-flow and TFF
procedures as described above containing G000282
(“G282”) and Cas9 mRNA (SEQ ID NO: 2) in a 1:1 ratio by
weight and a total RNA concentration of 0.5 mg/ml. The
LNP had an N:P ratio of 4.5 and contained Lipid A,
Cholesterol, DSPC, and PEG2k-DMG in a 45:44:9:2 molar
ratio, respectively. Groups were dosed either once weekly up
to one, two, three, or four weeks (QWx1-4) or once monthly
up to two or three months (QMx2-3). Dosages were 0.5
mg/kg or 1 mg/kg (total RNA content). Control groups
received a single dose on day 1 of 0.5, 1, or 2 mg/kg. Each
group contained 5 mice. Serum TTR was analyzed by
ELISA and at necropsy the liver, spleen and muscle were
each collected for NGS editing analysis. Groups are shown
in Table 27. X=sacrifice and necropsy. MPK=mg/kg.

TABLE 27

Study Groups

Total
Duration/ Dose Dose Dose Dose Dose NX  Dose NX
Dose Dose (MPK) Day Day Day Day Day Day Day
Group Regimen (MPK) Given 1 8 15 22 28 43 49
1 4 Week 0(TSS 0 X X X X X
Multi control)
Dose/
QW x 4
2 2 Month 1 X X X X
3 Multi 0.5 1.5 X X X X
Dose/
QM x 3
4 1 Month 1 2 X X X
5 Multi 0.5 1 X X X
Dose/
QM x 2
6 4 Week 1 4 X X X X X
7 Multi 0.5 2 X X X X X
Dose/
QW x 4
8 3 Week 1 X X X X
9 Multi 0.5 1.5 X X X X
Dose/
QW x 3
10 2 Week 1 2 X X X
11 Multi 0.5 1 X X X
Dose/

QW x 2
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TABLE 27-continued
Study Groups
Total

Duration/ Dose Dose Dose Dose Dose NX Dose NX

Dose Dose (MPK) Day Day Day Day Day Day Day
Group Regimen (MPK) Given 1 8 15 22 28 43 49
12 Single 1 1 X X
13 Dose/ 0.5 0.5 X X
14 QW x 1 2 2 Day Day

26 32

[0634] Table 28 and FIGS. 10A-11B show serum TTR human albumin 3' UTR, a Kozak sequence, and a poly-A tail

level results (% KD=% knockdown). Table 29 and FIGS.
12A-C show liver editing results.

TABLE 28

Serum TTR Results.

Serum TTR Serum TTR
Time Regimen Dose (ng/mL) (% KD)
QWx4 TSS 1190.7 —
QMx3 0.5 245.01 79.42
QMx2 0.5 776.73 34.77
QWx4 0.5 34743 70.82
QWx3 0.5 405.70 65.93
QWx2 0.5 432.25 63.70
QWxl1 0.5 804.06 32.47
QMx3 1 91.95 92.28
QMx2 1 176.81 85.15
QWx4 1 119.52 89.96
QWx3 1 167.15 85.96
QWx2 1 130.98 89.00
QWxl1 1 573.02 51.88
QWxl1 2 219.07 81.60
TABLE 29
Liver Editing Results.
Time Regimen Dose Liver Editing (%)
QWx4 TSS 0.38
QMx3 0.5 48.18
QMx2 0.5 36.66
QWx4 0.5 56.03
QWx3 0.5 51.35
QWx2 0.5 34.77
QWxl1 0.5 24.16
QMx3 1 63.40
QMx2 1 57.37
QWx4 1 62.89
QWx3 1 59.22
QWx2 1 60.12
QWxl1 1 35.16
QWxl1 2 60.57
[0635] The results show that it is possible to build up a

cumulative dose and effect with multiple administrations
over time, including at weekly or monthly intervals, to
achieve increasing editing levels and % KD of TTR.

Example 10. RNA Cargo: Varying mRNA and
gRNA Ratios

[0636] This study evaluated in vivo efficacy in mice of
different ratios of gRNA to mRNA. CleanCap™ capped
Cas9 mRNAs with the ORF of SEQ ID NO: 4, HSD 5' UTR,

were made by IVT synthesis as indicated in Example 1 with
N1-methylpseudouridine triphosphate in place of uridine
triphosphate.

[0637] LNP formulations prepared from the mRNA
described and G282 (SEQ ID NO: 124) as described in
Example 1 with Lipid A, cholesterol, DSPC, and PEG2k-
DMG in a 50:38:9:3 molar ratio and with an N:P ratio of 6.
The gRNA:Cas9 mRNA weight ratios of the formulations
were as shown in FIGS. 19A and 19B.

[0638] For in vivo characterization, the LNPs were admin-
istered to mice at 0.1 mg total RNA (mg guide RNA+mg
mRNA) per kg (n=5 per group). At 7-9 days post-dose,
animals were sacrificed, blood and the liver were collected,
and serum TTR and liver editing were measured as
described in Example 1. Serum TTR and liver editing results
are shown in FIGS. 19A and 19B. Negative control mice
were dosed with TSS vehicle.

[0639] In addition, the above LNPs were administered to
mice at a constant mRNA dose of 0.05 mg mRNA per kg
(n=5 per group), while varying the gRNA dose from 0.06 mg
per kg to 0.4 mg per kg. At 7-9 days post-dose, animals were
sacrificed, blood and the liver were collected, and serum
TTR and liver editing were measured. Serum TTR and liver
editing results are shown in FIG. 19C and FIG. 19D.
Negative control mice were dosed with TSS vehicle.

Example 11. Off-Target Analysis of TTR sgRNAs
in Primary Human Hepatocyes

[0640] Off-target analysis of sgRNAs targeting TTR was
performed in primary human hepatocytes (PHH) as
described in Example 5, with the following modifications.
PHH were plated at a density of 33,000 cells per well on
collagen-coated 96-well plates as described in Example 1.
Twenty-four hours post plating, cells were washed with
media and transfected using Lipofectamine RNAIMAX
(ThermoFisher, Cat. 13778150) as described in Example 1.
Cells were transfected with a lipoplex containing 100 ng
Cas9 mRNA, immediately followed by the addition of
another lipoplex containing 25 nM of the sgRNA and 12.5
nM of the donor oligo (0.3 pl/well). Cells were lysed 48
hours post-transfection and gDNA was extracted and ana-
lyzed as further described in Example 5. The data is graphi-
cally represented in FIG. 20.

[0641] Table 30 shows the number of off-target integration
sites detected in PHH, and compares to the number of sites
that were detected in the HekCas9 cells used in Example 5.
Fewer sites were detected in PHH for every guide tested as
compared to the HekCas9 cell line, with no unique sites
detected in PHH alone.
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TABLE 30

Number of off-target integration sites detected for
TTR sgRNAs in PHH via an oligo insertion based assay

# Sites in
# HekCas9 cells
GUIDE ID Sites in PHH (Example 5)
G000480 2 11
G000481 0 3
G000482 2 13
G000483 0 5
G000484 0 7
G000485 3 22
G000486 0 12
G000487 0 14
G000488 0 0
G000489 2 19
G000490 0 12
G000491 7 28
G000492 5 97
G000493 1 7
G000494 0 4
G000495 1 13
G000496 0 1
G000497 3 26
G000498 19 82
G000499 1 4
G000500 12 46
G000501 0 4
G000567 0 9
G000568 11 936
G000570 1 19
G000571 1 16
G000572 2 15
[0642] Following the identification of potential off-target

sites in PHH via the oligo insertion assay, certain potential
sites were further evaluated by targeted amplicon sequenc-
ing, e.g., as described in Example 6. In addition to the
potential off-target sites identified by the oligo insertion
strategy, additional potential off-target sites identified by in
silico prediction were included in the analysis.

[0643] To this end, PHH were treated with LNPs com-
prising 100 ng of Cas9 mRNA (SEQ ID NO:1) and the
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gRNA of interest at 14.68 nM (in a 1:1 ratio by weight), as
described in Example 4. The LNPs were prepared using the
cross-flow procedure described above and purified and con-
centrated using PD-10 columns and Amicon centrifugal
filter units, respectively. The LNPs were formulated with an
N:P ratio of 6.0 and contained Lipid A, Cholesterol, DSPC,
and PEG2k-DMG in a 50:38:9:2 molar ratio, respectively.
Following LNP treatment, isolated genomic DNA was ana-
lyzed by NGS (e.g., as described in Examples 1 and 6) to
determine whether indels could be detected at the potential
off-target site, which would be indicative of a Cas9-medi-
ated cleavage event. Tables 31 and 32 show the potential
off-target sites that were evaluated for the gRNAs G000480
and G000486, respectively.

[0644] As shownin FIGS. 21A-B and 22A-B and Table 33
below, indels were detected at low levels for only two of the
potential off-target sites identified by the oligo insertion
assay for G000480, and only one for G000486. No indels
were detected at any of the in silico predicted sites for either
guide. Further, indels were only detected at these sites using
a near-saturating dose of LNP, as the indel rates observed at
the on-target sites for GO00480 and G000486 were ~97%
and ~91%, respectively (See Table 33). The genomic coor-
dinates of these sites are also reported in Tables 31 and 32,
and each correspond to sequences that do not code for any
protein.

[0645] A dose response assay was then performed in order
to determine the highest dose of LNP in which no off-targets
were detected. PHH were treated with LNPs comprising
either GO00480 or G000486 as described in Example 4. The
doses ranged across 11 points with respect to gRNA con-
centration (0.001 nM, 0.002 nM, 0.007 nM, 0.02 nM, 0.06
nM, 0.19 nM, 0.57 nM, 1.72 nM, 5.17 nM, 15.51 nM, and
46.55 nM). As represented by the dashed vertical line in
FIGS. 21A-B and 22A-B, the highest concentrations (with
respect to the concentration of gRNA) at which the potential
off-target sites were no longer detected for G000480 and
G000486 were 0.57 nM and 15.51 nM, respectively, which
resulted in on-target indel rates of 84.60% and 89.50%,
respectively.

TABLE 31

Identified potential off target sites via insertion detection and in silico
prediction for G000480 evaluated via targeted amplicon sequencing

Off-target Chromosomal Coordinates
GUIDE ID  (OT) Site ID  Assay Used (hg38) Strand
G000480 INS-OT.1 Insertion Detection chr7: 94767406-94767426 +
G000480 INS-OT.2 Insertion Detection  chr2: 192658562-192658582 +
G000480 INS-OT.3 Insertion Detection chr7: 4834390-4834410 +
G000480 INS-OT.4 Insertion Detection chr20: 9216118-9216138 -
G000480 INS-OT.5 Insertion Detection chrl0: 12547071-12547091 +
G000480 INS-OT.6 Insertion Detection  chr6: 168377978-168377998 -
G000480 INS-OT.7 Insertion Detection  chrl2: 114144669-114144689 -
G000480 INS-OT.8 Insertion Detection chrl0: 7376755-7376775 +
G000480 INS-OT.9 Insertion Detection chr2: 52950299-52950319 +
G000480 INS-OT.10 Insertion Detection chr8: 56579165-56579185 -
G000480 INS-OT.11 Insertion Detection  chrl: 189992255-189992275 +
G000480 PRED-OT.1 in silico prediction  c¢hrl0:12547071-12547091 +
G000480 PRE-DOT.2 in silico prediction  chrX: 119702782-119702802 +
G000480 PRED-OT.3 in silico prediction  chrl: 116544586-116544606 +
G000480 PRED-OT.4 in silico prediction  chr6: 88282884-88282904 +
G000480 PRED-OT.6 in silico prediction  chr5: 121891868-121891888 +
G000480 PRED-OT.7 in silico prediction  chr3: 52544945-52544965 +
G000480 PRED-OT.8 in silico prediction  chrl5: 36949639-36949659 +
G000480 PRED-OT.9 in silico prediction  chr5: 33866486-33866506 +
G000480 PRED-OT.10  in silico prediction  chr5: 159755754-159755774 +
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TABLE 31-continued

Identified potential off target sites via insertion detection and in silico
prediction for GO00480 evaluated via targeted amplicon sequencing

Off-target Chromosomal Coordinates
GUIDE ID  (OT) Site ID  Assay Used (hg38) Strand
G000480 PRED-OT.11  in silico prediction  chr5: 31349859-31349879 +
G000480 PRED-OT.12  in silico prediction  chrll: 79485652-79485672 +
G000480 PRED-OT.13  in silico prediction  chrl5: 29448864-29448884 +
G000480 PRED-OT.14  in silico prediction  c¢hr5: 171153565-171153585 +
G000480 PRED-OT.15  in silico prediction  chr9: 84855273-84855293 +
G000480 PRED-OT.16 in silico prediction  chré: 159953060-159953080 +
G000480 PRED-OT.17  in silico prediction chrl6: 51849024-51849044 +
G000480 PRED-OT.18 in silico prediction  chr3: 24108809-24108829 +
G000480 PRED-OT.19  in silico prediction  chrl8: 41118310-41118330 +
G000480 PRED-OT.20  in silico prediction  c¢hrl0: 108975241-108975261 +
G000480 PREDO-T.21  in silico prediction chrl: 44683633-44683653 +
G000480 PRED-OT.22  in silico prediction  chr2: 196214849-196214869 +
G000480 PRED-OT.23  in silico prediction  chr9: 117353544-117353564 +
G000480 PRED-OT.24  in silico prediction  chrl: 55583322-55583342 +
G000480 PRED-OT.25  in silico prediction chrl2: 28246827-28246847 +
G000480 PRED-OT.26  in silico prediction  chrd: 54545361-54545381 +
G000480 PRED-OT.27  in silico prediction  chrl3: 22364836-22364856 +
G000480 PRED-OT.28  in silico prediction  chrl3: 80816049-80816069 +
G000480 PRED-OT.29 in silico prediction  chr7: 39078622-39078642 +
G000480 PRED-OT.30 in silico prediction  chr2: 59944386-59944406 +

“INS-OT.N” refers to an off-target site ID detected by oligo insertion, where N is an integer specified above;
“PRED-OT.N” refers to an off-target site ID predicted via in silico methods, where N is an integer specified above.

TABLE 32

Identified potential off target sites via insertion detection and in silico
prediction for GO00486 evaluated via targeted amplicon sequencing

Off-target Chromosomal Coordinates
GUIDE ID  (OT) Site ID  Assay Used (hg38) Strand
G000486 INS-OT.1 Insertion Detection chrl4: 77332157-77332177 +
G000486 INS-OT.2 Insertion Detection chrl4: 54672059-54672079 -
G000486 INS-OT.3 Insertion Detection chrd: 108513169-108513189 -
G000486 INS-OT .4 Insertion Detection  chr5: 91397023-91397043 -
G000486 INS-OT.5 Insertion Detection c¢hr9:116626135-116626155 -
G000486 INS-OT.6 Insertion Detection  chr6: 73201226-73201246 +
G000486 INS-OT.7 Insertion Detection chrl6: 89368352-89368372 -
G000486 INS-OT.8 Insertion Detection  chr7: 56308371-56308391 -
G000486 INS-OT.9 Insertion Detection  chr21:43605667-43605687 +
G000486 INS-OT.10 Insertion Detection  chr5: 26758030-26758050 +
G000486 INS-OT.11 Insertion Detection  chrl7: 30656428-30656448 +
G000486 INS-OT.12 Insertion Detection  chr8: 130486452-130486472 +
G000486 PRED-OT.1 in silico prediction  chrll: 44707064-44707084 +
G000486 PRED-OT.2 in silico prediction  chr5: 50775396-50775416 +
G000486 PRED-OT.3 in silico prediction  chrd: 141623949-141623969 +
G000486 PRED-OT.4 in silico prediction  chrl: 223481186-223481206 +
G000486 PRED-OT.5 in silico prediction  chr6: 39951487-39951507 +
G000486 PRED-OT.6 in silico prediction  chrY: 5456047-5456067 +
G000486 PRED-OT.8 in silico prediction  chr6: 129868719-129868739 +
G000486 PRED-OT.9 in silico prediction  chrX: 80450312-80450332 +
G000486 PRED-OT.10  in silico prediction  chr7: 27256771-27256791 +
G000486 PRED-OT.11  in silico prediction  chr3: 181416528-181416548 +
G000486 PRED-OT12  in silico prediction  chr7: 146425020-146425040 +
G000486 PRED-OT.13  in silico prediction  chr3: 16980977-16980997 +
G000486 PRED-OT.14  in silico prediction  c¢hr7: 118161002-118161022 +
G000486 PRED-OT.15  in silico prediction  chré: 102220539-102220559 +
G000486 PRED-OT.16 in silico prediction  c¢hrl2: 127278991-127279011 +
G000486 PRED-OT.17  in silico prediction chr2: 67686631-67686651 +
G000486 PRED-OT.18 in silico prediction chrl: 114467665-114467685 +
G000486 PRED-OT.19  in silico prediction  chr3: 194514436-194514456 +
G000486 PRED-OT.20  in silico prediction  chrl4: 31767581-31767601 +
G000486 PRED-OT.21  in silico prediction  chrl6: 28706209-28706229 +
G000486 PRED-OT.22  in silico prediction  chr8: 110526279-110526299 +
G000486 PRED-OT.23  in silico prediction chrl9: 2899814-2899834 +
G000486 PRED-OT.25 in silico prediction  c¢hr3: 130760261-130760281 +
G000486 PRED-OT.26  in silico prediction  chrll: 2506046-2506066 +
G000486 PRED-OT.27  in silico prediction  chr2: 153918318-153918338 +
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TABLE 32-continued

Identified potential off target sites via insertion detection and in silico
prediction for GO00486 evaluated via targeted amplicon sequencing

Off-target Chromosomal Coordinates
GUIDE ID  (OT) Site ID  Assay Used (hg38) Strand
G000486 PRED-OT.28  in silico prediction  chrl4: 40590226-40590246 +
G000486 PRED-OT.29  in silico prediction  chrl8: 806650-806670 +
G000486 PRED-OT.30  in silico prediction  c¢hr2: 117707480-117707500 +

“INS-OT.N” refers to an off-target site ID detected by oligo insertion, where N is an integer specified above;
“PRED-OT.N” refers to an off-target site ID predicted via in silico methods, where N is an integer specified.

TABLE 33

Detected Off Target sites in PHH treated with
LNP containing 100 ng mRNA and 31.03 nM gRNA

Indel Frequency
(using LNP with

ing the single dose of LNP comprising G481, with no editing
detected in the control group. Analysis of the editing events
demonstrated that 96.8% of the events were insertions, with
the remainder deletions.

[0650] As shown in FIG. 24A-B, TTR protein levels were
decreased in plasma but not in CSF from the treated mice,

100 ng Cas? Indel with greater than 99% knockdown of TTR plasma levels
Off-target mRNA and 14.68 Frequency
GUIDE ID (OT) Site ID Site Type nM gRNA) std. dev. observed (p<0.001).
[0651] The near complete knockdown of TTR observed in
6000480 wa On-Target 97.33% 1.10% the plasma of treated animals correlated with the clearance
G000480 INS-OT.2  Off-Target 1.43% 0.40% . . s .
GO00480 INS-OT4  Off-Target 0.97% 0.25% of TTR.proteln amyloid depO?lthIl in the assayed .tlssue.s..As
G000486 n/a On-Target 91.33% 1.97% shown in FIG. 25, control mice exhibited amyloid staining
G000486 INS-OT4  Off-Target 0.47% 0.06% in tissues which resembles the pathophysiology observed in

Example 12. LNP Delivery to Humanized Mouse
Model of ATTR

[0646] A well-established humanized transgenic mouse
model of hereditary AT'TR amyloidosis that expresses the
V30M pathogenic mutant form of human TTR protein was
used in this Example. This mouse model recapitulates the
TTR deposition phenotype in tissues observed in ATTR
patients, including within the peripheral nervous system and
gastrointestinal (GI) tract (See Santos et al., Neurobiol
Aging. 2010 February; 31(2):280-9).

[0647] Mice (aged approximately 4-5 months) were dosed
with LNP formulations prepared using the cross-flow and
TFF procedures as described in Example 1. The LNPs were
formulated with an N:P ratio of 6.0 and contained Lipid A,
Cholesterol, DSPC, and PEG2k-DMG in a 50:38:9:2 molar
ratio, respectively. The LNPs contained Cas9 mRNA (SEQ
ID NO: 1) and either GO00481 (“G481”) or a non-targeting
control guide GO00395 (“G395”; SEQ ID NO: 273),ina 1:1
ratio of gRNA:mRNA by weight.

[0648] Mice were injected via the lateral tail vein as
described in Example 1 with a single 1 mg/kg (of total RNA
content) dose of LNP with an n=10/group. At 8 weeks post
treatment, the mice were euthanized for sample collection.
Human TTR protein levels were measured in serum and
cerebrospinal fluid (CSF) by ELISA as previously described
by Butler et al., Amyloid. 2016 June; 23(2):109-18. Liver
tissue was assayed for editing levels as described in
Example 1. Other tissues (stomach, colon, sciatic nerve,
dorsal root ganglion (DRG)) were collected and processed
for semi-quantitative immunohistochemistry as previously
described by Gongalves et al., Amyloid. 2014 September;
21(3): 175-184. Statistical analysis for the immunohisto-
chemistry data was performed using Mann Whitney test
with a p-value<0.0001.

[0649] As shown in FIG. 23A-B, robust editing (49.4%) of
TTR was observed in livers of the humanized mice follow-

human subjects with ATTR. Decreasing circulating TTR by
editing the HuTTR V30M locus resulted in a dramatic
decrease of amyloid deposition in tissues. Approximately
85% or better reduction in TTR staining was observed across
the treated tissues 8 weeks post-treatment (FIG. 25).

Example 13. TTR mRNA Knockdown in Primary
Human Hepatocytes (PHH)

[0652] In one experiment, PHH were cultured and treated
with LNPs comprising Cas9 mRNA (SEQ ID NO:1) and a
gRNA of interest (See FIG. 29, Table 34), as described in
Example 4. The LNPs were prepared using the cross-flow
procedure described above and purified and concentrated
using PD-10 columns and Amicon centrifugal filter units,
respectively. The LNPs were formulated with an N:P ratio of
6.0 and contained Lipid A, Cholesterol, DSPC, and PEG2k-
DMG in a 50:38:9:2 molar ratio, respectively. The LNPs
comprised a gRNA:mRNA ratio of 1:2, and the cells were
treated at a dose of 300 ng (with respect to the amount of
mRNA cargo delivered).

[0653] Ninety-six (96) hours following LNP treatment
(with biological triplicates for each condition), mRNA was
purified from PHH cells using the Dynabeads mRNA
DIRECT Kit (ThermoFisher Scientific) according to the
manufacturer’s protocol. Reverse Transcription (RT) was
performed with Maxima reverse transcriptase (Thermo-
Fisher Scientific) and a poly-dT primer. The resulting cDNA
was purified with Ampure XP Beads (Agencourt). For
Quantitative PCR, 2% of the purified cDNA was amplified
with Tagman Fast Advanced Mastermix and 3 Tagman probe
sets, TTR (Assay ID: Hs00174914_m1), GAPDH (Assay
ID: Hs02786624_g1), and PPIB (Assay ID: Hs00168719_
ml). The assays were run on the QuantStudio 7 Flex Real
Time PCR System according to the manufacturer’s instruc-
tions (Life Technologies). Relative expression of TTR
mRNA was calculated by normalizing to the endogenous
controls (GAPDH and PPIB) individually, and then aver-
aged.
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[0654] As shown in FIG. 29 and reproduced numerically
in Table 34 below, each of the LNP formulations tested
resulted in knockdown of TTR mRNA, as compared to the
negative (untreated) control. The groups in FIG. 29 and
Table 34 are identified by the gRNA ID used in each LNP
preparation. Relative expression of TTR mRNA is plotted in
FIG. 29, whereas the percent knockdown of TTR mRNA is
provided in Table 34.

TABLE 34
GUIDE ID Avg % Knockdown Std Dev
G000480 95.19 1.68
G000481 91.39 2.39
G000482 82.31 4.51
G000483 68.78 13.45
G000484 75.22 9.05
G000488 92.77 3.76
G000489 91.85 2.77
G000490 78.34 5.76
G000493 87.53 4.54
G000494 91.15 3.63
G000499 91.38 1.71
G000500 92.90 3.15
G000567 90.89 5.39
G000568 53.44 20.20
G000570 93.38 2.66
G000571 96.17 2.07
G000572 55.92 24.53

[0655] In a separate experiment, TTR mRNA knockdown
was evaluated following treatment with LNPs comprising
G000480, GO00486, and G000502. The LNPs were formu-
lated and PHH were cultured and treated with the LNPs,
each as described in the experiment above in this Example
with the exception that the cells were treated at a dose of 100
ng (with respect to the amount of mRNA cargo delivered).
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[0656] Ninety-six (96) hours following LNP treatment
(single treatment for each condition), mRNA was purified
from PHH cells using the Dynabeads mRNA DIRECT Kit
(ThermoFisher Scientific) according to the manufacturer’s
protocol. Reverse Transcription (RT) was performed with
the High Capacity cDNA Reverse Transcription Kit (Ther-
moFisher Scientific) according to the manufacturer’s
instructions. For Quantitative PCR, 2% of the cDNA was
amplified with Tagman Fast Advanced Mastermix and 3
Tagman probe sets, TTR (Assay ID: Hs00174914_m1),
GAPDH (Assay ID: Hs02786624_g1), and PPIB (Assay ID:
Hs00168719_m1). The assays were run on the QuantStudio
7 Flex Real Time PCR System according to the manufac-
turer’s instructions (Life Technologies). Relative expression
of TTR mRNA was calculated by normalizing to the endog-
enous controls (GAPDH and PPIB) individually, and then
averaged.

[0657] As shown in FIG. 30 and reproduced numerically
in Table 35 below, each of the LNP formulations tested
resulted in knockdown of TTR mRNA, as compared to the
negative (untreated) control. The groups in FIG. 30 and
Table 35 are identified by the gRNA ID used in each LNP
preparation. Relative expression of TTR mRNA is plotted in
FIG. 30, whereas the percent knockdown of TTR mRNA is
provided in Table 35.

TABLE 35
GUIDE ID Avg % Knockdown Std Dev
G000480 95.61 0.92
G000486 97.36 0.63
G000502 90.94 2.63

Sequence Table

Description Sequence

SEQ
ID No.

Cas9
transcript
with 5' UTR
of HSD, ORF
corresponding
to SEQ ID
NO: 204,
Kozak
sequence,
and 3' UTR
of ALB

GGGTCCCGCAGTCGGCGTCCAGCGGCTCTGCTTGTTCGTGTGTGTGTCGTT
GCAGGCCTTATTCGGATCCGCCACCATGGACAAGAAGTACAGCATCGGACT
GGACATCGGAACAAACAGCGTCGGATGGGCAGTCATCACAGACGAATACAA
GGTCCCGAGCAAGAAGTTCAAGGTCCTGGGAAACACAGACAGACACAGCAT
CAAGAAGAACCTGATCGGAGCACTGCTGTTCGACAGCGGAGAAACAGCAGA
AGCAACAAGACTGAAGAGAACAGCAAGAAGAAGATACACAAGAAGAAAGAR
CAGAATCTGCTACCTGCAGGAAATCTTCAGCAACGAAATGGCAAAGGTCGA
CGACAGCTTCTTCCACAGACTGGAAGAAAGCTTCCTGGTCGAAGAAGACAA
GAAGCACGAAAGACACCCGATCTTCGGAAACATCGTCGACGAAGTCGCATA
CCACGAAAAGTACCCGACAATCTACCACCTGAGAAAGAAGCTGGTCGACAG
CACAGACAAGGCAGACCTGAGACTGATCTACCTGGCACTGGCACACATGAT
CAAGTTCAGAGGACACTTCCTGATCGAAGGAGACCTGAACCCGGACAACAG
CGACGTCGACAAGCTGTTCATCCAGCTGGTCCAGACATACAACCAGCTGTT
CGAAGAAAACCCGATCAACGCAAGCGGAGTCGACGCAAAGGCAATCCTGAG
CGCAAGACTGAGCAAGAGCAGAAGACTGGAAAACCTGATCGCACAGCTGCC
GGGAGAAAAGAAGAACGGACTGTTCGGAAACCTGATCGCACTGAGCCTGGG
ACTGACACCGAACTTCAAGAGCAACTTCGACCTGGCAGAAGACGCAAAGCT
GCAGCTGAGCAAGGACACATACGACGACGACCTGGACAACCTGCTGGCACA
GATCGGAGACCAGTACGCAGACCTGTTCCTGGCAGCAAAGAACCTGAGCGA
CGCAATCCTGCTGAGCGACATCCTGAGAGT CAACACAGAAATCACAAAGGC
ACCGCTGAGCGCAAGCATGATCAAGAGATACGACGAACACCACCAGGACCT
GACACTGCTGAAGGCACTGGTCAGACAGCAGCTGCCGGAAAAGTACAAGGA
AATCTTCTTCGACCAGAGCAAGAACGGATACGCAGGATACATCGACGGAGG
AGCAAGCCAGGAAGAATTCTACAAGTTCATCAAGCCGATCCTGGAAAAGAT
GGACGGAACAGAAGAACTGCTGGTCAAGCTGAACAGAGAAGACCTGCTGAG
AAAGCAGAGAACATTCGACAACGGAAGCATCCCGCACCAGATCCACCTGGG
AGAACTGCACGCAATCCTGAGAAGACAGGAAGACTTCTACCCGTTCCTGAA
GGACAACAGAGAAAAGATCGAAAAGATCCTGACATTCAGAATCCCGTACTA
CGTCGGACCGCTGGCAAGAGGAAACAGCAGATTCGCATGGATGACAAGARAA
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-continued

Sequence Table

Description

Sequence

SEQ
ID No.

Cas9
transcript
comprising
Cas9 ORF
corresponding
to SEQ ID
NO: 205
using codons
with
generally
high
expression
in humans

GAGCGAAGAAACAATCACACCGTGGAACTTCGAAGAAGTCGTCGACAAGGG
AGCAAGCGCACAGAGCTTCATCGAAAGAATGACAAACTTCGACAAGAACCT
GCCGAACGAAAAGGTCCTGCCGAAGCACAGCCTGCTGTACGAATACTTCAC
AGTCTACAACGAACTGACAAAGGTCAAGTACGTCACAGAAGGAATGAGAAR
GCCGGCATTCCTGAGCGGAGAACAGAAGAAGGCAATCGTCGACCTGCTGTT
CAAGACAAACAGAAAGGTCACAGTCAAGCAGCTGAAGGAAGACTACTTCAA
GAAGATCGAATGCTTCGACAGCGTCGAAATCAGCGGAGTCGAAGACAGATT
CAACGCAAGCCTGGGAACATACCACGACCTGCTGAAGATCATCAAGGACAA
GGACTTCCTGGACAACGAAGAAAACGAAGACATCCTGGAAGACATCGTCCT
GACACTGACACTGTTCGAAGACAGAGAAATGATCGAAGAAAGACTGAAGAC
ATACGCACACCTGTTCGACGACAAGGTCATGAAGCAGCTGAAGAGAAGAAG
ATACACAGGATGGGGAAGACTGAGCAGAAAGCTGATCAACGGAATCAGAGA
CAAGCAGAGCGGAAAGACAATCCTGGACTTCCTGAAGAGCGACGGATTCGC
AAACAGAAACTTCATGCAGCTGATCCACGACGACAGCCTGACATTCAAGGA
AGACATCCAGAAGGCACAGGTCAGCGGACAGGGAGACAGCCTGCACGAACA
CATCGCAAACCTGGCAGGAAGCCCGGCAATCAAGAAGGGAATCCTGCAGAC
AGTCAAGGTCGTCGACGAACTGGTCAAGGTCATGGGAAGACACAAGCCGGA
AAACATCGTCATCGAAATGGCAAGAGAAAACCAGACAACACAGAAGGGACA
GAAGAACAGCAGAGAAAGAATGAAGAGAATCGAAGAAGGAATCAAGGAACT
GGGAAGCCAGATCCTGAAGGAACACCCGGTCGAAAACACACAGCTGCAGAA
CGAAAAGCTGTACCTGTACTACCTGCAGAACGGAAGAGACATGTACGTCGA
CCAGGAACTGGACATCAACAGACTGAGCGACTACGACGTCGACCACATCGT
CCCGCAGAGCTTCCTGAAGGACGACAGCATCGACAACAAGGTCCTGACAAG
AAGCGACAAGAACAGAGGAAAGAGCGACAACGTCCCGAGCGAAGAAGTCGT
CAAGAAGATGAAGAACTACTGGAGACAGCTGCTGAACGCAAAGCTGATCAC
ACAGAGAAAGTTCGACAACCTGACAAAGGCAGAGAGAGGAGGACTGAGCGA
ACTGGACAAGGCAGGATTCATCAAGAGACAGCTGGTCGAAACAAGACAGAT
CACAAAGCACGTCGCACAGATCCTGGACAGCAGAATGAACACAAAGTACGA
CGAAAACGACAAGCTGATCAGAGAAGTCAAGGTCATCACACTGAAGAGCAA
GCTGGTCAGCGACTTCAGAAAGGACTTCCAGTTCTACAAGGTCAGAGAAAT
CAACAACTACCACCACGCACACGACGCATACCTGAACGCAGTCGTCGGAAC
AGCACTGATCAAGAAGTACCCGAAGCTGGAAAGCGAATTCGTCTACGGAGA
CTACAAGGTCTACGACGTCAGAAAGATGATCGCAAAGAGCGAACAGGAAAT
CGGAAAGGCAACAGCAAAGTACTTCTTCTACAGCAACATCATGAACTTCTT
CAAGACAGAAATCACACTGGCAAACGGAGAAATCAGAAAGAGACCGCTGAT
CGAAACAAACGGAGAAACAGGAGAAATCGTCTGGGACAAGGGAAGAGACTT
CGCAACAGTCAGAAAGGTCCTGAGCATGCCGCAGGTCAACATCGTCAAGAA
GACAGAAGTCCAGACAGGAGGATTCAGCAAGGAAAGCATCCTGCCGAAGAG
AAACAGCGACAAGCTGATCGCAAGAAAGAAGGACTGGGACCCGAAGAAGTA
CGGAGGATTCGACAGCCCGACAGTCGCATACAGCGTCCTGGTCGTCGCARAA
GGTCGAAAAGGGAAAGAGCAAGAAGCTGAAGAGCGTCAAGGAACTGCTGGG
AATCACAATCATGGAAAGAAGCAGCTTCGAAAAGAACCCGATCGACTTCCT
GGAAGCAAAGGGATACAAGGAAGTCAAGAAGGACCTGATCATCAAGCTGCC
GAAGTACAGCCTGTTCGAACTGGAAAACGGAAGAAAGAGAATGCTGGCAAG
CGCAGGAGAACTGCAGAAGGGAAACGAACTGGCACTGCCGAGCAAGTACGT
CAACTTCCTGTACCTGGCAAGCCACTACGAAAAGCTGAAGGGAAGCCCGGA
AGACAACGAACAGAAGCAGCTGTTCGTCGAACAGCACAAGCACTACCTGGA
CGAAATCATCGAACAGATCAGCGAATTCAGCAAGAGAGTCATCCTGGCAGA
CGCAAACCTGGACAAGGTCCTGAGCGCATACAACAAGCACAGAGACAAGCC
GATCAGAGAACAGGCAGAAAACATCATCCACCTGTTCACACTGACAAACCT
GGGAGCACCGGCAGCATTCAAGTACTTCGACACAACAATCGACAGAAAGAG
ATACACAAGCACAAAGGAAGTCCTGGACGCAACACTGATCCACCAGAGCAT
CACAGGACTGTACGAAACAAGAATCGACCTGAGCCAGCTGGGAGGAGACGG
AGGAGGAAGCCCGAAGAAGAAGAGAAAGGTCTAGCTAGCCATCACATTTAA
AAGCATCTCAGCCTACCATGAGAATAAGAGAAAGAAAATGAAGATCAATAG
CTTATTCATCTCTTTTTCTTTTTCGTTGGTGTAAAGCCAACACCCTGTCTA
ARAAACATAAATTTCTTTAATCATTTTGCCTCTTTTCTCTGTGCTTCAATT
AATAAAAAATGGAAAGAACCTCGAG

GGGTCCCGCAGTCGGCGTCCAGCGGCTCTGCTTGTTCGTGTGTGTGTCGTT
GCAGGCCTTATTCGGATCCATGCCTAAGAAAAAGCGGAAGGTCGACGGGGA
TAAGAAGTACTCAATCGGGCTGGATATCGGAACTAATTCCGTGGGTTGGGC
AGTGATCACGGATGAATACAAAGTGCCGTCCAAGAAGTTCAAGGTCCTGGG
GAACACCGATAGACACAGCATCAAGAAAAATCTCATCGGAGCCCTGCTGTT
TGACTCCGGCGAAACCGCAGAAGCGACCCGGCTCAAACGTACCGCGAGGCG
ACGCTACACCCGGCGGAAGAATCGCATCTGCTATCTGCAAGAGATCTTTTC
GAACGAAATGGCAAAGGTCGACGACAGCTTCTTCCACCGCCTGGAAGAATC
TTTCCTGGTGGAGGAGGACAAGAAGCATGAACGGCATCCTATCTTTGGAAA
CATCGTCGACGAAGTGGCGTACCACGAAAAGTACCCGACCATCTACCATCT
GCGGAAGAAGTTGGTTGACTCAACTGACAAGGCCGACCTCAGATTGATCTA
CTTGGCCCTCGCCCATATGATCAAATTCCGCGGACACTTCCTGATCGAAGG
CGATCTGAACCCTGATAACTCCGACGTGGATAAGCTTTTCATTCAACTGGT
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GCAGACCTACAACCAACTGTTCGAAGAAAACCCAATCAATGCTAGCGGCGT
CGATGCCAAGGCCATCCTGTCCGCCCGGCTGTCGAAGTCGCGGCGCCTCGA
AAACCTGATCGCACAGCTGCCGGGAGAGAAAAAGAACGGACTTTTCGGCAA
CTTGATCGCTCTCTCACTGGGACTCACTCCCAATTTCAAGTCCAATTTTGA
CCTGGCCGAGGACGCGAAGCTGCAACTCTCAAAGGACACCTACGACGACGA
CTTGGACAATTTGCTGGCACAAATTGGCGATCAGTACGCGGATCTGTTCCT
TGCCGCTAAGAACCTTTCGGACGCAATCTTGCTGTCCGATATCCTGCGCGT
GAACACCGAAATAACCAAAGCGCCGCTTAGCGCCTCGATGATTAAGCGGTA
CGACGAGCATCACCAGGATCTCACGCTGCTCAAAGCGCTCGTGAGACAGCA
ACTGCCTGAAAAGTACAAGGAGATCTTCTTCGACCAGTCCAAGAATGGGTA
CGCAGGGTACATCGATGGAGGCGCTAGCCAGGAAGAGTTCTATAAGTTCAT
CAAGCCAATCCTGGAAAAGATGGACGGAACCGAAGAACTGCTGGTCAAGCT
GAACAGGGAGGATCTGCTCCGGAAACAGAGAACCTTTGACAACGGATCCAT
TCCCCACCAGATCCATCTGGGTGAGCTGCACGCCATCTTGCGGCGCCAGGA
GGACTTTTACCCATTCCTCAAGGACAACCGGGAAAAGATCGAGAAAATTCT
GACGTTCCGCATCCCGTATTACGTGGGCCCACTGGCGCGCGGCAATTCGCG
CTTCGCGTGGATGACTAGAAAATCAGAGGAAACCATCACTCCTTGGAATTT
CGAGGAAGTTGTGGATAAGGGAGCTTCGGCACAAAGCTTCATCGAACGAAT
GACCAACTTCGACAAGAATCTCCCAAACGAGAAGGTGCTTCCTAAGCACAG
CCTCCTTTACGAATACTTCACTGTCTACAACGAACTGACTAAAGTGAAATA
CGTTACTGAAGGAATGAGGAAGCCGGCCTTTCTGTCCGGAGAACAGAAGAA
AGCAATTGTCGATCTGCTGTTCAAGACCAACCGCAAGGTGACCGTCAAGCA
GCTTAAAGAGGACTACTTCAAGAAGATCGAGTGTTTCGACTCAGTGGAAAT
CAGCGGGGTGGAGGACAGATTCAACGCTTCGCTGGGAACCTATCATGATCT
CCTGAAGATCATCAAGGACAAGGACTTCCTTGACAACGAGGAGAACGAGGA
CATCCTGGAAGATATCGTCCTGACCTTGACCCTTTTCGAGGATCGCGAGAT
GATCGAGGAGAGGCTTAAGACCTACGCTCATCTCTTCGACGATAAGGTCAT
GAAACAACTCAAGCGCCGCCGGTACACTGGTTGGGGCCGCCTCTCCCGCAA
GCTGATCAACGGTATTCGCGATAAACAGAGCGGTAAAACTATCCTGGATTT
CCTCAAATCGGATGGCTTCGCTAATCGTAACTTCATGCAATTGATCCACGA
CGACAGCCTGACCTTTAAGGAGGACATCCAAAAAGCACAAGTGTCCGGACA
GGGAGACTCACTCCATGAACACATCGCGAATCTGGCCGGTTCGCCGGCGAT
TAAGAAGGGAATTCTGCAAACTGTGAAGGTGGTCGACGAGCTGGTGAAGGT
CATGGGACGGCACAAACCGGAGAATATCGTGATTGAAATGGCCCGAGAAAA
CCAGACTACCCAGAAGGGCCAGAAAAACTCCCGCGAAAGGATGAAGCGGAT
CGAAGAAGGAATCAAGGAGCTGGGCAGCCAGATCCTGAAAGAGCACCCGGT
GGAAAACACGCAGCTGCAGAACGAGAAGCTCTACCTGTACTATTTGCAAAA
TGGACGGGACATGTACGTGGACCAAGAGCTGGACATCAATCGGTTGTCTGA
TTACGACGTGGACCACATCGTTCCACAGTCCTTTCTGAAGGATGACTCGAT
CGATAACAAGGTGTTGACTCGCAGCGACAAGAACAGAGGGAAGT CAGATAA
TGTGCCATCGGAGGAGGT CGTGAAGAAGATGAAGAATTACTGGCGGCAGCT
CCTGAATGCGAAGCTGATTACCCAGAGAAAGTTTGACAATCTCACTARAGC
CGAGCGCGGCGGACTCTCAGAGCTGGATAAGGCTGGATTCATCAAACGGCA
GCTGGTCGAGACTCGGCAGATTACCAAGCACGTGGCGCAGATCTTGGACTC
CCGCATGAACACTAAATACGACGAGAACGATAAGCTCATCCGGGAAGTGAA
GGTGATTACCCTGAAAAGCAAACTTGTGTCGGACTTTCGGAAGGACTTTCA
GTTTTACAAAGTGAGAGAAATCAACAACTACCATCACGCGCATGACGCATA
CCTCAACGCTGTGGTCGGTACCGCCCTGATCAAAAAGTACCCTARACTTGA
ATCGGAGTTTGTGTACGGAGACTACAAGGTCTACGACGTGAGGAAGATGAT
AGCCAAGTCCGAACAGGAAATCGGGAAAGCAACTGCGAAATACTTCTTTTA
CTCAAACATCATGAACTTTTTCAAGACTGAAATTACGCTGGCCAATGGAGA
AATCAGGAAGAGGCCACTGATCGAAACTAACGGAGAAACGGGCGAAATCGT
GTGGGACAAGGGCAGGGACTTCGCAACTGTTCGCAAAGTGCTCTCTATGCC
GCAAGTCAATATTGTGAAGAAAACCGAAGTGCAAACCGGCGGATTTTCAAA
GGAATCGATCCTCCCAAAGAGAAATAGCGACAAGCTCATTGCACGCAAGAA
AGACTGGGACCCGAAGAAGTACGGAGGATTCGATTCGCCGACTGTCGCATA
CTCCGTCCTCGTGGTGGCCAAGGTGGAGAAGGGAAAGAGCAAAAAGCTCAA
ATCCGTCAAAGAGCTGCTGGGGATTACCATCATGGAACGATCCTCGTTCGA
GAAGAACCCGATTGATTTCCTCGAGGCGAAGGGTTACAAGGAGGTGAAGAA
GGATCTGATCATCAAACTCCCCAAGTACTCACTGTTCGAACTGGAARAATGG
TCGGAAGCGCATGCTGGCTTCGGCCGGAGAACTCCAAAAAGGAAATGAGCT
GGCCTTGCCTAGCAAGTACGTCAACTTCCTCTATCTTGCTTCGCACTACGA
AAAACTCAAAGGGTCACCGGAAGATAACGAACAGAAGCAGCTTTTCGTGGA
GCAGCACAAGCATTATCTGGATGAAATCATCGAACAAATCTCCGAGTTTTC
AAAGCGCGTGATCCTCGCCGACGCCAACCTCGACAAAGTCCTGTCGGCCTA
CAATAAGCATAGAGATAAGCCGATCAGAGAACAGGCCGAGAACATTATCCA
CTTGTTCACCCTGACTAACCTGGGAGCCCCAGCCGCCTTCAAGTACTTCGA
TACTACTATCGATCGCAAAAGATACACGTCCACCAAGGAAGTTCTGGACGC
GACCCTGATCCACCAAAGCATCACTGGACTCTACGAAACTAGGATCGATCT
GTCGCAGCTGGGTGGCGATTGATAGTCTAGCCATCACATTTAAAAGCATCT
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CAGCCTACCATGAGAATAAGAGAAAGAAAATGAAGATCAATAGCTTATTCA
TCTCTTTTTCTTTTTCGTTGGTGTAAAGCCAACACCCTGTCTAAAAAACAT
AAATTTCTTTAATCATTTTGCCTCTTTTCTCTGTGCTTCAATTAATAAAAR
ATGGAAAGAACCTCGAG

modified mN*mN*mN * NNNNNNNNNNNNNNNNNGUUUUAGAMGMCmUmAMGmMAMAMAM 3
sgRNA UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA

sequence mMmAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMGMGMUMGMCMU *mU*mU*mU

("N" may be

any natural

or non-

natural

nucleotide)

30/30/39 AAAAAAAAAAAAAAAAADADARAAAAAAAAAGCGAAAAAAAAAAANANADADD 3
poly-2 AAAAAAAAAAAACCGAAAAAAAAAAAAAAAAAANDADADAAAARADARAADD
sequence ARA

CR0O03335 CUGCUCCUCCUCUGCCUUGC 5
gRNA

targeting

Human TTR

(Exon 1)

CR0O03336 CCUCCUCUGCCUUGCUGGAC 6
gRNA

targeting

Human TTR

(Exon 1)

CR0O03337 CCAGUCCAGCAAGGCAGAGG 7
gRNA

targeting

Human TTR

(Exon 1)

CR0O03338 AUACCAGUCCAGCAAGGCAG 8
gRNA

targeting

Human TTR

(Exon 1)

CR0O03339 ACACAAAUACCAGUCCAGCA 9
gRNA

targeting

Human TTR

(Exon 1)

CR0O03340 UGGACUGGUAUUUGUGUCUG 10
gRNA

targeting

Human TTR

(Exon 1)

CR0O03341 CUGGUAUUUGUGUCUGAGGC 11
gRNA

targeting

Human TTR

(Exon 1)

CR0O03342 CUUCUCUACACCCAGGGCAC 12
gRNA

targeting

Human TTR

(Exon 2)

CR003343 CAGAGGACACUUGGAUUCAC 13
gRNA

targeting

Human TTR

(Exon 2)
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CR003344 UUUGACCAUCAGAGGACACU 14
gRNA

targeting

Human TTR

(Exon 2)

CR003345 UCUAGAACUUUGACCAUCAG 15
gRNA

targeting

Human TTR

(Exon 2)

CR0O03346 AAAGUUCUAGAUGCUGUCCG 16
gRNA

targeting

Human TTR

(Exon 2)

CR0O03347 CAUUGAUGGCAGGACUGCCU 17
gRNA

targeting

Human TTR

(Exon 2)

CR003348 AGGCAGUCCUGCCAUCAAUG 18
gRNA

targeting

Human TTR

(Exon 2)

CR0O03349 UGCACGGCCACAUUGAUGGC 19
gRNA

targeting

Human TTR

(Exon 2)

CR0O03350 CACAUGCACGGCCACAUUGA 20
gRNA

targeting

Human TTR

(Exon 2)

CR0O03351 AGCCUUUCUGAACACAUGCA 21
gRNA

targeting

Human TTR

(Exon 2)

CR0O03352 GAAAGGCUGCUGAUGACACC 22
gRNA

targeting

Human TTR

(Exon 2)

CR0O03353 AAAGGCUGCUGAUGACACCU 23
gRNA

targeting

Human TTR

(Exon 2)

CR0O03354 ACCUGGGAGCCAUUUGCCUC 24
gRNA

targeting

Human TTR

(Exon 2)

CR0O03355 CCCAGAGGCAAAUGGCUCCC 25
gRNA

targeting

Human TTR

(Exon 2)
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CR0O03356 GCAACUUACCCAGAGGCAAA 26
gRNA

targeting

Human TTR

(Exon 2)

CR0O03357 UUCUUUGGCAACUUACCCAG 27
gRNA

targeting

Human TTR

(Exon 2)

CR0O03358 AUGCAGCUCUCCAGACUCAC 28
gRNA

targeting

Human TTR

(Exon 3)

CR0O03359 AGUGAGUCUGGAGAGCUGCA 29
gRNA

targeting

Human TTR

(Exon 3)

CR0O03360 GUGAGUCUGGAGAGCUGCAU 30
gRNA

targeting

Human TTR

(Exon 3)

CR0O03361 GCUGCAUGGGCUCACAACUG 31
gRNA

targeting

Human TTR

(Exon 3)

CR0O03362 GCAUGGGCUCACAACUGAGG 32
gRNA

targeting

Human TTR

(Exon 3)

CR0O03363 ACUGAGGAGGAAUUUGUAGA 33
gRNA

targeting

Human TTR

(Exon 3)

CR0O03364 CUGAGGAGGAAUUUGUAGAA 34
gRNA

targeting

Human TTR

(Exon 3)

CR0O03365 UGUAGAAGGGAUAUACAAAG 35
gRNA

targeting

Human TTR

(Exon 3)

CR0O03366 AAAUAGACACCAAAUCUUAC 36
gRNA

targeting

Human TTR

(Exon 3)

CR0O03367 AGACACCAAAUCUUACUGGA 37
gRNA

targeting

Human TTR

(Exon 3)
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CR0O03368 AAGUGCCUUCCAGUAAGAUU 38
gRNA

targeting

Human TTR

(Exon 3)

CR0O03369 CUCUGCAUGCUCAUGGAAUG 39
gRNA

targeting

Human TTR

(Exon 3)

CR0O03370 CCUCUGCAUGCUCAUGGAAU 40
gRNA

targeting

Human TTR

(Exon 3)

CR0O03371 ACCUCUGCAUGCUCAUGGAA 41
gRNA

targeting

Human TTR

(Exon 3)

CR0O03372 UACUCACCUCUGCAUGCUCA 42
gRNA

targeting

Human TTR

(Exon 3)

CR0O03373 GUAUUCACAGCCAACGACUC 43
gRNA

targeting

Human TTR

(Exon 4)

CR0O03374 GCGGCGGGGGCCGGAGUCGU 44
gRNA

targeting

Human TTR

(Exon 4)

CR0O03375 AAUGGUGUAGCGGCGGGGGC 45
gRNA

targeting

Human TTR

(Exon 4)

CR0O03376 CGGCAAUGGUGUAGCGGCGG 46
gRNA

targeting

Human TTR

(Exon 4)

CR0O03377 GCGGCAAUGGUGUAGCGGCG 47
gRNA

targeting

Human TTR

(Exon 4)

CR0O03378 GGCGGCAAUGGUGUAGCGGC 48
gRNA

targeting

Human TTR

(Exon 4)
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CR0O03379 GGGCGGCAAUGGUGUAGCGG 49
gRNA

targeting

Human TTR

(Exon 4)

CR0O03380 GCAGGGCGGCAAUGGUGUAG 50
gRNA

targeting

Human TTR

(Exon 4)

CR0O03381 GGGGCUCAGCAGGGCGGCAA 51
gRNA

targeting

Human TTR

(Exon 4)

CR0O03382 GGAGUAGGGGCUCAGCAGGG 52
gRNA

targeting

Human TTR

(Exon 4)

CR003383 AUAGGAGUAGGGGCUCAGCA 53
gRNA

targeting

Human TTR

(Exon 4)

CR003384 AAUAGGAGUAGGGGCUCAGC 54
gRNA

targeting

Human TTR

(Exon 4)

CR003385 CCCCUACUCCUAUUCCACCA 55
gRNA

targeting

Human TTR

(Exon 4)

CR0O03386 CCGUGGUGGAAUAGGAGUAG 56
gRNA

targeting

Human TTR

(Exon 4)

CR0O03387 GCCGUGGUGGAAUAGGAGUA 57
gRNA

targeting

Human TTR

(Exon 4)

CR003388 GACGACAGCCGUGGUGGAAU 58
gRNA

targeting

Human TTR

(Exon 4)

CR0O03389 AUUGGUGACGACAGCCGUGG 59
gRNA

targeting

Human TTR

(Exon 4)

CR0O03390 GGGAUUGGUGACGACAGCCG 60
gRNA

targeting

Human TTR

(Exon 4)
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CR0O03391 GGCUGUCGUCACCAAUCCCA 61
gRNA

targeting

Human TTR

(Exon 4)

CR0O03392 AGUCCCUCAUUCCUUGGGAU 62
gRNA

targeting

Human TTR

(Exon 4)

CR005298 UCCACUCAUUCUUGGCAGGA 63
gRNA

targeting

Human TTR

(Exon 1)

CR005299 AGCCGUGGUGGAAUAGGAGU 64
gRNA

targeting

Human TTR

(Exon 4)

CRO05300 UCACAGAAACACUCACCGUA 65
gRNA

targeting

Human TTR

(Exon 1)

CRO05301 GUCACAGAAACACUCACCGU 66
gRNA

targeting

Human TTR

(Exon 1)

CR0O05302 ACGUGUCUUCUCUACACCCA 67
gRNA

targeting

Human TTR

(Exon 2)

CR0O05303 UGAAUCCAAGUGUCCUCUGA 68
gRNA

targeting

Human TTR

(Exon 2)

CR0O05304 GGCCGUGCAUGUGUUCAGAA 69
gRNA

targeting

Human TTR

(Exon 2)

CR0O05305 UAUAGGAAAACCAGUGAGUC 70
gRNA

targeting

Human TTR

(Exon 3)

CRO05306 AAAUCUUACUGGAAGGCACU 71
gRNA

targeting

Human TTR

(Exon 3)

CR0O05307 UGUCUGUCUUCUCUCAUAGG 72
gRNA

targeting

Human TTR

(Exon 4)



US 2020/0248180 Al Aug. 6, 2020
79

-continued

Sequence Table

SEQ
Description Sequence ID No.

CR0O00689 ACACAAAUACCAGUCCAGCG 73
gRNA

targeting

Cyno TTR

CR0O05364 AAAGGCUGCUGAUGAGACCU 74
gRNA

targeting

Cyno TTR

CR0O05365 CAUUGACAGCAGGACUGCCU 75
gRNA

targeting

Cyno TTR

CRO05366 AUACCAGUCCAGCGAGGCAG 76
gRNA

targeting

Cyno TTR

CRO05367 CCAGUCCAGCGAGGCAGAGG 77
gRNA

targeting

Cyno TTR

CR0O05368 CCUCCUCUGCCUCGCUGGAC 78
gRNA

targeting

Cyno TTR

CR0O05369 AAAGUUCUAGAUGCCGUCCG 79
gRNA

targeting

Cyno TTR

CR0O05370 ACUUGUCUUCUCUAUACCCA 80
gRNA

targeting

Cyno TTR

CRO05371 AAGUGACUUCCAGUAAGAUU 81
gRNA

targeting

Cyno TTR

CR0O05372 AAAAGGCUGCUGAUGAGACC 82
gRNA

targeting

Cyno TTR

Not Used 83
Not Used 84
Not Used 85
Not Used 86

G000480 MA*MA*MA*GGCUGCUGAUGACACCUGUUUUAGAMGMCMUMAMGMAMAMAM 87
sgRNA UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA

modified mMAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMEMGMUMGMCMU *mU*mU*mU

sequence

targeting

Human TTR

G000481 mU*mC*mU*AGAACUUUGACCAUCAGGUUUUAGAMGMCMUMAMGMAMAMAM 88
sgRNA UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA

modified mMAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMEMGMUMGMCMU *mU*mU*mU

sequence

targeting

Human TTR
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G000482 mU*mG*mU* AGAAGGGAUAUACAAAGGUUUUAGAMGMCMUMAMGMAMAMAM 89
sgRNA UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA

modified mMAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMEMGMUMGMCMU *mU*mU*mU

sequence

targeting

Human TTR

G000483 mU*mC*mC*ACUCAUUCUUGGCAGGAGUUUUAGAMGMCMUMAMGMAMAMAM 90
sgRNA UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA

modified mMAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMEMGMUMGMCMU *mU*mU*mU

sequence

targeting

Human TTR

G000484 mA*mG*mA* CACCAAAUCUUACUGGAGUUUUAGAMGMCMUMAMGMAMAMAM 91
sgRNA UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA

modified mMAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMEMGMUMGMCMU *mU*mU*mU

sequence

targeting

Human TTR

G000485 mC*mC*mU* CCUCUGCCUUGCUGGACGUUUUAGAMGMCMUMAMGMAMAMAM 92
sgRNA UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA

modified mMAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMEMGMUMGMCMU *mU*mU*mU

sequence

targeting

Human TTR

G000486 mA*mC*mA* CAAAUACCAGUCCAGCAGUUUUAGAMGMCMUMAMGMAMAMAM 93
sgRNA UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA

modified mMAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMEMGMUMGMCMU *mU*mU*mU

sequence

targeting

Human TTR

G000487 mU*mU*mC*UUUGGCAACUUACCCAGGUUUUAGAMGMCMUMAMGMAMAMAM 94
sgRNA UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA

modified mMAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMEMGMUMGMCMU *mU*mU*mU

sequence

targeting

Human TTR

G000488 MA*MA*MA*GUUCUAGAUGCUGUCCGGUUUUAGAMGMCMUMAMGMAMAMAM 95
sgRNA UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA

modified mMAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMEMGMUMGMCMU *mU*mU*mU

sequence

targeting

Human TTR

G000489 mU*mU*mU*GACCAUCAGAGGACACUGUUUUAGAMGMCMUMAMGMAMAMAM 96
sgRNA UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA

modified mMAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMEMGMUMGMCMU *mU*mU*mU

sequence

targeting

Human TTR

G000490 MA*MA*MA*UAGACACCAAAUCUUACGUUUUAGAMGMCMUMAMGMAMAMAM 97
sgRNA UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA

modified mMAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMEMGMUMGMCMU *mU*mU*mU

sequence

targeting

Human TTR

©000491 MA*mU*mA*CCAGUCCAGCAAGECAGEUUUUAGAMGMCMUMAMGMANANAN 98
sgRNA UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA

modified mMAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMEMGMUMGMCMU *mU*mU*mU

sequence

targeting

Human TTR
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G000492 mC*mU*mU* CUCUACACCCAGGGCACGUUUUAGAMGMCMUMAMGMAMAMAM 99
sgRNA UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA

modified mMAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMEMGMUMGMCMU *mU*mU*mU

sequence

targeting

Human TTR

G000493 MA*MA*mMG*UGCCUUCCAGUAAGAUUGUUUUAGAMGMCMUMAMGMAMAMAM 100
sgRNA UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA

modified mMAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMEMGMUMGMCMU *mU*mU*mU

sequence

targeting

Human TTR

G000494 mG*mU*mG* AGUCUGGAGAGCUGCAUGUUUUAGAMGMCMUMAMGMAMAMAM 101
sgRNA UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA

modified mMAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMEMGMUMGMCMU *mU*mU*mU

sequence

targeting

Human TTR

G000495 mC*mA*mG* AGGACACUUGGAUUCACGUUUUAGAMGMCMUMAMGMAMAMAM 102
sgRNA UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA

modified mMAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMEMGMUMGMCMU *mU*mU*mU

sequence

targeting

Human TTR

G000496 mG*mG*mC* CGUGCAUGUGUUCAGAAGUUUUAGAMGMCMUMAMGMAMAMAM 103
sgRNA UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA

modified mMAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMEMGMUMGMCMU *mU*mU*mU

sequence

targeting

Human TTR

G000497 mC*mU*mG* CUCCUCCUCUGCCUUGCGUUUUAGAMGMCMUMAMGMAMAMAM 104
sgRNA UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA

modified mMAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMEMGMUMGMCMU *mU*mU*mU

sequence

targeting

Human TTR

G000498 MA*MG*mU*GAGUCUGGAGAGCUGCAGUUUUAGAMGMCMUMAMGMAMAMAM 105
sgRNA UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA

modified mMAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMEMGMUMGMCMU *mU*mU*mU

sequence

targeting

Human TTR

G000499 mU*mG*mA* AUCCAAGUGUCCUCUGAGUUUUAGAMGMCMUMAMGMAMAMAM 106
sgRNA UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA

modified mMAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMEMGMUMGMCMU *mU*mU*mU

sequence

targeting

Human TTR

G000500 mC*mC*mA*GUCCAGCAAGGCAGAGGGUUUUAGAMGMCMUMAMGMAMAMAM 107
sgRNA UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA

modified mMAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMEMGMUMGMCMU *mU*mU*mU

sequence

targeting

Human TTR

G000501 mU*mC*mA* CAGAAACACUCACCGUAGUUUUAGAMGMCMUMAMGMAMAMAM 108
sgRNA UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA

modified mMAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMEMGMUMGMCMU *mU*mU*mU

sequence

targeting

Human TTR
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G000567 mG*MA*mA* AGGCUGCUGAUGACACCGUUUUAGAMGMCMUMAMGMAMAMAM 109
sgRNA UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA

modified mMAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMEMGMUMGMCMU *mU*mU*mU

sequence

targeting

Human TTR

G000568 mG*mG*mC*UGUCGUCACCAAUCCCAGUUUUAGAMGMCMUMAMGMAMAMAM 110
sgRNA UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA

modified mMAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMEMGMUMGMCMU *mU*mU*mU

sequence

targeting

Human TTR

G000570 mC*mA*mU*UGAUGGCAGGACUGCCUGUUUUAGAMGMCMUMAMGMAMAMAM 111
sgRNA UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA

modified mMAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMEMGMUMGMCMU *mU*mU*mU

sequence

targeting

Human TTR

G000571 mG*mU*mC*ACAGAAACACUCACCGUGUUUUAGAMGMCMUMAMGMAMAMAM 112
sgRNA UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA

modified mMAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMEMGMUMGMCMU *mU*mU*mU

sequence

targeting

Human TTR

G000572 mC*mC*mC* CUACUCCUAUUCCACCAGUUUUAGAMGMCMUMAMGMAMAMAM 113
sgRNA UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA

modified mMAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMEMGMUMGMCMU *mU*mU*mU

sequence

targeting

Human TTR

G000502 mA*mC*mA* CAAAUACCAGUCCAGCGGUUUUAGAMGMCMUMAMGMAMAMAM 114
sgRNA UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA

modified mMAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMEMGMUMGMCMU *mU*mU*mU

sequence

targeting

Cyno TTR

G000503 MA*MA*MA* AGGCUGCUGAUGAGACCGUUUUAGAMGMCMUMAMGMAMAMAM 115
sgRNA UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA

modified mMAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMEMGMUMGMCMU *mU*mU*mU

sequence

targeting

Cyno TTR

G000504 MA*MA*MA*GGCUGCUGAUGAGACCUGUUUUAGAMGMCMUMAMGMAMAMAM 116
sgRNA UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA

modified mMAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMEMGMUMGMCMU *mU*mU*mU

sequence

targeting

Cyno TTR

G000505 mC*mA*mU*UGACAGCAGGACUGCCUGUUUUAGAMGMCMUMAMGMAMAMAM 117
sgRNA UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA

modified mMAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMEMGMUMGMCMU *mU*mU*mU

sequence

targeting

Cyno TTR

G000506 mA*mU*mA* CCAGUCCAGCGAGGCAGGUUUUAGAMGMCMUMAMGMAMAMAM 118
sgRNA UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA

modified mMAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMEMGMUMGMCMU *mU*mU*mU

sequence

targeting

Cyno TTR
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G000507 mC*mC*mA*GUCCAGCGAGGCAGAGGGUUUUAGAMGMCMUMAMGMAMAMAM 119

sgRNA UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA

modified mMAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMEMGMUMGMCMU *mU*mU*mU

sequence

targeting

Cyno TTR

G000508 mC*mC*mU* CCUCUGCCUCGCUGGACGUUUUAGAMGMCMUMAMGMAMAMAM 120

sgRNA UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA

modified mMAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMEMGMUMGMCMU *mU*mU*mU

sequence

targeting

Cyno TTR

G000509 MA*MA*MA*GUUCUAGAUGCCGUCCGGUUUUAGAMGMCMUMAMGMAMAMAM 121

sgRNA UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA

modified mMAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMEMGMUMGMCMU *mU*mU*mU

sequence

targeting

Cyno TTR

G000510 MA*mC*mU*UGUCUUCUCUAUACCCAGUUUUAGAMGMCMUMAMGMAMAMAM 122

sgRNA UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA

modified mMAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMEMGMUMGMCMU *mU*mU*mU

sequence

targeting

Cyno TTR

G000511 MA*MA*mMG*UGACUUCCAGUAAGAUUGUUUUAGAMGMCMUMAMGMAMAMAM 123

sgRNA UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA

modified mMAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMEMGMUMGMCMU *mU*mU*mU

sequence

targeting

Cyno TTR

G000282 mU*mU*mA* CAGCCACGUCUACAGCAGUUUUAGAMGMCMUMAMGMAMAMAM 124

sgRNA UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA

modified mMAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMEMGMUMGMCMU *mU*mU*mU

sequence

targeting

Mouse TTR

Not used 125

to
200

DNA coding ATGGACAAGAAGTACAGCATCGGACTGGACATCGGAACAAACAGCGTCGGA 201

sequence of TGGGCAGTCATCACAGACGAATACAAGGTCCCGAGCAAGAAGTTCAAGGTC

Cas9 using CTGGGAAACACAGACAGACACAGCATCAAGAAGAACCTGATCGGAGCACTG

the CTGTTCGACAGCGGAGAAACAGCAGAAGCAACAAGACTGAAGAGAACAGCA

thymidine AGAAGAAGATACACAAGAAGAAAGAACAGAATCTGCTACCTGCAGGARATC

analog of TTCAGCAACGAAATGGCAAAGGTCGACGACAGCTTCTTCCACAGACTGGAA

the minimal GAAAGCTTCCTGGTCGAAGAAGACAAGAAGCACGAAAGACACCCGATCTTC

uridine GGAAACATCGTCGACGAAGTCGCATACCACGAAAAGTACCCGACAATCTAC

codons CACCTGAGAAAGAAGCTGGTCGACAGCACAGACAAGGCAGACCTGAGACTG

listed in ATCTACCTGGCACTGGCACACATGATCAAGTTCAGAGGACACTTCCTGATC

Table 3, GAAGGAGACCTGAACCCGGACAACAGCGACGTCGACAAGCTGTTCATCCAG

with start CTGGTCCAGACATACAACCAGCTGTTCGAAGAAAACCCGATCAACGCAAGC

and stop GGAGTCGACGCAAAGGCAATCCTGAGCGCAAGACTGAGCAAGAGCAGAAGA

codons CTGGAAAACCTGATCGCACAGCTGCCGGGAGAAAAGAAGAACGGACTGTTC

GGAAACCTGATCGCACTGAGCCTGGGACTGACACCGAACTTCAAGAGCAALC
TTCGACCTGGCAGAAGACGCAAAGCTGCAGCTGAGCAAGGACACATACGAC
GACGACCTGGACAACCTGCTGGCACAGATCGGAGACCAGTACGCAGACCTG
TTCCTGGCAGCAAAGAACCTGAGCGACGCAATCCTGCTGAGCGACATCCTG
AGAGTCAACACAGAAATCACAAAGGCACCGCTGAGCGCAAGCATGATCAAG
AGATACGACGAACACCACCAGGACCTGACACTGCTGAAGGCACTGGTCAGA
CAGCAGCTGCCGGAAAAGTACAAGGAAATCTTCTTCGACCAGAGCAAGAAC
GGATACGCAGGATACATCGACGGAGGAGCAAGCCAGGAAGAATTCTACAAG
TTCATCAAGCCGATCCTGGAAAAGATGGACGGAACAGAAGAACTGCTGGTC
AAGCTGAACAGAGAAGACCTGCTGAGAAAGCAGAGAACATTCGACAACGGA
AGCATCCCGCACCAGATCCACCTGGGAGAACTGCACGCAATCCTGAGAAGA
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DNA coding
sequence of
Cas9 using
codons with
generally
high
expression
in humans

CAGGAAGACTTCTACCCGTTCCTGAAGGACAACAGAGAAAAGATCGAAAAG
ATCCTGACATTCAGAATCCCGTACTACGTCGGACCGCTGGCAAGAGGAAAC
AGCAGATTCGCATGGATGACAAGAAAGAGCGAAGAAACAATCACACCGTGG
AACTTCGAAGAAGTCGTCGACAAGGGAGCAAGCGCACAGAGCTTCATCGAA
AGAATGACAAACTTCGACAAGAACCTGCCGAACGAAAAGGTCCTGCCGAAG
CACAGCCTGCTGTACGAATACTTCACAGTCTACAACGAACTGACAAAGGTC
AAGTACGTCACAGAAGGAATGAGAAAGCCGGCATTCCTGAGCGGAGAACAG
AAGAAGGCAATCGTCGACCTGCTGTTCAAGACAAACAGAAAGGTCACAGTC
AAGCAGCTGAAGGAAGACTACTTCAAGAAGATCGAATGCTTCGACAGCGTC
GAAATCAGCGGAGTCGAAGACAGATTCAACGCAAGCCTGGGAACATACCAC
GACCTGCTGAAGATCATCAAGGACAAGGACTTCCTGGACAACGAAGAAAAC
GAAGACATCCTGGAAGACATCGTCCTGACACTGACACTGTTCGAAGACAGA
GAAATGATCGAAGAAAGACTGAAGACATACGCACACCTGTTCGACGACAAG
GTCATGAAGCAGCTGAAGAGAAGAAGATACACAGGATGGGGAAGACTGAGC
AGAAAGCTGATCAACGGAATCAGAGACAAGCAGAGCGGAAAGACAATCCTG
GACTTCCTGAAGAGCGACGGATTCGCAAACAGAAACTTCATGCAGCTGATC
CACGACGACAGCCTGACATTCAAGGAAGACATCCAGAAGGCACAGGTCAGC
GGACAGGGAGACAGCCTGCACGAACACATCGCAAACCTGGCAGGAAGCCCG
GCAATCAAGAAGGGAATCCTGCAGACAGTCAAGGTCGTCGACGAACTGGTC
AAGGTCATGGGAAGACACAAGCCGGAAAACATCGTCATCGAAATGGCAAGA
GAAAACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAAGAATGAAG
AGAATCGAAGAAGGAATCAAGGAACTGGGAAGCCAGATCCTGAAGGAACAC
CCGGTCGAAAACACACAGCTGCAGAACGAAAAGCTGTACCTGTACTACCTG
CAGAACGGAAGAGACATGTACGTCGACCAGGAACTGGACATCAACAGACTG
AGCGACTACGACGTCGACCACATCGTCCCGCAGAGCTTCCTGAAGGACGAC
AGCATCGACAACAAGGTCCTGACAAGAAGCGACAAGAACAGAGGAAAGAGC
GACAACGTCCCGAGCGAAGAAGTCGTCAAGAAGATGAAGAACTACTGGAGA
CAGCTGCTGAACGCAAAGCTGATCACACAGAGAAAGTTCGACAACCTGACA
AAGGCAGAGAGAGGAGGACTGAGCGAACTGGACAAGGCAGGATTCATCAAG
AGACAGCTGGTCGAAACAAGACAGATCACAAAGCACGTCGCACAGATCCTG
GACAGCAGAATGAACACAAAGTACGACGAAAACGACAAGCTGATCAGAGAA
GTCAAGGTCATCACACTGAAGAGCAAGCTGGTCAGCGACTTCAGAAAGGAC
TTCCAGTTCTACAAGGTCAGAGAAATCAACAACTACCACCACGCACACGAC
GCATACCTGAACGCAGTCGTCGGAACAGCACTGATCAAGAAGTACCCGAAG
CTGGAAAGCGAATTCGTCTACGGAGACTACAAGGTCTACGACGT CAGAAAG
ATGATCGCAAAGAGCGAACAGGAAATCGGAAAGGCAACAGCAAAGTACTTC
TTCTACAGCAACATCATGAACTTCTTCAAGACAGAAATCACACTGGCAAAC
GGAGAAATCAGAAAGAGACCGCTGATCGAAACAAACGGAGAAACAGGAGAA
ATCGTCTGGGACAAGGGAAGAGACTTCGCAACAGTCAGAAAGGTCCTGAGC
ATGCCGCAGGTCAACATCGTCAAGAAGACAGAAGTCCAGACAGGAGGATTC
AGCAAGGAAAGCATCCTGCCGAAGAGAAACAGCGACAAGCTGATCGCAAGA
AAGAAGGACTGGGACCCGAAGAAGTACGGAGGATTCGACAGCCCGACAGTC
GCATACAGCGTCCTGGTCGTCGCAAAGGT CGAAAAGGGAAAGAGCAAGAAG
CTGAAGAGCGTCAAGGAACTGCTGGGAATCACAATCATGGAAAGAAGCAGC
TTCGAAAAGAACCCGATCGACTTCCTGGAAGCAAAGGGATACAAGGAAGTC
AAGAAGGACCTGATCATCAAGCTGCCGAAGTACAGCCTGTTCGAACTGGAA
AACGGAAGAAAGAGAATGCTGGCAAGCGCAGGAGAACTGCAGAAGGGAAAC
GAACTGGCACTGCCGAGCAAGTACGTCAACTTCCTGTACCTGGCAAGCCAC
TACGAAAAGCTGAAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCTGTTC
GTCGAACAGCACAAGCACTACCTGGACGAAATCATCGAACAGATCAGCGAA
TTCAGCAAGAGAGTCATCCTGGCAGACGCAAACCTGGACAAGGTCCTGAGC
GCATACAACAAGCACAGAGACAAGCCGATCAGAGAACAGGCAGAAAACATC
ATCCACCTGTTCACACTGACAAACCTGGGAGCACCGGCAGCATTCAAGTAC
TTCGACACAACAATCGACAGAAAGAGATACACAAGCACAAAGGAAGTCCTG
GACGCAACACTGATCCACCAGAGCATCACAGGACTGTACGAAACAAGAATC
GACCTGAGCCAGCTGGGAGGAGACGGAGGAGGAAGCCCGAAGAAGAAGAGA
AAGGTCTAG

ATGGATAAGAAGTACTCAATCGGGCTGGATATCGGAACTAATTCCGTGGGT
TGGGCAGTGATCACGGATGAATACAAAGTGCCGTCCAAGAAGTTCAAGGTC
CTGGGGAACACCGATAGACACAGCATCAAGAAAAATCTCATCGGAGCCCTG
CTGTTTGACTCCGGCGAAACCGCAGAAGCGACCCGGCTCARACGTACCGCG
AGGCGACGCTACACCCGGCGGAAGAATCGCATCTGCTATCTGCAAGAGATC
TTTTCGAACGAAATGGCAAAGGTCGACGACAGCTTCTTCCACCGCCTGGAA
GAATCTTTCCTGGTGGAGGAGGACAAGAAGCATGAACGGCATCCTATCTTT
GGAAACATCGTCGACGAAGTGGCGTACCACGAAAAGTACCCGACCATCTAC
CATCTGCGGAAGAAGTTGGTTGACTCAACTGACAAGGCCGACCTCAGATTG
ATCTACTTGGCCCTCGCCCATATGATCAAATTCCGCGGACACTTCCTGATC
GAAGGCGATCTGAACCCTGATAACTCCGACGTGGATAAGCTTTTCATTCAA
CTGGTGCAGACCTACAACCAACTGTTCGAAGAAAACCCAATCAATGCTAGC
GGCGTCGATGCCAAGGCCATCCTGTCCGCCCGGCTGTCGAAGTCGCGGCGL

202

Aug. 6, 2020
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CTCGAAAACCTGATCGCACAGCTGCCGGGAGAGAAAAAGAACGGACTTTTC
GGCAACTTGATCGCTCTCTCACTGGGACTCACTCCCAATTTCAAGTCCAAT
TTTGACCTGGCCGAGGACGCGAAGCTGCAACTCTCAAAGGACACCTACGAC
GACGACTTGGACAATTTGCTGGCACAAATTGGCGATCAGTACGCGGATCTG
TTCCTTGCCGCTAAGAACCTTTCGGACGCAATCTTGCTGTCCGATATCCTG
CGCGTGAACACCGAAATAACCAAAGCGCCGCTTAGCGCCTCGATGATTAAG
CGGTACGACGAGCATCACCAGGATCTCACGCTGCTCAAAGCGCTCGTGAGA
CAGCAACTGCCTGAAAAGTACAAGGAGATCTTCTTCGACCAGTCCAAGAAT
GGGTACGCAGGGTACATCGATGGAGGCGCTAGCCAGGAAGAGTTCTATAAG
TTCATCAAGCCAATCCTGGAAAAGATGGACGGAACCGAAGAACTGCTGGTC
AAGCTGAACAGGGAGGATCTGCTCCGGAAACAGAGAACCTTTGACAACGGA
TCCATTCCCCACCAGATCCATCTGGGTGAGCTGCACGCCATCTTGCGGCGC
CAGGAGGACTTTTACCCATTCCTCAAGGACAACCGGGAAAAGATCGAGAAA
ATTCTGACGTTCCGCATCCCGTATTACGTGGGCCCACTGGCGCGCGGCAAT
TCGCGCTTCGCGTGGATGACTAGAAAATCAGAGGAAACCATCACTCCTTGG
AATTTCGAGGAAGTTGTGGATAAGGGAGCTTCGGCACAAAGCTTCATCGAA
CGAATGACCAACTTCGACAAGAATCTCCCAAACGAGAAGGTGCTTCCTAAG
CACAGCCTCCTTTACGAATACTTCACTGTCTACAACGAACTGACTAAAGTG
AAATACGTTACTGAAGGAATGAGGAAGCCGGCCTTTCTGTCCGGAGAACAG
AAGAAAGCAATTGTCGATCTGCTGTTCAAGACCAACCGCAAGGTGACCGTC
AAGCAGCTTAAAGAGGACTACTTCAAGAAGATCGAGTGTTTCGACTCAGTG
GAAATCAGCGGGGTGGAGGACAGATTCAACGCTTCGCTGGGAACCTATCAT
GATCTCCTGAAGATCATCAAGGACAAGGACTTCCTTGACAACGAGGAGAAC
GAGGACATCCTGGAAGATATCGTCCTGACCTTGACCCTTTTCGAGGATCGC
GAGATGATCGAGGAGAGGCTTAAGACCTACGCTCATCTCTTCGACGATAAG
GTCATGAAACAACTCAAGCGCCGCCGGTACACTGGTTGGGGCCGCCTCTCC
CGCAAGCTGATCAACGGTATTCGCGATAAACAGAGCGGTAAAACTATCCTG
GATTTCCTCAAATCGGATGGCTTCGCTAATCGTAACTTCATGCAATTGATC
CACGACGACAGCCTGACCTTTAAGGAGGACATCCAAAAAGCACAAGTGTCC
GGACAGGGAGACTCACTCCATGAACACATCGCGAATCTGGCCGGTTCGCCG
GCGATTAAGAAGGGAATTCTGCAAACTGTGAAGGTGGTCGACGAGCTGGTG
AAGGTCATGGGACGGCACAAACCGGAGAATATCGTGATTGAAATGGCCCGA
GAAAACCAGACTACCCAGAAGGGCCAGAAAAACTCCCGCGAAAGGATGAAG
CGGATCGAAGAAGGAATCAAGGAGCTGGGCAGCCAGATCCTGAAAGAGCAC
CCGGTGGAAAACACGCAGCTGCAGAACGAGAAGCTCTACCTGTACTATTTG
CAAAATGGACGGGACATGTACGTGGACCAAGAGCTGGACATCAATCGGTTG
TCTGATTACGACGTGGACCACATCGTTCCACAGTCCTTTCTGAAGGATGAC
TCGATCGATAACAAGGTGTTGACTCGCAGCGACAAGAACAGAGGGAAGTCA
GATAATGTGCCATCGGAGGAGGT CGTGAAGAAGATGAAGAATTACTGGCGG
CAGCTCCTGAATGCGAAGCTGATTACCCAGAGAAAGTTTGACAATCTCACT
ARAAGCCGAGCGCGGCGGACTCTCAGAGCTGGATAAGGCTGGATTCATCAAA
CGGCAGCTGGTCGAGACTCGGCAGATTACCAAGCACGTGGCGCAGATCTTG
GACTCCCGCATGAACACTAAATACGACGAGAACGATAAGCTCATCCGGGAA
GTGAAGGTGATTACCCTGAAAAGCAAACTTGTGTCGGACTTTCGGAAGGAC
TTTCAGTTTTACAAAGTGAGAGAAATCAACAACTACCATCACGCGCATGAC
GCATACCTCAACGCTGTGGTCGGTACCGCCCTGATCAAAAAGTACCCTARA
CTTGAATCGGAGTTTGTGTACGGAGACTACAAGGTCTACGACGTGAGGAAG
ATGATAGCCAAGTCCGAACAGGAAATCGGGAAAGCAACTGCGAAATACTTC
TTTTACTCAAACATCATGAACTTTTTCAAGACTGAAATTACGCTGGCCAAT
GGAGAAATCAGGAAGAGGCCACTGATCGAAACTAACGGAGAAACGGGCGAA
ATCGTGTGGGACAAGGGCAGGGACTTCGCAACTGTTCGCAAAGTGCTCTCT
ATGCCGCAAGTCAATATTGTGAAGAAAACCGAAGTGCAAACCGGCGGATTT
TCAAAGGAATCGATCCTCCCAAAGAGAAATAGCGACAAGCTCATTGCACGC
AAGAAAGACTGGGACCCGAAGAAGTACGGAGGATTCGATTCGCCGACTGTC
GCATACTCCGTCCTCGTGGTGGCCAAGGTGGAGAAGGGAAAGAGCAAAAANG
CTCAAATCCGTCAAAGAGCTGCTGGGGATTACCATCATGGAACGATCCTCG
TTCGAGAAGAACCCGATTGATTTCCTCGAGGCGAAGGGTTACAAGGAGGTG
AAGAAGGATCTGATCATCAAACTCCCCAAGTACTCACTGTTCGAACTGGAA
AATGGTCGGAAGCGCATGCTGGCTTCGGCCGGAGAACTCCAAAAAGGAAAT
GAGCTGGCCTTGCCTAGCAAGTACGTCAACTTCCTCTATCTTGCTTCGCAC
TACGAAAAACTCAAAGGGTCACCGGAAGATAACGAACAGAAGCAGCTTTTC
GTGGAGCAGCACAAGCATTATCTGGATGAAATCATCGAACAAATCTCCGAG
TTTTCAAAGCGCGTGATCCTCGCCGACGCCAACCTCGACARAGTCCTGTCG
GCCTACAATAAGCATAGAGATAAGCCGATCAGAGAACAGGCCGAGAACATT
ATCCACTTGTTCACCCTGACTAACCTGGGAGCCCCAGCCGCCTTCAAGTAC
TTCGATACTACTATCGATCGCAAAAGATACACGTCCACCAAGGAAGTTCTG
GACGCGACCCTGATCCACCAAAGCATCACTGGACTCTACGAAACTAGGATC
GATCTGTCGCAGCTGGGTGGCGATGGCGGTGGATCTCCGAAAAAGAAGAGA
AAGGTGTAATGA

Aug. 6, 2020
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Amino acid
sequence of
Cas9 with
one nuclear
localization
signal
(1xNLS) as
the C-
terminal 7
amino acids

Cas9 mRNA
ORF using
minimal
uridine
codons, with
start and
stop codons

MDKKYSIGLDIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHS IKKNLIGAL
LFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLE
ESELVEEDKKHERHPIEGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRL
IYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINAS
GVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEGNLIALSLGLTPNEKSN
FDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDIL
RVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKN
GYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNG
SIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGN
SRFAWMTRKSEETI TPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPK
HSLLYEYFTVYNELTKVKYVTEGMRKPAELSGEQKKAIVDLLEKTNRKVTV
KQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEEN
EDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRY TGWGRLS
RKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTEKEDIQKAQVS
GQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMAR
ENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYL
QONGRDMYVDQELDINRLSDYDVDHIVPQSFLKDDSIDNKVLTRSDKNRGKS
DNVPSEEVVKKMKNYWRQLLNAKLI TQRKEDNLTKAERGGLSELDKAGFIK
ROLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKD
FQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRK
MIAKSEQEIGKATAKYFFYSNIMNFEKTEITLANGEIRKRPLIETNGETGE
IVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGESKESILPKRNSDKLIAR
KKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSS
FEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGN
ELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISE
FSKRVILADANLDKVLSAYNKHRDKPIREQAENI THLF TLTNLGAPAAFKY
FDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGDGGGSPKKKR
Kv

AUGGACAAGAAGUACAGCAUCGGACUGGACAUCGGAACAAACAGCGUCGGA
UGGGCAGUCAUCACAGACGAAUACAAGGUCCCGAGCAAGAAGUUCAAGGUC
CUGGGAAACACAGACAGACACAGCAUCAAGAAGAACCUGAUCGGAGCACUG
CUGUUCGACAGCGGAGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCA
AGAAGAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUGCAGGAAAUC
UUCAGCAACGAAAUGGCAAAGGUCGACGACAGCUUCUUCCACAGACUGGAA
GAAAGCUUCCUGGUCGAAGAAGACAAGAAGCACGAAAGACACCCGAUCUUC
GGAAACAUCGUCGACGAAGUCGCAUACCACGAAAAGUACCCGACAAUCUAC
CACCUGAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACCUGAGACUG
AUCUACCUGGCACUGGCACACAUGAUCAAGUUCAGAGGACACUUCCUGAUC
GAAGGAGACCUGAACCCGGACAACAGCGACGUCGACAAGCUGUUCAUCCAG
CUGGUCCAGACAUACAACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGC
GGAGUCGACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAGCAGAAGA
CUGGAAAACCUGAUCGCACAGCUGCCGGGAGAAAAGAAGAACGGACUGUUC
GGAAACCUGAUCGCACUGAGCCUGGGACUGACACCGAACUUCAAGAGCAAC
UUCGACCUGGCAGAAGACGCAAAGCUGCAGCUGAGCAAGGACACAUACGAC
GACGACCUGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCAGACCUG
UUCCUGGCAGCAAAGAACCUGAGCGACGCAAUCCUGCUGAGCGACAUCCUG
AGAGUCAACACAGAAAUCACAAAGGCACCGCUGAGCGCAAGCAUGAUCAAG
AGAUACGACGAACACCACCAGGACCUGACACUGCUGAAGGCACUGGUCAGA
CAGCAGCUGCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCAAGAAC
GGAUACGCAGGAUACAUCGACGGAGGAGCAAGCCAGGAAGAAUUCUACAAG
UUCAUCAAGCCGAUCCUGGAAAAGAUGGACGGAACAGAAGAACUGCUGGUC
AAGCUGAACAGAGAAGACCUGCUGAGAAAGCAGAGAACAUUCGACAACGGA
AGCAUCCCGCACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGAAGA
CAGGAAGACUUCUACCCGUUCCUGAAGGACAACAGAGAAAAGAUCGAAAAG
AUCCUGACAUUCAGAAUCCCGUACUACGUCGGACCGCUGGCAAGAGGAAAC
AGCAGAUUCGCAUGGAUGACAAGAAAGAGCGAAGAAACAAUCACACCGUGG
AACUUCGAAGAAGUCGUCGACAAGGGAGCAAGCGCACAGAGCUUCAUCGAA
AGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAAGGUCCUGCCGAAG
CACAGCCUGCUGUACGAAUACUUCACAGUCUACAACGAACUGACAAAGGUC
AAGUACGUCACAGAAGGAAUGAGAAAGCCGGCAUUCCUGAGCGGAGAACAG
AAGAAGGCAAUCGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGUC
AAGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCUUCGACAGCGUC
GAAAUCAGCGGAGUCGAAGACAGAUUCAACGCAAGCCUGGGAACAUACCAC
GACCUGCUGAAGAUCAUCAAGGACAAGGACUUCCUGGACAACGAAGAAAAC
GAAGACAUCCUGGAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGA
GAAAUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUUCGACGACAAG
GUCAUGAAGCAGCUGAAGAGAAGAAGAUACACAGGAUGGGGAAGACUGAGC
AGAAAGCUGAUCAACGGAAUCAGAGACAAGCAGAGCGGAAAGACAAUCCUG
GACUUCCUGAAGAGCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUC
CACGACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCACAGGUCAGC
GGACAGGGAGACAGCCUGCACGAACACAUCGCAAACCUGGCAGGAAGCCCG

203

204

Aug. 6, 2020



US 2020/0248180 Al

87

-continued

Sequence Table

Description

Sequence

SEQ
ID No.

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

GCAAUCAAGAAGGGAAUCCUGCAGACAGUCAAGGUCGUCGACGAACUGGUC
AAGGUCAUGGGAAGACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGA
GAAAACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAAGAAUGAAG
AGAAUCGAAGAAGGAAUCAAGGAACUGGGAAGCCAGAUCCUGAAGGAACAC
CCGGUCGAAAACACACAGCUGCAGAACGAAAAGCUGUACCUGUACUACCUG
CAGAACGGAAGAGACAUGUACGUCGACCAGGAACUGGACAUCAACAGACUG
AGCGACUACGACGUCGACCACAUCGUCCCGCAGAGCUUCCUGAAGGACGAC
AGCAUCGACAACAAGGUCCUGACAAGAAGCGACAAGAACAGAGGAAAGAGC
GACAACGUCCCGAGCGAAGAAGUCGUCAAGAAGAUGAAGAACUACUGGAGA
CAGCUGCUGAACGCAAAGCUGAUCACACAGAGAAAGUUCGACAACCUGACA
AAGGCAGAGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUCAUCAAG
AGACAGCUGGUCGAAACAAGACAGAUCACAAAGCACGUCGCACAGAUCCUG
GACAGCAGAAUGAACACAAAGUACGACGAAAACGACAAGCUGAUCAGAGAA
GUCAAGGUCAUCACACUGAAGAGCAAGCUGGUCAGCGACUUCAGAAAGGAC
UUCCAGUUCUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACACGAC
GCAUACCUGAACGCAGUCGUCGGAACAGCACUGAUCAAGAAGUACCCGAAG
CUGGAAAGCGAAUUCGUCUACGGAGACUACAAGGUCUACGACGUCAGAAAG
AUGAUCGCAAAGAGCGAACAGGAAAUCGGAAAGGCAACAGCAAAGUACUUC
UUCUACAGCAACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCAAAC
GGAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGGAGAAACAGGAGAA
AUCGUCUGGGACAAGGGAAGAGACUUCGCAACAGUCAGAAAGGUCCUGAGC
AUGCCGCAGGUCAACAUCGUCAAGAAGACAGAAGUCCAGACAGGAGGAUUC
AGCAAGGAAAGCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAAGA
AAGAAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGACAGCCCGACAGUC
GCAUACAGCGUCCUGGUCGUCGCAAAGGUCGAAAAGGGAAAGAGCAAGAAG
CUGAAGAGCGUCAAGGAACUGCUGGGAAUCACAAUCAUGGAAAGAAGCAGC
UUCGAAAAGAACCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGUC
AAGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGUUCGAACUGGAA
AACGGAAGAAAGAGAAUGCUGGCAAGCGCAGGAGAACUGCAGAAGGGAAAC
GAACUGGCACUGCCGAGCAAGUACGUCAACUUCCUGUACCUGGCAAGCCAC
UACGAAAAGCUGAAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUUC
GUCGAACAGCACAAGCACUACCUGGACGAAAUCAUCGAACAGAUCAGCGAA
UUCAGCAAGAGAGUCAUCCUGGCAGACGCAAACCUGGACAAGGUCCUGAGC
GCAUACAACAAGCACAGAGACAAGCCGAUCAGAGAACAGGCAGAAAACATC
AUCCACCUGUUCACACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUAC
UUCGACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAGGAAGUCCUG
GACGCAACACUGAUCCACCAGAGCAUCACAGGACUGUACGAAACAAGAATC
GACCUGAGCCAGCUGGGAGGAGACGGAGGAGGAAGCCCGAAGAAGAAGAGA
AAGGUCUAG

AUGGAUAAGAAGUACUCAAUCGGGCUGGAUAUCGGAACUAAUUCCGUGGGU
UGGGCAGUGAUCACGGAUGAAUACAAAGUGCCGUCCAAGAAGUUCAAGGUC
CUGGGGAACACCGAUAGACACAGCAUCAAGAAAAAUCUCAUCGGAGCCCUG
CUGUUUGACUCCGGCGAAACCGCAGAAGCGACCCGGCUCARACGUACCGCG
AGGCGACGCUACACCCGGCGGAAGAAUCGCAUCUGCUAUCUGCAAGAGAUC
UUUUCGAACGAAAUGGCAAAGGUCGACGACAGCUUCUUCCACCGCCUGGAA
GAAUCUUUCCUGGUGGAGGAGGACAAGAAGCAUGAACGGCAUCCUAUCUUU
GGAAACAUCGUCGACGAAGUGGCGUACCACGAAAAGUACCCGACCAUCUAC
CAUCUGCGGAAGAAGUUGGUUGACUCAACUGACAAGGCCGACCUCAGAUUG
AUCUACUUGGCCCUCGCCCAUAUGAUCAAAUUCCGCGGACACUUCCUGAUC
GAAGGCGAUCUGAACCCUGAUAACUCCGACGUGGAUAAGCUUUUCAUUCAA
CUGGUGCAGACCUACAACCAACUGUUCGAAGAAAACCCAAUCAAUGCUAGC
GGCGUCGAUGCCAAGGCCAUCCUGUCCGCCCGGCUGUCGAAGUCGCGGCGT
CUCGAAAACCUGAUCGCACAGCUGCCGGGAGAGAAAAAGAACGGACUTUUUC
GGCAACUUGAUCGCUCUCUCACUGGGACUCACUCCCAAUUUCAAGUCCAAU
UUUGACCUGGCCGAGGACGCGAAGCUGCAACUCUCAAAGGACACCUACGAC
GACGACUUGGACAAUUUGCUGGCACAAAUUGGCGAUCAGUACGCGGAUCUG
UUCCUUGCCGCUAAGAACCUUUCGGACGCAAUCUUGCUGUCCGAUAUCCUG
CGCGUGAACACCGAAAUAACCAAAGCGCCGCUUAGCGCCUCGAUGAUUAAG
CGGUACGACGAGCAUCACCAGGAUCUCACGCUGCUCAAAGCGCUCGUGAGA
CAGCAACUGCCUGAAAAGUACAAGGAGAUCUUCUUCGACCAGUCCAAGAAU
GGGUACGCAGGGUACAUCGAUGGAGGCGCUAGCCAGGAAGAGUUCUAUAAG
UUCAUCAAGCCAAUCCUGGAAAAGAUGGACGGAACCGAAGAACUGCUGGUC
AAGCUGAACAGGGAGGAUCUGCUCCGGAAACAGAGAACCUUUGACAACGGA
UCCAUUCCCCACCAGAUCCAUCUGGGUGAGCUGCACGCCAUCUUGCGGCGC
CAGGAGGACUUUUACCCAUUCCUCAAGGACAACCGGGAAAAGAUCGAGAAA
AUUCUGACGUUCCGCAUCCCGUAUUACGUGGGCCCACUGGCGCGCGGCAAU
UCGCGCUUCGCGUGGAUGACUAGAAAAUCAGAGGAAACCAUCACUCCUUGG
AAUUUCGAGGAAGUUGUGGAUAAGGGAGCUUCGGCACAAAGCUUCAUCGAA
CGAAUGACCAACUUCGACAAGAAUCUCCCAAACGAGAAGGUGCUUCCUAAG
CACAGCCUCCUUUACGAAUACUUCACUGUCUACAACGAACUGACUAAAGUG
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AAAUACGUUACUGAAGGAAUGAGGAAGCCGGCCUUUCUGUCCGGAGAACAG
AAGAAAGCAAUUGUCGAUCUGCUGUUCAAGACCAACCGCAAGGUGACCGUC
AAGCAGCUUAAAGAGGACUACUUCAAGAAGAUCGAGUGUUUCGACUCAGUG
GAAAUCAGCGGGGUGGAGGACAGAUUCAACGCUUCGCUGGGAACCUAUCAU
GAUCUCCUGAAGAUCAUCAAGGACAAGGACUUCCUUGACAACGAGGAGAAC
GAGGACAUCCUGGAAGAUAUCGUCCUGACCUUGACCCUUUUCGAGGAUCGC
GAGAUGAUCGAGGAGAGGCUUAAGACCUACGCUCAUCUCUUCGACGAUAAG
GUCAUGAAACAACUCAAGCGCCGCCGGUACACUGGUUGGGGCCGCCUCUCT
CGCAAGCUGAUCAACGGUAUUCGCGAUAAACAGAGCGGUAAAACUAUCCUG
GAUUUCCUCAAAUCGGAUGGCUUCGCUAAUCGUAACUUCAUGCAAUUGAUC
CACGACGACAGCCUGACCUUUAAGGAGGACAUCCAAAAAGCACAAGUGUCC
GGACAGGGAGACUCACUCCAUGAACACAUCGCGAAUCUGGCCGGUUCGCCG
GCGAUUAAGAAGGGAAUUCUGCAAACUGUGAAGGUGGUCGACGAGCUGGUG
AAGGUCAUGGGACGGCACAAACCGGAGAAUAUCGUGAUUGAAAUGGCCCGA
GAAAACCAGACUACCCAGAAGGGCCAGAAAAACUCCCGCGAAAGGAUGAAG
CGGAUCGAAGAAGGAAUCAAGGAGCUGGGCAGCCAGAUCCUGAAAGAGCAC
CCGGUGGAAAACACGCAGCUGCAGAACGAGAAGCUCUACCUGUACUAUUUG
CAAAAUGGACGGGACAUGUACGUGGACCAAGAGCUGGACAUCAAUCGGUUG
UCUGAUUACGACGUGGACCACAUCGUUCCACAGUCCUUUCUGAAGGAUGAC
UCGAUCGAUAACAAGGUGUUGACUCGCAGCGACAAGAACAGAGGGAAGUCA
GAUAAUGUGCCAUCGGAGGAGGUCGUGAAGAAGAUGAAGAAUUACUGGCGG
CAGCUCCUGAAUGCGAAGCUGAUUACCCAGAGAAAGUUUGACAAUCUCACU
ARAAGCCGAGCGCGGCGGACUCUCAGAGCUGGAUAAGGCUGGAUUCAUCAAA
CGGCAGCUGGUCGAGACUCGGCAGAUUACCAAGCACGUGGCGCAGAUCUUG
GACUCCCGCAUGAACACUAAAUACGACGAGAACGAUAAGCUCAUCCGGGAA
GUGAAGGUGAUUACCCUGAAAAGCAAACUUGUGUCGGACUUUCGGAAGGAC
UUUCAGUUUUACAAAGUGAGAGAAAUCAACAACUACCAUCACGCGCAUGAC
GCAUACCUCAACGCUGUGGUCGGUACCGCCCUGAUCAAAAAGUACCCUARAA
CUUGAAUCGGAGUUUGUGUACGGAGACUACAAGGUCUACGACGUGAGGAAG
AUGAUAGCCAAGUCCGAACAGGAAAUCGGGAAAGCAACUGCGAAAUACUUC
UUUUACUCAAACAUCAUGAACUUUUUCAAGACUGAAAUUACGCUGGCCAAU
GGAGAAAUCAGGAAGAGGCCACUGAUCGAAACUAACGGAGAAACGGGCGAA
AUCGUGUGGGACAAGGGCAGGGACUUCGCAACUGUUCGCAAAGUGCUCUCU
AUGCCGCAAGUCAAUAUUGUGAAGAAAACCGAAGUGCAAACCGGCGGAUUU
UCAAAGGAAUCGAUCCUCCCAAAGAGAAAUAGCGACAAGCUCAUUGCACGC
AAGAAAGACUGGGACCCGAAGAAGUACGGAGGAUUCGAUUCGCCGACUGUC
GCAUACUCCGUCCUCGUGGUGGCCAAGGUGGAGAAGGGAAAGAGCAAAAAG
CUCAAAUCCGUCAAAGAGCUGCUGGGGAUUACCAUCAUGGAACGAUCCUCG
UUCGAGAAGAACCCGAUUGAUUUCCUCGAGGCGAAGGGUUACAAGGAGGUG
AAGAAGGAUCUGAUCAUCAAACUCCCCAAGUACUCACUGUUCGAACUGGAA
AAUGGUCGGAAGCGCAUGCUGGCUUCGGCCGGAGAACUCCAAAAAGGAAAT
GAGCUGGCCUUGCCUAGCAAGUACGUCAACUUCCUCUAUCUUGCUUCGCAC
UACGAAAAACUCAAAGGGUCACCGGAAGAUAACGAACAGAAGCAGCUUUUC
GUGGAGCAGCACAAGCAUUAUCUGGAUGAAAUCAUCGAACAAAUCUCCGAG
UUUUCAAAGCGCGUGAUCCUCGCCGACGCCAACCUCGACAAAGUCCUGUCG
GCCUACAAUAAGCAUAGAGAUAAGCCGAUCAGAGAACAGGCCGAGAACAUU
AUCCACUUGUUCACCCUGACUAACCUGGGAGCCCCAGCCGCCUUCAAGUAC
UUCGAUACUACUAUCGAUCGCAAAAGAUACACGUCCACCAAGGAAGUUCUG
GACGCGACCCUGAUCCACCAAAGCAUCACUGGACUCUACGAAACUAGGAUC
GAUCUGUCGCAGCUGGGUGGCGAUGGCGGUGGAUCUCCGAAAAAGAAGAGA
AAGGUGUAAUGA

MDKKYSIGLAIGINSVGWAVITDEYKVPSKKFKVLGNIDRHS IKKNLIGAL
LFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLE
ESELVEEDKKHERHPIEGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRL
IYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINAS
GVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEGNLIALSLGLIPNEKSN
FDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDIL
RVNTEITKAPLSASMIKRYDEHHQDLILLKALVRQQLPEKYKEIFFDQSKN
GYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNG
SIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGN
SRFAWMTRKSEETI TPWNFEEVVDKGASAQSFIERMINFDKNLPNEKVLPK
HSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLEKTNRKVIV
KQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEEN
EDILEDIVLILTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRY TGWGRLS
RKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHDDSLIFKEDIQKAQVS
GQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMAR
ENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYL
QONGRDMYVDQELDINRLSDYDVDHIVPQSFLKDDSIDNKVLIRSDKNRGKS
DNVPSEEVVKKMKNYWRQLLNAKLI TQRKEDNLIKAERGGLSELDKAGFIK
ROLVETRQIIKHVAQILDSRMNIKYDENDKLIREVKVITLKSKLVSDFRKD
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FQFYKVREINNYHHAHDAYLNAVVGIALIKKYPKLESEFVYGDYKVYDVRK
MIAKSEQEIGKATAKYFFYSNIMNFEKTEITLANGEIRKRPLIETNGETGE
IVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGESKESILPKRNSDKLIAR
KKDWDPKKYGGFDSPIVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSS
FEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGN
ELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISE
FSKRVILADANLDKVLSAYNKHRDKPIREQAENI ITHLFTLTNLGAPAAFKY
FDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGDGGGSPKKKR
Kv

AUGGACAAGAAGUACAGCAUCGGACUGGCAAUCGGAACAAACAGCGUCGGA
UGGGCAGUCAUCACAGACGAAUACAAGGUCCCGAGCAAGAAGUUCAAGGUC
CUGGGAAACACAGACAGACACAGCAUCAAGAAGAACCUGAUCGGAGCACUG
CUGUUCGACAGCGGAGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCA
AGAAGAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUGCAGGAAAUC
UUCAGCAACGAAAUGGCAAAGGUCGACGACAGCUUCUUCCACAGACUGGAA
GAAAGCUUCCUGGUCGAAGAAGACAAGAAGCACGAAAGACACCCGAUCUUC
GGAAACAUCGUCGACGAAGUCGCAUACCACGAAAAGUACCCGACAAUCUAC
CACCUGAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACCUGAGACUG
AUCUACCUGGCACUGGCACACAUGAUCAAGUUCAGAGGACACUUCCUGAUC
GAAGGAGACCUGAACCCGGACAACAGCGACGUCGACAAGCUGUUCAUCCAG
CUGGUCCAGACAUACAACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGC
GGAGUCGACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAGCAGAAGA
CUGGAAAACCUGAUCGCACAGCUGCCGGGAGAAAAGAAGAACGGACUGUUC
GGAAACCUGAUCGCACUGAGCCUGGGACUGACACCGAACUUCAAGAGCAAC
UUCGACCUGGCAGAAGACGCAAAGCUGCAGCUGAGCAAGGACACAUACGAC
GACGACCUGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCAGACCUG
UUCCUGGCAGCAAAGAACCUGAGCGACGCAAUCCUGCUGAGCGACAUCCUG
AGAGUCAACACAGAAAUCACAAAGGCACCGCUGAGCGCAAGCAUGAUCAAG
AGAUACGACGAACACCACCAGGACCUGACACUGCUGAAGGCACUGGUCAGA
CAGCAGCUGCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCAAGAAC
GGAUACGCAGGAUACAUCGACGGAGGAGCAAGCCAGGAAGAAUUCUACAAG
UUCAUCAAGCCGAUCCUGGAAAAGAUGGACGGAACAGAAGAACUGCUGGUC
AAGCUGAACAGAGAAGACCUGCUGAGAAAGCAGAGAACAUUCGACAACGGA
AGCAUCCCGCACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGAAGA
CAGGAAGACUUCUACCCGUUCCUGAAGGACAACAGAGAAAAGAUCGAAAAG
AUCCUGACAUUCAGAAUCCCGUACUACGUCGGACCGCUGGCAAGAGGAAAC
AGCAGAUUCGCAUGGAUGACAAGAAAGAGCGAAGAAACAAUCACACCGUGG
AACUUCGAAGAAGUCGUCGACAAGGGAGCAAGCGCACAGAGCUUCAUCGAA
AGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAAGGUCCUGCCGAAG
CACAGCCUGCUGUACGAAUACUUCACAGUCUACAACGAACUGACAAAGGUC
AAGUACGUCACAGAAGGAAUGAGAAAGCCGGCAUUCCUGAGCGGAGAACAG
AAGAAGGCAAUCGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGUC
AAGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCUUCGACAGCGUC
GAAAUCAGCGGAGUCGAAGACAGAUUCAACGCAAGCCUGGGAACAUACCAC
GACCUGCUGAAGAUCAUCAAGGACAAGGACUUCCUGGACAACGAAGAAAAC
GAAGACAUCCUGGAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGA
GAAAUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUUCGACGACAAG
GUCAUGAAGCAGCUGAAGAGAAGAAGAUACACAGGAUGGGGAAGACUGAGC
AGAAAGCUGAUCAACGGAAUCAGAGACAAGCAGAGCGGAAAGACAAUCCUG
GACUUCCUGAAGAGCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUC
CACGACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCACAGGUCAGC
GGACAGGGAGACAGCCUGCACGAACACAUCGCAAACCUGGCAGGAAGCCCG
GCAAUCAAGAAGGGAAUCCUGCAGACAGUCAAGGUCGUCGACGAACUGGUC
AAGGUCAUGGGAAGACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGA
GAAAACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAAGAAUGAAG
AGAAUCGAAGAAGGAAUCAAGGAACUGGGAAGCCAGAUCCUGAAGGAACAC
CCGGUCGAAAACACACAGCUGCAGAACGAAAAGCUGUACCUGUACUACCUG
CAGAACGGAAGAGACAUGUACGUCGACCAGGAACUGGACAUCAACAGACUG
AGCGACUACGACGUCGACCACAUCGUCCCGCAGAGCUUCCUGAAGGACGAC
AGCAUCGACAACAAGGUCCUGACAAGAAGCGACAAGAACAGAGGAAAGAGC
GACAACGUCCCGAGCGAAGAAGUCGUCAAGAAGAUGAAGAACUACUGGAGA
CAGCUGCUGAACGCAAAGCUGAUCACACAGAGAAAGUUCGACAACCUGACA
AAGGCAGAGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUCAUCAAG
AGACAGCUGGUCGAAACAAGACAGAUCACAAAGCACGUCGCACAGAUCCUG
GACAGCAGAAUGAACACAAAGUACGACGAAAACGACAAGCUGAUCAGAGAA
GUCAAGGUCAUCACACUGAAGAGCAAGCUGGUCAGCGACUUCAGAAAGGAC
UUCCAGUUCUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACACGAC
GCAUACCUGAACGCAGUCGUCGGAACAGCACUGAUCAAGAAGUACCCGAAG
CUGGAAAGCGAAUUCGUCUACGGAGACUACAAGGUCUACGACGUCAGAAAG
AUGAUCGCAAAGAGCGAACAGGAAAUCGGAAAGGCAACAGCAAAGUACUUC
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UUCUACAGCAACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCAAAC
GGAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGGAGAAACAGGAGAA
AUCGUCUGGGACAAGGGAAGAGACUUCGCAACAGUCAGAAAGGUCCUGAGC
AUGCCGCAGGUCAACAUCGUCAAGAAGACAGAAGUCCAGACAGGAGGAUUC
AGCAAGGAAAGCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAAGA
AAGAAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGACAGCCCGACAGUC
GCAUACAGCGUCCUGGUCGUCGCAAAGGUCGAAAAGGGAAAGAGCAAGAAG
CUGAAGAGCGUCAAGGAACUGCUGGGAAUCACAAUCAUGGAAAGAAGCAGC
UUCGAAAAGAACCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGUC
AAGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGUUCGAACUGGAA
AACGGAAGAAAGAGAAUGCUGGCAAGCGCAGGAGAACUGCAGAAGGGAAAC
GAACUGGCACUGCCGAGCAAGUACGUCAACUUCCUGUACCUGGCAAGCCAC
UACGAAAAGCUGAAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUUC
GUCGAACAGCACAAGCACUACCUGGACGAAAUCAUCGAACAGAUCAGCGAA
UUCAGCAAGAGAGUCAUCCUGGCAGACGCAAACCUGGACAAGGUCCUGAGC
GCAUACAACAAGCACAGAGACAAGCCGAUCAGAGAACAGGCAGAAAACATC
AUCCACCUGUUCACACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUAC
UUCGACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAGGAAGUCCUG
GACGCAACACUGAUCCACCAGAGCAUCACAGGACUGUACGAAACAAGAATC
GACCUGAGCCAGCUGGGAGGAGACGGAGGAGGAAGCCCGAAGAAGAAGAGA
AAGGUCUAG

MDKKYSIGLAIGINSVGWAVITDEYKVPSKKFKVLGNIDRHS IKKNLIGAL
LFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLE
ESELVEEDKKHERHPIEGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRL
IYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINAS
GVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEGNLIALSLGLIPNEKSN
FDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDIL
RVNTEITKAPLSASMIKRYDEHHQDLILLKALVRQQLPEKYKEIFFDQSKN
GYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNG
SIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGN
SRFAWMTRKSEETI TPWNFEEVVDKGASAQSFIERMINFDKNLPNEKVLPK
HSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLEKTNRKVIV
KQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEEN
EDILEDIVLILTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRY TGWGRLS
RKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHDDSLIFKEDIQKAQVS
GQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMAR
ENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYL
QONGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLIRSDKNRGKS
DNVPSEEVVKKMKNYWRQLLNAKLI TQRKEDNLIKAERGGLSELDKAGFIK
ROLVETRQIIKHVAQILDSRMNIKYDENDKLIREVKVITLKSKLVSDFRKD
FQFYKVREINNYHHAHDAYLNAVVGIALIKKYPKLESEFVYGDYKVYDVRK
MIAKSEQEIGKATAKYFFYSNIMNFEKTEITLANGEIRKRPLIETNGETGE
IVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGESKESILPKRNSDKLIAR
KKDWDPKKYGGFDSPIVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSS
FEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGN
ELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISE
FSKRVILADANLDKVLSAYNKHRDKPIREQAENI ITHLFTLINLGAPAAFKY
FDTTIDRKRYISTKEVLDATLIHQSITGLYETRIDLSQLGGDGGGSPKKKR
Kv

AUGGACAAGAAGUACAGCAUCGGACUGGCAAUCGGAACAAACAGCGUCGGA
UGGGCAGUCAUCACAGACGAAUACAAGGUCCCGAGCAAGAAGUUCAAGGUC
CUGGGAAACACAGACAGACACAGCAUCAAGAAGAACCUGAUCGGAGCACUG
CUGUUCGACAGCGGAGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCA
AGAAGAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUGCAGGAAAUC
UUCAGCAACGAAAUGGCAAAGGUCGACGACAGCUUCUUCCACAGACUGGAA
GAAAGCUUCCUGGUCGAAGAAGACAAGAAGCACGAAAGACACCCGAUCUUC
GGAAACAUCGUCGACGAAGUCGCAUACCACGAAAAGUACCCGACAAUCUAC
CACCUGAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACCUGAGACUG
AUCUACCUGGCACUGGCACACAUGAUCAAGUUCAGAGGACACUUCCUGAUC
GAAGGAGACCUGAACCCGGACAACAGCGACGUCGACAAGCUGUUCAUCCAG
CUGGUCCAGACAUACAACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGC
GGAGUCGACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAGCAGAAGA
CUGGAAAACCUGAUCGCACAGCUGCCGGGAGAAAAGAAGAACGGACUGUUC
GGAAACCUGAUCGCACUGAGCCUGGGACUGACACCGAACUUCAAGAGCAAC
UUCGACCUGGCAGAAGACGCAAAGCUGCAGCUGAGCAAGGACACAUACGAC
GACGACCUGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCAGACCUG
UUCCUGGCAGCAAAGAACCUGAGCGACGCAAUCCUGCUGAGCGACAUCCUG
AGAGUCAACACAGAAAUCACAAAGGCACCGCUGAGCGCAAGCAUGAUCAAG
AGAUACGACGAACACCACCAGGACCUGACACUGCUGAAGGCACUGGUCAGA
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CAGCAGCUGCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCAAGAAC
GGAUACGCAGGAUACAUCGACGGAGGAGCAAGCCAGGAAGAAUUCUACAAG
UUCAUCAAGCCGAUCCUGGAAAAGAUGGACGGAACAGAAGAACUGCUGGUC
AAGCUGAACAGAGAAGACCUGCUGAGAAAGCAGAGAACAUUCGACAACGGA
AGCAUCCCGCACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGAAGA
CAGGAAGACUUCUACCCGUUCCUGAAGGACAACAGAGAAAAGAUCGAAAAG
AUCCUGACAUUCAGAAUCCCGUACUACGUCGGACCGCUGGCAAGAGGAAAC
AGCAGAUUCGCAUGGAUGACAAGAAAGAGCGAAGAAACAAUCACACCGUGG
AACUUCGAAGAAGUCGUCGACAAGGGAGCAAGCGCACAGAGCUUCAUCGAA
AGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAAGGUCCUGCCGAAG
CACAGCCUGCUGUACGAAUACUUCACAGUCUACAACGAACUGACAAAGGUC
AAGUACGUCACAGAAGGAAUGAGAAAGCCGGCAUUCCUGAGCGGAGAACAG
AAGAAGGCAAUCGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGUC
AAGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCUUCGACAGCGUC
GAAAUCAGCGGAGUCGAAGACAGAUUCAACGCAAGCCUGGGAACAUACCAC
GACCUGCUGAAGAUCAUCAAGGACAAGGACUUCCUGGACAACGAAGAAAAC
GAAGACAUCCUGGAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGA
GAAAUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUUCGACGACAAG
GUCAUGAAGCAGCUGAAGAGAAGAAGAUACACAGGAUGGGGAAGACUGAGC
AGAAAGCUGAUCAACGGAAUCAGAGACAAGCAGAGCGGAAAGACAAUCCUG
GACUUCCUGAAGAGCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUC
CACGACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCACAGGUCAGC
GGACAGGGAGACAGCCUGCACGAACACAUCGCAAACCUGGCAGGAAGCCCG
GCAAUCAAGAAGGGAAUCCUGCAGACAGUCAAGGUCGUCGACGAACUGGUC
AAGGUCAUGGGAAGACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGA
GAAAACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAAGAAUGAAG
AGAAUCGAAGAAGGAAUCAAGGAACUGGGAAGCCAGAUCCUGAAGGAACAC
CCGGUCGAAAACACACAGCUGCAGAACGAAAAGCUGUACCUGUACUACCUG
CAGAACGGAAGAGACAUGUACGUCGACCAGGAACUGGACAUCAACAGACUG
AGCGACUACGACGUCGACGCAAUCGUCCCGCAGAGCUUCCUGAAGGACGAC
AGCAUCGACAACAAGGUCCUGACAAGAAGCGACAAGAACAGAGGAAAGAGC
GACAACGUCCCGAGCGAAGAAGUCGUCAAGAAGAUGAAGAACUACUGGAGA
CAGCUGCUGAACGCAAAGCUGAUCACACAGAGAAAGUUCGACAACCUGACA
AAGGCAGAGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUCAUCAAG
AGACAGCUGGUCGAAACAAGACAGAUCACAAAGCACGUCGCACAGAUCCUG
GACAGCAGAAUGAACACAAAGUACGACGAAAACGACAAGCUGAUCAGAGAA
GUCAAGGUCAUCACACUGAAGAGCAAGCUGGUCAGCGACUUCAGAAAGGAC
UUCCAGUUCUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACACGAC
GCAUACCUGAACGCAGUCGUCGGAACAGCACUGAUCAAGAAGUACCCGAAG
CUGGAAAGCGAAUUCGUCUACGGAGACUACAAGGUCUACGACGUCAGAAAG
AUGAUCGCAAAGAGCGAACAGGAAAUCGGAAAGGCAACAGCAAAGUACUUC
UUCUACAGCAACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCAAAC
GGAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGGAGAAACAGGAGAA
AUCGUCUGGGACAAGGGAAGAGACUUCGCAACAGUCAGAAAGGUCCUGAGC
AUGCCGCAGGUCAACAUCGUCAAGAAGACAGAAGUCCAGACAGGAGGAUUC
AGCAAGGAAAGCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAAGA
AAGAAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGACAGCCCGACAGUC
GCAUACAGCGUCCUGGUCGUCGCAAAGGUCGAAAAGGGAAAGAGCAAGAAG
CUGAAGAGCGUCAAGGAACUGCUGGGAAUCACAAUCAUGGAAAGAAGCAGC
UUCGAAAAGAACCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGUC
AAGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGUUCGAACUGGAA
AACGGAAGAAAGAGAAUGCUGGCAAGCGCAGGAGAACUGCAGAAGGGAAAC
GAACUGGCACUGCCGAGCAAGUACGUCAACUUCCUGUACCUGGCAAGCCAC
UACGAAAAGCUGAAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUUC
GUCGAACAGCACAAGCACUACCUGGACGAAAUCAUCGAACAGAUCAGCGAA
UUCAGCAAGAGAGUCAUCCUGGCAGACGCAAACCUGGACAAGGUCCUGAGC
GCAUACAACAAGCACAGAGACAAGCCGAUCAGAGAACAGGCAGAAAACATC
AUCCACCUGUUCACACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUAC
UUCGACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAGGAAGUCCUG
GACGCAACACUGAUCCACCAGAGCAUCACAGGACUGUACGAAACAAGAATC
GACCUGAGCCAGCUGGGAGGAGACGGAGGAGGAAGCCCGAAGAAGAAGAGA
AAGGUCUAG

GACAAGAAGUACAGCAUCGGACUGGACAUCGGAACAAACAGCGUCGGAUGG
GCAGUCAUCACAGACGAAUACAAGGUCCCGAGCAAGAAGUUCAAGGUCCUG
GGAAACACAGACAGACACAGCAUCAAGAAGAACCUGAUCGGAGCACUGCUG
UUCGACAGCGGAGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAAGA
AGAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUGCAGGAAAUCUUC
AGCAACGAAAUGGCAAAGGUCGACGACAGCUUCUUCCACAGACUGGAAGAA
AGCUUCCUGGUCGAAGAAGACAAGAAGCACGAAAGACACCCGAUCUUCGGA
AACAUCGUCGACGAAGUCGCAUACCACGAAAAGUACCCGACAAUCUACCAC
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stop codons; CUGAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACCUGAGACUGAUC
suit able for UACCUGGCACUGGCACACAUGAUCAAGUUCAGAGGACACUUCCUGAUCGAA
inclusion in GGAGACCUGAACCCGGACAACAGCGACGUCGACAAGCUGUUCAUCCAGCUG
fusion GUCCAGACAUACAACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGCGGA
protein GUCGACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAGCAGAAGACUG
coding GAAAACCUGAUCGCACAGCUGCCGGGAGAAAAGAAGAACGGACUGUUCGGA
sequence) AACCUGAUCGCACUGAGCCUGGGACUGACACCGAACUUCAAGAGCAACUUC

GACCUGGCAGAAGACGCAAAGCUGCAGCUGAGCAAGGACACAUACGACGAC
GACCUGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCAGACCUGUUC
CUGGCAGCAAAGAACCUGAGCGACGCAAUCCUGCUGAGCGACAUCCUGAGA
GUCAACACAGAAAUCACAAAGGCACCGCUGAGCGCAAGCAUGAUCAAGAGA
UACGACGAACACCACCAGGACCUGACACUGCUGAAGGCACUGGUCAGACAG
CAGCUGCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCAAGAACGGA
UACGCAGGAUACAUCGACGGAGGAGCAAGCCAGGAAGAAUUCUACAAGUUC
AUCAAGCCGAUCCUGGAAAAGAUGGACGGAACAGAAGAACUGCUGGUCAAG
CUGAACAGAGAAGACCUGCUGAGAAAGCAGAGAACAUUCGACAACGGAAGC
AUCCCGCACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGAAGACAG
GAAGACUUCUACCCGUUCCUGAAGGACAACAGAGAAAAGAUCGAAAAGATC
CUGACAUUCAGAAUCCCGUACUACGUCGGACCGCUGGCAAGAGGAAACAGC
AGAUUCGCAUGGAUGACAAGAAAGAGCGAAGAAACAAUCACACCGUGGAAC
UUCGAAGAAGUCGUCGACAAGGGAGCAAGCGCACAGAGCUUCAUCGAAAGA
AUGACAAACUUCGACAAGAACCUGCCGAACGAAAAGGUCCUGCCGAAGCAC
AGCCUGCUGUACGAAUACUUCACAGUCUACAACGAACUGACAAAGGUCAAG
UACGUCACAGAAGGAAUGAGAAAGCCGGCAUUCCUGAGCGGAGAACAGAAG
AAGGCAAUCGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGUCAAG
CAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCUUCGACAGCGUCGAA
AUCAGCGGAGUCGAAGACAGAUUCAACGCAAGCCUGGGAACAUACCACGAC
CUGCUGAAGAUCAUCAAGGACAAGGACUUCCUGGACAACGAAGAAAACGAA
GACAUCCUGGAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGAGAA
AUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUUCGACGACAAGGUC
AUGAAGCAGCUGAAGAGAAGAAGAUACACAGGAUGGGGAAGACUGAGCAGA
AAGCUGAUCAACGGAAUCAGAGACAAGCAGAGCGGAAAGACAAUCCUGGAC
UUCCUGAAGAGCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUCCAC
GACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCACAGGUCAGCGGA
CAGGGAGACAGCCUGCACGAACACAUCGCAAACCUGGCAGGAAGCCCGGCA
AUCAAGAAGGGAAUCCUGCAGACAGUCAAGGUCGUCGACGAACUGGUCAAG
GUCAUGGGAAGACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGAGAA
AACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAAGAAUGAAGAGA
AUCGAAGAAGGAAUCAAGGAACUGGGAAGCCAGAUCCUGAAGGAACACCCG
GUCGAAAACACACAGCUGCAGAACGAAAAGCUGUACCUGUACUACCUGCAG
AACGGAAGAGACAUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGC
GACUACGACGUCGACCACAUCGUCCCGCAGAGCUUCCUGAAGGACGACAGC
AUCGACAACAAGGUCCUGACAAGAAGCGACAAGAACAGAGGAAAGAGCGAC
AACGUCCCGAGCGAAGAAGUCGUCAAGAAGAUGAAGAACUACUGGAGACAG
CUGCUGAACGCAAAGCUGAUCACACAGAGAAAGUUCGACAACCUGACAAAG
GCAGAGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUCAUCAAGAGA
CAGCUGGUCGAAACAAGACAGAUCACAAAGCACGUCGCACAGAUCCUGGAC
AGCAGAAUGAACACAAAGUACGACGAAAACGACAAGCUGAUCAGAGAAGUC
AAGGUCAUCACACUGAAGAGCAAGCUGGUCAGCGACUUCAGAAAGGACUUC
CAGUUCUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACACGACGCA
UACCUGAACGCAGUCGUCGGAACAGCACUGAUCAAGAAGUACCCGAAGCUG
GAAAGCGAAUUCGUCUACGGAGACUACAAGGUCUACGACGUCAGAARAGAUG
AUCGCAAAGAGCGAACAGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUC
UACAGCAACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCAAACGGA
GAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGGAGAAACAGGAGAAATC
GUCUGGGACAAGGGAAGAGACUUCGCAACAGUCAGAAAGGUCCUGAGCAUG
CCGCAGGUCAACAUCGUCAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGC
AAGGAAAGCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAAGAALG
AAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGACAGCCCGACAGUCGCA
UACAGCGUCCUGGUCGUCGCAAAGGUCGAAAAGGGAAAGAGCAAGAAGCUG
AAGAGCGUCAAGGAACUGCUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUC
GAAAAGAACCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGUCAAG
AAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGUUCGAACUGGAAAAC
GGAAGAAAGAGAAUGCUGGCAAGCGCAGGAGAACUGCAGAAGGGARACGAA
CUGGCACUGCCGAGCAAGUACGUCAACUUCCUGUACCUGGCAAGCCACUAC
GAAAAGCUGAAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUUCGUC
GAACAGCACAAGCACUACCUGGACGAAAUCAUCGAACAGAUCAGCGAAUUC
AGCAAGAGAGUCAUCCUGGCAGACGCAAACCUGGACAAGGUCCUGAGCGCA
UACAACAAGCACAGAGACAAGCCGAUCAGAGAACAGGCAGAAAACAUCAUC
CACCUGUUCACACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUACUUC
GACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAGGAAGUCCUGGAC
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GCAACACUGAUCCACCAGAGCAUCACAGGACUGUACGAAACAAGAAUCGAC
CUGAGCCAGCUGGGAGGAGACGGAGGAGGAAGCCCGAAGAAGAAGAGAAAG
GucC

GACAAGAAGUACAGCAUCGGACUGGCAAUCGGAACAAACAGCGUCGGAUGG
GCAGUCAUCACAGACGAAUACAAGGUCCCGAGCAAGAAGUUCAAGGUCCUG
GGAAACACAGACAGACACAGCAUCAAGAAGAACCUGAUCGGAGCACUGCUG
UUCGACAGCGGAGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAAGA
AGAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUGCAGGAAAUCUUC
AGCAACGAAAUGGCAAAGGUCGACGACAGCUUCUUCCACAGACUGGAAGAA
AGCUUCCUGGUCGAAGAAGACAAGAAGCACGAAAGACACCCGAUCUUCGGA
AACAUCGUCGACGAAGUCGCAUACCACGAAAAGUACCCGACAAUCUACCAC
CUGAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACCUGAGACUGAUC
UACCUGGCACUGGCACACAUGAUCAAGUUCAGAGGACACUUCCUGAUCGAA
GGAGACCUGAACCCGGACAACAGCGACGUCGACAAGCUGUUCAUCCAGCUG
GUCCAGACAUACAACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGCGGA
GUCGACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAGCAGAAGACUG
GAAAACCUGAUCGCACAGCUGCCGGGAGAAAAGAAGAACGGACUGUUCGGA
AACCUGAUCGCACUGAGCCUGGGACUGACACCGAACUUCAAGAGCAACUUC
GACCUGGCAGAAGACGCAAAGCUGCAGCUGAGCAAGGACACAUACGACGAC
GACCUGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCAGACCUGUUC
CUGGCAGCAAAGAACCUGAGCGACGCAAUCCUGCUGAGCGACAUCCUGAGA
GUCAACACAGAAAUCACAAAGGCACCGCUGAGCGCAAGCAUGAUCAAGAGA
UACGACGAACACCACCAGGACCUGACACUGCUGAAGGCACUGGUCAGACAG
CAGCUGCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCAAGAACGGA
UACGCAGGAUACAUCGACGGAGGAGCAAGCCAGGAAGAAUUCUACAAGUUC
AUCAAGCCGAUCCUGGAAAAGAUGGACGGAACAGAAGAACUGCUGGUCAAG
CUGAACAGAGAAGACCUGCUGAGAAAGCAGAGAACAUUCGACAACGGAAGC
AUCCCGCACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGAAGACAG
GAAGACUUCUACCCGUUCCUGAAGGACAACAGAGAAAAGAUCGAAAAGATC
CUGACAUUCAGAAUCCCGUACUACGUCGGACCGCUGGCAAGAGGAAACAGC
AGAUUCGCAUGGAUGACAAGAAAGAGCGAAGAAACAAUCACACCGUGGAAC
UUCGAAGAAGUCGUCGACAAGGGAGCAAGCGCACAGAGCUUCAUCGAAAGA
AUGACAAACUUCGACAAGAACCUGCCGAACGAAAAGGUCCUGCCGAAGCAC
AGCCUGCUGUACGAAUACUUCACAGUCUACAACGAACUGACAAAGGUCAAG
UACGUCACAGAAGGAAUGAGAAAGCCGGCAUUCCUGAGCGGAGAACAGAAG
AAGGCAAUCGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGUCAAG
CAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCUUCGACAGCGUCGAA
AUCAGCGGAGUCGAAGACAGAUUCAACGCAAGCCUGGGAACAUACCACGAC
CUGCUGAAGAUCAUCAAGGACAAGGACUUCCUGGACAACGAAGAAAACGAA
GACAUCCUGGAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGAGAA
AUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUUCGACGACAAGGUC
AUGAAGCAGCUGAAGAGAAGAAGAUACACAGGAUGGGGAAGACUGAGCAGA
AAGCUGAUCAACGGAAUCAGAGACAAGCAGAGCGGAAAGACAAUCCUGGAC
UUCCUGAAGAGCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUCCAC
GACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCACAGGUCAGCGGA
CAGGGAGACAGCCUGCACGAACACAUCGCAAACCUGGCAGGAAGCCCGGCA
AUCAAGAAGGGAAUCCUGCAGACAGUCAAGGUCGUCGACGAACUGGUCAAG
GUCAUGGGAAGACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGAGAA
AACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAAGAAUGAAGAGA
AUCGAAGAAGGAAUCAAGGAACUGGGAAGCCAGAUCCUGAAGGAACACCCG
GUCGAAAACACACAGCUGCAGAACGAAAAGCUGUACCUGUACUACCUGCAG
AACGGAAGAGACAUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGC
GACUACGACGUCGACCACAUCGUCCCGCAGAGCUUCCUGAAGGACGACAGC
AUCGACAACAAGGUCCUGACAAGAAGCGACAAGAACAGAGGAAAGAGCGAC
AACGUCCCGAGCGAAGAAGUCGUCAAGAAGAUGAAGAACUACUGGAGACAG
CUGCUGAACGCAAAGCUGAUCACACAGAGAAAGUUCGACAACCUGACAAAG
GCAGAGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUCAUCAAGAGA
CAGCUGGUCGAAACAAGACAGAUCACAAAGCACGUCGCACAGAUCCUGGAC
AGCAGAAUGAACACAAAGUACGACGAAAACGACAAGCUGAUCAGAGAAGUC
AAGGUCAUCACACUGAAGAGCAAGCUGGUCAGCGACUUCAGAAAGGACUUC
CAGUUCUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACACGACGCA
UACCUGAACGCAGUCGUCGGAACAGCACUGAUCAAGAAGUACCCGAAGCUG
GAAAGCGAAUUCGUCUACGGAGACUACAAGGUCUACGACGUCAGAARAGAUG
AUCGCAAAGAGCGAACAGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUC
UACAGCAACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCAAACGGA
GAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGGAGAAACAGGAGAAATC
GUCUGGGACAAGGGAAGAGACUUCGCAACAGUCAGAAAGGUCCUGAGCAUG
CCGCAGGUCAACAUCGUCAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGC
AAGGAAAGCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAAGAALG
AAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGACAGCCCGACAGUCGCA
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UACAGCGUCCUGGUCGUCGCAAAGGUCGAAAAGGGAAAGAGCAAGAAGCUG
AAGAGCGUCAAGGAACUGCUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUC
GAAAAGAACCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGUCAAG
AAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGUUCGAACUGGAAAAC
GGAAGAAAGAGAAUGCUGGCAAGCGCAGGAGAACUGCAGAAGGGARACGAA
CUGGCACUGCCGAGCAAGUACGUCAACUUCCUGUACCUGGCAAGCCACUAC
GAAAAGCUGAAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUUCGUC
GAACAGCACAAGCACUACCUGGACGAAAUCAUCGAACAGAUCAGCGAAUUC
AGCAAGAGAGUCAUCCUGGCAGACGCAAACCUGGACAAGGUCCUGAGCGCA
UACAACAAGCACAGAGACAAGCCGAUCAGAGAACAGGCAGAAAACAUCAUC
CACCUGUUCACACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUACUUC
GACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAGGAAGUCCUGGAC
GCAACACUGAUCCACCAGAGCAUCACAGGACUGUACGAAACAAGAAUCGAC
CUGAGCCAGCUGGGAGGAGACGGAGGAGGAAGCCCGAAGAAGAAGAGAAAG
GucC

GACAAGAAGUACAGCAUCGGACUGGCAAUCGGAACAAACAGCGUCGGAUGG
GCAGUCAUCACAGACGAAUACAAGGUCCCGAGCAAGAAGUUCAAGGUCCUG
GGAAACACAGACAGACACAGCAUCAAGAAGAACCUGAUCGGAGCACUGCUG
UUCGACAGCGGAGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAAGA
AGAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUGCAGGAAAUCUUC
AGCAACGAAAUGGCAAAGGUCGACGACAGCUUCUUCCACAGACUGGAAGAA
AGCUUCCUGGUCGAAGAAGACAAGAAGCACGAAAGACACCCGAUCUUCGGA
AACAUCGUCGACGAAGUCGCAUACCACGAAAAGUACCCGACAAUCUACCAC
CUGAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACCUGAGACUGAUC
UACCUGGCACUGGCACACAUGAUCAAGUUCAGAGGACACUUCCUGAUCGAA
GGAGACCUGAACCCGGACAACAGCGACGUCGACAAGCUGUUCAUCCAGCUG
GUCCAGACAUACAACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGCGGA
GUCGACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAGCAGAAGACUG
GAAAACCUGAUCGCACAGCUGCCGGGAGAAAAGAAGAACGGACUGUUCGGA
AACCUGAUCGCACUGAGCCUGGGACUGACACCGAACUUCAAGAGCAACUUC
GACCUGGCAGAAGACGCAAAGCUGCAGCUGAGCAAGGACACAUACGACGAC
GACCUGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCAGACCUGUUC
CUGGCAGCAAAGAACCUGAGCGACGCAAUCCUGCUGAGCGACAUCCUGAGA
GUCAACACAGAAAUCACAAAGGCACCGCUGAGCGCAAGCAUGAUCAAGAGA
UACGACGAACACCACCAGGACCUGACACUGCUGAAGGCACUGGUCAGACAG
CAGCUGCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCAAGAACGGA
UACGCAGGAUACAUCGACGGAGGAGCAAGCCAGGAAGAAUUCUACAAGUUC
AUCAAGCCGAUCCUGGAAAAGAUGGACGGAACAGAAGAACUGCUGGUCAAG
CUGAACAGAGAAGACCUGCUGAGAAAGCAGAGAACAUUCGACAACGGAAGC
AUCCCGCACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGAAGACAG
GAAGACUUCUACCCGUUCCUGAAGGACAACAGAGAAAAGAUCGAAAAGATC
CUGACAUUCAGAAUCCCGUACUACGUCGGACCGCUGGCAAGAGGAAACAGC
AGAUUCGCAUGGAUGACAAGAAAGAGCGAAGAAACAAUCACACCGUGGAAC
UUCGAAGAAGUCGUCGACAAGGGAGCAAGCGCACAGAGCUUCAUCGAAAGA
AUGACAAACUUCGACAAGAACCUGCCGAACGAAAAGGUCCUGCCGAAGCAC
AGCCUGCUGUACGAAUACUUCACAGUCUACAACGAACUGACAAAGGUCAAG
UACGUCACAGAAGGAAUGAGAAAGCCGGCAUUCCUGAGCGGAGAACAGAAG
AAGGCAAUCGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGUCAAG
CAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCUUCGACAGCGUCGAA
AUCAGCGGAGUCGAAGACAGAUUCAACGCAAGCCUGGGAACAUACCACGAC
CUGCUGAAGAUCAUCAAGGACAAGGACUUCCUGGACAACGAAGAAAACGAA
GACAUCCUGGAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGAGAA
AUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUUCGACGACAAGGUC
AUGAAGCAGCUGAAGAGAAGAAGAUACACAGGAUGGGGAAGACUGAGCAGA
AAGCUGAUCAACGGAAUCAGAGACAAGCAGAGCGGAAAGACAAUCCUGGAC
UUCCUGAAGAGCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUCCAC
GACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCACAGGUCAGCGGA
CAGGGAGACAGCCUGCACGAACACAUCGCAAACCUGGCAGGAAGCCCGGCA
AUCAAGAAGGGAAUCCUGCAGACAGUCAAGGUCGUCGACGAACUGGUCAAG
GUCAUGGGAAGACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGAGAA
AACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAAGAAUGAAGAGA
AUCGAAGAAGGAAUCAAGGAACUGGGAAGCCAGAUCCUGAAGGAACACCCG
GUCGAAAACACACAGCUGCAGAACGAAAAGCUGUACCUGUACUACCUGCAG
AACGGAAGAGACAUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGC
GACUACGACGUCGACGCAAUCGUCCCGCAGAGCUUCCUGAAGGACGACAGC
AUCGACAACAAGGUCCUGACAAGAAGCGACAAGAACAGAGGAAAGAGCGAC
AACGUCCCGAGCGAAGAAGUCGUCAAGAAGAUGAAGAACUACUGGAGACAG
CUGCUGAACGCAAAGCUGAUCACACAGAGAAAGUUCGACAACCUGACAAAG
GCAGAGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUCAUCAAGAGA
CAGCUGGUCGAAACAAGACAGAUCACAAAGCACGUCGCACAGAUCCUGGAC
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Description

Sequence

SEQ
ID No.

Amino acid
sequence of
Cas9
(without
NLS)

Cas9 mRNA
ORF encoding
SEQ ID NO:
213 using
minimal
uridine
codons, with
start and
stop codons

AGCAGAAUGAACACAAAGUACGACGAAAACGACAAGCUGAUCAGAGAAGUC
AAGGUCAUCACACUGAAGAGCAAGCUGGUCAGCGACUUCAGAAAGGACUUC
CAGUUCUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACACGACGCA
UACCUGAACGCAGUCGUCGGAACAGCACUGAUCAAGAAGUACCCGAAGCUG
GAAAGCGAAUUCGUCUACGGAGACUACAAGGUCUACGACGUCAGAARAGAUG
AUCGCAAAGAGCGAACAGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUC
UACAGCAACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCAAACGGA
GAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGGAGAAACAGGAGAAATC
GUCUGGGACAAGGGAAGAGACUUCGCAACAGUCAGAAAGGUCCUGAGCAUG
CCGCAGGUCAACAUCGUCAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGC
AAGGAAAGCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAAGAALG
AAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGACAGCCCGACAGUCGCA
UACAGCGUCCUGGUCGUCGCAAAGGUCGAAAAGGGAAAGAGCAAGAAGCUG
AAGAGCGUCAAGGAACUGCUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUC
GAAAAGAACCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGUCAAG
AAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGUUCGAACUGGAAAAC
GGAAGAAAGAGAAUGCUGGCAAGCGCAGGAGAACUGCAGAAGGGARACGAA
CUGGCACUGCCGAGCAAGUACGUCAACUUCCUGUACCUGGCAAGCCACUAC
GAAAAGCUGAAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUUCGUC
GAACAGCACAAGCACUACCUGGACGAAAUCAUCGAACAGAUCAGCGAAUUC
AGCAAGAGAGUCAUCCUGGCAGACGCAAACCUGGACAAGGUCCUGAGCGCA
UACAACAAGCACAGAGACAAGCCGAUCAGAGAACAGGCAGAAAACAUCAUC
CACCUGUUCACACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUACUUC
GACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAGGAAGUCCUGGAC
GCAACACUGAUCCACCAGAGCAUCACAGGACUGUACGAAACAAGAAUCGAC
CUGAGCCAGCUGGGAGGAGACGGAGGAGGAAGCCCGAAGAAGAAGAGAAAG
GucC

MDKKYSIGLDIGINSVGWAVITDEYKVPSKKFKVLGNIDRHS IKKNLIGAL
LFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLE
ESELVEEDKKHERHPIEGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRL
IYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINAS
GVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEGNLIALSLGLIPNEKSN
FDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDIL
RVNTEITKAPLSASMIKRYDEHHQDLILLKALVRQQLPEKYKEIFFDQSKN
GYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNG
SIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGN
SRFAWMTRKSEETI TPWNFEEVVDKGASAQSFIERMINFDKNLPNEKVLPK
HSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLEKTNRKVIV
KQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEEN
EDILEDIVLILTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRY TGWGRLS
RKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHDDSLIFKEDIQKAQVS
GQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMAR
ENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYL
QONGRDMYVDQELDINRLSDYDVDHIVPQSFLKDDSIDNKVLIRSDKNRGKS
DNVPSEEVVKKMKNYWRQLLNAKLI TQRKEDNLIKAERGGLSELDKAGFIK
ROLVETRQIIKHVAQILDSRMNIKYDENDKLIREVKVITLKSKLVSDFRKD
FQFYKVREINNYHHAHDAYLNAVVGIALIKKYPKLESEFVYGDYKVYDVRK
MIAKSEQEIGKATAKYFFYSNIMNFEKTEITLANGEIRKRPLIETNGETGE
IVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGESKESILPKRNSDKLIAR
KKDWDPKKYGGFDSPIVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSS
FEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGN
ELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISE
FSKRVILADANLDKVLSAYNKHRDKPIREQAENI ITHLFTLINLGAPAAFKY
FDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGD

AUGGACAAGAAGUACAGCAUCGGACUGGACAUCGGAACAAACAGCGUCGGA
UGGGCAGUCAUCACAGACGAAUACAAGGUCCCGAGCAAGAAGUUCAAGGUC
CUGGGAAACACAGACAGACACAGCAUCAAGAAGAACCUGAUCGGAGCACUG
CUGUUCGACAGCGGAGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCA
AGAAGAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUGCAGGAAAUC
UUCAGCAACGAAAUGGCAAAGGUCGACGACAGCUUCUUCCACAGACUGGAA
GAAAGCUUCCUGGUCGAAGAAGACAAGAAGCACGAAAGACACCCGAUCUUC
GGAAACAUCGUCGACGAAGUCGCAUACCACGAAAAGUACCCGACAAUCUAC
CACCUGAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACCUGAGACUG
AUCUACCUGGCACUGGCACACAUGAUCAAGUUCAGAGGACACUUCCUGAUC
GAAGGAGACCUGAACCCGGACAACAGCGACGUCGACAAGCUGUUCAUCCAG
CUGGUCCAGACAUACAACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGC
GGAGUCGACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAGCAGAAGA
CUGGAAAACCUGAUCGCACAGCUGCCGGGAGAAAAGAAGAACGGACUGUUC
GGAAACCUGAUCGCACUGAGCCUGGGACUGACACCGAACUUCAAGAGCAAC

213

214

Aug. 6, 2020



US 2020/0248180 Al

96

-continued

Sequence Table

Description

Sequence

SEQ
ID No.

Cas9 coding

sequence

encoding SEQ

ID NO:

213

UUCGACCUGGCAGAAGACGCAAAGCUGCAGCUGAGCAAGGACACAUACGAC
GACGACCUGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCAGACCUG
UUCCUGGCAGCAAAGAACCUGAGCGACGCAAUCCUGCUGAGCGACAUCCUG
AGAGUCAACACAGAAAUCACAAAGGCACCGCUGAGCGCAAGCAUGAUCAAG
AGAUACGACGAACACCACCAGGACCUGACACUGCUGAAGGCACUGGUCAGA
CAGCAGCUGCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCAAGAAC
GGAUACGCAGGAUACAUCGACGGAGGAGCAAGCCAGGAAGAAUUCUACAAG
UUCAUCAAGCCGAUCCUGGAAAAGAUGGACGGAACAGAAGAACUGCUGGUC
AAGCUGAACAGAGAAGACCUGCUGAGAAAGCAGAGAACAUUCGACAACGGA
AGCAUCCCGCACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGAAGA
CAGGAAGACUUCUACCCGUUCCUGAAGGACAACAGAGAAAAGAUCGAAAAG
AUCCUGACAUUCAGAAUCCCGUACUACGUCGGACCGCUGGCAAGAGGAAAC
AGCAGAUUCGCAUGGAUGACAAGAAAGAGCGAAGAAACAAUCACACCGUGG
AACUUCGAAGAAGUCGUCGACAAGGGAGCAAGCGCACAGAGCUUCAUCGAA
AGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAAGGUCCUGCCGAAG
CACAGCCUGCUGUACGAAUACUUCACAGUCUACAACGAACUGACAAAGGUC
AAGUACGUCACAGAAGGAAUGAGAAAGCCGGCAUUCCUGAGCGGAGAACAG
AAGAAGGCAAUCGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGUC
AAGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCUUCGACAGCGUC
GAAAUCAGCGGAGUCGAAGACAGAUUCAACGCAAGCCUGGGAACAUACCAC
GACCUGCUGAAGAUCAUCAAGGACAAGGACUUCCUGGACAACGAAGAAAAC
GAAGACAUCCUGGAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGA
GAAAUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUUCGACGACAAG
GUCAUGAAGCAGCUGAAGAGAAGAAGAUACACAGGAUGGGGAAGACUGAGC
AGAAAGCUGAUCAACGGAAUCAGAGACAAGCAGAGCGGAAAGACAAUCCUG
GACUUCCUGAAGAGCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUC
CACGACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCACAGGUCAGC
GGACAGGGAGACAGCCUGCACGAACACAUCGCAAACCUGGCAGGAAGCCCG
GCAAUCAAGAAGGGAAUCCUGCAGACAGUCAAGGUCGUCGACGAACUGGUC
AAGGUCAUGGGAAGACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGA
GAAAACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAAGAAUGAAG
AGAAUCGAAGAAGGAAUCAAGGAACUGGGAAGCCAGAUCCUGAAGGAACAC
CCGGUCGAAAACACACAGCUGCAGAACGAAAAGCUGUACCUGUACUACCUG
CAGAACGGAAGAGACAUGUACGUCGACCAGGAACUGGACAUCAACAGACUG
AGCGACUACGACGUCGACCACAUCGUCCCGCAGAGCUUCCUGAAGGACGAC
AGCAUCGACAACAAGGUCCUGACAAGAAGCGACAAGAACAGAGGAAAGAGC
GACAACGUCCCGAGCGAAGAAGUCGUCAAGAAGAUGAAGAACUACUGGAGA
CAGCUGCUGAACGCAAAGCUGAUCACACAGAGAAAGUUCGACAACCUGACA
AAGGCAGAGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUCAUCAAG
AGACAGCUGGUCGAAACAAGACAGAUCACAAAGCACGUCGCACAGAUCCUG
GACAGCAGAAUGAACACAAAGUACGACGAAAACGACAAGCUGAUCAGAGAA
GUCAAGGUCAUCACACUGAAGAGCAAGCUGGUCAGCGACUUCAGAAAGGAC
UUCCAGUUCUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACACGAC
GCAUACCUGAACGCAGUCGUCGGAACAGCACUGAUCAAGAAGUACCCGAAG
CUGGAAAGCGAAUUCGUCUACGGAGACUACAAGGUCUACGACGUCAGAAAG
AUGAUCGCAAAGAGCGAACAGGAAAUCGGAAAGGCAACAGCAAAGUACUUC
UUCUACAGCAACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCAAAC
GGAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGGAGAAACAGGAGAA
AUCGUCUGGGACAAGGGAAGAGACUUCGCAACAGUCAGAAAGGUCCUGAGC
AUGCCGCAGGUCAACAUCGUCAAGAAGACAGAAGUCCAGACAGGAGGAUUC
AGCAAGGAAAGCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAAGA
AAGAAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGACAGCCCGACAGUC
GCAUACAGCGUCCUGGUCGUCGCAAAGGUCGAAAAGGGAAAGAGCAAGAAG
CUGAAGAGCGUCAAGGAACUGCUGGGAAUCACAAUCAUGGAAAGAAGCAGC
UUCGAAAAGAACCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGUC
AAGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGUUCGAACUGGAA
AACGGAAGAAAGAGAAUGCUGGCAAGCGCAGGAGAACUGCAGAAGGGAAAC
GAACUGGCACUGCCGAGCAAGUACGUCAACUUCCUGUACCUGGCAAGCCAC
UACGAAAAGCUGAAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUUC
GUCGAACAGCACAAGCACUACCUGGACGAAAUCAUCGAACAGAUCAGCGAA
UUCAGCAAGAGAGUCAUCCUGGCAGACGCAAACCUGGACAAGGUCCUGAGC
GCAUACAACAAGCACAGAGACAAGCCGAUCAGAGAACAGGCAGAAAACATC
AUCCACCUGUUCACACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUAC
UUCGACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAGGAAGUCCUG
GACGCAACACUGAUCCACCAGAGCAUCACAGGACUGUACGAAACAAGAATC
GACCUGAGCCAGCUGGGAGGAGACUAG

GACAAGAAGUACAGCAUCGGACUGGACAUCGGAACAAACAGCGUCGGAUGG
GCAGUCAUCACAGACGAAUACAAGGUCCCGAGCAAGAAGUUCAAGGUCCUG
GGAAACACAGACAGACACAGCAUCAAGAAGAACCUGAUCGGAGCACUGCUG
UUCGACAGCGGAGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAAGA
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using
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uridine
codons (no
start or
stop codons;
suitable for
inclusion in
fusion
protein
coding
sequence)

AGAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUGCAGGAAAUCUUC
AGCAACGAAAUGGCAAAGGUCGACGACAGCUUCUUCCACAGACUGGAAGAA
AGCUUCCUGGUCGAAGAAGACAAGAAGCACGAAAGACACCCGAUCUUCGGA
AACAUCGUCGACGAAGUCGCAUACCACGAAAAGUACCCGACAAUCUACCAC
CUGAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACCUGAGACUGAUC
UACCUGGCACUGGCACACAUGAUCAAGUUCAGAGGACACUUCCUGAUCGAA
GGAGACCUGAACCCGGACAACAGCGACGUCGACAAGCUGUUCAUCCAGCUG
GUCCAGACAUACAACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGCGGA
GUCGACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAGCAGAAGACUG
GAAAACCUGAUCGCACAGCUGCCGGGAGAAAAGAAGAACGGACUGUUCGGA
AACCUGAUCGCACUGAGCCUGGGACUGACACCGAACUUCAAGAGCAACUUC
GACCUGGCAGAAGACGCAAAGCUGCAGCUGAGCAAGGACACAUACGACGAC
GACCUGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCAGACCUGUUC
CUGGCAGCAAAGAACCUGAGCGACGCAAUCCUGCUGAGCGACAUCCUGAGA
GUCAACACAGAAAUCACAAAGGCACCGCUGAGCGCAAGCAUGAUCAAGAGA
UACGACGAACACCACCAGGACCUGACACUGCUGAAGGCACUGGUCAGACAG
CAGCUGCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCAAGAACGGA
UACGCAGGAUACAUCGACGGAGGAGCAAGCCAGGAAGAAUUCUACAAGUUC
AUCAAGCCGAUCCUGGAAAAGAUGGACGGAACAGAAGAACUGCUGGUCAAG
CUGAACAGAGAAGACCUGCUGAGAAAGCAGAGAACAUUCGACAACGGAAGC
AUCCCGCACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGAAGACAG
GAAGACUUCUACCCGUUCCUGAAGGACAACAGAGAAAAGAUCGAAAAGATC
CUGACAUUCAGAAUCCCGUACUACGUCGGACCGCUGGCAAGAGGAAACAGC
AGAUUCGCAUGGAUGACAAGAAAGAGCGAAGAAACAAUCACACCGUGGAAC
UUCGAAGAAGUCGUCGACAAGGGAGCAAGCGCACAGAGCUUCAUCGAAAGA
AUGACAAACUUCGACAAGAACCUGCCGAACGAAAAGGUCCUGCCGAAGCAC
AGCCUGCUGUACGAAUACUUCACAGUCUACAACGAACUGACAAAGGUCAAG
UACGUCACAGAAGGAAUGAGAAAGCCGGCAUUCCUGAGCGGAGAACAGAAG
AAGGCAAUCGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGUCAAG
CAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCUUCGACAGCGUCGAA
AUCAGCGGAGUCGAAGACAGAUUCAACGCAAGCCUGGGAACAUACCACGAC
CUGCUGAAGAUCAUCAAGGACAAGGACUUCCUGGACAACGAAGAAAACGAA
GACAUCCUGGAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGAGAA
AUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUUCGACGACAAGGUC
AUGAAGCAGCUGAAGAGAAGAAGAUACACAGGAUGGGGAAGACUGAGCAGA
AAGCUGAUCAACGGAAUCAGAGACAAGCAGAGCGGAAAGACAAUCCUGGAC
UUCCUGAAGAGCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUCCAC
GACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCACAGGUCAGCGGA
CAGGGAGACAGCCUGCACGAACACAUCGCAAACCUGGCAGGAAGCCCGGCA
AUCAAGAAGGGAAUCCUGCAGACAGUCAAGGUCGUCGACGAACUGGUCAAG
GUCAUGGGAAGACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGAGAA
AACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAAGAAUGAAGAGA
AUCGAAGAAGGAAUCAAGGAACUGGGAAGCCAGAUCCUGAAGGAACACCCG
GUCGAAAACACACAGCUGCAGAACGAAAAGCUGUACCUGUACUACCUGCAG
AACGGAAGAGACAUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGC
GACUACGACGUCGACCACAUCGUCCCGCAGAGCUUCCUGAAGGACGACAGC
AUCGACAACAAGGUCCUGACAAGAAGCGACAAGAACAGAGGAAAGAGCGAC
AACGUCCCGAGCGAAGAAGUCGUCAAGAAGAUGAAGAACUACUGGAGACAG
CUGCUGAACGCAAAGCUGAUCACACAGAGAAAGUUCGACAACCUGACAAAG
GCAGAGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUCAUCAAGAGA
CAGCUGGUCGAAACAAGACAGAUCACAAAGCACGUCGCACAGAUCCUGGAC
AGCAGAAUGAACACAAAGUACGACGAAAACGACAAGCUGAUCAGAGAAGUC
AAGGUCAUCACACUGAAGAGCAAGCUGGUCAGCGACUUCAGAAAGGACUUC
CAGUUCUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACACGACGCA
UACCUGAACGCAGUCGUCGGAACAGCACUGAUCAAGAAGUACCCGAAGCUG
GAAAGCGAAUUCGUCUACGGAGACUACAAGGUCUACGACGUCAGAARAGAUG
AUCGCAAAGAGCGAACAGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUC
UACAGCAACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCAAACGGA
GAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGGAGAAACAGGAGAAATC
GUCUGGGACAAGGGAAGAGACUUCGCAACAGUCAGAAAGGUCCUGAGCAUG
CCGCAGGUCAACAUCGUCAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGC
AAGGAAAGCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAAGAALG
AAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGACAGCCCGACAGUCGCA
UACAGCGUCCUGGUCGUCGCAAAGGUCGAAAAGGGAAAGAGCAAGAAGCUG
AAGAGCGUCAAGGAACUGCUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUC
GAAAAGAACCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGUCAAG
AAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGUUCGAACUGGAAAAC
GGAAGAAAGAGAAUGCUGGCAAGCGCAGGAGAACUGCAGAAGGGARACGAA
CUGGCACUGCCGAGCAAGUACGUCAACUUCCUGUACCUGGCAAGCCACUAC
GAAAAGCUGAAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUUCGUC
GAACAGCACAAGCACUACCUGGACGAAAUCAUCGAACAGAUCAGCGAAUUC
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Sequence

SEQ
ID No.

Amino acid
sequence of
Cas9 nickase
(without
NLS)

Cas9 nickase
mRNA ORF
encoding SEQ
ID NO: 216
using
minimal
uridine
codons as
listed in
Table 3,
with start
and stop
codons

AGCAAGAGAGUCAUCCUGGCAGACGCAAACCUGGACAAGGUCCUGAGCGCA
UACAACAAGCACAGAGACAAGCCGAUCAGAGAACAGGCAGAAAACAUCAUC
CACCUGUUCACACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUACUUC
GACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAGGAAGUCCUGGAC
GCAACACUGAUCCACCAGAGCAUCACAGGACUGUACGAAACAAGAAUCGAC
CUGAGCCAGCUGGGAGGAGAC

MDKKYSIGLAIGINSVGWAVITDEYKVPSKKFKVLGNIDRHS IKKNLIGAL
LFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLE
ESELVEEDKKHERHPIEGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRL
IYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINAS
GVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEGNLIALSLGLIPNEKSN
FDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDIL
RVNTEITKAPLSASMIKRYDEHHQDLILLKALVRQQLPEKYKEIFFDQSKN
GYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNG
SIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGN
SRFAWMTRKSEETI TPWNFEEVVDKGASAQSFIERMINFDKNLPNEKVLPK
HSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLEKTNRKVIV
KQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEEN
EDILEDIVLILTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRY TGWGRLS
RKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHDDSLIFKEDIQKAQVS
GQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMAR
ENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYL
QONGRDMYVDQELDINRLSDYDVDHIVPQSFLKDDSIDNKVLIRSDKNRGKS
DNVPSEEVVKKMKNYWRQLLNAKLI TQRKEDNLIKAERGGLSELDKAGFIK
ROLVETRQIIKHVAQILDSRMNIKYDENDKLIREVKVITLKSKLVSDFRKD
FQFYKVREINNYHHAHDAYLNAVVGIALIKKYPKLESEFVYGDYKVYDVRK
MIAKSEQEIGKATAKYFFYSNIMNFEKTEITLANGEIRKRPLIETNGETGE
IVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGESKESILPKRNSDKLIAR
KKDWDPKKYGGFDSPIVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSS
FEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGN
ELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISE
FSKRVILADANLDKVLSAYNKHRDKPIREQAENI ITHLFTLINLGAPAAFKY
FDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGD

AUGGACAAGAAGUACAGCAUCGGACUGGCAAUCGGAACAAACAGCGUCGGA
UGGGCAGUCAUCACAGACGAAUACAAGGUCCCGAGCAAGAAGUUCAAGGUC
CUGGGAAACACAGACAGACACAGCAUCAAGAAGAACCUGAUCGGAGCACUG
CUGUUCGACAGCGGAGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCA
AGAAGAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUGCAGGAAAUC
UUCAGCAACGAAAUGGCAAAGGUCGACGACAGCUUCUUCCACAGACUGGAA
GAAAGCUUCCUGGUCGAAGAAGACAAGAAGCACGAAAGACACCCGAUCUUC
GGAAACAUCGUCGACGAAGUCGCAUACCACGAAAAGUACCCGACAAUCUAC
CACCUGAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACCUGAGACUG
AUCUACCUGGCACUGGCACACAUGAUCAAGUUCAGAGGACACUUCCUGAUC
GAAGGAGACCUGAACCCGGACAACAGCGACGUCGACAAGCUGUUCAUCCAG
CUGGUCCAGACAUACAACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGC
GGAGUCGACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAGCAGAAGA
CUGGAAAACCUGAUCGCACAGCUGCCGGGAGAAAAGAAGAACGGACUGUUC
GGAAACCUGAUCGCACUGAGCCUGGGACUGACACCGAACUUCAAGAGCAAC
UUCGACCUGGCAGAAGACGCAAAGCUGCAGCUGAGCAAGGACACAUACGAC
GACGACCUGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCAGACCUG
UUCCUGGCAGCAAAGAACCUGAGCGACGCAAUCCUGCUGAGCGACAUCCUG
AGAGUCAACACAGAAAUCACAAAGGCACCGCUGAGCGCAAGCAUGAUCAAG
AGAUACGACGAACACCACCAGGACCUGACACUGCUGAAGGCACUGGUCAGA
CAGCAGCUGCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCAAGAAC
GGAUACGCAGGAUACAUCGACGGAGGAGCAAGCCAGGAAGAAUUCUACAAG
UUCAUCAAGCCGAUCCUGGAAAAGAUGGACGGAACAGAAGAACUGCUGGUC
AAGCUGAACAGAGAAGACCUGCUGAGAAAGCAGAGAACAUUCGACAACGGA
AGCAUCCCGCACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGAAGA
CAGGAAGACUUCUACCCGUUCCUGAAGGACAACAGAGAAAAGAUCGAAAAG
AUCCUGACAUUCAGAAUCCCGUACUACGUCGGACCGCUGGCAAGAGGAAAC
AGCAGAUUCGCAUGGAUGACAAGAAAGAGCGAAGAAACAAUCACACCGUGG
AACUUCGAAGAAGUCGUCGACAAGGGAGCAAGCGCACAGAGCUUCAUCGAA
AGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAAGGUCCUGCCGAAG
CACAGCCUGCUGUACGAAUACUUCACAGUCUACAACGAACUGACAAAGGUC
AAGUACGUCACAGAAGGAAUGAGAAAGCCGGCAUUCCUGAGCGGAGAACAG
AAGAAGGCAAUCGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGUC
AAGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCUUCGACAGCGUC
GAAAUCAGCGGAGUCGAAGACAGAUUCAACGCAAGCCUGGGAACAUACCAC
GACCUGCUGAAGAUCAUCAAGGACAAGGACUUCCUGGACAACGAAGAAAAC
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GAAGACAUCCUGGAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGA
GAAAUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUUCGACGACAAG
GUCAUGAAGCAGCUGAAGAGAAGAAGAUACACAGGAUGGGGAAGACUGAGC
AGAAAGCUGAUCAACGGAAUCAGAGACAAGCAGAGCGGAAAGACAAUCCUG
GACUUCCUGAAGAGCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUC
CACGACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCACAGGUCAGC
GGACAGGGAGACAGCCUGCACGAACACAUCGCAAACCUGGCAGGAAGCCCG
GCAAUCAAGAAGGGAAUCCUGCAGACAGUCAAGGUCGUCGACGAACUGGUC
AAGGUCAUGGGAAGACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGA
GAAAACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAAGAAUGAAG
AGAAUCGAAGAAGGAAUCAAGGAACUGGGAAGCCAGAUCCUGAAGGAACAC
CCGGUCGAAAACACACAGCUGCAGAACGAAAAGCUGUACCUGUACUACCUG
CAGAACGGAAGAGACAUGUACGUCGACCAGGAACUGGACAUCAACAGACUG
AGCGACUACGACGUCGACCACAUCGUCCCGCAGAGCUUCCUGAAGGACGAC
AGCAUCGACAACAAGGUCCUGACAAGAAGCGACAAGAACAGAGGAAAGAGC
GACAACGUCCCGAGCGAAGAAGUCGUCAAGAAGAUGAAGAACUACUGGAGA
CAGCUGCUGAACGCAAAGCUGAUCACACAGAGAAAGUUCGACAACCUGACA
AAGGCAGAGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUCAUCAAG
AGACAGCUGGUCGAAACAAGACAGAUCACAAAGCACGUCGCACAGAUCCUG
GACAGCAGAAUGAACACAAAGUACGACGAAAACGACAAGCUGAUCAGAGAA
GUCAAGGUCAUCACACUGAAGAGCAAGCUGGUCAGCGACUUCAGAAAGGAC
UUCCAGUUCUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACACGAC
GCAUACCUGAACGCAGUCGUCGGAACAGCACUGAUCAAGAAGUACCCGAAG
CUGGAAAGCGAAUUCGUCUACGGAGACUACAAGGUCUACGACGUCAGAAAG
AUGAUCGCAAAGAGCGAACAGGAAAUCGGAAAGGCAACAGCAAAGUACUUC
UUCUACAGCAACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCAAAC
GGAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGGAGAAACAGGAGAA
AUCGUCUGGGACAAGGGAAGAGACUUCGCAACAGUCAGAAAGGUCCUGAGC
AUGCCGCAGGUCAACAUCGUCAAGAAGACAGAAGUCCAGACAGGAGGAUUC
AGCAAGGAAAGCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAAGA
AAGAAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGACAGCCCGACAGUC
GCAUACAGCGUCCUGGUCGUCGCAAAGGUCGAAAAGGGAAAGAGCAAGAAG
CUGAAGAGCGUCAAGGAACUGCUGGGAAUCACAAUCAUGGAAAGAAGCAGC
UUCGAAAAGAACCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGUC
AAGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGUUCGAACUGGAA
AACGGAAGAAAGAGAAUGCUGGCAAGCGCAGGAGAACUGCAGAAGGGAAAC
GAACUGGCACUGCCGAGCAAGUACGUCAACUUCCUGUACCUGGCAAGCCAC
UACGAAAAGCUGAAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUUC
GUCGAACAGCACAAGCACUACCUGGACGAAAUCAUCGAACAGAUCAGCGAA
UUCAGCAAGAGAGUCAUCCUGGCAGACGCAAACCUGGACAAGGUCCUGAGC
GCAUACAACAAGCACAGAGACAAGCCGAUCAGAGAACAGGCAGAAAACATC
AUCCACCUGUUCACACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUAC
UUCGACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAGGAAGUCCUG
GACGCAACACUGAUCCACCAGAGCAUCACAGGACUGUACGAAACAAGAATC
GACCUGAGCCAGCUGGGAGGAGACUAG

GACAAGAAGUACAGCAUCGGACUGGCAAUCGGAACAAACAGCGUCGGAUGG
GCAGUCAUCACAGACGAAUACAAGGUCCCGAGCAAGAAGUUCAAGGUCCUG
GGAAACACAGACAGACACAGCAUCAAGAAGAACCUGAUCGGAGCACUGCUG
UUCGACAGCGGAGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAAGA
AGAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUGCAGGAAAUCUUC
AGCAACGAAAUGGCAAAGGUCGACGACAGCUUCUUCCACAGACUGGAAGAA
AGCUUCCUGGUCGAAGAAGACAAGAAGCACGAAAGACACCCGAUCUUCGGA
AACAUCGUCGACGAAGUCGCAUACCACGAAAAGUACCCGACAAUCUACCAC
CUGAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACCUGAGACUGAUC
UACCUGGCACUGGCACACAUGAUCAAGUUCAGAGGACACUUCCUGAUCGAA
GGAGACCUGAACCCGGACAACAGCGACGUCGACAAGCUGUUCAUCCAGCUG
GUCCAGACAUACAACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGCGGA
GUCGACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAGCAGAAGACUG
GAAAACCUGAUCGCACAGCUGCCGGGAGAAAAGAAGAACGGACUGUUCGGA
AACCUGAUCGCACUGAGCCUGGGACUGACACCGAACUUCAAGAGCAACUUC
GACCUGGCAGAAGACGCAAAGCUGCAGCUGAGCAAGGACACAUACGACGAC
GACCUGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCAGACCUGUUC
CUGGCAGCAAAGAACCUGAGCGACGCAAUCCUGCUGAGCGACAUCCUGAGA
GUCAACACAGAAAUCACAAAGGCACCGCUGAGCGCAAGCAUGAUCAAGAGA
UACGACGAACACCACCAGGACCUGACACUGCUGAAGGCACUGGUCAGACAG
CAGCUGCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCAAGAACGGA
UACGCAGGAUACAUCGACGGAGGAGCAAGCCAGGAAGAAUUCUACAAGUUC
AUCAAGCCGAUCCUGGAAAAGAUGGACGGAACAGAAGAACUGCUGGUCAAG
CUGAACAGAGAAGACCUGCUGAGAAAGCAGAGAACAUUCGACAACGGAAGC
AUCCCGCACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGAAGACAG
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GAAGACUUCUACCCGUUCCUGAAGGACAACAGAGAAAAGAUCGAAAAGATC
CUGACAUUCAGAAUCCCGUACUACGUCGGACCGCUGGCAAGAGGAAACAGC
AGAUUCGCAUGGAUGACAAGAAAGAGCGAAGAAACAAUCACACCGUGGAAC
UUCGAAGAAGUCGUCGACAAGGGAGCAAGCGCACAGAGCUUCAUCGAAAGA
AUGACAAACUUCGACAAGAACCUGCCGAACGAAAAGGUCCUGCCGAAGCAC
AGCCUGCUGUACGAAUACUUCACAGUCUACAACGAACUGACAAAGGUCAAG
UACGUCACAGAAGGAAUGAGAAAGCCGGCAUUCCUGAGCGGAGAACAGAAG
AAGGCAAUCGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGUCAAG
CAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCUUCGACAGCGUCGAA
AUCAGCGGAGUCGAAGACAGAUUCAACGCAAGCCUGGGAACAUACCACGAC
CUGCUGAAGAUCAUCAAGGACAAGGACUUCCUGGACAACGAAGAAAACGAA
GACAUCCUGGAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGAGAA
AUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUUCGACGACAAGGUC
AUGAAGCAGCUGAAGAGAAGAAGAUACACAGGAUGGGGAAGACUGAGCAGA
AAGCUGAUCAACGGAAUCAGAGACAAGCAGAGCGGAAAGACAAUCCUGGAC
UUCCUGAAGAGCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUCCAC
GACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCACAGGUCAGCGGA
CAGGGAGACAGCCUGCACGAACACAUCGCAAACCUGGCAGGAAGCCCGGCA
AUCAAGAAGGGAAUCCUGCAGACAGUCAAGGUCGUCGACGAACUGGUCAAG
GUCAUGGGAAGACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGAGAA
AACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAAGAAUGAAGAGA
AUCGAAGAAGGAAUCAAGGAACUGGGAAGCCAGAUCCUGAAGGAACACCCG
GUCGAAAACACACAGCUGCAGAACGAAAAGCUGUACCUGUACUACCUGCAG
AACGGAAGAGACAUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGC
GACUACGACGUCGACCACAUCGUCCCGCAGAGCUUCCUGAAGGACGACAGC
AUCGACAACAAGGUCCUGACAAGAAGCGACAAGAACAGAGGAAAGAGCGAC
AACGUCCCGAGCGAAGAAGUCGUCAAGAAGAUGAAGAACUACUGGAGACAG
CUGCUGAACGCAAAGCUGAUCACACAGAGAAAGUUCGACAACCUGACAAAG
GCAGAGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUCAUCAAGAGA
CAGCUGGUCGAAACAAGACAGAUCACAAAGCACGUCGCACAGAUCCUGGAC
AGCAGAAUGAACACAAAGUACGACGAAAACGACAAGCUGAUCAGAGAAGUC
AAGGUCAUCACACUGAAGAGCAAGCUGGUCAGCGACUUCAGAAAGGACUUC
CAGUUCUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACACGACGCA
UACCUGAACGCAGUCGUCGGAACAGCACUGAUCAAGAAGUACCCGAAGCUG
GAAAGCGAAUUCGUCUACGGAGACUACAAGGUCUACGACGUCAGAARAGAUG
AUCGCAAAGAGCGAACAGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUC
UACAGCAACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCAAACGGA
GAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGGAGAAACAGGAGAAATC
GUCUGGGACAAGGGAAGAGACUUCGCAACAGUCAGAAAGGUCCUGAGCAUG
CCGCAGGUCAACAUCGUCAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGC
AAGGAAAGCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAAGAALG
AAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGACAGCCCGACAGUCGCA
UACAGCGUCCUGGUCGUCGCAAAGGUCGAAAAGGGAAAGAGCAAGAAGCUG
AAGAGCGUCAAGGAACUGCUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUC
GAAAAGAACCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGUCAAG
AAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGUUCGAACUGGAAAAC
GGAAGAAAGAGAAUGCUGGCAAGCGCAGGAGAACUGCAGAAGGGARACGAA
CUGGCACUGCCGAGCAAGUACGUCAACUUCCUGUACCUGGCAAGCCACUAC
GAAAAGCUGAAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUUCGUC
GAACAGCACAAGCACUACCUGGACGAAAUCAUCGAACAGAUCAGCGAAUUC
AGCAAGAGAGUCAUCCUGGCAGACGCAAACCUGGACAAGGUCCUGAGCGCA
UACAACAAGCACAGAGACAAGCCGAUCAGAGAACAGGCAGAAAACAUCAUC
CACCUGUUCACACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUACUUC
GACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAGGAAGUCCUGGAC
GCAACACUGAUCCACCAGAGCAUCACAGGACUGUACGAAACAAGAAUCGAC
CUGAGCCAGCUGGGAGGAGAC

MDKKYSIGLAIGINSVGWAVITDEYKVPSKKFKVLGNIDRHS IKKNLIGAL
LFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLE
ESELVEEDKKHERHPIEGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRL
IYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINAS
GVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEGNLIALSLGLIPNEKSN
FDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDIL
RVNTEITKAPLSASMIKRYDEHHQDLILLKALVRQQLPEKYKEIFFDQSKN
GYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNG
SIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGN
SRFAWMTRKSEETI TPWNFEEVVDKGASAQSFIERMINFDKNLPNEKVLPK
HSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLEKTNRKVIV
KQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEEN
EDILEDIVLILTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRY TGWGRLS
RKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHDDSLIFKEDIQKAQVS
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GQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMAR
ENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYL
QONGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLIRSDKNRGKS
DNVPSEEVVKKMKNYWRQLLNAKLI TQRKEDNLIKAERGGLSELDKAGFIK
ROLVETRQIIKHVAQILDSRMNIKYDENDKLIREVKVITLKSKLVSDFRKD
FQFYKVREINNYHHAHDAYLNAVVGIALIKKYPKLESEFVYGDYKVYDVRK
MIAKSEQEIGKATAKYFFYSNIMNFEKTEITLANGEIRKRPLIETNGETGE
IVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGESKESILPKRNSDKLIAR
KKDWDPKKYGGFDSPIVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSS
FEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGN
ELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISE
FSKRVILADANLDKVLSAYNKHRDKPIREQAENI ITHLFTLTNLGAPAAFKY
FDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGD

AUGGACAAGAAGUACAGCAUCGGACUGGCAAUCGGAACAAACAGCGUCGGA
UGGGCAGUCAUCACAGACGAAUACAAGGUCCCGAGCAAGAAGUUCAAGGUC
CUGGGAAACACAGACAGACACAGCAUCAAGAAGAACCUGAUCGGAGCACUG
CUGUUCGACAGCGGAGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCA
AGAAGAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUGCAGGAAAUC
UUCAGCAACGAAAUGGCAAAGGUCGACGACAGCUUCUUCCACAGACUGGAA
GAAAGCUUCCUGGUCGAAGAAGACAAGAAGCACGAAAGACACCCGAUCUUC
GGAAACAUCGUCGACGAAGUCGCAUACCACGAAAAGUACCCGACAAUCUAC
CACCUGAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACCUGAGACUG
AUCUACCUGGCACUGGCACACAUGAUCAAGUUCAGAGGACACUUCCUGAUC
GAAGGAGACCUGAACCCGGACAACAGCGACGUCGACAAGCUGUUCAUCCAG
CUGGUCCAGACAUACAACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGC
GGAGUCGACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAGCAGAAGA
CUGGAAAACCUGAUCGCACAGCUGCCGGGAGAAAAGAAGAACGGACUGUUC
GGAAACCUGAUCGCACUGAGCCUGGGACUGACACCGAACUUCAAGAGCAAC
UUCGACCUGGCAGAAGACGCAAAGCUGCAGCUGAGCAAGGACACAUACGAC
GACGACCUGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCAGACCUG
UUCCUGGCAGCAAAGAACCUGAGCGACGCAAUCCUGCUGAGCGACAUCCUG
AGAGUCAACACAGAAAUCACAAAGGCACCGCUGAGCGCAAGCAUGAUCAAG
AGAUACGACGAACACCACCAGGACCUGACACUGCUGAAGGCACUGGUCAGA
CAGCAGCUGCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCAAGAAC
GGAUACGCAGGAUACAUCGACGGAGGAGCAAGCCAGGAAGAAUUCUACAAG
UUCAUCAAGCCGAUCCUGGAAAAGAUGGACGGAACAGAAGAACUGCUGGUC
AAGCUGAACAGAGAAGACCUGCUGAGAAAGCAGAGAACAUUCGACAACGGA
AGCAUCCCGCACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGAAGA
CAGGAAGACUUCUACCCGUUCCUGAAGGACAACAGAGAAAAGAUCGAAAAG
AUCCUGACAUUCAGAAUCCCGUACUACGUCGGACCGCUGGCAAGAGGAAAC
AGCAGAUUCGCAUGGAUGACAAGAAAGAGCGAAGAAACAAUCACACCGUGG
AACUUCGAAGAAGUCGUCGACAAGGGAGCAAGCGCACAGAGCUUCAUCGAA
AGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAAGGUCCUGCCGAAG
CACAGCCUGCUGUACGAAUACUUCACAGUCUACAACGAACUGACAAAGGUC
AAGUACGUCACAGAAGGAAUGAGAAAGCCGGCAUUCCUGAGCGGAGAACAG
AAGAAGGCAAUCGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGUC
AAGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCUUCGACAGCGUC
GAAAUCAGCGGAGUCGAAGACAGAUUCAACGCAAGCCUGGGAACAUACCAC
GACCUGCUGAAGAUCAUCAAGGACAAGGACUUCCUGGACAACGAAGAAAAC
GAAGACAUCCUGGAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGA
GAAAUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUUCGACGACAAG
GUCAUGAAGCAGCUGAAGAGAAGAAGAUACACAGGAUGGGGAAGACUGAGC
AGAAAGCUGAUCAACGGAAUCAGAGACAAGCAGAGCGGAAAGACAAUCCUG
GACUUCCUGAAGAGCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUC
CACGACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCACAGGUCAGC
GGACAGGGAGACAGCCUGCACGAACACAUCGCAAACCUGGCAGGAAGCCCG
GCAAUCAAGAAGGGAAUCCUGCAGACAGUCAAGGUCGUCGACGAACUGGUC
AAGGUCAUGGGAAGACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGA
GAAAACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAAGAAUGAAG
AGAAUCGAAGAAGGAAUCAAGGAACUGGGAAGCCAGAUCCUGAAGGAACAC
CCGGUCGAAAACACACAGCUGCAGAACGAAAAGCUGUACCUGUACUACCUG
CAGAACGGAAGAGACAUGUACGUCGACCAGGAACUGGACAUCAACAGACUG
AGCGACUACGACGUCGACGCAAUCGUCCCGCAGAGCUUCCUGAAGGACGAC
AGCAUCGACAACAAGGUCCUGACAAGAAGCGACAAGAACAGAGGAAAGAGC
GACAACGUCCCGAGCGAAGAAGUCGUCAAGAAGAUGAAGAACUACUGGAGA
CAGCUGCUGAACGCAAAGCUGAUCACACAGAGAAAGUUCGACAACCUGACA
AAGGCAGAGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUCAUCAAG
AGACAGCUGGUCGAAACAAGACAGAUCACAAAGCACGUCGCACAGAUCCUG
GACAGCAGAAUGAACACAAAGUACGACGAAAACGACAAGCUGAUCAGAGAA
GUCAAGGUCAUCACACUGAAGAGCAAGCUGGUCAGCGACUUCAGAAAGGAC
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UUCCAGUUCUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACACGAC
GCAUACCUGAACGCAGUCGUCGGAACAGCACUGAUCAAGAAGUACCCGAAG
CUGGAAAGCGAAUUCGUCUACGGAGACUACAAGGUCUACGACGUCAGAAAG
AUGAUCGCAAAGAGCGAACAGGAAAUCGGAAAGGCAACAGCAAAGUACUUC
UUCUACAGCAACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCAAAC
GGAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGGAGAAACAGGAGAA
AUCGUCUGGGACAAGGGAAGAGACUUCGCAACAGUCAGAAAGGUCCUGAGC
AUGCCGCAGGUCAACAUCGUCAAGAAGACAGAAGUCCAGACAGGAGGAUUC
AGCAAGGAAAGCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAAGA
AAGAAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGACAGCCCGACAGUC
GCAUACAGCGUCCUGGUCGUCGCAAAGGUCGAAAAGGGAAAGAGCAAGAAG
CUGAAGAGCGUCAAGGAACUGCUGGGAAUCACAAUCAUGGAAAGAAGCAGC
UUCGAAAAGAACCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGUC
AAGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGUUCGAACUGGAA
AACGGAAGAAAGAGAAUGCUGGCAAGCGCAGGAGAACUGCAGAAGGGAAAC
GAACUGGCACUGCCGAGCAAGUACGUCAACUUCCUGUACCUGGCAAGCCAC
UACGAAAAGCUGAAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUUC
GUCGAACAGCACAAGCACUACCUGGACGAAAUCAUCGAACAGAUCAGCGAA
UUCAGCAAGAGAGUCAUCCUGGCAGACGCAAACCUGGACAAGGUCCUGAGC
GCAUACAACAAGCACAGAGACAAGCCGAUCAGAGAACAGGCAGAAAACATC
AUCCACCUGUUCACACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUAC
UUCGACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAGGAAGUCCUG
GACGCAACACUGAUCCACCAGAGCAUCACAGGACUGUACGAAACAAGAATC
GACCUGAGCCAGCUGGGAGGAGACUAG

GACAAGAAGUACAGCAUCGGACUGGCAAUCGGAACAAACAGCGUCGGAUGG
GCAGUCAUCACAGACGAAUACAAGGUCCCGAGCAAGAAGUUCAAGGUCCUG
GGAAACACAGACAGACACAGCAUCAAGAAGAACCUGAUCGGAGCACUGCUG
UUCGACAGCGGAGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAAGA
AGAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUGCAGGAAAUCUUC
AGCAACGAAAUGGCAAAGGUCGACGACAGCUUCUUCCACAGACUGGAAGAA
AGCUUCCUGGUCGAAGAAGACAAGAAGCACGAAAGACACCCGAUCUUCGGA
AACAUCGUCGACGAAGUCGCAUACCACGAAAAGUACCCGACAAUCUACCAC
CUGAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACCUGAGACUGAUC
UACCUGGCACUGGCACACAUGAUCAAGUUCAGAGGACACUUCCUGAUCGAA
GGAGACCUGAACCCGGACAACAGCGACGUCGACAAGCUGUUCAUCCAGCUG
GUCCAGACAUACAACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGCGGA
GUCGACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAGCAGAAGACUG
GAAAACCUGAUCGCACAGCUGCCGGGAGAAAAGAAGAACGGACUGUUCGGA
AACCUGAUCGCACUGAGCCUGGGACUGACACCGAACUUCAAGAGCAACUUC
GACCUGGCAGAAGACGCAAAGCUGCAGCUGAGCAAGGACACAUACGACGAC
GACCUGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCAGACCUGUUC
CUGGCAGCAAAGAACCUGAGCGACGCAAUCCUGCUGAGCGACAUCCUGAGA
GUCAACACAGAAAUCACAAAGGCACCGCUGAGCGCAAGCAUGAUCAAGAGA
UACGACGAACACCACCAGGACCUGACACUGCUGAAGGCACUGGUCAGACAG
CAGCUGCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCAAGAACGGA
UACGCAGGAUACAUCGACGGAGGAGCAAGCCAGGAAGAAUUCUACAAGUUC
AUCAAGCCGAUCCUGGAAAAGAUGGACGGAACAGAAGAACUGCUGGUCAAG
CUGAACAGAGAAGACCUGCUGAGAAAGCAGAGAACAUUCGACAACGGAAGC
AUCCCGCACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGAAGACAG
GAAGACUUCUACCCGUUCCUGAAGGACAACAGAGAAAAGAUCGAAAAGATC
CUGACAUUCAGAAUCCCGUACUACGUCGGACCGCUGGCAAGAGGAAACAGC
AGAUUCGCAUGGAUGACAAGAAAGAGCGAAGAAACAAUCACACCGUGGAAC
UUCGAAGAAGUCGUCGACAAGGGAGCAAGCGCACAGAGCUUCAUCGAAAGA
AUGACAAACUUCGACAAGAACCUGCCGAACGAAAAGGUCCUGCCGAAGCAC
AGCCUGCUGUACGAAUACUUCACAGUCUACAACGAACUGACAAAGGUCAAG
UACGUCACAGAAGGAAUGAGAAAGCCGGCAUUCCUGAGCGGAGAACAGAAG
AAGGCAAUCGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGUCAAG
CAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCUUCGACAGCGUCGAA
AUCAGCGGAGUCGAAGACAGAUUCAACGCAAGCCUGGGAACAUACCACGAC
CUGCUGAAGAUCAUCAAGGACAAGGACUUCCUGGACAACGAAGAAAACGAA
GACAUCCUGGAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGAGAA
AUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUUCGACGACAAGGUC
AUGAAGCAGCUGAAGAGAAGAAGAUACACAGGAUGGGGAAGACUGAGCAGA
AAGCUGAUCAACGGAAUCAGAGACAAGCAGAGCGGAAAGACAAUCCUGGAC
UUCCUGAAGAGCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUCCAC
GACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCACAGGUCAGCGGA
CAGGGAGACAGCCUGCACGAACACAUCGCAAACCUGGCAGGAAGCCCGGCA
AUCAAGAAGGGAAUCCUGCAGACAGUCAAGGUCGUCGACGAACUGGUCAAG
GUCAUGGGAAGACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGAGAA
AACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAAGAAUGAAGAGA
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Sequence

SEQ
ID No.

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

Cas9 mRNA
ORF encoding
SEQ ID NO:
222 using
minimal
uridine

AUCGAAGAAGGAAUCAAGGAACUGGGAAGCCAGAUCCUGAAGGAACACCCG
GUCGAAAACACACAGCUGCAGAACGAAAAGCUGUACCUGUACUACCUGCAG
AACGGAAGAGACAUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGC
GACUACGACGUCGACGCAAUCGUCCCGCAGAGCUUCCUGAAGGACGACAGC
AUCGACAACAAGGUCCUGACAAGAAGCGACAAGAACAGAGGAAAGAGCGAC
AACGUCCCGAGCGAAGAAGUCGUCAAGAAGAUGAAGAACUACUGGAGACAG
CUGCUGAACGCAAAGCUGAUCACACAGAGAAAGUUCGACAACCUGACAAAG
GCAGAGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUCAUCAAGAGA
CAGCUGGUCGAAACAAGACAGAUCACAAAGCACGUCGCACAGAUCCUGGAC
AGCAGAAUGAACACAAAGUACGACGAAAACGACAAGCUGAUCAGAGAAGUC
AAGGUCAUCACACUGAAGAGCAAGCUGGUCAGCGACUUCAGAAAGGACUUC
CAGUUCUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACACGACGCA
UACCUGAACGCAGUCGUCGGAACAGCACUGAUCAAGAAGUACCCGAAGCUG
GAAAGCGAAUUCGUCUACGGAGACUACAAGGUCUACGACGUCAGAARAGAUG
AUCGCAAAGAGCGAACAGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUC
UACAGCAACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCAAACGGA
GAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGGAGAAACAGGAGAAATC
GUCUGGGACAAGGGAAGAGACUUCGCAACAGUCAGAAAGGUCCUGAGCAUG
CCGCAGGUCAACAUCGUCAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGC
AAGGAAAGCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAAGAALG
AAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGACAGCCCGACAGUCGCA
UACAGCGUCCUGGUCGUCGCAAAGGUCGAAAAGGGAAAGAGCAAGAAGCUG
AAGAGCGUCAAGGAACUGCUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUC
GAAAAGAACCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGUCAAG
AAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGUUCGAACUGGAAAAC
GGAAGAAAGAGAAUGCUGGCAAGCGCAGGAGAACUGCAGAAGGGARACGAA
CUGGCACUGCCGAGCAAGUACGUCAACUUCCUGUACCUGGCAAGCCACUAC
GAAAAGCUGAAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUUCGUC
GAACAGCACAAGCACUACCUGGACGAAAUCAUCGAACAGAUCAGCGAAUUC
AGCAAGAGAGUCAUCCUGGCAGACGCAAACCUGGACAAGGUCCUGAGCGCA
UACAACAAGCACAGAGACAAGCCGAUCAGAGAACAGGCAGAAAACAUCAUC
CACCUGUUCACACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUACUUC
GACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAGGAAGUCCUGGAC
GCAACACUGAUCCACCAGAGCAUCACAGGACUGUACGAAACAAGAAUCGAC
CUGAGCCAGCUGGGAGGAGACGGAGGAGGAAGC

MDKKYSIGLDIGINSVGWAVITDEYKVPSKKFKVLGNIDRHS IKKNLIGAL
LFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLE
ESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRL
IYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINAS
GVDAKAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLIPNFKSN
FDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDIL
RVNTEITKAPLSASMIKRYDEHHQDLILLKALVRQQLPEKYKEIFFDQSKN
GYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNG
SIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGN
SRFAWMTRKSEETI TPWNFEEVVDKGASAQSFIERMINFDKNLPNEKVLPK
HSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKINRKVIV
KQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEEN
EDILEDIVLILTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRY TGWGRLS
RKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHDDSLIFKEDIQKAQVS
GQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMAR
ENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYL
QONGRDMYVDQELDINRLSDYDVDHIVPQSFLKDDSIDNKVLIRSDKNRGKS
DNVPSEEVVKKMKNYWRQLLNAKLI TQRKFDNLIKAERGGLSELDKAGFIK
ROLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKD
FQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRK
MIAKSEQEIGKATAKYFFYSNIMNFEKTEITLANGEIRKRPLIETNGETGE
IVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIAR
KKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSS
FEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGN
ELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISE
FSKRVILADANLDKVLSAYNKHRDKPIREQAENI ITHLFTLTNLGAPAAFKY
FDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGDGSGSPKKKR
KVDGSPKKKRKVDSG

AUGGACAAGAAGUACAGCAUCGGACUGGACAUCGGAACAAACAGCGUCGGA
UGGGCAGUCAUCACAGACGAAUACAAGGUCCCGAGCAAGAAGUUCAAGGUC
CUGGGAAACACAGACAGACACAGCAUCAAGAAGAACCUGAUCGGAGCACUG
CUGUUCGACAGCGGAGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCA
AGAAGAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUGCAGGAAAUC
UUCAGCAACGAAAUGGCAAAGGUCGACGACAGCUUCUUCCACAGACUGGAA

222
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GAAAGCUUCCUGGUCGAAGAAGACAAGAAGCACGAAAGACACCCGAUCUUC
GGAAACAUCGUCGACGAAGUCGCAUACCACGAAAAGUACCCGACAAUCUAC
CACCUGAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACCUGAGACUG
AUCUACCUGGCACUGGCACACAUGAUCAAGUUCAGAGGACACUUCCUGAUC
GAAGGAGACCUGAACCCGGACAACAGCGACGUCGACAAGCUGUUCAUCCAG
CUGGUCCAGACAUACAACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGC
GGAGUCGACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAGCAGAAGA
CUGGAAAACCUGAUCGCACAGCUGCCGGGAGAAAAGAAGAACGGACUGUUC
GGAAACCUGAUCGCACUGAGCCUGGGACUGACACCGAACUUCAAGAGCAAC
UUCGACCUGGCAGAAGACGCAAAGCUGCAGCUGAGCAAGGACACAUACGAC
GACGACCUGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCAGACCUG
UUCCUGGCAGCAAAGAACCUGAGCGACGCAAUCCUGCUGAGCGACAUCCUG
AGAGUCAACACAGAAAUCACAAAGGCACCGCUGAGCGCAAGCAUGAUCAAG
AGAUACGACGAACACCACCAGGACCUGACACUGCUGAAGGCACUGGUCAGA
CAGCAGCUGCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCAAGAAC
GGAUACGCAGGAUACAUCGACGGAGGAGCAAGCCAGGAAGAAUUCUACAAG
UUCAUCAAGCCGAUCCUGGAAAAGAUGGACGGAACAGAAGAACUGCUGGUC
AAGCUGAACAGAGAAGACCUGCUGAGAAAGCAGAGAACAUUCGACAACGGA
AGCAUCCCGCACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGAAGA
CAGGAAGACUUCUACCCGUUCCUGAAGGACAACAGAGAAAAGAUCGAAAAG
AUCCUGACAUUCAGAAUCCCGUACUACGUCGGACCGCUGGCAAGAGGAAAC
AGCAGAUUCGCAUGGAUGACAAGAAAGAGCGAAGAAACAAUCACACCGUGG
AACUUCGAAGAAGUCGUCGACAAGGGAGCAAGCGCACAGAGCUUCAUCGAA
AGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAAGGUCCUGCCGAAG
CACAGCCUGCUGUACGAAUACUUCACAGUCUACAACGAACUGACAAAGGUC
AAGUACGUCACAGAAGGAAUGAGAAAGCCGGCAUUCCUGAGCGGAGAACAG
AAGAAGGCAAUCGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGUC
AAGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCUUCGACAGCGUC
GAAAUCAGCGGAGUCGAAGACAGAUUCAACGCAAGCCUGGGAACAUACCAC
GACCUGCUGAAGAUCAUCAAGGACAAGGACUUCCUGGACAACGAAGAAAAC
GAAGACAUCCUGGAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGA
GAAAUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUUCGACGACAAG
GUCAUGAAGCAGCUGAAGAGAAGAAGAUACACAGGAUGGGGAAGACUGAGC
AGAAAGCUGAUCAACGGAAUCAGAGACAAGCAGAGCGGAAAGACAAUCCUG
GACUUCCUGAAGAGCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUC
CACGACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCACAGGUCAGC
GGACAGGGAGACAGCCUGCACGAACACAUCGCAAACCUGGCAGGAAGCCCG
GCAAUCAAGAAGGGAAUCCUGCAGACAGUCAAGGUCGUCGACGAACUGGUC
AAGGUCAUGGGAAGACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGA
GAAAACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAAGAAUGAAG
AGAAUCGAAGAAGGAAUCAAGGAACUGGGAAGCCAGAUCCUGAAGGAACAC
CCGGUCGAAAACACACAGCUGCAGAACGAAAAGCUGUACCUGUACUACCUG
CAGAACGGAAGAGACAUGUACGUCGACCAGGAACUGGACAUCAACAGACUG
AGCGACUACGACGUCGACCACAUCGUCCCGCAGAGCUUCCUGAAGGACGAC
AGCAUCGACAACAAGGUCCUGACAAGAAGCGACAAGAACAGAGGAAAGAGC
GACAACGUCCCGAGCGAAGAAGUCGUCAAGAAGAUGAAGAACUACUGGAGA
CAGCUGCUGAACGCAAAGCUGAUCACACAGAGAAAGUUCGACAACCUGACA
AAGGCAGAGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUCAUCAAG
AGACAGCUGGUCGAAACAAGACAGAUCACAAAGCACGUCGCACAGAUCCUG
GACAGCAGAAUGAACACAAAGUACGACGAAAACGACAAGCUGAUCAGAGAA
GUCAAGGUCAUCACACUGAAGAGCAAGCUGGUCAGCGACUUCAGAAAGGAC
UUCCAGUUCUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACACGAC
GCAUACCUGAACGCAGUCGUCGGAACAGCACUGAUCAAGAAGUACCCGAAG
CUGGAAAGCGAAUUCGUCUACGGAGACUACAAGGUCUACGACGUCAGAAAG
AUGAUCGCAAAGAGCGAACAGGAAAUCGGAAAGGCAACAGCAAAGUACUUC
UUCUACAGCAACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCAAAC
GGAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGGAGAAACAGGAGAA
AUCGUCUGGGACAAGGGAAGAGACUUCGCAACAGUCAGAAAGGUCCUGAGC
AUGCCGCAGGUCAACAUCGUCAAGAAGACAGAAGUCCAGACAGGAGGAUUC
AGCAAGGAAAGCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAAGA
AAGAAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGACAGCCCGACAGUC
GCAUACAGCGUCCUGGUCGUCGCAAAGGUCGAAAAGGGAAAGAGCAAGAAG
CUGAAGAGCGUCAAGGAACUGCUGGGAAUCACAAUCAUGGAAAGAAGCAGC
UUCGAAAAGAACCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGUC
AAGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGUUCGAACUGGAA
AACGGAAGAAAGAGAAUGCUGGCAAGCGCAGGAGAACUGCAGAAGGGAAAC
GAACUGGCACUGCCGAGCAAGUACGUCAACUUCCUGUACCUGGCAAGCCAC
UACGAAAAGCUGAAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUUC
GUCGAACAGCACAAGCACUACCUGGACGAAAUCAUCGAACAGAUCAGCGAA
UUCAGCAAGAGAGUCAUCCUGGCAGACGCAAACCUGGACAAGGUCCUGAGC
GCAUACAACAAGCACAGAGACAAGCCGAUCAGAGAACAGGCAGAAAACATC
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stop codons;
suitable for
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AUCCACCUGUUCACACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUAC
UUCGACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAGGAAGUCCUG
GACGCAACACUGAUCCACCAGAGCAUCACAGGACUGUACGAAACAAGAATC
GACCUGAGCCAGCUGGGAGGAGACGGAGGAGGAAGCCCGAAGAAGAAGAGA
AAGGUCCCGAAGAAGAAGAGAAAGGUC
GGAAGCGGAAGCCCGAAGAAGAAGAGAAAGGUCGACGGAAGCCCGAAGAAG
AAGAGAAAGGUCGACAGCGGAUAG

GACAAGAAGUACAGCAUCGGACUGGACAUCGGAACAAACAGCGUCGGAUGG
GCAGUCAUCACAGACGAAUACAAGGUCCCGAGCAAGAAGUUCAAGGUCCUG
GGAAACACAGACAGACACAGCAUCAAGAAGAACCUGAUCGGAGCACUGCUG
UUCGACAGCGGAGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAAGA
AGAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUGCAGGAAAUCUUC
AGCAACGAAAUGGCAAAGGUCGACGACAGCUUCUUCCACAGACUGGAAGAA
AGCUUCCUGGUCGAAGAAGACAAGAAGCACGAAAGACACCCGAUCUUCGGA
AACAUCGUCGACGAAGUCGCAUACCACGAAAAGUACCCGACAAUCUACCAC
CUGAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACCUGAGACUGAUC
UACCUGGCACUGGCACACAUGAUCAAGUUCAGAGGACACUUCCUGAUCGAA
GGAGACCUGAACCCGGACAACAGCGACGUCGACAAGCUGUUCAUCCAGCUG
GUCCAGACAUACAACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGCGGA
GUCGACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAGCAGAAGACUG
GAAAACCUGAUCGCACAGCUGCCGGGAGAAAAGAAGAACGGACUGUUCGGA
AACCUGAUCGCACUGAGCCUGGGACUGACACCGAACUUCAAGAGCAACUUC
GACCUGGCAGAAGACGCAAAGCUGCAGCUGAGCAAGGACACAUACGACGAC
GACCUGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCAGACCUGUUC
CUGGCAGCAAAGAACCUGAGCGACGCAAUCCUGCUGAGCGACAUCCUGAGA
GUCAACACAGAAAUCACAAAGGCACCGCUGAGCGCAAGCAUGAUCAAGAGA
UACGACGAACACCACCAGGACCUGACACUGCUGAAGGCACUGGUCAGACAG
CAGCUGCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCAAGAACGGA
UACGCAGGAUACAUCGACGGAGGAGCAAGCCAGGAAGAAUUCUACAAGUUC
AUCAAGCCGAUCCUGGAAAAGAUGGACGGAACAGAAGAACUGCUGGUCAAG
CUGAACAGAGAAGACCUGCUGAGAAAGCAGAGAACAUUCGACAACGGAAGC
AUCCCGCACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGAAGACAG
GAAGACUUCUACCCGUUCCUGAAGGACAACAGAGAAAAGAUCGAAAAGATC
CUGACAUUCAGAAUCCCGUACUACGUCGGACCGCUGGCAAGAGGAAACAGC
AGAUUCGCAUGGAUGACAAGAAAGAGCGAAGAAACAAUCACACCGUGGAAC
UUCGAAGAAGUCGUCGACAAGGGAGCAAGCGCACAGAGCUUCAUCGAAAGA
AUGACAAACUUCGACAAGAACCUGCCGAACGAAAAGGUCCUGCCGAAGCAC
AGCCUGCUGUACGAAUACUUCACAGUCUACAACGAACUGACAAAGGUCAAG
UACGUCACAGAAGGAAUGAGAAAGCCGGCAUUCCUGAGCGGAGAACAGAAG
AAGGCAAUCGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGUCAAG
CAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCUUCGACAGCGUCGAA
AUCAGCGGAGUCGAAGACAGAUUCAACGCAAGCCUGGGAACAUACCACGAC
CUGCUGAAGAUCAUCAAGGACAAGGACUUCCUGGACAACGAAGAAAACGAA
GACAUCCUGGAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGAGAA
AUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUUCGACGACAAGGUC
AUGAAGCAGCUGAAGAGAAGAAGAUACACAGGAUGGGGAAGACUGAGCAGA
AAGCUGAUCAACGGAAUCAGAGACAAGCAGAGCGGAAAGACAAUCCUGGAC
UUCCUGAAGAGCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUCCAC
GACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCACAGGUCAGCGGA
CAGGGAGACAGCCUGCACGAACACAUCGCAAACCUGGCAGGAAGCCCGGCA
AUCAAGAAGGGAAUCCUGCAGACAGUCAAGGUCGUCGACGAACUGGUCAAG
GUCAUGGGAAGACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGAGAA
AACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAAGAAUGAAGAGA
AUCGAAGAAGGAAUCAAGGAACUGGGAAGCCAGAUCCUGAAGGAACACCCG
GUCGAAAACACACAGCUGCAGAACGAAAAGCUGUACCUGUACUACCUGCAG
AACGGAAGAGACAUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGC
GACUACGACGUCGACCACAUCGUCCCGCAGAGCUUCCUGAAGGACGACAGC
AUCGACAACAAGGUCCUGACAAGAAGCGACAAGAACAGAGGAAAGAGCGAC
AACGUCCCGAGCGAAGAAGUCGUCAAGAAGAUGAAGAACUACUGGAGACAG
CUGCUGAACGCAAAGCUGAUCACACAGAGAAAGUUCGACAACCUGACAAAG
GCAGAGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUCAUCAAGAGA
CAGCUGGUCGAAACAAGACAGAUCACAAAGCACGUCGCACAGAUCCUGGAC
AGCAGAAUGAACACAAAGUACGACGAAAACGACAAGCUGAUCAGAGAAGUC
AAGGUCAUCACACUGAAGAGCAAGCUGGUCAGCGACUUCAGAAAGGACUUC
CAGUUCUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACACGACGCA
UACCUGAACGCAGUCGUCGGAACAGCACUGAUCAAGAAGUACCCGAAGCUG
GAAAGCGAAUUCGUCUACGGAGACUACAAGGUCUACGACGUCAGAARAGAUG
AUCGCAAAGAGCGAACAGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUC
UACAGCAACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCAAACGGA
GAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGGAGAAACAGGAGAAATC
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Cas9 nickase
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nuclear
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signals as
the C-
terminal
amino acids

Cas9 nickase
mRNA ORF
encoding SEQ
ID NO: 25
using
minimal
uridine
codons as
listed in
Table 3,
with start
and stop
codons

GUCUGGGACAAGGGAAGAGACUUCGCAACAGUCAGAAAGGUCCUGAGCAUG
CCGCAGGUCAACAUCGUCAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGC
AAGGAAAGCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAAGAALG
AAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGACAGCCCGACAGUCGCA
UACAGCGUCCUGGUCGUCGCAAAGGUCGAAAAGGGAAAGAGCAAGAAGCUG
AAGAGCGUCAAGGAACUGCUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUC
GAAAAGAACCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGUCAAG
AAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGUUCGAACUGGAAAAC
GGAAGAAAGAGAAUGCUGGCAAGCGCAGGAGAACUGCAGAAGGGARACGAA
CUGGCACUGCCGAGCAAGUACGUCAACUUCCUGUACCUGGCAAGCCACUAC
GAAAAGCUGAAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUUCGUC
GAACAGCACAAGCACUACCUGGACGAAAUCAUCGAACAGAUCAGCGAAUUC
AGCAAGAGAGUCAUCCUGGCAGACGCAAACCUGGACAAGGUCCUGAGCGCA
UACAACAAGCACAGAGACAAGCCGAUCAGAGAACAGGCAGAAAACAUCAUC
CACCUGUUCACACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUACUUC
GACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAGGAAGUCCUGGAC
GCAACACUGAUCCACCAGAGCAUCACAGGACUGUACGAAACAAGAAUCGAC
CUGAGCCAGCUGGGAGGAGACGGAGGAGGAAGCCCGAAGAAGAAGAGAAAG
GUCCCGAAGAAGAAGAGAAAGGUC
GGAAGCGGAAGCCCGAAGAAGAAGAGAAAGGUCGACGGAAGCCCGAAGAAG
AAGAGAAAGGUCGACAGCGGA

MDKKYSIGLAIGINSVGWAVITDEYKVPSKKFKVLGNIDRHS IKKNLIGAL
LFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLE
ESELVEEDKKHERHPIEGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRL
IYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINAS
GVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEGNLIALSLGLIPNEKSN
FDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDIL
RVNTEITKAPLSASMIKRYDEHHQDLILLKALVRQQLPEKYKEIFFDQSKN
GYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNG
SIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGN
SRFAWMTRKSEETI TPWNFEEVVDKGASAQSFIERMINFDKNLPNEKVLPK
HSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLEKTNRKVIV
KQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEEN
EDILEDIVLILTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRY TGWGRLS
RKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHDDSLIFKEDIQKAQVS
GQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMAR
ENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYL
QONGRDMYVDQELDINRLSDYDVDHIVPQSFLKDDSIDNKVLIRSDKNRGKS
DNVPSEEVVKKMKNYWRQLLNAKLI TQRKEDNLIKAERGGLSELDKAGFIK
ROLVETRQIIKHVAQILDSRMNIKYDENDKLIREVKVITLKSKLVSDFRKD
FQFYKVREINNYHHAHDAYLNAVVGIALIKKYPKLESEFVYGDYKVYDVRK
MIAKSEQEIGKATAKYFFYSNIMNFEKTEITLANGEIRKRPLIETNGETGE
IVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGESKESILPKRNSDKLIAR
KKDWDPKKYGGFDSPIVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSS
FEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGN
ELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISE
FSKRVILADANLDKVLSAYNKHRDKPIREQAENI ITHLFTLINLGAPAAFKY
FDTTIDRKRYISTKEVLDATLIHQSITGLYETRIDLSQLGGDGSGSPKKKR
KVDGSPKKKRKVDSG

AUGGACAAGAAGUACAGCAUCGGACUGGCAAUCGGAACAAACAGCGUCGGA
UGGGCAGUCAUCACAGACGAAUACAAGGUCCCGAGCAAGAAGUUCAAGGUC
CUGGGAAACACAGACAGACACAGCAUCAAGAAGAACCUGAUCGGAGCACUG
CUGUUCGACAGCGGAGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCA
AGAAGAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUGCAGGAAAUC
UUCAGCAACGAAAUGGCAAAGGUCGACGACAGCUUCUUCCACAGACUGGAA
GAAAGCUUCCUGGUCGAAGAAGACAAGAAGCACGAAAGACACCCGAUCUUC
GGAAACAUCGUCGACGAAGUCGCAUACCACGAAAAGUACCCGACAAUCUAC
CACCUGAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACCUGAGACUG
AUCUACCUGGCACUGGCACACAUGAUCAAGUUCAGAGGACACUUCCUGAUC
GAAGGAGACCUGAACCCGGACAACAGCGACGUCGACAAGCUGUUCAUCCAG
CUGGUCCAGACAUACAACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGC
GGAGUCGACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAGCAGAAGA
CUGGAAAACCUGAUCGCACAGCUGCCGGGAGAAAAGAAGAACGGACUGUUC
GGAAACCUGAUCGCACUGAGCCUGGGACUGACACCGAACUUCAAGAGCAAC
UUCGACCUGGCAGAAGACGCAAAGCUGCAGCUGAGCAAGGACACAUACGAC
GACGACCUGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCAGACCUG
UUCCUGGCAGCAAAGAACCUGAGCGACGCAAUCCUGCUGAGCGACAUCCUG
AGAGUCAACACAGAAAUCACAAAGGCACCGCUGAGCGCAAGCAUGAUCAAG
AGAUACGACGAACACCACCAGGACCUGACACUGCUGAAGGCACUGGUCAGA

225
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CAGCAGCUGCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCAAGAAC
GGAUACGCAGGAUACAUCGACGGAGGAGCAAGCCAGGAAGAAUUCUACAAG
UUCAUCAAGCCGAUCCUGGAAAAGAUGGACGGAACAGAAGAACUGCUGGUC
AAGCUGAACAGAGAAGACCUGCUGAGAAAGCAGAGAACAUUCGACAACGGA
AGCAUCCCGCACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGAAGA
CAGGAAGACUUCUACCCGUUCCUGAAGGACAACAGAGAAAAGAUCGAAAAG
AUCCUGACAUUCAGAAUCCCGUACUACGUCGGACCGCUGGCAAGAGGAAAC
AGCAGAUUCGCAUGGAUGACAAGAAAGAGCGAAGAAACAAUCACACCGUGG
AACUUCGAAGAAGUCGUCGACAAGGGAGCAAGCGCACAGAGCUUCAUCGAA
AGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAAGGUCCUGCCGAAG
CACAGCCUGCUGUACGAAUACUUCACAGUCUACAACGAACUGACAAAGGUC
AAGUACGUCACAGAAGGAAUGAGAAAGCCGGCAUUCCUGAGCGGAGAACAG
AAGAAGGCAAUCGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGUC
AAGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCUUCGACAGCGUC
GAAAUCAGCGGAGUCGAAGACAGAUUCAACGCAAGCCUGGGAACAUACCAC
GACCUGCUGAAGAUCAUCAAGGACAAGGACUUCCUGGACAACGAAGAAAAC
GAAGACAUCCUGGAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGA
GAAAUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUUCGACGACAAG
GUCAUGAAGCAGCUGAAGAGAAGAAGAUACACAGGAUGGGGAAGACUGAGC
AGAAAGCUGAUCAACGGAAUCAGAGACAAGCAGAGCGGAAAGACAAUCCUG
GACUUCCUGAAGAGCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUC
CACGACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCACAGGUCAGC
GGACAGGGAGACAGCCUGCACGAACACAUCGCAAACCUGGCAGGAAGCCCG
GCAAUCAAGAAGGGAAUCCUGCAGACAGUCAAGGUCGUCGACGAACUGGUC
AAGGUCAUGGGAAGACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGA
GAAAACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAAGAAUGAAG
AGAAUCGAAGAAGGAAUCAAGGAACUGGGAAGCCAGAUCCUGAAGGAACAC
CCGGUCGAAAACACACAGCUGCAGAACGAAAAGCUGUACCUGUACUACCUG
CAGAACGGAAGAGACAUGUACGUCGACCAGGAACUGGACAUCAACAGACUG
AGCGACUACGACGUCGACCACAUCGUCCCGCAGAGCUUCCUGAAGGACGAC
AGCAUCGACAACAAGGUCCUGACAAGAAGCGACAAGAACAGAGGAAAGAGC
GACAACGUCCCGAGCGAAGAAGUCGUCAAGAAGAUGAAGAACUACUGGAGA
CAGCUGCUGAACGCAAAGCUGAUCACACAGAGAAAGUUCGACAACCUGACA
AAGGCAGAGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUCAUCAAG
AGACAGCUGGUCGAAACAAGACAGAUCACAAAGCACGUCGCACAGAUCCUG
GACAGCAGAAUGAACACAAAGUACGACGAAAACGACAAGCUGAUCAGAGAA
GUCAAGGUCAUCACACUGAAGAGCAAGCUGGUCAGCGACUUCAGAAAGGAC
UUCCAGUUCUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACACGAC
GCAUACCUGAACGCAGUCGUCGGAACAGCACUGAUCAAGAAGUACCCGAAG
CUGGAAAGCGAAUUCGUCUACGGAGACUACAAGGUCUACGACGUCAGAAAG
AUGAUCGCAAAGAGCGAACAGGAAAUCGGAAAGGCAACAGCAAAGUACUUC
UUCUACAGCAACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCAAAC
GGAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGGAGAAACAGGAGAA
AUCGUCUGGGACAAGGGAAGAGACUUCGCAACAGUCAGAAAGGUCCUGAGC
AUGCCGCAGGUCAACAUCGUCAAGAAGACAGAAGUCCAGACAGGAGGAUUC
AGCAAGGAAAGCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAAGA
AAGAAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGACAGCCCGACAGUC
GCAUACAGCGUCCUGGUCGUCGCAAAGGUCGAAAAGGGAAAGAGCAAGAAG
CUGAAGAGCGUCAAGGAACUGCUGGGAAUCACAAUCAUGGAAAGAAGCAGC
UUCGAAAAGAACCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGUC
AAGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGUUCGAACUGGAA
AACGGAAGAAAGAGAAUGCUGGCAAGCGCAGGAGAACUGCAGAAGGGAAAC
GAACUGGCACUGCCGAGCAAGUACGUCAACUUCCUGUACCUGGCAAGCCAC
UACGAAAAGCUGAAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUUC
GUCGAACAGCACAAGCACUACCUGGACGAAAUCAUCGAACAGAUCAGCGAA
UUCAGCAAGAGAGUCAUCCUGGCAGACGCAAACCUGGACAAGGUCCUGAGC
GCAUACAACAAGCACAGAGACAAGCCGAUCAGAGAACAGGCAGAAAACATC
AUCCACCUGUUCACACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUAC
UUCGACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAGGAAGUCCUG
GACGCAACACUGAUCCACCAGAGCAUCACAGGACUGUACGAAACAAGAATC
GACCUGAGCCAGCUGGGAGGAGACGGAAGCGGAAGCCCGAAGAAGAAGAGA
AAGGUCGACGGAAGCCCGAAGAAGAAGAGAAAGGUCGACAGCGGAUAG

GACAAGAAGUACAGCAUCGGACUGGCAAUCGGAACAAACAGCGUCGGAUGG
GCAGUCAUCACAGACGAAUACAAGGUCCCGAGCAAGAAGUUCAAGGUCCUG
GGAAACACAGACAGACACAGCAUCAAGAAGAACCUGAUCGGAGCACUGCUG
UUCGACAGGGAGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAAGA

AGAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUGCAGGAAAUCUUC
AGCAACGAAAUGGCAAAGGUCGACGACAGCUUCUUCCACAGACUGGAAGAA
AGCUUCCUGGUCGAAGAAGACAAGAAGCACGAAAGACACCCGAUCUUCGGA
AACAUCGUCGACGAAGUCGCAUACCACGAAAAGUACCCGACAAUCUACCAC

227
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CUGAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACCUGAGACUGAUC
UACCUGGCACUGGCACACAUGAUCAAGUUCAGAGGACACUUCCUGAUCGAA
GGAGACCUGAACCCGGACAACAGCGACGUCGACAAGCUGUUCAUCCAGCUG
GUCCAGACAUACAACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGCGGA
GUCGACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAGCAGAAGACUG
GAAAACCUGAUCGCACAGCUGCCGGGAGAAAAGAAGAACGGACUGUUCGGA
AACCUGAUCGCACUGAGCCUGGGACUGACACCGAACUUCAAGAGCAACUUC
GACCUGGCAGAAGACGCAAAGCUGCAGCUGAGCAAGGACACAUACGACGAC
GACCUGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCAGACCUGUUC
CUGGCAGCAAAGAACCUGAGCGACGCAAUCCUGCUGAGCGACAUCCUGAGA
GUCAACACAGAAAUCACAAAGGCACCGCUGAGCGCAAGCAUGAUCAAGAGA
UACGACGAACACCACCAGGACCUGACACUGCUGAAGGCACUGGUCAGACAG
CAGCUGCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCAAGAACGGA
UACGCAGGAUACAUCGACGGAGGAGCAAGCCAGGAAGAAUUCUACAAGUUC
AUCAAGCCGAUCCUGGAAAAGAUGGACGGAACAGAAGAACUGCUGGUCAAG
CUGAACAGAGAAGACCUGCUGAGAAAGCAGAGAACAUUCGACAACGGAAGC
AUCCCGCACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGAAGACAG
GAAGACUUCUACCCGUUCCUGAAGGACAACAGAGAAAAGAUCGAAAAGATC
CUGACAUUCAGAAUCCCGUACUACGUCGGACCGCUGGCAAGAGGAAACAGC
AGAUUCGCAUGGAUGACAAGAAAGAGCGAAGAAACAAUCACACCGUGGAAC
UUCGAAGAAGUCGUCGACAAGGGAGCAAGCGCACAGAGCUUCAUCGAAAGA
AUGACAAACUUCGACAAGAACCUGCCGAACGAAAAGGUCCUGCCGAAGCAC
AGCCUGCUGUACGAAUACUUCACAGUCUACAACGAACUGACAAAGGUCAAG
UACGUCACAGAAGGAAUGAGAAAGCCGGCAUUCCUGAGCGGAGAACAGAAG
AAGGCAAUCGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGUCAAG
CAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCUUCGACAGCGUCGAA
AUCAGCGGAGUCGAAGACAGAUUCAACGCAAGCCUGGGAACAUACCACGAC
CUGCUGAAGAUCAUCAAGGACAAGGACUUCCUGGACAACGAAGAAAACGAA
GACAUCCUGGAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGAGAA
AUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUUCGACGACAAGGUC
AUGAAGCAGCUGAAGAGAAGAAGAUACACAGGAUGGGGAAGACUGAGCAGA
AAGCUGAUCAACGGAAUCAGAGACAAGCAGAGCGGAAAGACAAUCCUGGAC
UUCCUGAAGAGCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUCCAC
GACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCACAGGUCAGCGGA
CAGGGAGACAGCCUGCACGAACACAUCGCAAACCUGGCAGGAAGCCCGGCA
AUCAAGAAGGGAAUCCUGCAGACAGUCAAGGUCGUCGACGAACUGGUCAAG
GUCAUGGGAAGACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGAGAA
AACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAAGAAUGAAGAGA
AUCGAAGAAGGAAUCAAGGAACUGGGAAGCCAGAUCCUGAAGGAACACCCG
GUCGAAAACACACAGCUGCAGAACGAAAAGCUGUACCUGUACUACCUGCAG
AACGGAAGAGACAUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGC
GACUACGACGUCGACCACAUCGUCCCGCAGAGCUUCCUGAAGGACGACAGC
AUCGACAACAAGGUCCUGACAAGAAGCGACAAGAACAGAGGAAAGAGCGAC
AACGUCCCGAGCGAAGAAGUCGUCAAGAAGAUGAAGAACUACUGGAGACAG
CUGCUGAACGCAAAGCUGAUCACACAGAGAAAGUUCGACAACCUGACAAAG
GCAGAGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUCAUCAAGAGA
CAGCUGGUCGAAACAAGACAGAUCACAAAGCACGUCGCACAGAUCCUGGAC
AGCAGAAUGAACACAAAGUACGACGAAAACGACAAGCUGAUCAGAGAAGUC
AAGGUCAUCACACUGAAGAGCAAGCUGGUCAGCGACUUCAGAAAGGACUUC
CAGUUCUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACACGACGCA
UACCUGAACGCAGUCGUCGGAACAGCACUGAUCAAGAAGUACCCGAAGCUG
GAAAGCGAAUUCGUCUACGGAGACUACAAGGUCUACGACGUCAGAARAGAUG
AUCGCAAAGAGCGAACAGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUC
UACAGCAACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCAAACGGA
GAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGGAGAAACAGGAGAAATC
GUCUGGGACAAGGGAAGAGACUUCGCAACAGUCAGAAAGGUCCUGAGCAUG
CCGCAGGUCAACAUCGUCAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGC
AAGGAAAGCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAAGAALG
AAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGACAGCCCGACAGUCGCA
UACAGCGUCCUGGUCGUCGCAAAGGUCGAAAAGGGAAAGAGCAAGAAGCUG
AAGAGCGUCAAGGAACUGCUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUC
GAAAAGAACCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGUCAAG
AAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGUUCGAACUGGAAAAC
GGAAGAAAGAGAAUGCUGGCAAGCGCAGGAGAACUGCAGAAGGGARACGAA
CUGGCACUGCCGAGCAAGUACGUCAACUUCCUGUACCUGGCAAGCCACUAC
GAAAAGCUGAAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUUCGUC
GAACAGCACAAGCACUACCUGGACGAAAUCAUCGAACAGAUCAGCGAAUUC
AGCAAGAGAGUCAUCCUGGCAGACGCAAACCUGGACAAGGUCCUGAGCGCA
UACAACAAGCACAGAGACAAGCCGAUCAGAGAACAGGCAGAAAACAUCAUC
CACCUGUUCACACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUACUUC
GACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAGGAAGUCCUGGAC
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GCAACACUGAUCCACCAGAGCAUCACAGGACUGUACGAAACAAGAAUCGAC
CUGAGCCAGCUGGGAGGAGAC
GGAAGCGGAAGCCCGAAGAAGAAGAGAAAGGUCGACGGAAGCCCGAAGAAG
AAGAGAAAGGUCGACAGCGGA

MDKKYSIGLAIGINSVGWAVITDEYKVPSKKFKVLGNIDRHS IKKNLIGAL
LFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLE
ESELVEEDKKHERHPIEGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRL
IYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINAS
GVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEGNLIALSLGLIPNEKSN
FDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDIL
RVNTEITKAPLSASMIKRYDEHHQDLILLKALVRQQLPEKYKEIFFDQSKN
GYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNG
SIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGN
SRFAWMTRKSEETI TPWNFEEVVDKGASAQSFIERMINFDKNLPNEKVLPK
HSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLEKTNRKVIV
KQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEEN
EDILEDIVLILTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRY TGWGRLS
RKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHDDSLIFKEDIQKAQVS
GQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMAR
ENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYL
QONGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLIRSDKNRGKS
DNVPSEEVVKKMKNYWRQLLNAKLI TQRKEDNLIKAERGGLSELDKAGFIK
ROLVETRQIIKHVAQILDSRMNIKYDENDKLIREVKVITLKSKLVSDFRKD
FQFYKVREINNYHHAHDAYLNAVVGIALIKKYPKLESEFVYGDYKVYDVRK
MIAKSEQEIGKATAKYFFYSNIMNFEKTEITLANGEIRKRPLIETNGETGE
IVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGESKESILPKRNSDKLIAR
KKDWDPKKYGGFDSPIVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSS
FEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGN
ELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISE
FSKRVILADANLDKVLSAYNKHRDKPIREQAENI ITHLFTLINLGAPAAFKY
FDTTIDRKRYISTKEVLDATLIHQSITGLYETRIDLSQLGGDGSGSPKKKR
KVDGSPKKKRKVDSG

AUGGACAAGAAGUACAGCAUCGGACUGGCAAUCGGAACAAACAGCGUCGGA
UGGGCAGUCAUCACAGACGAAUACAAGGUCCCGAGCAAGAAGUUCAAGGUC
CUGGGAAACACAGACAGACACAGCAUCAAGAAGAACCUGAUCGGAGCACUG
CUGUUCGACAGCGGAGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCA
AGAAGAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUGCAGGAAAUC
UUCAGCAACGAAAUGGCAAAGGUCGACGACAGCUUCUUCCACAGACUGGAA
GAAAGCUUCCUGGUCGAAGAAGACAAGAAGCACGAAAGACACCCGAUCUUC
GGAAACAUCGUCGACGAAGUCGCAUACCACGAAAAGUACCCGACAAUCUAC
CACCUGAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACCUGAGACUG
AUCUACCUGGCACUGGCACACAUGAUCAAGUUCAGAGGACACUUCCUGAUC
GAAGGAGACCUGAACCCGGACAACAGCGACGUCGACAAGCUGUUCAUCCAG
CUGGUCCAGACAUACAACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGC
GGAGUCGACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAGCAGAAGA
CUGGAAAACCUGAUCGCACAGCUGCCGGGAGAAAAGAAGAACGGACUGUUC
GGAAACCUGAUCGCACUGAGCCUGGGACUGACACCGAACUUCAAGAGCAAC
UUCGACCUGGCAGAAGACGCAAAGCUGCAGCUGAGCAAGGACACAUACGAC
GACGACCUGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCAGACCUG
UUCCUGGCAGCAAAGAACCUGAGCGACGCAAUCCUGCUGAGCGACAUCCUG
AGAGUCAACACAGAAAUCACAAAGGCACCGCUGAGCGCAAGCAUGAUCAAG
AGAUACGACGAACACCACCAGGACCUGACACUGCUGAAGGCACUGGUCAGA
CAGCAGCUGCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCAAGAAC
GGAUACGCAGGAUACAUCGACGGAGGAGCAAGCCAGGAAGAAUUCUACAAG
UUCAUCAAGCCGAUCCUGGAAAAGAUGGACGGAACAGAAGAACUGCUGGUC
AAGCUGAACAGAGAAGACCUGCUGAGAAAGCAGAGAACAUUCGACAACGGA
AGCAUCCCGCACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGAAGA
CAGGAAGACUUCUACCCGUUCCUGAAGGACAACAGAGAAAAGAUCGAAAAG
AUCCUGACAUUCAGAAUCCCGUACUACGUCGGACCGCUGGCAAGAGGAAAC
AGCAGAUUCGCAUGGAUGACAAGAAAGAGCGAAGAAACAAUCACACCGUGG
AACUUCGAAGAAGUCGUCGACAAGGGAGCAAGCGCACAGAGCUUCAUCGAA
AGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAAGGUCCUGCCGAAG
CACAGCCUGCUGUACGAAUACUUCACAGUCUACAACGAACUGACAAAGGUC
AAGUACGUCACAGAAGGAAUGAGAAAGCCGGCAUUCCUGAGCGGAGAACAG
AAGAAGGCAAUCGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGUC
AAGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCUUCGACAGCGUC
GAAAUCAGCGGAGUCGAAGACAGAUUCAACGCAAGCCUGGGAACAUACCAC
GACCUGCUGAAGAUCAUCAAGGACAAGGACUUCCUGGACAACGAAGAAAAC
GAAGACAUCCUGGAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGA

228

229
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GAAAUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUUCGACGACAAG
GUCAUGAAGCAGCUGAAGAGAAGAAGAUACACAGGAUGGGGAAGACUGAGC
AGAAAGCUGAUCAACGGAAUCAGAGACAAGCAGAGCGGAAAGACAAUCCUG
GACUUCCUGAAGAGCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUC
CACGACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCACAGGUCAGC
GGACAGGGAGACAGCCUGCACGAACACAUCGCAAACCUGGCAGGAAGCCCG
GCAAUCAAGAAGGGAAUCCUGCAGACAGUCAAGGUCGUCGACGAACUGGUC
AAGGUCAUGGGAAGACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGA
GAAAACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAAGAAUGAAG
AGAAUCGAAGAAGGAAUCAAGGAACUGGGAAGCCAGAUCCUGAAGGAACAC
CCGGUCGAAAACACACAGCUGCAGAACGAAAAGCUGUACCUGUACUACCUG
CAGAACGGAAGAGACAUGUACGUCGACCAGGAACUGGACAUCAACAGACUG
AGCGACUACGACGUCGACGCAAUCGUCCCGCAGAGCUUCCUGAAGGACGAC
AGCAUCGACAACAAGGUCCUGACAAGAAGCGACAAGAACAGAGGAAAGAGC
GACAACGUCCCGAGCGAAGAAGUCGUCAAGAAGAUGAAGAACUACUGGAGA
CAGCUGCUGAACGCAAAGCUGAUCACACAGAGAAAGUUCGACAACCUGACA
AAGGCAGAGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUCAUCAAG
AGACAGCUGGUCGAAACAAGACAGAUCACAAAGCACGUCGCACAGAUCCUG
GACAGCAGAAUGAACACAAAGUACGACGAAAACGACAAGCUGAUCAGAGAA
GUCAAGGUCAUCACACUGAAGAGCAAGCUGGUCAGCGACUUCAGAAAGGAC
UUCCAGUUCUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACACGAC
GCAUACCUGAACGCAGUCGUCGGAACAGCACUGAUCAAGAAGUACCCGAAG
CUGGAAAGCGAAUUCGUCUACGGAGACUACAAGGUCUACGACGUCAGAAAG
AUGAUCGCAAAGAGCGAACAGGAAAUCGGAAAGGCAACAGCAAAGUACUUC
UUCUACAGCAACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCAAAC
GGAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGGAGAAACAGGAGAA
AUCGUCUGGGACAAGGGAAGAGACUUCGCAACAGUCAGAAAGGUCCUGAGC
AUGCCGCAGGUCAACAUCGUCAAGAAGACAGAAGUCCAGACAGGAGGAUUC
AGCAAGGAAAGCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAAGA
AAGAAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGACAGCCCGACAGUC
GCAUACAGCGUCCUGGUCGUCGCAAAGGUCGAAAAGGGAAAGAGCAAGAAG
CUGAAGAGCGUCAAGGAACUGCUGGGAAUCACAAUCAUGGAAAGAAGCAGC
UUCGAAAAGAACCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGUC
AAGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGUUCGAACUGGAA
AACGGAAGAAAGAGAAUGCUGGCAAGCGCAGGAGAACUGCAGAAGGGAAAC
GAACUGGCACUGCCGAGCAAGUACGUCAACUUCCUGUACCUGGCAAGCCAC
UACGAAAAGCUGAAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUUC
GUCGAACAGCACAAGCACUACCUGGACGAAAUCAUCGAACAGAUCAGCGAA
UUCAGCAAGAGAGUCAUCCUGGCAGACGCAAACCUGGACAAGGUCCUGAGC
GCAUACAACAAGCACAGAGACAAGCCGAUCAGAGAACAGGCAGAAAACATC
AUCCACCUGUUCACACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUAC
UUCGACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAGGAAGUCCUG
GACGCAACACUGAUCCACCAGAGCAUCACAGGACUGUACGAAACAAGAATC
GACCUGAGCCAGCUGGGAGGAGAC

GGAAGCGGAAGCCCGAAGAAGAAGAGAAAGGUCGACGGAAGCCCGAAGAAG
AAGAGAAAGGUCGACAGCGGAUAG

GACAAGAAGUACAGCAUCGGACUGGCAAUCGGAACAAACAGCGUCGGAUGG
GCAGUCAUCACAGACGAAUACAAGGUCCCGAGCAAGAAGUUCAAGGUCCUG
GGAAACACAGACAGACACAGCAUCAAGAAGAACCUGAUCGGAGCACUGCUG
UUCGACAGCGGAGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAAGA
AGAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUGCAGGAAAUCUUC
AGCAACGAAAUGGCAAAGGUCGACGACAGCUUCUUCCACAGACUGGAAGAA
AGCUUCCUGGUCGAAGAAGACAAGAAGCACGAAAGACACCCGAUCUUCGGA
AACAUCGUCGACGAAGUCGCAUACCACGAAAAGUACCCGACAAUCUACCAC
CUGAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACCUGAGACUGAUC
UACCUGGCACUGGCACACAUGAUCAAGUUCAGAGGACACUUCCUGAUCGAA
GGAGACCUGAACCCGGACAACAGCGACGUCGACAAGCUGUUCAUCCAGCUG
GUCCAGACAUACAACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGCGGA
GUCGACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAGCAGAAGACUG
GAAAACCUGAUCGCACAGCUGCCGGGAGAAAAGAAGAACGGACUGUUCGGA
AACCUGAUCGCACUGAGCCUGGGACUGACACCGAACUUCAAGAGCAACUUC
GACCUGGCAGAAGACGCAAAGCUGCAGCUGAGCAAGGACACAUACGACGAC
GACCUGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCAGACCUGUUC
CUGGCAGCAAAGAACCUGAGCGACGCAAUCCUGCUGAGCGACAUCCUGAGA
GUCAACACAGAAAUCACAAAGGCACCGCUGAGCGCAAGCAUGAUCAAGAGA
UACGACGAACACCACCAGGACCUGACACUGCUGAAGGCACUGGUCAGACAG
CAGCUGCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCAAGAACGGA
UACGCAGGAUACAUCGACGGAGGAGCAAGCCAGGAAGAAUUCUACAAGUUC
AUCAAGCCGAUCCUGGAAAAGAUGGACGGAACAGAAGAACUGCUGGUCAAG
CUGAACAGAGAAGACCUGCUGAGAAAGCAGAGAACAUUCGACAACGGAAGC

230
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Sequence Table

Description

Sequence

SEQ
ID No.

T7 Promoter

Human beta-
globin 5!
UTR

Human beta-
globin 3!
UTR

Human alpha-
globin 5!
UTR

AUCCCGCACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGAAGACAG
GAAGACUUCUACCCGUUCCUGAAGGACAACAGAGAAAAGAUCGAAAAGATC
CUGACAUUCAGAAUCCCGUACUACGUCGGACCGCUGGCAAGAGGAAACAGC
AGAUUCGCAUGGAUGACAAGAAAGAGCGAAGAAACAAUCACACCGUGGAAC
UUCGAAGAAGUCGUCGACAAGGGAGCAAGCGCACAGAGCUUCAUCGAAAGA
AUGACAAACUUCGACAAGAACCUGCCGAACGAAAAGGUCCUGCCGAAGCAC
AGCCUGCUGUACGAAUACUUCACAGUCUACAACGAACUGACAAAGGUCAAG
UACGUCACAGAAGGAAUGAGAAAGCCGGCAUUCCUGAGCGGAGAACAGAAG
AAGGCAAUCGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGUCAAG
CAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCUUCGACAGCGUCGAA
AUCAGCGGAGUCGAAGACAGAUUCAACGCAAGCCUGGGAACAUACCACGAC
CUGCUGAAGAUCAUCAAGGACAAGGACUUCCUGGACAACGAAGAAAACGAA
GACAUCCUGGAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGAGAA
AUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUUCGACGACAAGGUC
AUGAAGCAGCUGAAGAGAAGAAGAUACACAGGAUGGGGAAGACUGAGCAGA
AAGCUGAUCAACGGAAUCAGAGACAAGCAGAGCGGAAAGACAAUCCUGGAC
UUCCUGAAGAGCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUCCAC
GACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCACAGGUCAGCGGA
CAGGGAGACAGCCUGCACGAACACAUCGCAAACCUGGCAGGAAGCCCGGCA
AUCAAGAAGGGAAUCCUGCAGACAGUCAAGGUCGUCGACGAACUGGUCAAG
GUCAUGGGAAGACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGAGAA
AACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAAGAAUGAAGAGA
AUCGAAGAAGGAAUCAAGGAACUGGGAAGCCAGAUCCUGAAGGAACACCCG
GUCGAAAACACACAGCUGCAGAACGAAAAGCUGUACCUGUACUACCUGCAG
AACGGAAGAGACAUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGC
GACUACGACGUCGACGCAAUCGUCCCGCAGAGCUUCCUGAAGGACGACAGC
AUCGACAACAAGGUCCUGACAAGAAGCGACAAGAACAGAGGAAAGAGCGAC
AACGUCCCGAGCGAAGAAGUCGUCAAGAAGAUGAAGAACUACUGGAGACAG
CUGCUGAACGCAAAGCUGAUCACACAGAGAAAGUUCGACAACCUGACAAAG
GCAGAGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUCAUCAAGAGA
CAGCUGGUCGAAACAAGACAGAUCACAAAGCACGUCGCACAGAUCCUGGAC
AGCAGAAUGAACACAAAGUACGACGAAAACGACAAGCUGAUCAGAGAAGUC
AAGGUCAUCACACUGAAGAGCAAGCUGGUCAGCGACUUCAGAAAGGACUUC
CAGUUCUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACACGACGCA
UACCUGAACGCAGUCGUCGGAACAGCACUGAUCAAGAAGUACCCGAAGCUG
GAAAGCGAAUUCGUCUACGGAGACUACAAGGUCUACGACGUCAGAARAGAUG
AUCGCAAAGAGCGAACAGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUC
UACAGCAACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCAAACGGA
GAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGGAGAAACAGGAGAAATC
GUCUGGGACAAGGGAAGAGACUUCGCAACAGUCAGAAAGGUCCUGAGCAUG
CCGCAGGUCAACAUCGUCAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGC
AAGGAAAGCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAAGAALG
AAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGACAGCCCGACAGUCGCA
UACAGCGUCCUGGUCGUCGCAAAGGUCGAAAAGGGAAAGAGCAAGAAGCUG
AAGAGCGUCAAGGAACUGCUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUC
GAAAAGAACCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGUCAAG
AAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGUUCGAACUGGAAAAC
GGAAGAAAGAGAAUGCUGGCAAGCGCAGGAGAACUGCAGAAGGGARACGAA
CUGGCACUGCCGAGCAAGUACGUCAACUUCCUGUACCUGGCAAGCCACUAC
GAAAAGCUGAAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUUCGUC
GAACAGCACAAGCACUACCUGGACGAAAUCAUCGAACAGAUCAGCGAAUUC
AGCAAGAGAGUCAUCCUGGCAGACGCAAACCUGGACAAGGUCCUGAGCGCA
UACAACAAGCACAGAGACAAGCCGAUCAGAGAACAGGCAGAAAACAUCAUC
CACCUGUUCACACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUACUUC
GACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAGGAAGUCCUGGAC
GCAACACUGAUCCACCAGAGCAUCACAGGACUGUACGAAACAAGAAUCGAC
CUGAGCCAGCUGGGAGGAGACGGAAGCGGAAGCCCGAAGAAGAAGAGAAAG
GUCGACGGAAGCCCGAAGAAGAAGAGAAAGGUCGACAGCGGA

TAATACGACTCACTATA

ACATTTGCTTCTGACACAACTGTGTTCACTAGCAACCTCAAACAGACACC

GCTCGCTTTCTTGCTGTCCAATTTCTATTAAAGGTTCCTTTGTTCCCTAAG
TCCAACTACTAAACTGGGGGATATTATGAAGGGCCTTGAGCATCTGGATTC
TGCCTAATAAAAAACATTTATTTTCATTGC

CATAAACCCTGGCGCGCTCGCGGCCCGGCACTCTTCTGGTCCCCACAGACT
CAGAGAGAACCCACC

231

232

233

234
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Sequence Table

SEQ
Description Sequence ID No.
Human alpha- GCTGGAGCCTCGGTGGCCATGCTTCTTGCCCCTTGGGCCTCCCCCCAGCCC 235
globin 3! CTCCTCCCCTTCCTGCACCCGTACCCCCGTGGTCTTTGAATAAAGTCTGAG
UTR TGGGCGGC
Xenopus AAGCTCAGAATAAACGCTCAACTTTGGCC 236
laevis beta-
globin 5!
UTR
Xenopus ACCAGCCTCAAGAACACCCGAATGGAGTCTCTAAGCTACATAATACCAACT 237
laevis beta- TACACTTTACAAAATGTTGTCCCCCAAAATGTAGCCATTCGTATCTGCTCC
globin 3! TAATAAAAAGAAAGTTTCTTCACATTCT
UTR
Bovine CAGGGTCCTGTGGACAGCTCACCAGCT 238
Growth
Hormone 5'
UTR
Bovine TTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGA 239
Growth AGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCA
Hormone 3!
UTR
Mus musculus GCTGCCTTCTGCGGGGCTTGCCTTCTGGCCATGCCCTTCTTCTCTCCCTTG 240
hemoglobin CACCTGTACCTCTTGGTCTTTGAATAAAGCCTGAGTAGGAAG
alpha, adult
chain 1
(Hba-al),
3' UTR
HSD17B4 5' TCCCGCAGTCGGCGTCCAGCGGCTCTGCTTGTTCGTGTGTGTGTCGTTGCA 241
UTR GGCCTTATTC
G282 single mU*mU*mA* CAGCCACGUCUACAGCAGUUUUAGAMGMCMUMAMGMAMAMAM 242
guide RNA UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA
targeting mMmAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMGMGMUMGMCMU *mU*mU*mU
the mouse
TTR gene

Not used 243
Cas9 GGGTCCCGCAGTCGGCGTCCAGCGGCTCTGCTTGTTCGTGTGTGTGTCGTT 244
transcript GCAGGCCTTATTCGGATCCATGGACAAGAAGTACAGCATCGGACTGGACAT

with 5' UTR
of HSD, ORF
corresponding
to SEQ ID

NO: 204, and
3' UTR of

ALB

CGGAACAAACAGCGTCGGATGGGCAGTCATCACAGACGAATACAAGGTCCC
GAGCAAGAAGTTCAAGGTCCTGGGAAACACAGACAGACACAGCATCAAGAA
GAACCTGATCGGAGCACTGCTGTTCGACAGCGGAGAAACAGCAGAAGCAAC
AAGACTGAAGAGAACAGCAAGAAGAAGATACACAAGAAGAAAGAACAGAAT
CTGCTACCTGCAGGAAATCTTCAGCAACGAAATGGCAAAGGTCGACGACAG
CTTCTTCCACAGACTGGAAGAAAGCTTCCTGGTCGAAGAAGACAAGAAGCA
CGAAAGACACCCGATCTTCGGAAACATCGTCGACGAAGTCGCATACCACGA
AAAGTACCCGACAATCTACCACCTGAGAAAGAAGCTGGTCGACAGCACAGA
CAAGGCAGACCTGAGACTGATCTACCTGGCACTGGCACACATGATCAAGTT
CAGAGGACACTTCCTGATCGAAGGAGACCTGAACCCGGACAACAGCGACGT
CGACAAGCTGTTCATCCAGCTGGTCCAGACATACAACCAGCTGTTCGAAGA
AAACCCGATCAACGCAAGCGGAGTCGACGCAAAGGCAATCCTGAGCGCAAG
ACTGAGCAAGAGCAGAAGACTGGAAAACCTGATCGCACAGCTGCCGGGAGA
ARAGAAGAACGGACTGTTCGGAAACCTGATCGCACTGAGCCTGGGACTGAC
ACCGAACTTCAAGAGCAACTTCGACCTGGCAGAAGACGCAAAGCTGCAGCT
GAGCAAGGACACATACGACGACGACCTGGACAACCTGCTGGCACAGATCGG
AGACCAGTACGCAGACCTGTTCCTGGCAGCAAAGAACCTGAGCGACGCAAT
CCTGCTGAGCGACATCCTGAGAGTCAACACAGAAATCACAAAGGCACCGCT
GAGCGCAAGCATGATCAAGAGATACGACGAACACCACCAGGACCTGACACT
GCTGAAGGCACTGGTCAGACAGCAGCTGCCGGAAAAGTACAAGGAAATCTT
CTTCGACCAGAGCAAGAACGGATACGCAGGATACATCGACGGAGGAGCAAG
CCAGGAAGAATTCTACAAGTTCATCAAGCCGATCCTGGAARAGATGGACGG
AACAGAAGAACTGCTGGTCAAGCTGAACAGAGAAGACCTGCTGAGAAAGCA
GAGAACATTCGACAACGGAAGCATCCCGCACCAGATCCACCTGGGAGAACT
GCACGCAATCCTGAGAAGACAGGAAGACTTCTACCCGTTCCTGAAGGACAA
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Sequence Table

Description

Sequence

SEQ
ID No.

Alternative
Cas9 ORF
with 19.36%
U content

CAGAGAAAAGATCGAAAAGATCCTGACATTCAGAATCCCGTACTACGTCGG
ACCGCTGGCAAGAGGAAACAGCAGATTCGCATGGATGACAAGAAAGAGCGA
AGAAACAATCACACCGTGGAACTTCGAAGAAGTCGTCGACAAGGGAGCAAG
CGCACAGAGCTTCATCGAAAGAATGACAAACTTCGACAAGAACCTGCCGAA
CGAAAAGGTCCTGCCGAAGCACAGCCTGCTGTACGAATACTTCACAGTCTA
CAACGAACTGACAAAGGTCAAGTACGTCACAGAAGGAATGAGAAAGCCGGC
ATTCCTGAGCGGAGAACAGAAGAAGGCAATCGTCGACCTGCTGTTCAAGAC
AAACAGAAAGGTCACAGTCAAGCAGCTGAAGGAAGACTACTTCAAGAAGAT
CGAATGCTTCGACAGCGTCGAAATCAGCGGAGTCGAAGACAGATTCAACGC
AAGCCTGGGAACATACCACGACCTGCTGAAGATCATCAAGGACAAGGACTT
CCTGGACAACGAAGAAAACGAAGACATCCTGGAAGACATCGTCCTGACACT
GACACTGTTCGAAGACAGAGAAATGATCGAAGAAAGACTGAAGACATACGC
ACACCTGTTCGACGACAAGGTCATGAAGCAGCTGAAGAGAAGAAGATACAC
AGGATGGGGAAGACTGAGCAGAAAGCTGATCAACGGAATCAGAGACAAGCA
GAGCGGAAAGACAATCCTGGACTTCCTGAAGAGCGACGGATTCGCAAACAG
ARACTTCATGCAGCTGATCCACGACGACAGCCTGACATTCAAGGAAGACAT
CCAGAAGGCACAGGTCAGCGGACAGGGAGACAGCCTGCACGAACACATCGC
AAACCTGGCAGGAAGCCCGGCAATCAAGAAGGGAATCCTGCAGACAGTCAA
GGTCGTCGACGAACTGGTCAAGGTCATGGGAAGACACAAGCCGGAAAACAT
CGTCATCGAAATGGCAAGAGAAAACCAGACAACACAGAAGGGACAGAAGAA
CAGCAGAGAAAGAATGAAGAGAATCGAAGAAGGAATCAAGGAACTGGGAAG
CCAGATCCTGAAGGAACACCCGGTCGAAAACACACAGCTGCAGAACGAARAA
GCTGTACCTGTACTACCTGCAGAACGGAAGAGACATGTACGTCGACCAGGA
ACTGGACATCAACAGACTGAGCGACTACGACGTCGACCACATCGTCCCGCA
GAGCTTCCTGAAGGACGACAGCATCGACAACAAGGTCCTGACAAGAAGCGA
CAAGAACAGAGGAAAGAGCGACAACGTCCCGAGCGAAGAAGTCGTCAAGAA
GATGAAGAACTACTGGAGACAGCTGCTGAACGCAAAGCTGATCACACAGAG
AAAGTTCGACAACCTGACAAAGGCAGAGAGAGGAGGACTGAGCGAACTGGA
CAAGGCAGGATTCATCAAGAGACAGCTGGTCGAAACAAGACAGATCACAAA
GCACGTCGCACAGATCCTGGACAGCAGAATGAACACAAAGTACGACGAAAL
CGACAAGCTGATCAGAGAAGTCAAGGTCATCACACTGAAGAGCAAGCTGGT
CAGCGACTTCAGAAAGGACTTCCAGTTCTACAAGGTCAGAGAAATCAACAA
CTACCACCACGCACACGACGCATACCTGAACGCAGTCGTCGGAACAGCACT
GATCAAGAAGTACCCGAAGCTGGAAAGCGAATTCGTCTACGGAGACTACAA
GGTCTACGACGTCAGAAAGATGATCGCAAAGAGCGAACAGGAAATCGGAAA
GGCAACAGCAAAGTACTTCTTCTACAGCAACATCATGAACTTCTTCAAGAC
AGAAATCACACTGGCAAACGGAGAAATCAGAAAGAGACCGCTGATCGAAAC
AAACGGAGAAACAGGAGAAATCGTCTGGGACAAGGGAAGAGACTTCGCAAC
AGTCAGAAAGGTCCTGAGCATGCCGCAGGTCAACATCGTCAAGAAGACAGA
AGTCCAGACAGGAGGATTCAGCAAGGAAAGCATCCTGCCGAAGAGAAACAG
CGACAAGCTGATCGCAAGAAAGAAGGACTGGGACCCGAAGAAGTACGGAGG
ATTCGACAGCCCGACAGTCGCATACAGCGTCCTGGTCGTCGCAAAGGTCGA
ARAAGGGAAAGAGCAAGAAGCTGAAGAGCGTCAAGGAACTGCTGGGAATCAC
AATCATGGAAAGAAGCAGCTTCGAAAAGAACCCGATCGACTTCCTGGAAGC
AAAGGGATACAAGGAAGTCAAGAAGGACCTGATCATCAAGCTGCCGAAGTA
CAGCCTGTTCGAACTGGAAAACGGAAGAAAGAGAATGCTGGCAAGCGCAGG
AGAACTGCAGAAGGGAAACGAACTGGCACTGCCGAGCAAGTACGTCAACTT
CCTGTACCTGGCAAGCCACTACGAAAAGCTGAAGGGAAGCCCGGAAGACAA
CGAACAGAAGCAGCTGTTCGTCGAACAGCACAAGCACTACCTGGACGAAAT
CATCGAACAGATCAGCGAATTCAGCAAGAGAGTCATCCTGGCAGACGCAAA
CCTGGACAAGGTCCTGAGCGCATACAACAAGCACAGAGACAAGCCGATCAG
AGAACAGGCAGAAAACATCATCCACCTGTTCACACTGACAAACCTGGGAGC
ACCGGCAGCATTCAAGTACTTCGACACAACAATCGACAGAAAGAGATACAC
AAGCACAAAGGAAGTCCTGGACGCAACACTGATCCACCAGAGCATCACAGG
ACTGTACGAAACAAGAATCGACCTGAGCCAGCTGGGAGGAGACGGAGGAGG
AAGCCCGAAGAAGAAGAGAAAGGTCTAGCTAGCCATCACATTTAAAAGCAT
CTCAGCCTACCATGAGAATAAGAGAAAGAAAATGAAGATCAATAGCTTATT
CATCTCTTTTTCTTTTTCGTTGGTGTAAAGCCAACACCCTGTCTAAARAAC
ATAAATTTCTTTAATCATTTTGCCTCTTTTCTCTGTGCTTCAATTAATAAA
AAATGGAAAGAACCTCGAG

ATGGATAAGAAGTACTCGATCGGGCTGGATATCGGAACTAATTCCGTGGGT
TGGGCAGTGATCACGGATGAATACAAAGTGCCGTCCAAGAAGTTCAAGGTC
CTGGGGAACACCGATAGACACAGCATCAAGAAGAATCTCATCGGAGCCCTG
CTGTTTGACTCCGGCGAAACCGCAGAAGCGACCCGGCTCARACGTACCGCG
AGGCGACGCTACACCCGGCGGAAGAATCGCATCTGCTATCTGCAAGARATC
TTTTCGAACGAAATGGCAAAGGTGGACGACAGCTTCTTCCACCGCCTGGAA
GAATCTTTCCTGGTGGAGGAGGACAAGAAGCATGAACGGCATCCTATCTTT
GGAAACATCGTGGACGAAGTGGCGTACCACGAAAAGTACCCGACCATCTAC
CATCTGCGGAAGAAGTTGGTTGACTCAACTGACAAGGCCGACCTCAGATTG
ATCTACTTGGCCCTCGCCCATATGATCAAATTCCGCGGACACTTCCTGATC

245
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Sequence Table

Description

Sequence

SEQ
ID No.

GAAGGCGATCTGAACCCTGATAACTCCGACGTGGATAAGCTGTTCATTCAA
CTGGTGCAGACCTACAACCAACTGTTCGAAGAAAACCCAATCAATGCCAGC
GGCGTCGATGCCAAGGCCATCCTGTCCGCCCGGCTGTCGAAGTCGCGGCGL
CTCGAAAACCTGATCGCACAGCTGCCGGGAGAGAAGAAGAACGGACTTTTC
GGCAACTTGATCGCTCTCTCACTGGGACTCACTCCCAATTTCAAGTCCAAT
TTTGACCTGGCCGAGGACGCGAAGCTGCAACTCTCAAAGGACACCTACGAC
GACGACTTGGACAATTTGCTGGCACAAATTGGCGATCAGTACGCGGATCTG
TTCCTTGCCGCTAAGAACCTTTCGGACGCAATCTTGCTGTCCGATATCCTG
CGCGTGAACACCGAAATAACCAAAGCGCCGCTTAGCGCCTCGATGATTAAG
CGGTACGACGAGCATCACCAGGATCTCACGCTGCTCAAAGCGCTCGTGAGA
CAGCAACTGCCTGAAAAGTACAAGGAGATTTTCTTCGACCAGTCCAAGAAT
GGGTACGCAGGGTACATCGATGGAGGCGCCAGCCAGGAAGAGTTCTATAAG
TTCATCAAGCCAATCCTGGAAAAGATGGACGGAACCGAAGAACTGCTGGTC
AAGCTGAACAGGGAGGATCTGCTCCGCAAACAGAGAACCTTTGACAACGGA
AGCATTCCACACCAGATCCATCTGGGTGAGCTGCACGCCATCTTGCGGCGC
CAGGAGGACTTTTACCCATTCCTCAAGGACAACCGGGAAAAGATCGAGAAA
ATTCTGACGTTCCGCATCCCGTATTACGTGGGCCCACTGGCGCGCGGCAAT
TCGCGCTTCGCGTGGATGACTAGAAAATCAGAGGAAACCATCACTCCTTGG
AATTTCGAGGAAGTTGTGGATAAGGGAGCTTCGGCACAATCCTTCATCGAA
CGAATGACCAACTTCGACAAGAATCTCCCAAACGAGAAGGTGCTTCCTAAG
CACAGCCTCCTTTACGAATACTTCACTGTCTACAACGAACTGACTAAAGTG
AAATACGTTACTGAAGGAATGAGGAAGCCGGCCTTTCTGAGCGGAGAACAG
AAGAAAGCGATTGTCGATCTGCTGTTCAAGACCAACCGCAAGGTGACCGTC
AAGCAGCTTAAAGAGGACTACTTCAAGAAGATCGAGTGTTTCGACTCAGTG
GAAATCAGCGGAGTGGAGGACAGATTCAACGCTTCGCTGGGAACCTATCAT
GATCTCCTGAAGATCATCAAGGACAAGGACTTCCTTGACAACGAGGAGAAC
GAGGACATCCTGGAAGATATCGTCCTGACCTTGACCCTTTTCGAGGATCGC
GAGATGATCGAGGAGAGGCTTAAGACCTACGCTCATCTCTTCGACGATAAG
GTCATGAAACAACTCAAGCGCCGCCGGTACACTGGTTGGGGCCGCCTCTCC
CGCAAGCTGATCAACGGTATTCGCGATAAACAGAGCGGTAAAACTATCCTG
GATTTCCTCAAATCGGATGGCTTCGCTAATCGTAACTTCATGCAGTTGATC
CACGACGACAGCCTGACCTTTAAGGAGGACATCCAGAAAGCACAAGTGAGC
GGACAGGGAGACTCACTCCATGAACACATCGCGAATCTGGCCGGTTCGCCG
GCGATTAAGAAGGGAATCCTGCAAACTGTGAAGGTGGTGGACGAGCTGGTG
AAGGTCATGGGACGGCACAAACCGGAGAATATCGTGATTGAAATGGCCCGA
GAAAACCAGACTACCCAGAAGGGCCAGAAGAACTCCCGCGAAAGGATGAAG
CGGATCGAAGAAGGAATCAAGGAGCTGGGCAGCCAGATCCTGAAAGAGCAC
CCGGTGGAAAACACGCAGCTGCAGAACGAGAAGCTCTACCTGTACTATTTG
CAAAATGGACGGGACATGTACGTGGACCAAGAGCTGGACATCAATCGGTTG
TCTGATTACGACGTGGACCACATCGTTCCACAGTCCTTTCTGAAGGATGAC
TCCATCGATAACAAGGTGTTGACTCGCAGCGACAAGAACAGAGGGAAGTCA
GATAATGTGCCATCGGAGGAGGT CGTGAAGAAGATGAAGAATTACTGGCGG
CAGCTCCTGAATGCGAAGCTGATTACCCAGAGAAAGTTTGACAATCTCACT
ARAAGCCGAGCGCGGCGGACTCTCAGAGCTGGATAAGGCTGGATTCATCAAA
CGGCAGCTGGTCGAGACTCGGCAGATTACCAAGCACGTGGCGCAGATCCTG
GACTCCCGCATGAACACTAAATACGACGAGAACGATAAGCTCATCCGGGAA
GTGAAGGTGATTACCCTGAAAAGCAAACTTGTGTCGGACTTTCGGAAGGAC
TTTCAGTTTTACAAAGTGAGAGAAATCAACAACTACCATCACGCGCATGAC
GCATACCTCAACGCTGTGGTCGGCACCGCCCTGATCAAGAAGTACCCTARA
CTTGAATCGGAGTTTGTGTACGGAGACTACAAGGTCTACGACGTGAGGAAG
ATGATAGCCAAGTCCGAACAGGAAATCGGGAAAGCAACTGCGAAATACTTC
TTTTACTCAAACATCATGAACTTCTTCAAGACTGAAATTACGCTGGCCAAT
GGAGAAATCAGGAAGAGGCCACTGATCGAAACTAACGGAGAAACGGGCGAA
ATCGTGTGGGACAAGGGCAGGGACTTCGCAACTGTTCGCAAAGTGCTCTCT
ATGCCGCAAGTCAATATTGTGAAGAAAACCGAAGTGCAAACCGGCGGATTT
TCAAAGGAATCGATCCTCCCAAAGAGAAATAGCGACAAGCTCATTGCACGC
AAGAAAGACTGGGACCCGAAGAAGTACGGAGGATTCGATTCGCCGACTGTC
GCATACTCCGTCCTCGTGGTGGCCAAGGTGGAGAAGGGAAAGAGCAAGAAG
CTCAAATCCGTCAAAGAGCTGCTGGGGATTACCATCATGGAACGATCCTCG
TTCGAGAAGAACCCGATTGATTTCCTGGAGGCGAAGGGTTACAAGGAGGTG
AAGAAGGATCTGATCATCAAACTGCCCAAGTACTCACTGTTCGAACTGGAA
AATGGTCGGAAGCGCATGCTGGCTTCGGCCGGAGAACT CCAGAAAGGAAAT
GAGCTGGCCTTGCCTAGCAAGTACGTCAACTTCCTCTATCTTGCTTCGCAC
TACGAGAAACTCAAAGGGTCACCGGAAGATAACGAACAGAAGCAGCTTTTC
GTGGAGCAGCACAAGCATTATCTGGATGAAATCATCGAACAAATCTCCGAG
TTTTCAAAGCGCGTGATCCTCGCCGACGCCAACCTCGACARAGTCCTGTCG
GCCTACAATAAGCATAGAGATAAGCCGATCAGAGAACAGGCCGAGAACATT
ATCCACTTGTTCACCCTGACTAACCTGGGAGCTCCAGCCGCCTTCAAGTAC
TTCGATACTACTATCGACCGCAAAAGATACACGTCCACCAAGGAAGTTCTG
GACGCGACCCTGATCCACCAAAGCATCACTGGACTCTACGAAACTAGGATC
GATCTGTCGCAGCTGGGTGGCGATGGTGGCGGTGGATCCTACCCATACGAC
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SEQ
Description Sequence ID No.
GTGCCTGACTACGCCTCCGGAGGTGGTGGCCCCAAGAAGAAACGGAAGGTG
TGATAG
Cas9 GGGTCCCGCAGTCGGCGTCCAGCGGCTCTGCTTGTTCGTGTGTGTGTCGTT 246
transcript GCAGGCCTTATTCGGATCTGCCACCATGGATAAGAAGTACTCGATCGGGCT

with 5' UTR
of HSD, ORF
corresponding
to SEQ ID

NO: 245,
Kozak
sequence,

and 3' UTR

of ALB

GGATATCGGAACTAATTCCGTGGGTTGGGCAGTGATCACGGATGAATACAA
AGTGCCGTCCAAGAAGTTCAAGGTCCTGGGGAACACCGATAGACACAGCAT
CAAGAAGAATCTCATCGGAGCCCTGCTGTTTGACTCCGGCGAAACCGCAGA
AGCGACCCGGCTCAAACGTACCGCGAGGCGACGCTACACCCGGCGGAAGAA
TCGCATCTGCTATCTGCAAGAAATCTTTTCGAACGAAATGGCAAAGGTGGA
CGACAGCTTCTTCCACCGCCTGGAAGAATCTTTCCTGGTGGAGGAGGACAA
GAAGCATGAACGGCATCCTATCTTTGGAAACATCGTGGACGAAGTGGCGTA
CCACGAAAAGTACCCGACCATCTACCATCTGCGGAAGAAGTTGGTTGACTC
AACTGACAAGGCCGACCTCAGATTGATCTACTTGGCCCTCGCCCATATGAT
CAAATTCCGCGGACACTTCCTGATCGAAGGCGATCTGAACCCTGATAACTC
CGACGTGGATAAGCTGTTCATTCAACTGGTGCAGACCTACAACCAACTGTT
CGAAGAAAACCCAATCAATGCCAGCGGCGTCGATGCCAAGGCCATCCTGTC
CGCCCGGCTGTCGAAGTCGCGGCGCCTCGAARAACCTGATCGCACAGCTGCC
GGGAGAGAAGAAGAACGGACTTTTCGGCAACTTGATCGCTCTCTCACTGGG
ACTCACTCCCAATTTCAAGTCCAATTTTGACCTGGCCGAGGACGCGAAGCT
GCAACTCTCAAAGGACACCTACGACGACGACTTGGACAATTTGCTGGCACA
AATTGGCGATCAGTACGCGGATCTGTTCCTTGCCGCTAAGAACCTTTCGGA
CGCAATCTTGCTGTCCGATATCCTGCGCGTGAACACCGAAATAACCARAGC
GCCGCTTAGCGCCTCGATGATTAAGCGGTACGACGAGCATCACCAGGATCT
CACGCTGCTCAAAGCGCTCGTGAGACAGCAACTGCCTGAAAAGTACAAGGA
GATTTTCTTCGACCAGTCCAAGAATGGGTACGCAGGGTACATCGATGGAGG
CGCCAGCCAGGAAGAGTTCTATAAGTTCATCAAGCCAATCCTGGAAAAGAT
GGACGGAACCGAAGAACTGCTGGTCAAGCTGAACAGGGAGGATCTGCTCCG
CAAACAGAGAACCTTTGACAACGGAAGCATTCCACACCAGATCCATCTGGG
TGAGCTGCACGCCATCTTGCGGCGCCAGGAGGACTTTTACCCATTCCTCAA
GGACAACCGGGAAAAGATCGAGAAAATTCTGACGTTCCGCATCCCGTATTA
CGTGGGCCCACTGGCGCGCGGCAATTCGCGCTTCGCGTGGATGACTAGARA
ATCAGAGGAAACCATCACTCCTTGGAATTTCGAGGAAGTTGTGGATAAGGG
AGCTTCGGCACAATCCTTCATCGAACGAATGACCAACTTCGACAAGAATCT
CCCAAACGAGAAGGTGCTTCCTAAGCACAGCCTCCTTTACGAATACTTCAC
TGTCTACAACGAACTGACTAAAGTGAAATACGTTACTGAAGGAATGAGGAA
GCCGGCCTTTCTGAGCGGAGAACAGAAGAAAGCGATTGTCGATCTGCTGTT
CAAGACCAACCGCAAGGTGACCGTCAAGCAGCTTAAAGAGGACTACTTCAA
GAAGATCGAGTGTTTCGACTCAGTGGAAATCAGCGGAGTGGAGGACAGATT
CAACGCTTCGCTGGGAACCTATCATGATCTCCTGAAGATCATCAAGGACAA
GGACTTCCTTGACAACGAGGAGAACGAGGACATCCTGGAAGATATCGTCCT
GACCTTGACCCTTTTCGAGGATCGCGAGATGATCGAGGAGAGGCTTAAGAC
CTACGCTCATCTCTTCGACGATAAGGT CATGAAACAACTCAAGCGCCGCCG
GTACACTGGTTGGGGCCGCCTCTCCCGCAAGCTGATCAACGGTATTCGCGA
TAAACAGAGCGGTAAAACTATCCTGGATTTCCTCAAATCGGATGGCTTCGC
TAATCGTAACTTCATGCAGTTGATCCACGACGACAGCCTGACCTTTAAGGA
GGACATCCAGAAAGCACAAGTGAGCGGACAGGGAGACTCACTCCATGAACA
CATCGCGAATCTGGCCGGTTCGCCGGCGATTAAGAAGGGAATCCTGCAAAC
TGTGAAGGTGGTGGACGAGCTGGTGAAGGTCATGGGACGGCACAAACCGGA
GAATATCGTGATTGAAATGGCCCGAGAAAACCAGACTACCCAGAAGGGCCA
GAAGAACTCCCGCGAAAGGATGAAGCGGATCGAAGAAGGAATCAAGGAGCT
GGGCAGCCAGATCCTGAAAGAGCACCCGGTGGAAAACACGCAGCTGCAGAA
CGAGAAGCTCTACCTGTACTATTTGCAAAATGGACGGGACATGTACGTGGA
CCAAGAGCTGGACATCAATCGGTTGTCTGATTACGACGTGGACCACATCGT
TCCACAGTCCTTTCTGAAGGATGACTCCATCGATAACAAGGTGTTGACTCG
CAGCGACAAGAACAGAGGGAAGTCAGATAATGTGCCATCGGAGGAGGTCGT
GAAGAAGATGAAGAATTACTGGCGGCAGCTCCTGAATGCGAAGCTGATTAC
CCAGAGAAAGTTTGACAATCTCACTAAAGCCGAGCGCGGCGGACTCTCAGA
GCTGGATAAGGCTGGATTCATCAAACGGCAGCTGGTCGAGACTCGGCAGAT
TACCAAGCACGTGGCGCAGATCCTGGACTCCCGCATGAACACTAAATACGA
CGAGAACGATAAGCTCATCCGGGAAGTGAAGGTGATTACCCTGAAAAGCAA
ACTTGTGTCGGACTTTCGGAAGGACTTTCAGTTTTACAAAGTGAGAGAAAT
CAACAACTACCATCACGCGCATGACGCATACCTCAACGCTGTGGTCGGCAC
CGCCCTGATCAAGAAGTACCCTAAACTTGAATCGGAGTTTGTGTACGGAGA
CTACAAGGTCTACGACGTGAGGAAGATGATAGCCAAGTCCGAACAGGAAAT
CGGGAAAGCAACTGCGAAATACTTCTTTTACTCAAACATCATGAACTTCTT
CAAGACTGAAATTACGCTGGCCAATGGAGAAATCAGGAAGAGGCCACTGAT
CGAAACTAACGGAGAAACGGGCGAAATCGTGTGGGACAAGGGCAGGGACTT
CGCAACTGTTCGCAAAGTGCTCTCTATGCCGCAAGTCAATATTGTGAAGAA
AACCGAAGTGCAAACCGGCGGATTTTCAAAGGAATCGATCCTCCCAAAGAG
AAATAGCGACAAGCTCATTGCACGCAAGAAAGACTGGGACCCGAAGAAGTA
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CGGAGGATTCGATTCGCCGACTGTCGCATACTCCGTCCTCGTGGTGGCCAA
GGTGGAGAAGGGAAAGAGCAAGAAGCTCAAATCCGTCAAAGAGCTGCTGGG
GATTACCATCATGGAACGATCCTCGTTCGAGAAGAACCCGATTGATTTCCT
GGAGGCGAAGGGTTACAAGGAGGTGAAGAAGGATCTGATCATCAAACTGCC
CAAGTACTCACTGTTCGAACTGGAAAATGGT CGGAAGCGCATGCTGGCTTC
GGCCGGAGAACTCCAGAAAGGAAATGAGCTGGCCTTGCCTAGCAAGTACGT
CAACTTCCTCTATCTTGCTTCGCACTACGAGAAACTCAAAGGGTCACCGGA
AGATAACGAACAGAAGCAGCTTTTCGTGGAGCAGCACAAGCATTATCTGGA
TGAAATCATCGAACAAATCTCCGAGTTTTCAAAGCGCGTGATCCTCGCCGA
CGCCAACCTCGACAAAGTCCTGTCGGCCTACAATAAGCATAGAGATAAGCC
GATCAGAGAACAGGCCGAGAACATTATCCACTTGTTCACCCTGACTAACCT
GGGAGCTCCAGCCGCCTTCAAGTACTTCGATACTACTATCGACCGCAAAAG
ATACACGTCCACCAAGGAAGTTCTGGACGCGACCCTGATCCACCAAAGCAT
CACTGGACTCTACGAAACTAGGATCGATCTGTCGCAGCTGGGTGGCGATGG
TGGCGGTGGATCCTACCCATACGACGTGCCTGACTACGCCTCCGGAGGTGG
TGGCCCCAAGAAGAAACGGAAGGTGTGATAGCTAGCCATCACATTTAAAAG
CATCTCAGCCTACCATGAGAATAAGAGAAAGAAAATGAAGATCAATAGCTT
ATTCATCTCTTTTTCTTTTTCGTTGGTGTAAAGCCAACACCCTGTCTAAAA
AACATAAATTTCTTTAATCATTTTGCCTCTTTTCTCTGTGCTTCAATTAAT
AAAAAATGGAAAGAACCTCGAG

GGGTCCCGCAGTCGGCGTCCAGCGGCTCTGCTTGTTCGTGTGTGTGTCGTT
GCAGGCCTTATTCGGATCTATGGATAAGAAGTACTCGATCGGGCTGGATAT
CGGAACTAATTCCGTGGGTTGGGCAGTGATCACGGATGAATACAAAGTGCC
GTCCAAGAAGTTCAAGGTCCTGGGGAACACCGATAGACACAGCATCAAGAA
GAATCTCATCGGAGCCCTGCTGTTTGACTCCGGCGAAACCGCAGAAGCGALC
CCGGCTCAAACGTACCGCGAGGCGACGCTACACCCGGCGGAAGAATCGCAT
CTGCTATCTGCAAGAAATCTTTTCGAACGAAATGGCAAAGGTGGACGACAG
CTTCTTCCACCGCCTGGAAGAATCTTTCCTGGTGGAGGAGGACAAGAAGCA
TGAACGGCATCCTATCTTTGGAAACATCGTGGACGAAGTGGCGTACCACGA
AAAGTACCCGACCATCTACCATCTGCGGAAGAAGTTGGTTGACTCAACTGA
CAAGGCCGACCTCAGATTGATCTACTTGGCCCTCGCCCATATGATCARATT
CCGCGGACACTTCCTGATCGAAGGCGATCTGAACCCTGATAACTCCGACGT
GGATAAGCTGTTCATTCAACTGGTGCAGACCTACAACCAACTGTTCGAAGA
AAACCCAATCAATGCCAGCGGCGTCGATGCCAAGGCCATCCTGTCCGCCCG
GCTGTCGAAGTCGCGGCGCCTCGAAAACCTGATCGCACAGCTGCCGGGAGA
GAAGAAGAACGGACTTTTCGGCAACTTGATCGCTCTCTCACTGGGACTCAC
TCCCAATTTCAAGTCCAATTTTGACCTGGCCGAGGACGCGAAGCTGCAACT
CTCAAAGGACACCTACGACGACGACTTGGACAATTTGCTGGCACARAATTGG
CGATCAGTACGCGGATCTGTTCCTTGCCGCTAAGAACCTTTCGGACGCAAT
CTTGCTGTCCGATATCCTGCGCGTGAACACCGAAATAACCAAAGCGCCGCT
TAGCGCCTCGATGATTAAGCGGTACGACGAGCATCACCAGGATCTCACGCT
GCTCAAAGCGCTCGTGAGACAGCAACTGCCTGAAAAGTACAAGGAGATTTT
CTTCGACCAGTCCAAGAATGGGTACGCAGGGTACATCGATGGAGGCGCCAG
CCAGGAAGAGTTCTATAAGTTCATCAAGCCAATCCTGGAARAGATGGACGG
AACCGAAGAACTGCTGGTCAAGCTGAACAGGGAGGATCTGCTCCGCAAACA
GAGAACCTTTGACAACGGAAGCATTCCACACCAGATCCATCTGGGTGAGCT
GCACGCCATCTTGCGGCGCCAGGAGGACTTTTACCCATTCCTCAAGGACAA
CCGGGAAAAGATCGAGAAAATTCTGACGTTCCGCATCCCGTATTACGTGGG
CCCACTGGCGCGCGGCAATTCGCGCTTCGCGTGGATGACTAGAAAATCAGA
GGAAACCATCACTCCTTGGAATTTCGAGGAAGTTGTGGATAAGGGAGCTTC
GGCACAATCCTTCATCGAACGAATGACCAACTTCGACAAGAATCTCCCAAA
CGAGAAGGTGCTTCCTAAGCACAGCCTCCTTTACGAATACTTCACTGTCTA
CAACGAACTGACTAAAGTGAAATACGTTACTGAAGGAATGAGGAAGCCGGC
CTTTCTGAGCGGAGAACAGAAGAAAGCGATTGTCGATCTGCTGTTCAAGAC
CAACCGCAAGGTGACCGTCAAGCAGCTTAAAGAGGACTACTTCAAGAAGAT
CGAGTGTTTCGACTCAGTGGAAATCAGCGGAGTGGAGGACAGATTCAACGC
TTCGCTGGGAACCTATCATGATCTCCTGAAGATCATCAAGGACAAGGACTT
CCTTGACAACGAGGAGAACGAGGACATCCTGGAAGATATCGTCCTGACCTT
GACCCTTTTCGAGGATCGCGAGATGATCGAGGAGAGGCTTAAGACCTACGC
TCATCTCTTCGACGATAAGGTCATGAAACAACTCAAGCGCCGCCGGTACAC
TGGTTGGGGCCGCCTCTCCCGCAAGCTGATCAACGGTATTCGCGATAAACA
GAGCGGTAAAACTATCCTGGATTTCCTCAAATCGGATGGCTTCGCTAATCG
TAACTTCATGCAGTTGATCCACGACGACAGCCTGACCTTTAAGGAGGACAT
CCAGAAAGCACAAGTGAGCGGACAGGGAGACTCACTCCATGAACACATCGC
GAATCTGGCCGGTTCGCCGGCGATTAAGAAGGGAATCCTGCAAACTGTGAA
GGTGGTGGACGAGCTGGTGAAGGTCATGGGACGGCACAAACCGGAGAATAT
CGTGATTGAAATGGCCCGAGAAAACCAGACTACCCAGAAGGGCCAGAAGAA
CTCCCGCGAAAGGATGAAGCGGATCGAAGAAGGAATCAAGGAGCTGGGCAG
CCAGATCCTGAAAGAGCACCCGGTGGAAAACACGCAGCTGCAGAACGAGAA
GCTCTACCTGTACTATTTGCAAAATGGACGGGACATGTACGTGGACCAAGA

247

Aug. 6, 2020



US 2020/0248180 Al

117

-continued

Sequence Table

Description

Sequence

SEQ
ID No.

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

GCTGGACATCAATCGGTTGTCTGATTACGACGTGGACCACATCGTTCCACA
GTCCTTTCTGAAGGATGACTCCATCGATAACAAGGTGTTGACTCGCAGCGA
CAAGAACAGAGGGAAGTCAGATAATGTGCCATCGGAGGAGGTCGTGAAGAA
GATGAAGAATTACTGGCGGCAGCTCCTGAATGCGAAGCTGATTACCCAGAG
AAAGTTTGACAATCTCACTAAAGCCGAGCGCGGCGGACTCTCAGAGCTGGA
TAAGGCTGGATTCATCAAACGGCAGCTGGTCGAGACTCGGCAGATTACCAA
GCACGTGGCGCAGATCCTGGACTCCCGCATGAACACTAAATACGACGAGAA
CGATAAGCTCATCCGGGAAGTGAAGGTGATTACCCTGAAAAGCAAACTTGT
GTCGGACTTTCGGAAGGACTTTCAGTTTTACAAAGTGAGAGAAATCAACAA
CTACCATCACGCGCATGACGCATACCTCAACGCTGTGGTCGGCACCGCCCT
GATCAAGAAGTACCCTAAACTTGAATCGGAGTTTGTGTACGGAGACTACAA
GGTCTACGACGTGAGGAAGATGATAGCCAAGTCCGAACAGGAAATCGGGAA
AGCAACTGCGAAATACTTCTTTTACTCAAACATCATGAACTTCTTCAAGAC
TGAAATTACGCTGGCCAATGGAGAAATCAGGAAGAGGCCACTGATCGAAAC
TAACGGAGAAACGGGCGAAATCGTGTGGGACAAGGGCAGGGACTTCGCAAC
TGTTCGCAAAGTGCTCTCTATGCCGCAAGTCAATATTGTGAAGAAAACCGA
AGTGCAAACCGGCGGATTTTCAAAGGAATCGATCCTCCCAAAGAGAAATAG
CGACAAGCTCATTGCACGCAAGAAAGACTGGGACCCGAAGAAGTACGGAGG
ATTCGATTCGCCGACTGTCGCATACTCCGTCCTCGTGGTGGCCAAGGTGGA
GAAGGGAAAGAGCAAGAAGCTCAAATCCGTCAAAGAGCTGCTGGGGATTAC
CATCATGGAACGATCCTCGTTCGAGAAGAACCCGATTGATTTCCTGGAGGC
GAAGGGTTACAAGGAGGTGAAGAAGGATCTGATCATCAAACTGCCCAAGTA
CTCACTGTTCGAACTGGAAAATGGTCGGAAGCGCATGCTGGCTTCGGCCGG
AGAACTCCAGAAAGGAAATGAGCTGGCCTTGCCTAGCAAGTACGTCAACTT
CCTCTATCTTGCTTCGCACTACGAGAAACTCAAAGGGTCACCGGAAGATAA
CGAACAGAAGCAGCTTTTCGTGGAGCAGCACAAGCATTATCTGGATGAAAT
CATCGAACAAATCTCCGAGTTTTCAAAGCGCGTGATCCTCGCCGACGCCAA
CCTCGACAAAGTCCTGTCGGCCTACAATAAGCATAGAGATAAGCCGATCAG
AGAACAGGCCGAGAACATTATCCACTTGTTCACCCTGACTAACCTGGGAGC
TCCAGCCGCCTTCAAGTACTTCGATACTACTATCGACCGCAAAAGATACAC
GTCCACCAAGGAAGTTCTGGACGCGACCCTGATCCACCAAAGCATCACTGG
ACTCTACGAAACTAGGATCGATCTGTCGCAGCTGGGTGGCGATGGTGGCGG
TGGATCCTACCCATACGACGTGCCTGACTACGCCTCCGGAGGTGGTGGCCC
CAAGAAGAAACGGAAGGTGTGATAGCTAGCCATCACATTTAAAAGCATCTC
AGCCTACCATGAGAATAAGAGAAAGAAAATGAAGATCAATAGCTTATTCAT
CTCTTTTTCTTTTTCGTTGGTGTAAAGCCAACACCCTGTCTAAAAAACATA
AATTTCTTTAATCATTTTGCCTCTTTTCTCTGTGCTTCAATTAATAAAAAR
TGGAAAGAACCTCGAG

Not used

GGGTCCCGCAGTCGGCGTCCAGCGGCTCTGCTTGTTCGTGTGTGTGTCGTT
GCAGGCCTTATTCGGATCCGCCACCATGCCTAAGAAAAAGCGGAAGGTCGA
CGGGGATAAGAAGTACTCAATCGGGCTGGATATCGGAACTAATTCCGTGGG
TTGGGCAGTGATCACGGATGAATACAAAGTGCCGTCCAAGAAGTTCAAGGT
CCTGGGGAACACCGATAGACACAGCATCAAGAAAAATCTCATCGGAGCCCT
GCTGTTTGACTCCGGCGAAACCGCAGAAGCGACCCGGCTCAAACGTACCGC
GAGGCGACGCTACACCCGGCGGAAGAATCGCATCTGCTATCTGCAAGAGAT
CTTTTCGAACGAAATGGCAAAGGTCGACGACAGCTTCTTCCACCGCCTGGA
AGAATCTTTCCTGGTGGAGGAGGACAAGAAGCATGAACGGCATCCTATCTT
TGGAAACATCGTCGACGAAGTGGCGTACCACGAAAAGTACCCGACCATCTA
CCATCTGCGGAAGAAGTTGGTTGACTCAACTGACAAGGCCGACCTCAGATT
GATCTACTTGGCCCTCGCCCATATGATCAAATTCCGCGGACACTTCCTGAT
CGAAGGCGATCTGAACCCTGATAACTCCGACGTGGATAAGCTTTTCATTCA
ACTGGTGCAGACCTACAACCAACTGTTCGAAGAAAACCCAATCAATGCTAG
CGGCGTCGATGCCAAGGCCATCCTGTCCGCCCGGCTGTCGAAGTCGCGGCG
CCTCGAAAACCTGATCGCACAGCTGCCGGGAGAGAAAAAGAACGGACTTTT
CGGCAACTTGATCGCTCTCTCACTGGGACTCACTCCCAATTTCAAGTCCAA
TTTTGACCTGGCCGAGGACGCGAAGCTGCAACTCTCAAAGGACACCTACGA
CGACGACTTGGACAATTTGCTGGCACAAATTGGCGATCAGTACGCGGATCT
GTTCCTTGCCGCTAAGAACCTTTCGGACGCAATCTTGCTGTCCGATATCCT
GCGCGTGAACACCGAAATAACCAAAGCGCCGCTTAGCGCCTCGATGATTAA
GCGGTACGACGAGCATCACCAGGATCTCACGCTGCTCAAAGCGCTCGTGAG
ACAGCAACTGCCTGAAAAGTACAAGGAGATCTTCTTCGACCAGTCCAAGAA
TGGGTACGCAGGGTACATCGATGGAGGCGCTAGCCAGGAAGAGTTCTATAA
GTTCATCAAGCCAATCCTGGAAAAGATGGACGGAACCGAAGAACTGCTGGT
CAAGCTGAACAGGGAGGATCTGCTCCGGAAACAGAGAACCTTTGACAACGG
ATCCATTCCCCACCAGATCCATCTGGGTGAGCTGCACGCCATCTTGCGGCG
CCAGGAGGACTTTTACCCATTCCTCAAGGACAACCGGGAAAAGATCGAGAA
AATTCTGACGTTCCGCATCCCGTATTACGTGGGCCCACTGGCGCGCGGCAA
TTCGCGCTTCGCGTGGATGACTAGAAAATCAGAGGAAACCATCACTCCTTG
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GAATTTCGAGGAAGTTGTGGATAAGGGAGCTTCGGCACAAAGCTTCATCGA
ACGAATGACCAACTTCGACAAGAATCTCCCAAACGAGAAGGTGCTTCCTAA
GCACAGCCTCCTTTACGAATACTTCACTGTCTACAACGAACTGACTAAAGT
GAAATACGTTACTGAAGGAATGAGGAAGCCGGCCTTTCTGTCCGGAGAACA
GAAGAAAGCAATTGTCGATCTGCTGTTCAAGACCAACCGCAAGGTGACCGT
CAAGCAGCTTAAAGAGGACTACTTCAAGAAGATCGAGTGTTTCGACTCAGT
GGAAATCAGCGGGGTGGAGGACAGATTCAACGCTTCGCTGGGAACCTATCA
TGATCTCCTGAAGATCATCAAGGACAAGGACTTCCTTGACAACGAGGAGAA
CGAGGACATCCTGGAAGATATCGTCCTGACCTTGACCCTTTTCGAGGATCG
CGAGATGATCGAGGAGAGGCTTAAGACCTACGCTCATCTCTTCGACGATAA
GGTCATGAAACAACTCAAGCGCCGCCGGTACACTGGTTGGGGCCGCCTCTC
CCGCAAGCTGATCAACGGTATTCGCGATAAACAGAGCGGTAAAACTATCCT
GGATTTCCTCAAATCGGATGGCTTCGCTAATCGTAACTTCATGCAATTGAT
CCACGACGACAGCCTGACCTTTAAGGAGGACATCCAAAAAGCACAAGTGTC
CGGACAGGGAGACTCACTCCATGAACACATCGCGAATCTGGCCGGTTCGCC
GGCGATTAAGAAGGGAATTCTGCAAACTGTGAAGGTGGTCGACGAGCTGGT
GAAGGTCATGGGACGGCACAAACCGGAGAATATCGTGATTGAAATGGCCCG
AGAAAACCAGACTACCCAGAAGGGCCAGAAAAACTCCCGCGAAAGGATGAA
GCGGATCGAAGAAGGAATCAAGGAGCTGGGCAGCCAGATCCTGAAAGAGCA
CCCGGTGGAAAACACGCAGCTGCAGAACGAGAAGCTCTACCTGTACTATTT
GCAAAATGGACGGGACATGTACGTGGACCAAGAGCTGGACATCAATCGGTT
GTCTGATTACGACGTGGACCACATCGTTCCACAGTCCTTTCTGAAGGATGA
CTCGATCGATAACAAGGTGTTGACTCGCAGCGACAAGAACAGAGGGAAGTC
AGATAATGTGCCATCGGAGGAGGTCGTGAAGAAGATGAAGAATTACTGGCG
GCAGCTCCTGAATGCGAAGCTGATTACCCAGAGAAAGTTTGACAATCTCAC
TAAAGCCGAGCGCGGCGGACTCTCAGAGCTGGATAAGGCTGGATTCATCAA
ACGGCAGCTGGTCGAGACTCGGCAGATTACCAAGCACGTGGCGCAGATCTT
GGACTCCCGCATGAACACTAAATACGACGAGAACGATAAGCTCATCCGGGA
AGTGAAGGTGATTACCCTGAAAAGCAAACTTGTGTCGGACTTTCGGAAGGA
CTTTCAGTTTTACAAAGTGAGAGAAATCAACAACTACCATCACGCGCATGA
CGCATACCTCAACGCTGTGGTCGGTACCGCCCTGATCAAAAAGTACCCTAA
ACTTGAATCGGAGTTTGTGTACGGAGACTACAAGGTCTACGACGTGAGGAA
GATGATAGCCAAGTCCGAACAGGAAATCGGGAAAGCAACTGCGAAATACTT
CTTTTACTCAAACATCATGAACTTTTTCAAGACTGAAATTACGCTGGCCAA
TGGAGAAATCAGGAAGAGGCCACTGATCGAAACTAACGGAGAAACGGGCGA
AATCGTGTGGGACAAGGGCAGGGACTTCGCAACTGTTCGCAAAGTGCTCTC
TATGCCGCAAGTCAATATTGTGAAGAAAACCGAAGTGCAAACCGGCGGATT
TTCAAAGGAATCGATCCTCCCAAAGAGAAATAGCGACAAGCTCATTGCACG
CAAGAAAGACTGGGACCCGAAGAAGTACGGAGGATTCGATTCGCCGACTGT
CGCATACTCCGTCCTCGTGGTGGCCAAGGTGGAGAAGGGAAAGAGCAAAAA
GCTCAAATCCGTCAAAGAGCTGCTGGGGATTACCATCATGGAACGATCCTC
GTTCGAGAAGAACCCGATTGATTTCCTCGAGGCGAAGGGT TACAAGGAGGT
GAAGAAGGATCTGATCATCAAACTCCCCAAGTACTCACTGTTCGAACTGGA
AAATGGTCGGAAGCGCATGCTGGCTTCGGCCGGAGAACTCCAAAAAGGAAR
TGAGCTGGCCTTGCCTAGCAAGTACGTCAACTTCCTCTATCTTGCTTCGCA
CTACGAAAAACTCAAAGGGTCACCGGAAGATAACGAACAGAAGCAGCTTTT
CGTGGAGCAGCACAAGCATTATCTGGATGAAATCATCGAACAAATCTCCGA
GTTTTCAAAGCGCGTGATCCTCGCCGACGCCAACCTCGACAAAGTCCTGTC
GGCCTACAATAAGCATAGAGATAAGCCGATCAGAGAACAGGCCGAGAACAT
TATCCACTTGTTCACCCTGACTAACCTGGGAGCCCCAGCCGCCTTCAAGTA
CTTCGATACTACTATCGATCGCAAAAGATACACGTCCACCAAGGAAGTTCT
GGACGCGACCCTGATCCACCAAAGCATCACTGGACTCTACGAAACTAGGAT
CGATCTGTCGCAGCTGGGTGGCGATTGATAGTCTAGCCATCACATTTAAAA
GCATCTCAGCCTACCATGAGAATAAGAGAAAGAAAATGAAGATCAATAGCT
TATTCATCTCTTTTTCTTTTTCGTTGGTGTAAAGCCAACACCCTGTCTAAA
AAACATAAATTTCTTTAATCATTTTGCCTCTTTTCTCTGTGCTTCAATTAA
TAAAAAATGGAAAGAACCTCGAG

ATGGACAAGAAGTACAGCATCGGACTGGACATCGGAACAAACAGCGTCGGA
TGGGCAGTCATCACAGACGAATACAAGGTCCCGAGCAAGAAGTTCAAGGTC
CTGGGAAACACAGACAGACACAGCATCAAGAAGAACCTGATCGGAGCACTG
CTGTTCGACAGCGGAGAAACAGCAGAAGCAACAAGACTGAAGAGAACAGCA
AGAAGAAGATACACAAGAAGAAAGAACAGAATCTGCTACCTGCAGGARATC
TTCAGCAACGAAATGGCAAAGGTCGACGACAGCTTCTTCCACCgYCTGGAA
GAAAGCTTCCTGGTCGAAGAAGACAAGAAGCACGAAAGACACCCGATCTTC
GGAAACATCGTCGACGAAGTCGCATACCACGAAAAGTACCCGACAATCTAC
CACCTGAGAAAGAAGCTGGTCGACAGCACAGACAAGGCAGACCTGAGACTG
ATCTACCTGGCACTGGCACACATGATCAAGTTCAGAGGACACTTCCTGATC
GAAGGAGACCTGAACCCGGACAACAGCGACGTCGACAAGCTGTTCATCCAG
CTGGTCCAGACATACAACCAGCTGTTCGAAGAAAACCCGATCAACGCAAGC
GGAGTCGACGCAAAGGCAATCCTGAGCGCAAGACTGAGCAAGAGCAGAAGA
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CTGGAAAACCTGATCGCACAGCTGCCGGGAGAAAAGAAGAACGGACTGTTC
GGAAACCTGATCGCACTGAGCCTGGGACTGACACCGAACTTCAAGAGCAALC
TTCGACCTGGCAGAAGACGCAAAGCTGCAGCTGAGCAAGGACACATACGAC
GACGACCTGGACAACCTGCTGGCACAGATCGGAGACCAGTACGCAGACCTG
TTCCTGGCAGCAAAGAACCTGAGCGACGCAATCCTGCTGAGCGACATCCTG
AGAGTCAACACAGAAATCACAAAGGCACCGCTGAGCGCAAGCATGATCAAG
AGATACGACGAACACCACCAGGACCTGACACTGCTGAAGGCACTGGTCAGA
CAGCAGCTGCCGGAAAAGTACAAGGAAATCTTCTTCGACCAGAGCAAGAAC
GGATACGCAGGATACATCGACGGAGGAGCAAGCCAGGAAGAATTCTACAAG
TTCATCAAGCCGATCCTGGAAAAGATGGACGGAACAGAAGAACTGCTGGTC
AAGCTGAACAGAGAAGACCTGCTGAGAAAGCAGAGAACATTCGACAACGGA
AGCATCCCGCACCAGATCCACCTGGGAGAACTGCACGCAATCCTGAGAAGA
CAGGAAGACTTCTACCCGTTCCTGAAGGACAACAGAGAAAAGATCGAAAAG
ATCCTGACATTCAGAATCCCGTACTACGTCGGACCGCTGGCAAGAGGAAAC
AGCAGATTCGCATGGATGACAAGAAAGAGCGAAGAAACAATCACACCGTGG
AACTTCGAAGAAGTCGTCGACAAGGGAGCAAGCGCACAGAGCTTCATCGAA
AGAATGACAAACTTCGACAAGAACCTGCCGAACGAAAAGGTCCTGCCGAAG
CACAGCCTGCTGTACGAATACTTCACAGTCTACAACGAACTGACAAAGGTC
AAGTACGTCACAGAAGGAATGAGAAAGCCGGCATTCCTGAGCGGAGAACAG
AAGAAGGCAATCGTCGACCTGCTGTTCAAGACAAACAGAAAGGTCACAGTC
AAGCAGCTGAAGGAAGACTACTTCAAGAAGATCGAATGCTTCGACAGCGTC
GAAATCAGCGGAGTCGAAGACAGATTCAACGCAAGCCTGGGAACATACCAC
GACCTGCTGAAGATCATCAAGGACAAGGACTTCCTGGACAACGAAGAAAAC
GAAGACATCCTGGAAGACATCGTCCTGACACTGACACTGTTCGAAGACAGA
GAAATGATCGAAGAAAGACTGAAGACATACGCACACCTGTTCGACGACAAG
GTCATGAAGCAGCTGAAGAGAAGAAGATACACAGGATGGGGAAGACTGAGC
AGAAAGCTGATCAACGGAATCAGAGACAAGCAGAGCGGAAAGACAATCCTG
GACTTCCTGAAGAGCGACGGATTCGCAAACAGAAACTTCATGCAGCTGATC
CACGACGACAGCCTGACATTCAAGGAAGACATCCAGAAGGCACAGGTCAGC
GGACAGGGAGACAGCCTGCACGAACACATCGCAAACCTGGCAGGAAGCCCG
GCAATCAAGAAGGGAATCCTGCAGACAGTCAAGGTCGTCGACGAACTGGTC
AAGGTCATGGGAAGACACAAGCCGGAAAACATCGTCATCGAAATGGCAAGA
GAAAACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAAGAATGAAG
AGAATCGAAGAAGGAATCAAGGAACTGGGAAGCCAGATCCTGAAGGAACAC
CCGGTCGAAAACACACAGCTGCAGAACGAAAAGCTGTACCTGTACTACCTG
CAaAACGGAAGAGACATGTACGTCGACCAGGAACTGGACATCAACAGACTG
AGCGACTACGACGTCGACCACATCGTCCCGCAGAGCTTCCTGAAGGACGAC
AGCATCGACAACAAGGTCCTGACAAGAAGCGACAAGAACAGAGGAAAGAGC
GACAACGTCCCGAGCGAAGAAGTCGTCAAGAAGATGAAGAACTACTGGAGA
CAGCTGCTGAACGCAAAGCTGATCACACAGAGAAAGTTCGACAACCTGACA
AAGGCAGAGAGAGGAGGACTGAGCGAACTGGACAAGGCAGGATTCATCAAG
AGACAGCTGGTCGAAACAAGACAGATCACAAAGCACGTCGCACAGATCCTG
GACAGCAGAATGAACACAAAGTACGACGAAAACGACAAGCTGATCAGAGAA
GTCAAGGTCATCACACTGAAGAGCAAGCTGGTCAGCGACTTCAGAAAGGAC
TTCCAGTTCTACAAGGTCAGAGAAATCAACAACTACCACCACGCACACGAC
GCATACCTGAACGCAGTCGTCGGAACAGCACTGATCAAGAAGTACCCGAAG
CTGGAAAGCGAATTCGTCTACGGAGACTACAAGGTCTACGACGT CAGAAAG
ATGATCGCAAAGAGCGAACAGGAAATCGGAAAGGCAACAGCAAAGTACTTC
TTCTACAGCAACATCATGAACTTCTTCAAGACAGAAATCACACTGGCAAAC
GGAGAAATCAGAAAGAGACCGCTGATCGAAACAAACGGAGAAACAGGAGAA
ATCGTCTGGGACAAGGGAAGAGACTTCGCAACAGTCAGAAAGGTCCTGAGC
ATGCCGCAGGTCAACATCGTCAAGAAGACAGAAGTCCAGACAGGAGGATTC
AGCAAGGAAAGCATCCTGCCGAAGAGAAACAGCGACAAGCTGATCGCAAGA
AAGAAGGACTGGGACCCGAAGAAGTACGGAGGATTCGACAGCCCGACAGTC
GCATACAGCGTCCTGGTCGTCGCAAAGGT CGAAAAGGGAAAGAGCAAGAAG
CTGAAGAGCGTCAAGGAACTGCTGGGAATCACAATCATGGAAAGAAGCAGC
TTCGAAAAGAACCCGATCGACTTCCTGGAAGCAAAGGGATACAAGGAAGTC
AAGAAGGACCTGATCATCAAGCTGCCGAAGTACAGCCTGTTCGAACTGGAA
AACGGAAGAAAGAGAATGCTGGCAAGCGCAGGAGAACTGCAGAAGGGAAAC
GAACTGGCACTGCCGAGCAAGTACGTCAACTTCCTGTACCTGGCAAGCCAC
TACGAAAAGCTGAAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCTGTTC
GTCGAACAGCACAAGCACTACCTGGACGAAATCATCGAACAGATCAGCGAA
TTCAGCAAGAGAGTCATCCTGGCAGACGCAAACCTGGACAAGGTCCTGAGC
GCATACAACAAGCACAGAGACAAGCCGATCAGAGAACAGGCAGAAAACATC
ATCCACCTGTTCACACTGACAAACCTGGGAGCACCGGCAGCATTCAAGTAC
TTCGACACAACAATCGACAGAAAGAGATACACAAGCACAAAGGAAGTCCTG
GACGCAACACTGATCCACCAGAGCATCACAGGACTGTACGAAACAAGAATC
GACCTGAGCCAGCTGGGAGGAGACGGAGGAGGAAGCCCGAAGAAGAAGAGA
AAGGTCTAG
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GGACATCGGAACAAACAGCGTCGGATGGGCAGTCATCACAGACGAATACAA
GGTCCCGAGCAAGAAGTTCAAGGTCCTGGGAAACACAGACAGACACAGCAT
CAAGAAGAACCTGATCGGAGCACTGCTGTTCGACAGCGGAGAAACAGCAGA
AGCAACAAGACTGAAGAGAACAGCAAGAAGAAGATACACAAGAAGAAAGAR
CAGAATCTGCTACCTGCAGGAAATCTTCAGCAACGAAATGGCAAAGGTCGA
CGACAGCTTCTTCCACCcggCTGGAAGAAAGCTTCCTGGTCGAAGAAGACAA
GAAGCACGAAAGACACCCGATCTTCGGAAACATCGTCGACGAAGTCGCATA
CCACGAAAAGTACCCGACAATCTACCACCTGAGAAAGAAGCTGGTCGACAG
CACAGACAAGGCAGACCTGAGACTGATCTACCTGGCACTGGCACACATGAT
CAAGTTCAGAGGACACTTCCTGATCGAAGGAGACCTGAACCCGGACAACAG
CGACGTCGACAAGCTGTTCATCCAGCTGGTCCAGACATACAACCAGCTGTT
CGAAGAAAACCCGATCAACGCAAGCGGAGTCGACGCAAAGGCAATCCTGAG
CGCAAGACTGAGCAAGAGCAGAAGACTGGAAAACCTGATCGCACAGCTGCC
GGGAGAAAAGAAGAACGGACTGTTCGGAAACCTGATCGCACTGAGCCTGGG
ACTGACACCGAACTTCAAGAGCAACTTCGACCTGGCAGAAGACGCARAAGCT
GCAGCTGAGCAAGGACACATACGACGACGACCTGGACAACCTGCTGGCACA
GATCGGAGACCAGTACGCAGACCTGTTCCTGGCAGCAAAGAACCTGAGCGA
CGCAATCCTGCTGAGCGACATCCTGAGAGTCAACACAGAAATCACAAAGGC
ACCGCTGAGCGCAAGCATGATCAAGAGATACGACGAACACCACCAGGACCT
GACACTGCTGAAGGCACTGGTCAGACAGCAGCTGCCGGAAAAGTACAAGGA
AATCTTCTTCGACCAGAGCAAGAACGGATACGCAGGATACATCGACGGAGG
AGCAAGCCAGGAAGAATTCTACAAGTTCATCAAGCCGATCCTGGAAAAGAT
GGACGGAACAGAAGAACTGCTGGTCAAGCTGAACAGAGAAGACCTGCTGAG
AAAGCAGAGAACATTCGACAACGGAAGCATCCCGCACCAGATCCACCTGGG
AGAACTGCACGCAATCCTGAGAAGACAGGAAGACTTCTACCCGTTCCTGAA
GGACAACAGAGAAAAGATCGAAAAGATCCTGACATTCAGAATCCCGTACTA
CGTCGGACCGCTGGCAAGAGGAAACAGCAGATTCGCATGGATGACAAGARAA
GAGCGAAGAAACAATCACACCGTGGAACTTCGAAGAAGTCGTCGACAAGGG
AGCAAGCGCACAGAGCTTCATCGAAAGAATGACAAACTTCGACAAGAACCT
GCCGAACGAAAAGGTCCTGCCGAAGCACAGCCTGCTGTACGAATACTTCAC
AGTCTACAACGAACTGACAAAGGTCAAGTACGTCACAGAAGGAATGAGAAR
GCCGGCATTCCTGAGCGGAGAACAGAAGAAGGCAATCGTCGACCTGCTGTT
CAAGACAAACAGAAAGGTCACAGTCAAGCAGCTGAAGGAAGACTACTTCAA
GAAGATCGAATGCTTCGACAGCGTCGAAATCAGCGGAGTCGAAGACAGATT
CAACGCAAGCCTGGGAACATACCACGACCTGCTGAAGATCATCAAGGACAA
GGACTTCCTGGACAACGAAGAAAACGAAGACATCCTGGAAGACATCGTCCT
GACACTGACACTGTTCGAAGACAGAGAAATGATCGAAGAAAGACTGAAGAC
ATACGCACACCTGTTCGACGACAAGGTCATGAAGCAGCTGAAGAGAAGAAG
ATACACAGGATGGGGAAGACTGAGCAGAAAGCTGATCAACGGAATCAGAGA
CAAGCAGAGCGGAAAGACAATCCTGGACTTCCTGAAGAGCGACGGATTCGC
AAACAGAAACTTCATGCAGCTGATCCACGACGACAGCCTGACATTCAAGGA
AGACATCCAGAAGGCACAGGTCAGCGGACAGGGAGACAGCCTGCACGAACA
CATCGCAAACCTGGCAGGAAGCCCGGCAATCAAGAAGGGAATCCTGCAGAC
AGTCAAGGTCGTCGACGAACTGGTCAAGGTCATGGGAAGACACAAGCCGGA
AAACATCGTCATCGAAATGGCAAGAGAAAACCAGACAACACAGAAGGGACA
GAAGAACAGCAGAGAAAGAATGAAGAGAATCGAAGAAGGAATCAAGGAACT
GGGAAGCCAGATCCTGAAGGAACACCCGGTCGAAAACACACAGCTGCAGAA
CGAAAAGCTGTACCTGTACTACCTGCAaAACGGAAGAGACATGTACGTCGA
CCAGGAACTGGACATCAACAGACTGAGCGACTACGACGTCGACCACATCGT
CCCGCAGAGCTTCCTGAAGGACGACAGCATCGACAACAAGGTCCTGACAAG
AAGCGACAAGAACAGAGGAAAGAGCGACAACGTCCCGAGCGAAGAAGTCGT
CAAGAAGATGAAGAACTACTGGAGACAGCTGCTGAACGCAAAGCTGATCAC
ACAGAGAAAGTTCGACAACCTGACAAAGGCAGAGAGAGGAGGACTGAGCGA
ACTGGACAAGGCAGGATTCATCAAGAGACAGCTGGTCGAAACAAGACAGAT
CACAAAGCACGTCGCACAGATCCTGGACAGCAGAATGAACACAAAGTACGA
CGAAAACGACAAGCTGATCAGAGAAGTCAAGGTCATCACACTGAAGAGCAA
GCTGGTCAGCGACTTCAGAAAGGACTTCCAGTTCTACAAGGTCAGAGAAAT
CAACAACTACCACCACGCACACGACGCATACCTGAACGCAGTCGTCGGAAC
AGCACTGATCAAGAAGTACCCGAAGCTGGAAAGCGAATTCGTCTACGGAGA
CTACAAGGTCTACGACGTCAGAAAGATGATCGCAAAGAGCGAACAGGAAAT
CGGAAAGGCAACAGCAAAGTACTTCTTCTACAGCAACATCATGAACTTCTT
CAAGACAGAAATCACACTGGCAAACGGAGAAATCAGAAAGAGACCGCTGAT
CGAAACAAACGGAGAAACAGGAGAAATCGTCTGGGACAAGGGAAGAGACTT
CGCAACAGTCAGAAAGGTCCTGAGCATGCCGCAGGTCAACATCGTCAAGAA
GACAGAAGTCCAGACAGGAGGATTCAGCAAGGAAAGCATCCTGCCGAAGAG
AAACAGCGACAAGCTGATCGCAAGAAAGAAGGACTGGGACCCGAAGAAGTA
CGGAGGATTCGACAGCCCGACAGTCGCATACAGCGTCCTGGTCGTCGCARAA
GGTCGAAAAGGGAAAGAGCAAGAAGCTGAAGAGCGTCAAGGAACTGCTGGG
AATCACAATCATGGAAAGAAGCAGCTTCGAAAAGAACCCGATCGACTTCCT
GGAAGCAAAGGGATACAAGGAAGTCAAGAAGGACCTGATCATCAAGCTGCC
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GAAGTACAGCCTGTTCGAACTGGAAAACGGAAGAAAGAGAATGCTGGCAAG
CGCAGGAGAACTGCAGAAGGGAAACGAACTGGCACTGCCGAGCAAGTACGT
CAACTTCCTGTACCTGGCAAGCCACTACGAAAAGCTGAAGGGAAGCCCGGA
AGACAACGAACAGAAGCAGCTGTTCGTCGAACAGCACAAGCACTACCTGGA
CGAAATCATCGAACAGATCAGCGAATTCAGCAAGAGAGTCATCCTGGCAGA
CGCAAACCTGGACAAGGTCCTGAGCGCATACAACAAGCACAGAGACAAGCC
GATCAGAGAACAGGCAGAAAACATCATCCACCTGTTCACACTGACAAACCT
GGGAGCACCGGCAGCATTCAAGTACTTCGACACAACAATCGACAGAAAGAG
ATACACAAGCACAAAGGAAGTCCTGGACGCAACACTGATCCACCAGAGCAT
CACAGGACTGTACGAAACAAGAATCGACCTGAGCCAGCTGGGAGGAGACGG
AGGAGGAAGCCCGAAGAAGAAGAGAAAGGTCTAGCTAGCCATCACATTTAA
AAGCATCTCAGCCTACCATGAGAATAAGAGAAAGAAAATGAAGATCAATAG
CTTATTCATCTCTTTTTCTTTTTCGTTGGTGTAAAGCCAACACCCTGTCTA
ARAAACATAAATTTCTTTAATCATTTTGCCTCTTTTCTCTGTGCTTCAATT
AATAAAAAATGGAAAGAACCTCGAG

ATGGACAAGAAGTACAGCATCGGCCTGGACATCGGCACCAACAGCGTGGGC
TGGGCCGTGATCACCGACGAGTACAAGGTGCCCAGCAAGAAGTTCAAGGTG
CTGGGCAACACCGACAGACACAGCATCAAGAAGAACCTGATCGGCGCCCTG
CTGTTCGACAGCGGCGAGACCGCCGAGGCCACCAGACTGAAGAGAACCGCC
AGAAGAAGATACACCAGAAGAAAGAACAGAATCTGCTACCTGCAGGAGATC
TTCAGCAACGAGATGGCCAAGGTGGACGACAGCTTCTTCCACAGACTGGAG
GAGAGCTTCCTGGTGGAGGAGGACAAGAAGCACGAGAGACACCCCATCTTC
GGCAACATCGTGGACGAGGTGGCCTACCACGAGAAGTACCCCACCATCTAC
CACCTGAGAAAGAAGCTGGTGGACAGCACCGACAAGGCCGACCTGAGACTG
ATCTACCTGGCCCTGGCCCACATGATCAAGTTCAGAGGCCACTTCCTGATC
GAGGGCGACCTGAACCCCGACAACAGCGACGTGGACAAGCTGTTCATCCAG
CTGGTGCAGACCTACAACCAGCTGTTCGAGGAGAACCCCATCAACGCCAGC
GGCGTGGACGCCAAGGCCATCCTGAGCGCCAGACTGAGCAAGAGCAGAAGA
CTGGAGAACCTGATCGCCCAGCTGCCCGGCGAGAAGAAGAACGGCCTGTTC
GGCAACCTGATCGCCCTGAGCCTGGGCCTGACCCCCAACTTCAAGAGCAALC
TTCGACCTGGCCGAGGACGCCAAGCTGCAGCTGAGCAAGGACACCTACGAC
GACGACCTGGACAACCTGCTGGCCCAGATCGGCGACCAGTACGCCGACCTG
TTCCTGGCCGCCAAGAACCTGAGCGACGCCATCCTGCTGAGCGACATCCTG
AGAGTGAACACCGAGATCACCAAGGCCCCCCTGAGCGCCAGCATGATCAAG
AGATACGACGAGCACCACCAGGACCTGACCCTGCTGAAGGCCCTGGTGAGA
CAGCAGCTGCCCGAGAAGTACAAGGAGATCTTCTTCGACCAGAGCAAGAAC
GGCTACGCCGGCTACATCGACGGCGGCGCCAGCCAGGAGGAGTTCTACAAG
TTCATCAAGCCCATCCTGGAGAAGATGGACGGCACCGAGGAGCTGCTGGTG
AAGCTGAACAGAGAGGACCTGCTGAGAAAGCAGAGAACCTTCGACAACGGC
AGCATCCCCCACCAGATCCACCTGGGCGAGCTGCACGCCATCCTGAGAAGA
CAGGAGGACTTCTACCCCTTCCTGAAGGACAACAGAGAGAAGATCGAGAAG
ATCCTGACCTTCAGAATCCCCTACTACGTGGGCCCCCTGGCCAGAGGCAAC
AGCAGATTCGCCTGGATGACCAGAAAGAGCGAGGAGACCATCACCCCCTGG
AACTTCGAGGAGGTGGTGGACAAGGGCGCCAGCGCCCAGAGCTTCATCGAG
AGAATGACCAACTTCGACAAGAACCTGCCCAACGAGAAGGTGCTGCCCAAG
CACAGCCTGCTGTACGAGTACTTCACCGTGTACAACGAGCTGACCAAGGTG
AAGTACGTGACCGAGGGCATGAGAAAGCCCGCCTTCCTGAGCGGCGAGCAG
AAGAAGGCCATCGTGGACCTGCTGTTCAAGACCAACAGAAAGGTGACCGTG
AAGCAGCTGAAGGAGGACTACTTCAAGAAGATCGAGTGCTTCGACAGCGTG
GAGATCAGCGGCGTGGAGGACAGATTCAACGCCAGCCTGGGCACCTACCALC
GACCTGCTGAAGATCATCAAGGACAAGGACTTCCTGGACAACGAGGAGAALC
GAGGACATCCTGGAGGACATCGTGCTGACCCTGACCCTGTTCGAGGACAGA
GAGATGATCGAGGAGAGACTGAAGACCTACGCCCACCTGTTCGACGACAAG
GTGATGAAGCAGCTGAAGAGAAGAAGATACACCGGCTGGGGCAGACTGAGC
AGAAAGCTGATCAACGGCATCAGAGACAAGCAGAGCGGCAAGACCATCCTG
GACTTCCTGAAGAGCGACGGCTTCGCCAACAGAAACTTCATGCAGCTGATC
CACGACGACAGCCTGACCTTCAAGGAGGACATCCAGAAGGCCCAGGTGAGC
GGCCAGGGCGACAGCCTGCACGAGCACATCGCCAACCTGGCCGGCAGCCCC
GCCATCAAGAAGGGCATCCTGCAGACCGTGAAGGTGGTGGACGAGCTGGTG
AAGGTGATGGGCAGACACAAGCCCGAGAACATCGTGATCGAGATGGCCAGA
GAGAACCAGACCACCCAGAAGGGCCAGAAGAACAGCAGAGAGAGAATGAAG
AGAATCGAGGAGGGCATCAAGGAGCTGGGCAGCCAGATCCTGAAGGAGCAC
CCCGTGGAGAACACCCAGCTGCAGAACGAGAAGCTGTACCTGTACTACCTG
CAGAACGGCAGAGACATGTACGTGGACCAGGAGCTGGACATCAACAGACTG
AGCGACTACGACGTGGACCACATCGTGCCCCAGAGCTTCCTGAAGGACGAC
AGCATCGACAACAAGGTGCTGACCAGAAGCGACAAGAACAGAGGCAAGAGC
GACAACGTGCCCAGCGAGGAGGTGGTGAAGAAGATGAAGAACTACTGGAGA
CAGCTGCTGAACGCCAAGCTGATCACCCAGAGAAAGTTCGACAACCTGACC
AAGGCCGAGAGAGGCGGCCTGAGCGAGCTGGACAAGGCCGGCTTCATCAAG
AGACAGCTGGTGGAGACCAGACAGATCACCAAGCACGTGGCCCAGATCCTG

252
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GACAGCAGAATGAACACCAAGTACGACGAGAACGACAAGCTGATCAGAGAG
GTGAAGGTGATCACCCTGAAGAGCAAGCTGGTGAGCGACTTCAGAAAGGAC
TTCCAGTTCTACAAGGTGAGAGAGATCAACAACTACCACCACGCCCACGAC
GCCTACCTGAACGCCGTGGTGGGCACCGCCCTGATCAAGAAGTACCCCAAG
CTGGAGAGCGAGTTCGTGTACGGCGACTACAAGGTGTACGACGTGAGAAAG
ATGATCGCCAAGAGCGAGCAGGAGATCGGCAAGGCCACCGCCAAGTACTTC
TTCTACAGCAACATCATGAACTTCTTCAAGACCGAGATCACCCTGGCCAAC
GGCGAGATCAGAAAGAGACCCCTGATCGAGACCAACGGCGAGACCGGCGAG
ATCGTGTGGGACAAGGGCAGAGACTTCGCCACCGTGAGAAAGGTGCTGAGC
ATGCCCCAGGTGAACATCGTGAAGAAGACCGAGGTGCAGACCGGCGGCTTC
AGCAAGGAGAGCATCCTGCCCAAGAGAAACAGCGACAAGCTGATCGCCAGA
AAGAAGGACTGGGACCCCAAGAAGTACGGCGGCTTCGACAGCCCCACCGTG
GCCTACAGCGTGCTGGTGGTGGCCAAGGTGGAGAAGGGCAAGAGCAAGAAG
CTGAAGAGCGTGAAGGAGCTGCTGGGCATCACCATCATGGAGAGAAGCAGC
TTCGAGAAGAACCCCATCGACTTCCTGGAGGCCAAGGGCTACAAGGAGGTG
AAGAAGGACCTGATCATCAAGCTGCCCAAGTACAGCCTGTTCGAGCTGGAG
AACGGCAGAAAGAGAATGCTGGCCAGCGCCGGCGAGCTGCAGAAGGGCAAC
GAGCTGGCCCTGCCCAGCAAGTACGTGAACTTCCTGTACCTGGCCAGCCAC
TACGAGAAGCTGAAGGGCAGCCCCGAGGACAACGAGCAGAAGCAGCTGTTC
GTGGAGCAGCACAAGCACTACCTGGACGAGATCATCGAGCAGATCAGCGAG
TTCAGCAAGAGAGTGATCCTGGCCGACGCCAACCTGGACAAGGTGCTGAGC
GCCTACAACAAGCACAGAGACAAGCCCATCAGAGAGCAGGCCGAGAACATC
ATCCACCTGTTCACCCTGACCAACCTGGGCGCCCCCGCCGCCTTCAAGTAC
TTCGACACCACCATCGACAGAAAGAGATACACCAGCACCAAGGAGGTGCTG
GACGCCACCCTGATCCACCAGAGCATCACCGGCCTGTACGAGACCAGAATC
GACCTGAGCCAGCTGGGCGGCGACGGCGGCGGCAGCCCCAAGAAGAAGAGA
AAGGTGTGA

GGGTCCCGCAGTCGGCGTCCAGCGGCTCTGCTTGTTCGTGTGTGTGTCGTT
GCAGGCCTTATTCGGATCCGCCACCATGGACAAGAAGTACAGCATCGGCCT
GGACATCGGCACCAACAGCGTGGGCTGGGCCGTGATCACCGACGAGTACAA
GGTGCCCAGCAAGAAGTTCAAGGTGCTGGGCAACACCGACAGACACAGCAT
CAAGAAGAACCTGATCGGCGCCCTGCTGTTCGACAGCGGCGAGACCGCCGA
GGCCACCAGACTGAAGAGAACCGCCAGAAGAAGATACACCAGAAGAAAGAA
CAGAATCTGCTACCTGCAGGAGATCTTCAGCAACGAGATGGCCAAGGTGGA
CGACAGCTTCTTCCACAGACTGGAGGAGAGCTTCCTGGTGGAGGAGGACAA
GAAGCACGAGAGACACCCCATCTTCGGCAACATCGTGGACGAGGTGGCCTA
CCACGAGAAGTACCCCACCATCTACCACCTGAGAAAGAAGCTGGTGGACAG
CACCGACAAGGCCGACCTGAGACTGATCTACCTGGCCCTGGCCCACATGAT
CAAGTTCAGAGGCCACTTCCTGATCGAGGGCGACCTGAACCCCGACAACAG
CGACGTGGACAAGCTGTTCATCCAGCTGGTGCAGACCTACAACCAGCTGTT
CGAGGAGAACCCCATCAACGCCAGCGGCGTGGACGCCAAGGCCATCCTGAG
CGCCAGACTGAGCAAGAGCAGAAGACTGGAGAACCTGATCGCCCAGCTGCC
CGGCGAGAAGAAGAACGGCCTGTTCGGCAACCTGATCGCCCTGAGCCTGGG
CCTGACCCCCAACTTCAAGAGCAACTTCGACCTGGCCGAGGACGCCAAGCT
GCAGCTGAGCAAGGACACCTACGACGACGACCTGGACAACCTGCTGGCCCA
GATCGGCGACCAGTACGCCGACCTGTTCCTGGCCGCCAAGAACCTGAGCGA
CGCCATCCTGCTGAGCGACATCCTGAGAGTGAACACCGAGATCACCAAGGC
CCCCCTGAGCGCCAGCATGATCAAGAGATACGACGAGCACCACCAGGACCT
GACCCTGCTGAAGGCCCTGGTGAGACAGCAGCTGCCCGAGAAGTACAAGGA
GATCTTCTTCGACCAGAGCAAGAACGGCTACGCCGGCTACATCGACGGCGG
CGCCAGCCAGGAGGAGTTCTACAAGTTCATCAAGCCCATCCTGGAGAAGAT
GGACGGCACCGAGGAGCTGCTGGTGAAGCTGAACAGAGAGGACCTGCTGAG
AAAGCAGAGAACCTTCGACAACGGCAGCATCCCCCACCAGATCCACCTGGG
CGAGCTGCACGCCATCCTGAGAAGACAGGAGGACTTCTACCCCTTCCTGAA
GGACAACAGAGAGAAGATCGAGAAGATCCTGACCTTCAGAATCCCCTACTA
CGTGGGCCCCCTGGCCAGAGGCAACAGCAGATTCGCCTGGATGACCAGARAA
GAGCGAGGAGACCATCACCCCCTGGAACTTCGAGGAGGTGGTGGACAAGGG
CGCCAGCGCCCAGAGCTTCATCGAGAGAATGACCAACTTCGACAAGAACCT
GCCCAACGAGAAGGTGCTGCCCAAGCACAGCCTGCTGTACGAGTACTTCAC
CGTGTACAACGAGCTGACCAAGGTGAAGTACGTGACCGAGGGCATGAGAAA
GCCCGCCTTCCTGAGCGGCGAGCAGAAGAAGGCCATCGTGGACCTGCTGTT
CAAGACCAACAGAAAGGTGACCGTGAAGCAGCTGAAGGAGGACTACTTCAA
GAAGATCGAGTGCTTCGACAGCGTGGAGATCAGCGGCGTGGAGGACAGATT
CAACGCCAGCCTGGGCACCTACCACGACCTGCTGAAGATCATCAAGGACAA
GGACTTCCTGGACAACGAGGAGAACGAGGACATCCTGGAGGACATCGTGCT
GACCCTGACCCTGTTCGAGGACAGAGAGATGATCGAGGAGAGACTGAAGAC
CTACGCCCACCTGTTCGACGACAAGGTGATGAAGCAGCTGAAGAGAAGAAG
ATACACCGGCTGGGGCAGACTGAGCAGAAAGCTGATCAACGGCATCAGAGA
CAAGCAGAGCGGCAAGACCATCCTGGACTTCCTGAAGAGCGACGGCTTCGC
CAACAGAAACTTCATGCAGCTGATCCACGACGACAGCCTGACCTTCAAGGA

253
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GGACATCCAGAAGGCCCAGGTGAGCGGCCAGGGCGACAGCCTGCACGAGCA
CATCGCCAACCTGGCCGGCAGCCCCGCCATCAAGAAGGGCATCCTGCAGAC
CGTGAAGGTGGTGGACGAGCTGGTGAAGGTGATGGGCAGACACAAGCCCGA
GAACATCGTGATCGAGATGGCCAGAGAGAACCAGACCACCCAGAAGGGCCA
GAAGAACAGCAGAGAGAGAATGAAGAGAATCGAGGAGGGCATCAAGGAGCT
GGGCAGCCAGATCCTGAAGGAGCACCCCGTGGAGAACACCCAGCTGCAGAA
CGAGAAGCTGTACCTGTACTACCTGCAGAACGGCAGAGACATGTACGTGGA
CCAGGAGCTGGACATCAACAGACTGAGCGACTACGACGTGGACCACATCGT
GCCCCAGAGCTTCCTGAAGGACGACAGCATCGACAACAAGGTGCTGACCAG
AAGCGACAAGAACAGAGGCAAGAGCGACAACGTGCCCAGCGAGGAGGTGGT
GAAGAAGATGAAGAACTACTGGAGACAGCTGCTGAACGCCAAGCTGATCAC
CCAGAGAAAGTTCGACAACCTGACCAAGGCCGAGAGAGGCGGCCTGAGCGA
GCTGGACAAGGCCGGCTTCATCAAGAGACAGCTGGTGGAGACCAGACAGAT
CACCAAGCACGTGGCCCAGATCCTGGACAGCAGAATGAACACCAAGTACGA
CGAGAACGACAAGCTGATCAGAGAGGTGAAGGTGATCACCCTGAAGAGCAA
GCTGGTGAGCGACTTCAGAAAGGACTTCCAGTTCTACAAGGTGAGAGAGAT
CAACAACTACCACCACGCCCACGACGCCTACCTGAACGCCGTGGTGGGCAC
CGCCCTGATCAAGAAGTACCCCAAGCTGGAGAGCGAGTTCGTGTACGGCGA
CTACAAGGTGTACGACGTGAGAAAGATGATCGCCAAGAGCGAGCAGGAGAT
CGGCAAGGCCACCGCCAAGTACTTCTTCTACAGCAACATCATGAACTTCTT
CAAGACCGAGATCACCCTGGCCAACGGCGAGATCAGAAAGAGACCCCTGAT
CGAGACCAACGGCGAGACCGGCGAGATCGTGTGGGACAAGGGCAGAGACTT
CGCCACCGTGAGAAAGGTGCTGAGCATGCCCCAGGTGAACATCGTGAAGAA
GACCGAGGTGCAGACCGGCGGCTTCAGCAAGGAGAGCATCCTGCCCAAGAG
AAACAGCGACAAGCTGATCGCCAGAAAGAAGGACTGGGACCCCAAGAAGTA
CGGCGGCTTCGACAGCCCCACCGTGGCCTACAGCGTGCTGGTGGTGGCCAA
GGTGGAGAAGGGCAAGAGCAAGAAGCTGAAGAGCGTGAAGGAGCTGCTGGG
CATCACCATCATGGAGAGAAGCAGCTTCGAGAAGAACCCCATCGACTTCCT
GGAGGCCAAGGGCTACAAGGAGGTGAAGAAGGACCTGATCATCAAGCTGCC
CAAGTACAGCCTGTTCGAGCTGGAGAACGGCAGAAAGAGAATGCTGGCCAG
CGCCGGCGAGCTGCAGAAGGGCAACGAGCTGGCCCTGCCCAGCAAGTACGT
GAACTTCCTGTACCTGGCCAGCCACTACGAGAAGCTGAAGGGCAGCCCCGA
GGACAACGAGCAGAAGCAGCTGTTCGTGGAGCAGCACAAGCACTACCTGGA
CGAGATCATCGAGCAGATCAGCGAGTTCAGCAAGAGAGTGATCCTGGCCGA
CGCCAACCTGGACAAGGTGCTGAGCGCCTACAACAAGCACAGAGACAAGCC
CATCAGAGAGCAGGCCGAGAACATCATCCACCTGTTCACCCTGACCAACCT
GGGCGCCCCCGCCGCCTTCAAGTACTTCGACACCACCATCGACAGAAAGAG
ATACACCAGCACCAAGGAGGTGCTGGACGCCACCCTGATCCACCAGAGCAT
CACCGGCCTGTACGAGACCAGAATCGACCTGAGCCAGCTGGGCGGCGACGG
CGGCGGCAGCCCCAAGAAGAAGAGAAAGGTGTGACTAGCCATCACATTTAA
AAGCATCTCAGCCTACCATGAGAATAAGAGAAAGAAAATGAAGATCAATAG
CTTATTCATCTCTTTTTCTTTTTCGTTGGTGTAAAGCCAACACCCTGTCTA
ARAAACATAAATTTCTTTAATCATTTTGCCTCTTTTCTCTGTGCTTCAATT
AATAAAAAATGGAAAGAACCTCGAG

ATGGACAAAAAATACAGCATAGGGCTAGACATAGGGACGAACAGCGTAGGG
TGGGCGGTAATAACGGACGAATACAAAGTACCGAGCAAAAAATTCAAAGTA
CTAGGGAACACGGACCGACACAGCATAAAAAAAAACCTAATAGGGGCGCTA
CTATTCGACAGCGGGGAAACGGCGGAAGCGACGCGACTAARACGAACGGCG
CGACGACGATACACGCGACGAAAAAACCGAATATGCTACCTACAAGAAATA
TTCAGCAACGAAATGGCGAAAGTAGACGACAGCTTCTTCCACCGACTAGAA
GAAAGCTTCCTAGTAGAAGAAGACAAAAAACACGAACGACACCCGATATTC
GGGAACATAGTAGACGAAGTAGCGTACCACGAAAAATACCCGACGATATAC
CACCTACGAAAAAAACTAGTAGACAGCACGGACAAAGCGGACCTACGACTA
ATATACCTAGCGCTAGCGCACATGATAAAATTCCGAGGGCACTTCCTAATA
GAAGGGGACCTAAACCCGGACAACAGCGACGTAGACAAACTATTCATACAA
CTAGTACAAACGTACAACCAACTATTCGAAGAAAACCCGATAAACGCGAGC
GGGGTAGACGCGAAAGCGATACTAAGCGCGCGACTAAGCAAAAGCCGACGA
CTAGAAAACCTAATAGCGCAACTACCGGGGGAAAAAAAAAACGGGCTATTC
GGGAACCTAATAGCGCTAAGCCTAGGGCTAACGCCGAACTTCAAAAGCAAC
TTCGACCTAGCGGAAGACGCGAAACTACAACTAAGCAAAGACACGTACGAC
GACGACCTAGACAACCTACTAGCGCAAATAGGGGACCAATACGCGGACCTA
TTCCTAGCGGCGAAAAACCTAAGCGACGCGATACTACTAAGCGACATACTA
CGAGTAAACACGGAAATAACGAAAGCGCCGCTAAGCGCGAGCATGATAAAA
CGATACGACGAACACCACCAAGACCTAACGCTACTAAAAGCGCTAGTACGA
CAACAACTACCGGAAAAATACAAAGAAATATTCTTCGACCAAAGCAARAAAC
GGGTACGCGGGGTACATAGACGGGGGGGCGAGCCAAGAAGAATTCTACAAA
TTCATAAAACCGATACTAGAAAAAATGGACGGGACGGAAGAACTACTAGTA
AAACTAAACCGAGAAGACCTACTACGAAAACAACGAACGTTCGACAACGGG
AGCATACCGCACCAAATACACCTAGGGGAACTACACGCGATACTACGACGA
CAAGAAGACTTCTACCCGTTCCTAAAAGACAACCGAGAAAAAATAGAAARNA
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ATACTAACGTTCCGAATACCGTACTACGTAGGGCCGCTAGCGCGAGGGAAC
AGCCGATTCGCGTGGATGACGCGAAAAAGCGAAGAAACGATAACGCCGTGG
AACTTCGAAGAAGTAGTAGACAAAGGGGCGAGCGCGCAAAGCTTCATAGAA
CGAATGACGAACTTCGACAAAAACCTACCGAACGAAAAAGTACTACCGARAA
CACAGCCTACTATACGAATACTTCACGGTATACAACGAACTAACGAAAGTA
AAATACGTAACGGAAGGGATGCGAAAACCGGCGTTCCTAAGCGGGGAACAA
AAAAAAGCGATAGTAGACCTACTATTCAAAACGAACCGAAAAGTAACGGTA
AAACAACTAAAAGAAGACTACTTCAAAAAAATAGAATGCTTCGACAGCGTA
GAAATAAGCGGGGTAGAAGACCGATTCAACGCGAGCCTAGGGACGTACCALC
GACCTACTAAAAATAATAAAAGACAAAGACTTCCTAGACAACGAAGAAAAC
GAAGACATACTAGAAGACATAGTACTAACGCTAACGCTATTCGAAGACCGA
GAAATGATAGAAGAACGACTAAAAACGTACGCGCACCTATTCGACGACAAA
GTAATGAAACAACTAAAACGACGACGATACACGGGGTGGGGGCGACTAAGC
CGAAAACTAATAAACGGGATACGAGACAAACAAAGCGGGAAAACGATACTA
GACTTCCTAAAAAGCGACGGGTTCGCGAACCGAAACTTCATGCAACTAATA
CACGACGACAGCCTAACGTTCAAAGAAGACATACAAAAAGCGCAAGTAAGC
GGGCAAGGGGACAGCCTACACGAACACATAGCGAACCTAGCGGGGAGCCCG
GCGATAAAAAAAGGGATACTACAAACGGTAAAAGTAGTAGACGAACTAGTA
AAAGTAATGGGGCGACACAAACCGGAAAACATAGTAATAGAAATGGCGCGA
GAAAACCAAACGACGCAAAAAGGGCAAAAAANACAGCCGAGAACGAATGARAA
CGAATAGAAGAAGGGATAAAAGAACTAGGGAGCCAAATACTAAAAGAACAC
CCGGTAGAAAACACGCAACTACAAAACGAAAAACTATACCTATACTACCTA
CAAAACGGGCGAGACATGTACGTAGACCAAGAACTAGACATAAACCGACTA
AGCGACTACGACGTAGACCACATAGTACCGCAAAGCTTCCTAAAAGACGAC
AGCATAGACAACAAAGTACTAACGCGAAGCGACAAAAACCGAGGGARAAGC
GACAACGTACCGAGCGAAGAAGTAGTAAAAAAAATGAAAAACTACTGGCGA
CAACTACTAAACGCGAAACTAATAACGCAACGAAAATTCGACAACCTAACG
AAAGCGGAACGAGGGGGGCTAAGCGAACTAGACAAAGCGGGGTTCATAAAR
CGACAACTAGTAGAAACGCGACAAATAACGAAACACGTAGCGCAAATACTA
GACAGCCGAATGAACACGAAATACGACGAAAACGACAAACTAATACGAGAA
GTAAAAGTAATAACGCTAAAAAGCAAACTAGTAAGCGACTTCCGAAAAGAC
TTCCAATTCTACAAAGTACGAGAAATAAACAACTACCACCACGCGCACGAC
GCGTACCTAAACGCGGTAGTAGGGACGGCGCTAATAAAAAAATACCCGARAA
CTAGAAAGCGAATTCGTATACGGGGACTACAAAGTATACGACGTACGAAAA
ATGATAGCGAAAAGCGAACAAGAAATAGGGAAAGCGACGGCGAAATACTTC
TTCTACAGCAACATAATGAACTTCTTCAAAACGGAAATAACGCTAGCGAAC
GGGGAAATACGAAAACGACCGCTAATAGAAACGAACGGGGAAACGGGGGAA
ATAGTATGGGACAAAGGGCGAGACTTCGCGACGGTACGAAAAGTACTAAGC
ATGCCGCAAGTAAACATAGTAAAAAAAACGGAAGTACAAACGGGGGGGTTC
AGCAAAGAAAGCATACTACCGAAACGAAACAGCGACAAACTAATAGCGCGA
AAAAAAGACTGGGACCCGAAAAAATACGGGGGGTTCGACAGCCCGACGGTA
GCGTACAGCGTACTAGTAGTAGCGAAAGTAGAAAAAGGGAAAAGCAAAAAAL
CTAAAAAGCGTAAAAGAACTACTAGGGATAACGATAATGGAACGAAGCAGC
TTCGAAAAAAACCCGATAGACTTCCTAGAAGCGAAAGGGTACAAAGAAGTA
AAAAAAGACCTAATAATAAAACTACCGAAATACAGCCTATTCGAACTAGAA
AACGGGCGAAAACGAATGCTAGCGAGCGCGGGGGAACTACAAAAAGGGAAC
GAACTAGCGCTACCGAGCAAATACGTAAACTTCCTATACCTAGCGAGCCAC
TACGAAAAACTAAAAGGGAGCCCGGAAGACAACGAACAAAAACAACTATTC
GTAGAACAACACAAACACTACCTAGACGAAATAATAGAACAAATAAGCGAA
TTCAGCAAACGAGTAATACTAGCGGACGCGAACCTAGACAAAGTACTAAGC
GCGTACAACAAACACCGAGACAAACCGATACGAGAACAAGCGGAARACATA
ATACACCTATTCACGCTAACGAACCTAGGGGCGCCGGCGGCGTTCAAATAC
TTCGACACGACGATAGACCGAAAACGATACACGAGCACGAAAGAAGTACTA
GACGCGACGCTAATACACCAAAGCATAACGGGGCTATACGAAACGCGAATA
GACCTAAGCCAACTAGGGGGGGACGGGGGGGGGAGCCCGAAAAAAAAACGA
ARAGTATGA

GGGTCCCGCAGTCGGCGTCCAGCGGCTCTGCTTGTTCGTGTGTGTGTCGTT
GCAGGCCTTATTCGGATCCGCCACCATGGACAAAAAATACAGCATAGGGCT
AGACATAGGGACGAACAGCGTAGGGTGGGCGGTAATAACGGACGAATACAA
AGTACCGAGCAAAAAATTCAAAGTACTAGGGAACACGGACCGACACAGCAT
AAAAAAAAACCTAATAGGGGCGCTACTATTCGACAGCGGGGAAACGGCGGA
AGCGACGCGACTAAAACGAACGGCGCGACGACGATACACGCGACGAAAAAL
CCGAATATGCTACCTACAAGAAATATTCAGCAACGAAATGGCGAAAGTAGA
CGACAGCTTCTTCCACCGACTAGAAGAAAGCTTCCTAGTAGAAGAAGACAA
AAAACACGAACGACACCCGATATTCGGGAACATAGTAGACGAAGTAGCGTA
CCACGAAAAATACCCGACGATATACCACCTACGAAAAAAACTAGTAGACAG
CACGGACAAAGCGGACCTACGACTAATATACCTAGCGCTAGCGCACATGAT
AAAATTCCGAGGGCACTTCCTAATAGAAGGGGACCTAAACCCGGACAACAG
CGACGTAGACAAACTATTCATACAACTAGTACAAACGTACAACCAACTATT
CGAAGAAAACCCGATAAACGCGAGCGGGGTAGACGCGAAAGCGATACTAAG
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CGCGCGACTAAGCAAAAGCCGACGACTAGAAAACCTAATAGCGCAACTACC
GGGGGAAAAAAAMAACGGGCTATTCGGGAACCTAATAGCGCTAAGCCTAGG
GCTAACGCCGAACTTCAAAAGCAACTTCGACCTAGCGGAAGACGCGAAACT
ACAACTAAGCAAAGACACGTACGACGACGACCTAGACAACCTACTAGCGCA
AATAGGGGACCAATACGCGGACCTATTCCTAGCGGCGAAAAACCTAAGCGA
CGCGATACTACTAAGCGACATACTACGAGTAAACACGGAAATAACGAAAGC
GCCGCTAAGCGCGAGCATGATAAAACGATACGACGAACACCACCAAGACCT
AACGCTACTAAAAGCGCTAGTACGACAACAACTACCGGAAAAATACAAAGA
AATATTCTTCGACCAAAGCAAAAACGGGTACGCGGGGTACATAGACGGGGG
GGCGAGCCAAGAAGAATTCTACAAATTCATAAAACCGATACTAGAAAAAAT
GGACGGGACGGAAGAACTACTAGTAAAACTAAACCGAGAAGACCTACTACG
AAAACAACGAACGTTCGACAACGGGAGCATACCGCACCAAATACACCTAGG
GGAACTACACGCGATACTACGACGACAAGAAGACTTCTACCCGTTCCTAAA
AGACAACCGAGAAAAAATAGAAAAAATACTAACGTTCCGAATACCGTACTA
CGTAGGGCCGCTAGCGCGAGGGAACAGCCGATTCGCGTGGATGACGCGARAA
AAGCGAAGAAACGATAACGCCGTGGAACTTCGAAGAAGTAGTAGACAAAGG
GGCGAGCGCGCAAAGCTTCATAGAACGAATGACGAACTTCGACAAAAACCT
ACCGAACGAAAAAGTACTACCGAAACACAGCCTACTATACGAATACTTCAC
GGTATACAACGAACTAACGAAAGTAAAATACGTAACGGAAGGGATGCGAAA
ACCGGCGTTCCTAAGCGGGGAACAAAAAAAAGCGATAGTAGACCTACTATT
CAAAACGAACCGAAAAGTAACGGTAAAACAACTAAAAGAAGACTACTTCAA
AAAAATAGAATGCTTCGACAGCGTAGAAATAAGCGGGGTAGAAGACCGATT
CAACGCGAGCCTAGGGACGTACCACGACCTACTAAAAATAATAAAAGACAA
AGACTTCCTAGACAACGAAGAAAACGAAGACATACTAGAAGACATAGTACT
AACGCTAACGCTATTCGAAGACCGAGAAATGATAGAAGAACGACTAAAAAC
GTACGCGCACCTATTCGACGACAAAGTAATGAAACAACTAAAACGACGACG
ATACACGGGGTGGGGGCGACTAAGCCGAAAACTAATAAACGGGATACGAGA
CAAACAAAGCGGGAAAACGATACTAGACTTCCTAAAAAGCGACGGGTTCGC
GAACCGAAACTTCATGCAACTAATACACGACGACAGCCTAACGTTCAAAGA
AGACATACAAAAAGCGCAAGTAAGCGGGCAAGGGGACAGCCTACACGAACA
CATAGCGAACCTAGCGGGGAGCCCGGCGATAAAAAAAGGGATACTACAAAC
GGTAAAAGTAGTAGACGAACTAGTAAAAGTAATGGGGCGACACAAACCGGA
AAACATAGTAATAGAAATGGCGCGAGAAAACCAAACGACGCAAAAAGGGCA
AAAAAACAGCCGAGAACGAATGAAACGAATAGAAGAAGGGATAAAAGAACT
AGGGAGCCAAATACTAAAAGAACACCCGGTAGAAAACACGCAACTACAAAR
CGAAAAACTATACCTATACTACCTACAAAACGGGCGAGACATGTACGTAGA
CCAAGAACTAGACATAAACCGACTAAGCGACTACGACGTAGACCACATAGT
ACCGCAAAGCTTCCTAAAAGACGACAGCATAGACAACAAAGTACTAACGCG
AAGCGACAAAAACCGAGGGAAAAGCGACAACGTACCGAGCGAAGAAGTAGT
AAAAAAAATGAAAAACTACTGGCGACAACTACTAAACGCGAAACTAATAAC
GCAACGAAAATTCGACAACCTAACGAAAGCGGAACGAGGGGGGCTAAGCGA
ACTAGACAAAGCGGGGTTCATAAAACGACAACTAGTAGAAACGCGACAAAT
AACGAAACACGTAGCGCAAATACTAGACAGCCGAATGAACACGAAATACGA
CGAAAACGACAAACTAATACGAGAAGTAAAAGTAATAACGCTAAAAAGCAA
ACTAGTAAGCGACTTCCGAAAAGACTTCCAATTCTACAAAGTACGAGAAAT
AAACAACTACCACCACGCGCACGACGCGTACCTAAACGCGGTAGTAGGGAC
GGCGCTAATAAAAAAATACCCGAAACTAGAAAGCGAATTCGTATACGGGGA
CTACAAAGTATACGACGTACGAAAAATGATAGCGAAAAGCGAACAAGAAAT
AGGGAAAGCGACGGCGAAATACTTCTTCTACAGCAACATAATGAACTTCTT
CAAAACGGAAATAACGCTAGCGAACGGGGAAATACGAAAACGACCGCTAAT
AGAAACGAACGGGGAAACGGGGGAAATAGTATGGGACAAAGGGCGAGACTT
CGCGACGGTACGAAAAGTACTAAGCATGCCGCAAGTAAACATAGTAAAARAA
AACGGAAGTACAAACGGGGGGGTTCAGCAAAGAAAGCATACTACCGAAACG
AAACAGCGACAAACTAATAGCGCGAAAAAAAGACTGGGACCCGAAAAAATA
CGGGGGGTTCGACAGCCCGACGGTAGCGTACAGCGTACTAGTAGTAGCGAA
AGTAGAAAAAGGGAAAAGCAAAAAACTAAAAAGCGTAAAAGAACTACTAGG
GATAACGATAATGGAACGAAGCAGCTTCGAAAAAAACCCGATAGACTTCCT
AGAAGCGAAAGGGTACAAAGAAGTAAAAAAAGACCTAATAATAAAACTACC
GAAATACAGCCTATTCGAACTAGAAAACGGGCGAAAACGAATGCTAGCGAG
CGCGGGGGAACTACAAAAAGGGAACGAACTAGCGCTACCGAGCAAATACGT
AAACTTCCTATACCTAGCGAGCCACTACGAAAAACTAAAAGGGAGCCCGGA
AGACAACGAACAAAAACAACTATTCGTAGAACAACACAAACACTACCTAGA
CGAAATAATAGAACAAATAAGCGAATTCAGCAAACGAGTAATACTAGCGGA
CGCGAACCTAGACAAAGTACTAAGCGCGTACAACAAACACCGAGACARACC
GATACGAGAACAAGCGGAAAACATAATACACCTATTCACGCTAACGAACCT
AGGGGCGCCGGCGGCGTTCAAATACTTCGACACGACGATAGACCGAAAACG
ATACACGAGCACGAAAGAAGTACTAGACGCGACGCTAATACACCAAAGCAT
AACGGGGCTATACGAAACGCGAATAGACCTAAGCCAACTAGGGGGGGACGG
GGGGGGGAGCCCGAAAAAAAAACGAAAAGTATGACTAGCCATCACATTTAA
AAGCATCTCAGCCTACCATGAGAATAAGAGAAAGAAAATGAAGATCAATAG
CTTATTCATCTCTTTTTCTTTTTCGTTGGTGTAAAGCCAACACCCTGTCTA
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ARAAACATAAATTTCTTTAATCATTTTGCCTCTTTTCTCTGTGCTTCAATT
AATAAAAAATGGAAAGAACCTCGAG

Cas9 AGGTCCCGCAGTCGGCGTCCAGCGGCTCTGCTTGTTCGTGTGTGTGTCGTT 256

transcript GCAGGCCTTATTCGGATCCGCCACCATGGACAAGAAGTACAGCATCGGACT

with AGG as
first three
nucleotides
for use with
CleanCap ™,
5' UTR of
HSD, ORF
corresponding
to SEQ ID
NO: 204,
Kozak
sequence,
and 3' UTR
of ALB

GGACATCGGAACAAACAGCGTCGGATGGGCAGTCATCACAGACGAATACAA
GGTCCCGAGCAAGAAGTTCAAGGTCCTGGGAAACACAGACAGACACAGCAT
CAAGAAGAACCTGATCGGAGCACTGCTGTTCGACAGCGGAGAAACAGCAGA
AGCAACAAGACTGAAGAGAACAGCAAGAAGAAGATACACAAGAAGAAAGAR
CAGAATCTGCTACCTGCAGGAAATCTTCAGCAACGAAATGGCAAAGGTCGA
CGACAGCTTCTTCCACAGACTGGAAGAAAGCTTCCTGGTCGAAGAAGACAA
GAAGCACGAAAGACACCCGATCTTCGGAAACATCGTCGACGAAGTCGCATA
CCACGAAAAGTACCCGACAATCTACCACCTGAGAAAGAAGCTGGTCGACAG
CACAGACAAGGCAGACCTGAGACTGATCTACCTGGCACTGGCACACATGAT
CAAGTTCAGAGGACACTTCCTGATCGAAGGAGACCTGAACCCGGACAACAG
CGACGTCGACAAGCTGTTCATCCAGCTGGTCCAGACATACAACCAGCTGTT
CGAAGAAAACCCGATCAACGCAAGCGGAGTCGACGCAAAGGCAATCCTGAG
CGCAAGACTGAGCAAGAGCAGAAGACTGGAAAACCTGATCGCACAGCTGCC
GGGAGAAAAGAAGAACGGACTGTTCGGAAACCTGATCGCACTGAGCCTGGG
ACTGACACCGAACTTCAAGAGCAACTTCGACCTGGCAGAAGACGCARAAGCT
GCAGCTGAGCAAGGACACATACGACGACGACCTGGACAACCTGCTGGCACA
GATCGGAGACCAGTACGCAGACCTGTTCCTGGCAGCAAAGAACCTGAGCGA
CGCAATCCTGCTGAGCGACATCCTGAGAGTCAACACAGAAATCACAAAGGC
ACCGCTGAGCGCAAGCATGATCAAGAGATACGACGAACACCACCAGGACCT
GACACTGCTGAAGGCACTGGTCAGACAGCAGCTGCCGGAAAAGTACAAGGA
AATCTTCTTCGACCAGAGCAAGAACGGATACGCAGGATACATCGACGGAGG
AGCAAGCCAGGAAGAATTCTACAAGTTCATCAAGCCGATCCTGGAAAAGAT
GGACGGAACAGAAGAACTGCTGGTCAAGCTGAACAGAGAAGACCTGCTGAG
AAAGCAGAGAACATTCGACAACGGAAGCATCCCGCACCAGATCCACCTGGG
AGAACTGCACGCAATCCTGAGAAGACAGGAAGACTTCTACCCGTTCCTGAA
GGACAACAGAGAAAAGATCGAAAAGATCCTGACATTCAGAATCCCGTACTA
CGTCGGACCGCTGGCAAGAGGAAACAGCAGATTCGCATGGATGACAAGARAA
GAGCGAAGAAACAATCACACCGTGGAACTTCGAAGAAGTCGTCGACAAGGG
AGCAAGCGCACAGAGCTTCATCGAAAGAATGACAAACTTCGACAAGAACCT
GCCGAACGAAAAGGTCCTGCCGAAGCACAGCCTGCTGTACGAATACTTCAC
AGTCTACAACGAACTGACAAAGGTCAAGTACGTCACAGAAGGAATGAGAAR
GCCGGCATTCCTGAGCGGAGAACAGAAGAAGGCAATCGTCGACCTGCTGTT
CAAGACAAACAGAAAGGTCACAGTCAAGCAGCTGAAGGAAGACTACTTCAA
GAAGATCGAATGCTTCGACAGCGTCGAAATCAGCGGAGTCGAAGACAGATT
CAACGCAAGCCTGGGAACATACCACGACCTGCTGAAGATCATCAAGGACAA
GGACTTCCTGGACAACGAAGAAAACGAAGACATCCTGGAAGACATCGTCCT
GACACTGACACTGTTCGAAGACAGAGAAATGATCGAAGAAAGACTGAAGAC
ATACGCACACCTGTTCGACGACAAGGTCATGAAGCAGCTGAAGAGAAGAAG
ATACACAGGATGGGGAAGACTGAGCAGAAAGCTGATCAACGGAATCAGAGA
CAAGCAGAGCGGAAAGACAATCCTGGACTTCCTGAAGAGCGACGGATTCGC
AAACAGAAACTTCATGCAGCTGATCCACGACGACAGCCTGACATTCAAGGA
AGACATCCAGAAGGCACAGGTCAGCGGACAGGGAGACAGCCTGCACGAACA
CATCGCAAACCTGGCAGGAAGCCCGGCAATCAAGAAGGGAATCCTGCAGAC
AGTCAAGGTCGTCGACGAACTGGTCAAGGTCATGGGAAGACACAAGCCGGA
AAACATCGTCATCGAAATGGCAAGAGAAAACCAGACAACACAGAAGGGACA
GAAGAACAGCAGAGAAAGAATGAAGAGAATCGAAGAAGGAATCAAGGAACT
GGGAAGCCAGATCCTGAAGGAACACCCGGTCGAAAACACACAGCTGCAGAA
CGAAAAGCTGTACCTGTACTACCTGCAGAACGGAAGAGACATGTACGTCGA
CCAGGAACTGGACATCAACAGACTGAGCGACTACGACGTCGACCACATCGT
CCCGCAGAGCTTCCTGAAGGACGACAGCATCGACAACAAGGTCCTGACAAG
AAGCGACAAGAACAGAGGAAAGAGCGACAACGTCCCGAGCGAAGAAGTCGT
CAAGAAGATGAAGAACTACTGGAGACAGCTGCTGAACGCAAAGCTGATCAC
ACAGAGAAAGTTCGACAACCTGACAAAGGCAGAGAGAGGAGGACTGAGCGA
ACTGGACAAGGCAGGATTCATCAAGAGACAGCTGGTCGAAACAAGACAGAT
CACAAAGCACGTCGCACAGATCCTGGACAGCAGAATGAACACAAAGTACGA
CGAAAACGACAAGCTGATCAGAGAAGTCAAGGTCATCACACTGAAGAGCAA
GCTGGTCAGCGACTTCAGAAAGGACTTCCAGTTCTACAAGGTCAGAGAAAT
CAACAACTACCACCACGCACACGACGCATACCTGAACGCAGTCGTCGGAAC
AGCACTGATCAAGAAGTACCCGAAGCTGGAAAGCGAATTCGTCTACGGAGA
CTACAAGGTCTACGACGTCAGAAAGATGATCGCAAAGAGCGAACAGGAAAT
CGGAAAGGCAACAGCAAAGTACTTCTTCTACAGCAACATCATGAACTTCTT
CAAGACAGAAATCACACTGGCAAACGGAGAAATCAGAAAGAGACCGCTGAT
CGAAACAAACGGAGAAACAGGAGAAATCGTCTGGGACAAGGGAAGAGACTT
CGCAACAGTCAGAAAGGTCCTGAGCATGCCGCAGGTCAACATCGTCAAGAA
GACAGAAGTCCAGACAGGAGGATTCAGCAAGGAAAGCATCCTGCCGAAGAG
AAACAGCGACAAGCTGATCGCAAGAAAGAAGGACTGGGACCCGAAGAAGTA
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CGGAGGATTCGACAGCCCGACAGTCGCATACAGCGTCCTGGTCGTCGCARAA
GGTCGAAAAGGGAAAGAGCAAGAAGCTGAAGAGCGTCAAGGAACTGCTGGG
AATCACAATCATGGAAAGAAGCAGCTTCGAAAAGAACCCGATCGACTTCCT
GGAAGCAAAGGGATACAAGGAAGTCAAGAAGGACCTGATCATCAAGCTGCC
GAAGTACAGCCTGTTCGAACTGGAAAACGGAAGAAAGAGAATGCTGGCAAG
CGCAGGAGAACTGCAGAAGGGAAACGAACTGGCACTGCCGAGCAAGTACGT
CAACTTCCTGTACCTGGCAAGCCACTACGAAAAGCTGAAGGGAAGCCCGGA
AGACAACGAACAGAAGCAGCTGTTCGTCGAACAGCACAAGCACTACCTGGA
CGAAATCATCGAACAGATCAGCGAATTCAGCAAGAGAGTCATCCTGGCAGA
CGCAAACCTGGACAAGGTCCTGAGCGCATACAACAAGCACAGAGACAAGCC
GATCAGAGAACAGGCAGAAAACATCATCCACCTGTTCACACTGACAAACCT
GGGAGCACCGGCAGCATTCAAGTACTTCGACACAACAATCGACAGAAAGAG
ATACACAAGCACAAAGGAAGTCCTGGACGCAACACTGATCCACCAGAGCAT
CACAGGACTGTACGAAACAAGAATCGACCTGAGCCAGCTGGGAGGAGACGG
AGGAGGAAGCCCGAAGAAGAAGAGAAAGGTCTAGCTAGCCATCACATTTAA
AAGCATCTCAGCCTACCATGAGAATAAGAGAAAGAAAATGAAGATCAATAG
CTTATTCATCTCTTTTTCTTTTTCGTTGGTGTAAAGCCAACACCCTGTCTA
ARAAACATAAATTTCTTTAATCATTTTGCCTCTTTTCTCTGTGCTTCAATT
AATAAAAAATGGAAAGAACCTCGAG

GGGCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGA
CACCGGGACCGATCCAGCCTCCGCGGCCGGGAACGGTGCATTGGAACGCGG
ATTCCCCGTGCCAAGAGTGACTCACCGTCCTTGACACGGCCACCATGGACA
AGAAGTACAGCATCGGACTGGACATCGGAACAAACAGCGTCGGATGGGCAG
TCATCACAGACGAATACAAGGTCCCGAGCAAGAAGTTCAAGGTCCTGGGAA
ACACAGACAGACACAGCATCAAGAAGAACCTGATCGGAGCACTGCTGTTCG
ACAGCGGAGAAACAGCAGAAGCAACAAGACTGAAGAGAACAGCAAGAAGAA
GATACACAAGAAGAAAGAACAGAATCTGCTACCTGCAGGAAATCTTCAGCA
ACGAAATGGCAAAGGTCGACGACAGCTTCTTCCACAGACTGGAAGARAAGCT
TCCTGGTCGAAGAAGACAAGAAGCACGAAAGACACCCGATCTTCGGAAACA
TCGTCGACGAAGTCGCATACCACGAAAAGTACCCGACAATCTACCACCTGA
GAAAGAAGCTGGTCGACAGCACAGACAAGGCAGACCTGAGACTGATCTACC
TGGCACTGGCACACATGATCAAGTTCAGAGGACACTTCCTGATCGAAGGAG
ACCTGAACCCGGACAACAGCGACGTCGACAAGCTGTTCATCCAGCTGGTCC
AGACATACAACCAGCTGTTCGAAGAAAACCCGATCAACGCAAGCGGAGTCG
ACGCAAAGGCAATCCTGAGCGCAAGACTGAGCAAGAGCAGAAGACTGGAAA
ACCTGATCGCACAGCTGCCGGGAGAAAAGAAGAACGGACTGTTCGGAAACC
TGATCGCACTGAGCCTGGGACTGACACCGAACTTCAAGAGCAACTTCGACC
TGGCAGAAGACGCAAAGCTGCAGCTGAGCAAGGACACATACGACGACGACC
TGGACAACCTGCTGGCACAGATCGGAGACCAGTACGCAGACCTGTTCCTGG
CAGCAAAGAACCTGAGCGACGCAATCCTGCTGAGCGACATCCTGAGAGTCA
ACACAGAAATCACAAAGGCACCGCTGAGCGCAAGCATGATCAAGAGATACG
ACGAACACCACCAGGACCTGACACTGCTGAAGGCACTGGTCAGACAGCAGC
TGCCGGAAAAGTACAAGGAAATCTTCTTCGACCAGAGCAAGAACGGATACG
CAGGATACATCGACGGAGGAGCAAGCCAGGAAGAATTCTACAAGTTCATCA
AGCCGATCCTGGAAAAGATGGACGGAACAGAAGAACTGCTGGTCAAGCTGA
ACAGAGAAGACCTGCTGAGAAAGCAGAGAACATTCGACAACGGAAGCATCC
CGCACCAGATCCACCTGGGAGAACTGCACGCAATCCTGAGAAGACAGGAAG
ACTTCTACCCGTTCCTGAAGGACAACAGAGAAAAGATCGAAAAGATCCTGA
CATTCAGAATCCCGTACTACGTCGGACCGCTGGCAAGAGGAAACAGCAGAT
TCGCATGGATGACAAGAAAGAGCGAAGAAACAATCACACCGTGGAACTTCG
AAGAAGTCGTCGACAAGGGAGCAAGCGCACAGAGCTTCATCGAAAGAATGA
CAAACTTCGACAAGAACCTGCCGAACGAAAAGGTCCTGCCGAAGCACAGCC
TGCTGTACGAATACTTCACAGTCTACAACGAACTGACAAAGGTCAAGTACG
TCACAGAAGGAATGAGAAAGCCGGCATTCCTGAGCGGAGAACAGAAGAAGG
CAATCGTCGACCTGCTGTTCAAGACAAACAGAAAGGTCACAGTCAAGCAGC
TGAAGGAAGACTACTTCAAGAAGATCGAATGCTTCGACAGCGTCGAAATCA
GCGGAGTCGAAGACAGATTCAACGCAAGCCTGGGAACATACCACGACCTGC
TGAAGATCATCAAGGACAAGGACTTCCTGGACAACGAAGAAAACGAAGACA
TCCTGGAAGACATCGTCCTGACACTGACACTGTTCGAAGACAGAGAAATGA
TCGAAGAAAGACTGAAGACATACGCACACCTGTTCGACGACAAGGTCATGA
AGCAGCTGAAGAGAAGAAGATACACAGGATGGGGAAGACTGAGCAGAAAGC
TGATCAACGGAATCAGAGACAAGCAGAGCGGAAAGACAATCCTGGACTTCC
TGAAGAGCGACGGATTCGCAAACAGAAACTTCATGCAGCTGATCCACGACG
ACAGCCTGACATTCAAGGAAGACATCCAGAAGGCACAGGTCAGCGGACAGG
GAGACAGCCTGCACGAACACATCGCAAACCTGGCAGGAAGCCCGGCAATCA
AGAAGGGAATCCTGCAGACAGTCAAGGTCGTCGACGAACTGGTCAAGGTCA
TGGGAAGACACAAGCCGGAAAACATCGTCATCGAAATGGCAAGAGAARACC
AGACAACACAGAAGGGACAGAAGAACAGCAGAGAAAGAATGAAGAGAATCG
AAGAAGGAATCAAGGAACTGGGAAGCCAGATCCTGAAGGAACACCCGGTCG
AAAACACACAGCTGCAGAACGAAAAGCTGTACCTGTACTACCTGCAGAACG
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GAAGAGACATGTACGTCGACCAGGAACTGGACATCAACAGACTGAGCGACT
ACGACGTCGACCACATCGTCCCGCAGAGCTTCCTGAAGGACGACAGCATCG
ACAACAAGGTCCTGACAAGAAGCGACAAGAACAGAGGAAAGAGCGACAACG
TCCCGAGCGAAGAAGTCGTCAAGAAGATGAAGAACTACTGGAGACAGCTGC
TGAACGCAAAGCTGATCACACAGAGAAAGTTCGACAACCTGACAAAGGCAG
AGAGAGGAGGACTGAGCGAACTGGACAAGGCAGGATTCATCAAGAGACAGC
TGGTCGAAACAAGACAGATCACAAAGCACGTCGCACAGATCCTGGACAGCA
GAATGAACACAAAGTACGACGAAAACGACAAGCTGATCAGAGAAGTCAAGG
TCATCACACTGAAGAGCAAGCTGGTCAGCGACTTCAGAAAGGACTTCCAGT
TCTACAAGGTCAGAGAAATCAACAACTACCACCACGCACACGACGCATACC
TGAACGCAGTCGTCGGAACAGCACTGATCAAGAAGTACCCGAAGCTGGARAA
GCGAATTCGTCTACGGAGACTACAAGGTCTACGACGTCAGAAAGATGATCG
CAAAGAGCGAACAGGAAATCGGAAAGGCAACAGCAAAGTACTTCTTCTACA
GCAACATCATGAACTTCTTCAAGACAGAAATCACACTGGCAAACGGAGAAA
TCAGAAAGAGACCGCTGATCGAAACAAACGGAGAAACAGGAGAAATCGTCT
GGGACAAGGGAAGAGACTTCGCAACAGTCAGAAAGGTCCTGAGCATGCCGC
AGGTCAACATCGTCAAGAAGACAGAAGTCCAGACAGGAGGATTCAGCAAGG
AAAGCATCCTGCCGAAGAGAAACAGCGACAAGCTGATCGCAAGAAAGAAGG
ACTGGGACCCGAAGAAGTACGGAGGATTCGACAGCCCGACAGTCGCATACA
GCGTCCTGGTCGTCGCAAAGGTCGAAAAGGGAAAGAGCAAGAAGCTGAAGA
GCGTCAAGGAACTGCTGGGAATCACAATCATGGAAAGAAGCAGCTTCGAAA
AGAACCCGATCGACTTCCTGGAAGCAAAGGGATACAAGGAAGTCAAGAAGG
ACCTGATCATCAAGCTGCCGAAGTACAGCCTGTTCGAACTGGAAAACGGAA
GAAAGAGAATGCTGGCAAGCGCAGGAGAACTGCAGAAGGGAAACGAACTGG
CACTGCCGAGCAAGTACGTCAACTTCCTGTACCTGGCAAGCCACTACGAAA
AGCTGAAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCTGTTCGTCGAAC
AGCACAAGCACTACCTGGACGAAATCATCGAACAGATCAGCGAATTCAGCA
AGAGAGTCATCCTGGCAGACGCAAACCTGGACAAGGTCCTGAGCGCATACA
ACAAGCACAGAGACAAGCCGATCAGAGAACAGGCAGAAAACATCATCCACC
TGTTCACACTGACAAACCTGGGAGCACCGGCAGCATTCAAGTACTTCGACA
CAACAATCGACAGAAAGAGATACACAAGCACAAAGGAAGTCCTGGACGCAA
CACTGATCCACCAGAGCATCACAGGACTGTACGAAACAAGAATCGACCTGA
GCCAGCTGGGAGGAGACGGAGGAGGAAGCCCGAAGAAGAAGAGAAAGGTCT
AGCTAGCCATCACATTTAAAAGCATCTCAGCCTACCATGAGAATAAGAGAA
AGAAAATGAAGATCAATAGCTTATTCATCTCTTTTTCTTTTTCGTTGGTGT
AAAGCCAACACCCTGTCTAAAAAACATAAATTTCTTTAATCATTTTGCCTC
TTTTCTCTGTGCTTCAATTAATAAAAAATGGAAAGAACCTCGAG

GGGACATTTGCTTCTGACACAACTGTGTTCACTAGCAACCTCAAACAGACA
CCGGATCTGCCACCATGGACAAGAAGTACAGCATCGGACTGGACATCGGAA
CAAACAGCGTCGGATGGGCAGTCATCACAGACGAATACAAGGTCCCGAGCA
AGAAGTTCAAGGTCCTGGGAAACACAGACAGACACAGCATCAAGAAGAACC
TGATCGGAGCACTGCTGTTCGACAGCGGAGAAACAGCAGAAGCAACAAGAC
TGAAGAGAACAGCAAGAAGAAGATACACAAGAAGAAAGAACAGAATCTGCT
ACCTGCAGGAAATCTTCAGCAACGAAATGGCAAAGGTCGACGACAGCTTCT
TCCACAGACTGGAAGAAAGCTTCCTGGTCGAAGAAGACAAGAAGCACGAAA
GACACCCGATCTTCGGAAACATCGTCGACGAAGTCGCATACCACGAAAAGT
ACCCGACAATCTACCACCTGAGAAAGAAGCTGGTCGACAGCACAGACAAGG
CAGACCTGAGACTGATCTACCTGGCACTGGCACACATGATCAAGTTCAGAG
GACACTTCCTGATCGAAGGAGACCTGAACCCGGACAACAGCGACGTCGACA
AGCTGTTCATCCAGCTGGTCCAGACATACAACCAGCTGTTCGAAGAAAACC
CGATCAACGCAAGCGGAGTCGACGCAAAGGCAATCCTGAGCGCAAGACTGA
GCAAGAGCAGAAGACTGGAAAACCTGATCGCACAGCTGCCGGGAGAAAAGA
AGAACGGACTGTTCGGAAACCTGATCGCACTGAGCCTGGGACTGACACCGA
ACTTCAAGAGCAACTTCGACCTGGCAGAAGACGCAAAGCTGCAGCTGAGCA
AGGACACATACGACGACGACCTGGACAACCTGCTGGCACAGATCGGAGACC
AGTACGCAGACCTGTTCCTGGCAGCAAAGAACCTGAGCGACGCAATCCTGC
TGAGCGACATCCTGAGAGTCAACACAGAAATCACAAAGGCACCGCTGAGCG
CAAGCATGATCAAGAGATACGACGAACACCACCAGGACCTGACACTGCTGA
AGGCACTGGTCAGACAGCAGCTGCCGGAAAAGTACAAGGAAATCTTCTTCG
ACCAGAGCAAGAACGGATACGCAGGATACATCGACGGAGGAGCAAGCCAGG
AAGAATTCTACAAGTTCATCAAGCCGATCCTGGAAAAGATGGACGGAACAG
AAGAACTGCTGGTCAAGCTGAACAGAGAAGACCTGCTGAGAAAGCAGAGAA
CATTCGACAACGGAAGCATCCCGCACCAGATCCACCTGGGAGAACTGCACG
CAATCCTGAGAAGACAGGAAGACTTCTACCCGTTCCTGAAGGACAACAGAG
AAAAGATCGAAAAGATCCTGACATTCAGAATCCCGTACTACGTCGGACCGC
TGGCAAGAGGAAACAGCAGATTCGCATGGATGACAAGAAAGAGCGAAGAAA
CAATCACACCGTGGAACTTCGAAGAAGTCGT CGACAAGGGAGCAAGCGCAC
AGAGCTTCATCGAAAGAATGACAAACTTCGACAAGAACCTGCCGAACGAAR
AGGTCCTGCCGAAGCACAGCCTGCTGTACGAATACTTCACAGTCTACAACG
AACTGACAAAGGTCAAGTACGTCACAGAAGGAATGAGAAAGCCGGCATTCC
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TGAGCGGAGAACAGAAGAAGGCAATCGTCGACCTGCTGTTCAAGACAAACA
GAAAGGTCACAGTCAAGCAGCTGAAGGAAGACTACTTCAAGAAGATCGAAT
GCTTCGACAGCGTCGAAATCAGCGGAGTCGAAGACAGATTCAACGCAAGCC
TGGGAACATACCACGACCTGCTGAAGATCATCAAGGACAAGGACTTCCTGG
ACAACGAAGAAAACGAAGACATCCTGGAAGACATCGTCCTGACACTGACAC
TGTTCGAAGACAGAGAAATGATCGAAGAAAGACTGAAGACATACGCACACC
TGTTCGACGACAAGGTCATGAAGCAGCTGAAGAGAAGAAGATACACAGGAT
GGGGAAGACTGAGCAGAAAGCTGATCAACGGAATCAGAGACAAGCAGAGCG
GAAAGACAATCCTGGACTTCCTGAAGAGCGACGGATTCGCAAACAGAAACT
TCATGCAGCTGATCCACGACGACAGCCTGACATTCAAGGAAGACATCCAGA
AGGCACAGGTCAGCGGACAGGGAGACAGCCTGCACGAACACATCGCARACC
TGGCAGGAAGCCCGGCAATCAAGAAGGGAATCCTGCAGACAGTCAAGGTCG
TCGACGAACTGGTCAAGGTCATGGGAAGACACAAGCCGGAAAACATCGTCA
TCGAAATGGCAAGAGAAAACCAGACAACACAGAAGGGACAGAAGAACAGCA
GAGAAAGAATGAAGAGAATCGAAGAAGGAATCAAGGAACTGGGAAGCCAGA
TCCTGAAGGAACACCCGGTCGAAAACACACAGCTGCAGAACGAAAAGCTGT
ACCTGTACTACCTGCAGAACGGAAGAGACATGTACGTCGACCAGGAACTGG
ACATCAACAGACTGAGCGACTACGACGTCGACCACATCGTCCCGCAGAGCT
TCCTGAAGGACGACAGCATCGACAACAAGGTCCTGACAAGAAGCGACAAGA
ACAGAGGAAAGAGCGACAACGTCCCGAGCGAAGAAGTCGTCAAGAAGATGA
AGAACTACTGGAGACAGCTGCTGAACGCAAAGCTGATCACACAGAGAAAGT
TCGACAACCTGACAAAGGCAGAGAGAGGAGGACTGAGCGAACTGGACAAGG
CAGGATTCATCAAGAGACAGCTGGTCGAAACAAGACAGATCACAAAGCACG
TCGCACAGATCCTGGACAGCAGAATGAACACAAAGTACGACGAAAACGACA
AGCTGATCAGAGAAGTCAAGGTCATCACACTGAAGAGCAAGCTGGTCAGCG
ACTTCAGAAAGGACTTCCAGTTCTACAAGGTCAGAGAAATCAACAACTACC
ACCACGCACACGACGCATACCTGAACGCAGTCGTCGGAACAGCACTGATCA
AGAAGTACCCGAAGCTGGAAAGCGAATTCGTCTACGGAGACTACAAGGTCT
ACGACGTCAGAAAGATGATCGCAAAGAGCGAACAGGAAATCGGAAAGGCAA
CAGCAAAGTACTTCTTCTACAGCAACATCATGAACTTCTTCAAGACAGAAA
TCACACTGGCAAACGGAGAAATCAGAAAGAGACCGCTGATCGAAACAAACG
GAGAAACAGGAGAAATCGTCTGGGACAAGGGAAGAGACTTCGCAACAGTCA
GAAAGGTCCTGAGCATGCCGCAGGTCAACATCGTCAAGAAGACAGAAGTCC
AGACAGGAGGATTCAGCAAGGAAAGCATCCTGCCGAAGAGAAACAGCGACA
AGCTGATCGCAAGAAAGAAGGACTGGGACCCGAAGAAGTACGGAGGATTCG
ACAGCCCGACAGTCGCATACAGCGTCCTGGTCGTCGCAAAGGTCGAAAAGG
GAAAGAGCAAGAAGCTGAAGAGCGTCAAGGAACTGCTGGGAATCACAATCA
TGGAAAGAAGCAGCTTCGAAAAGAACCCGATCGACTTCCTGGAAGCAAAGG
GATACAAGGAAGTCAAGAAGGACCTGATCATCAAGCTGCCGAAGTACAGCC
TGTTCGAACTGGAAAACGGAAGAAAGAGAATGCTGGCAAGCGCAGGAGAAC
TGCAGAAGGGAAACGAACTGGCACTGCCGAGCAAGTACGTCAACTTCCTGT
ACCTGGCAAGCCACTACGAAAAGCTGAAGGGAAGCCCGGAAGACAACGAAC
AGAAGCAGCTGTTCGTCGAACAGCACAAGCACTACCTGGACGAAATCATCG
AACAGATCAGCGAATTCAGCAAGAGAGTCATCCTGGCAGACGCAAACCTGG
ACAAGGTCCTGAGCGCATACAACAAGCACAGAGACAAGCCGATCAGAGAAC
AGGCAGAAAACATCATCCACCTGTTCACACTGACAAACCTGGGAGCACCGG
CAGCATTCAAGTACTTCGACACAACAATCGACAGAAAGAGATACACAAGCA
CAAAGGAAGTCCTGGACGCAACACTGATCCACCAGAGCATCACAGGACTGT
ACGAAACAAGAATCGACCTGAGCCAGCTGGGAGGAGACGGAGGAGGAAGCC
CGAAGAAGAAGAGAAAGGTCTAGCTAGCGCTCGCTTTCTTGCTGTCCAATT
TCTATTAAAGGTTCCTTTGTTCCCTAAGTCCAACTACTAAACTGGGGGATA
TTATGAAGGGCCTTGAGCATCTGGATTCTGCCTAATAAAAAACATTTATTT
TCATTGCCTCGAG

GGGAAGCTCAGAATAAACGCTCAACTTTGGCCGGATCTGCCACCATGGACA
AGAAGTACAGCATCGGACTGGACATCGGAACAAACAGCGTCGGATGGGCAG
TCATCACAGACGAATACAAGGTCCCGAGCAAGAAGTTCAAGGTCCTGGGAA
ACACAGACAGACACAGCATCAAGAAGAACCTGATCGGAGCACTGCTGTTCG
ACAGCGGAGAAACAGCAGAAGCAACAAGACTGAAGAGAACAGCAAGAAGAA
GATACACAAGAAGAAAGAACAGAATCTGCTACCTGCAGGAAATCTTCAGCA
ACGAAATGGCAAAGGTCGACGACAGCTTCTTCCACAGACTGGAAGARAAGCT
TCCTGGTCGAAGAAGACAAGAAGCACGAAAGACACCCGATCTTCGGAAACA
TCGTCGACGAAGTCGCATACCACGAAAAGTACCCGACAATCTACCACCTGA
GAAAGAAGCTGGTCGACAGCACAGACAAGGCAGACCTGAGACTGATCTACC
TGGCACTGGCACACATGATCAAGTTCAGAGGACACTTCCTGATCGAAGGAG
ACCTGAACCCGGACAACAGCGACGTCGACAAGCTGTTCATCCAGCTGGTCC
AGACATACAACCAGCTGTTCGAAGAAAACCCGATCAACGCAAGCGGAGTCG
ACGCAAAGGCAATCCTGAGCGCAAGACTGAGCAAGAGCAGAAGACTGGAAA
ACCTGATCGCACAGCTGCCGGGAGAAAAGAAGAACGGACTGTTCGGAAACC
TGATCGCACTGAGCCTGGGACTGACACCGAACTTCAAGAGCAACTTCGACC
TGGCAGAAGACGCAAAGCTGCAGCTGAGCAAGGACACATACGACGACGACC

259

Aug. 6, 2020



US 2020/0248180 Al

130

-continued

Sequence Table

Description

Sequence

SEQ
ID No.

Cas9
transcript

TGGACAACCTGCTGGCACAGATCGGAGACCAGTACGCAGACCTGTTCCTGG
CAGCAAAGAACCTGAGCGACGCAATCCTGCTGAGCGACATCCTGAGAGTCA
ACACAGAAATCACAAAGGCACCGCTGAGCGCAAGCATGATCAAGAGATACG
ACGAACACCACCAGGACCTGACACTGCTGAAGGCACTGGTCAGACAGCAGC
TGCCGGAAAAGTACAAGGAAATCTTCTTCGACCAGAGCAAGAACGGATACG
CAGGATACATCGACGGAGGAGCAAGCCAGGAAGAATTCTACAAGTTCATCA
AGCCGATCCTGGAAAAGATGGACGGAACAGAAGAACTGCTGGTCAAGCTGA
ACAGAGAAGACCTGCTGAGAAAGCAGAGAACATTCGACAACGGAAGCATCC
CGCACCAGATCCACCTGGGAGAACTGCACGCAATCCTGAGAAGACAGGAAG
ACTTCTACCCGTTCCTGAAGGACAACAGAGAAAAGATCGAAAAGATCCTGA
CATTCAGAATCCCGTACTACGTCGGACCGCTGGCAAGAGGAAACAGCAGAT
TCGCATGGATGACAAGAAAGAGCGAAGAAACAATCACACCGTGGAACTTCG
AAGAAGTCGTCGACAAGGGAGCAAGCGCACAGAGCTTCATCGAAAGAATGA
CAAACTTCGACAAGAACCTGCCGAACGAAAAGGTCCTGCCGAAGCACAGCC
TGCTGTACGAATACTTCACAGTCTACAACGAACTGACAAAGGTCAAGTACG
TCACAGAAGGAATGAGAAAGCCGGCATTCCTGAGCGGAGAACAGAAGAAGG
CAATCGTCGACCTGCTGTTCAAGACAAACAGAAAGGTCACAGTCAAGCAGC
TGAAGGAAGACTACTTCAAGAAGATCGAATGCTTCGACAGCGTCGAAATCA
GCGGAGTCGAAGACAGATTCAACGCAAGCCTGGGAACATACCACGACCTGC
TGAAGATCATCAAGGACAAGGACTTCCTGGACAACGAAGAAAACGAAGACA
TCCTGGAAGACATCGTCCTGACACTGACACTGTTCGAAGACAGAGAAATGA
TCGAAGAAAGACTGAAGACATACGCACACCTGTTCGACGACAAGGTCATGA
AGCAGCTGAAGAGAAGAAGATACACAGGATGGGGAAGACTGAGCAGAAAGC
TGATCAACGGAATCAGAGACAAGCAGAGCGGAAAGACAATCCTGGACTTCC
TGAAGAGCGACGGATTCGCAAACAGAAACTTCATGCAGCTGATCCACGACG
ACAGCCTGACATTCAAGGAAGACATCCAGAAGGCACAGGTCAGCGGACAGG
GAGACAGCCTGCACGAACACATCGCAAACCTGGCAGGAAGCCCGGCAATCA
AGAAGGGAATCCTGCAGACAGTCAAGGTCGTCGACGAACTGGTCAAGGTCA
TGGGAAGACACAAGCCGGAAAACATCGTCATCGAAATGGCAAGAGAARACC
AGACAACACAGAAGGGACAGAAGAACAGCAGAGAAAGAATGAAGAGAATCG
AAGAAGGAATCAAGGAACTGGGAAGCCAGATCCTGAAGGAACACCCGGTCG
AAAACACACAGCTGCAGAACGAAAAGCTGTACCTGTACTACCTGCAGAACG
GAAGAGACATGTACGTCGACCAGGAACTGGACATCAACAGACTGAGCGACT
ACGACGTCGACCACATCGTCCCGCAGAGCTTCCTGAAGGACGACAGCATCG
ACAACAAGGTCCTGACAAGAAGCGACAAGAACAGAGGAAAGAGCGACAACG
TCCCGAGCGAAGAAGTCGTCAAGAAGATGAAGAACTACTGGAGACAGCTGC
TGAACGCAAAGCTGATCACACAGAGAAAGTTCGACAACCTGACAAAGGCAG
AGAGAGGAGGACTGAGCGAACTGGACAAGGCAGGATTCATCAAGAGACAGC
TGGTCGAAACAAGACAGATCACAAAGCACGTCGCACAGATCCTGGACAGCA
GAATGAACACAAAGTACGACGAAAACGACAAGCTGATCAGAGAAGTCAAGG
TCATCACACTGAAGAGCAAGCTGGTCAGCGACTTCAGAAAGGACTTCCAGT
TCTACAAGGTCAGAGAAATCAACAACTACCACCACGCACACGACGCATACC
TGAACGCAGTCGTCGGAACAGCACTGATCAAGAAGTACCCGAAGCTGGARAA
GCGAATTCGTCTACGGAGACTACAAGGTCTACGACGTCAGAAAGATGATCG
CAAAGAGCGAACAGGAAATCGGAAAGGCAACAGCAAAGTACTTCTTCTACA
GCAACATCATGAACTTCTTCAAGACAGAAATCACACTGGCAAACGGAGAAA
TCAGAAAGAGACCGCTGATCGAAACAAACGGAGAAACAGGAGAAATCGTCT
GGGACAAGGGAAGAGACTTCGCAACAGTCAGAAAGGTCCTGAGCATGCCGC
AGGTCAACATCGTCAAGAAGACAGAAGTCCAGACAGGAGGATTCAGCAAGG
AAAGCATCCTGCCGAAGAGAAACAGCGACAAGCTGATCGCAAGAAAGAAGG
ACTGGGACCCGAAGAAGTACGGAGGATTCGACAGCCCGACAGTCGCATACA
GCGTCCTGGTCGTCGCAAAGGTCGAAAAGGGAAAGAGCAAGAAGCTGAAGA
GCGTCAAGGAACTGCTGGGAATCACAATCATGGAAAGAAGCAGCTTCGAAA
AGAACCCGATCGACTTCCTGGAAGCAAAGGGATACAAGGAAGTCAAGAAGG
ACCTGATCATCAAGCTGCCGAAGTACAGCCTGTTCGAACTGGAAAACGGAA
GAAAGAGAATGCTGGCAAGCGCAGGAGAACTGCAGAAGGGAAACGAACTGG
CACTGCCGAGCAAGTACGTCAACTTCCTGTACCTGGCAAGCCACTACGAAA
AGCTGAAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCTGTTCGTCGAAC
AGCACAAGCACTACCTGGACGAAATCATCGAACAGATCAGCGAATTCAGCA
AGAGAGTCATCCTGGCAGACGCAAACCTGGACAAGGTCCTGAGCGCATACA
ACAAGCACAGAGACAAGCCGATCAGAGAACAGGCAGAAAACATCATCCACC
TGTTCACACTGACAAACCTGGGAGCACCGGCAGCATTCAAGTACTTCGACA
CAACAATCGACAGAAAGAGATACACAAGCACAAAGGAAGTCCTGGACGCAA
CACTGATCCACCAGAGCATCACAGGACTGTACGAAACAAGAATCGACCTGA
GCCAGCTGGGAGGAGACGGAGGAGGAAGCCCGAAGAAGAAGAGAAAGGTCT
AGCTAGCACCAGCCTCAAGAACACCCGAATGGAGTCTCTAAGCTACATAAT
ACCAACTTACACTTTACAAAATGTTGTCCCCCAAAATGTAGCCATTCGTAT
CTGCTCCTAATAAAAAGAAAGTTTCTTCACATTCTCTCGAG

AGGAAGCTCAGAATAAACGCTCAACTTTGGCCGGATCTGCCACCATGGACA
AGAAGTACAGCATCGGACTGGACATCGGAACAAACAGCGTCGGATGGGCAG
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TCATCACAGACGAATACAAGGTCCCGAGCAAGAAGTTCAAGGTCCTGGGAA
ACACAGACAGACACAGCATCAAGAAGAACCTGATCGGAGCACTGCTGTTCG
ACAGCGGAGAAACAGCAGAAGCAACAAGACTGAAGAGAACAGCAAGAAGAA
GATACACAAGAAGAAAGAACAGAATCTGCTACCTGCAGGAAATCTTCAGCA
ACGAAATGGCAAAGGTCGACGACAGCTTCTTCCACAGACTGGAAGARAAGCT
TCCTGGTCGAAGAAGACAAGAAGCACGAAAGACACCCGATCTTCGGAAACA
TCGTCGACGAAGTCGCATACCACGAAAAGTACCCGACAATCTACCACCTGA
GAAAGAAGCTGGTCGACAGCACAGACAAGGCAGACCTGAGACTGATCTACC
TGGCACTGGCACACATGATCAAGTTCAGAGGACACTTCCTGATCGAAGGAG
ACCTGAACCCGGACAACAGCGACGTCGACAAGCTGTTCATCCAGCTGGTCC
AGACATACAACCAGCTGTTCGAAGAAAACCCGATCAACGCAAGCGGAGTCG
ACGCAAAGGCAATCCTGAGCGCAAGACTGAGCAAGAGCAGAAGACTGGAAA
ACCTGATCGCACAGCTGCCGGGAGAAAAGAAGAACGGACTGTTCGGAAACC
TGATCGCACTGAGCCTGGGACTGACACCGAACTTCAAGAGCAACTTCGACC
TGGCAGAAGACGCAAAGCTGCAGCTGAGCAAGGACACATACGACGACGACC
TGGACAACCTGCTGGCACAGATCGGAGACCAGTACGCAGACCTGTTCCTGG
CAGCAAAGAACCTGAGCGACGCAATCCTGCTGAGCGACATCCTGAGAGTCA
ACACAGAAATCACAAAGGCACCGCTGAGCGCAAGCATGATCAAGAGATACG
ACGAACACCACCAGGACCTGACACTGCTGAAGGCACTGGTCAGACAGCAGC
TGCCGGAAAAGTACAAGGAAATCTTCTTCGACCAGAGCAAGAACGGATACG
CAGGATACATCGACGGAGGAGCAAGCCAGGAAGAATTCTACAAGTTCATCA
AGCCGATCCTGGAAAAGATGGACGGAACAGAAGAACTGCTGGTCAAGCTGA
ACAGAGAAGACCTGCTGAGAAAGCAGAGAACATTCGACAACGGAAGCATCC
CGCACCAGATCCACCTGGGAGAACTGCACGCAATCCTGAGAAGACAGGAAG
ACTTCTACCCGTTCCTGAAGGACAACAGAGAAAAGATCGAAAAGATCCTGA
CATTCAGAATCCCGTACTACGTCGGACCGCTGGCAAGAGGAAACAGCAGAT
TCGCATGGATGACAAGAAAGAGCGAAGAAACAATCACACCGTGGAACTTCG
AAGAAGTCGTCGACAAGGGAGCAAGCGCACAGAGCTTCATCGAAAGAATGA
CAAACTTCGACAAGAACCTGCCGAACGAAAAGGTCCTGCCGAAGCACAGCC
TGCTGTACGAATACTTCACAGTCTACAACGAACTGACAAAGGTCAAGTACG
TCACAGAAGGAATGAGAAAGCCGGCATTCCTGAGCGGAGAACAGAAGAAGG
CAATCGTCGACCTGCTGTTCAAGACAAACAGAAAGGTCACAGTCAAGCAGC
TGAAGGAAGACTACTTCAAGAAGATCGAATGCTTCGACAGCGTCGAAATCA
GCGGAGTCGAAGACAGATTCAACGCAAGCCTGGGAACATACCACGACCTGC
TGAAGATCATCAAGGACAAGGACTTCCTGGACAACGAAGAAAACGAAGACA
TCCTGGAAGACATCGTCCTGACACTGACACTGTTCGAAGACAGAGAAATGA
TCGAAGAAAGACTGAAGACATACGCACACCTGTTCGACGACAAGGTCATGA
AGCAGCTGAAGAGAAGAAGATACACAGGATGGGGAAGACTGAGCAGAAAGC
TGATCAACGGAATCAGAGACAAGCAGAGCGGAAAGACAATCCTGGACTTCC
TGAAGAGCGACGGATTCGCAAACAGAAACTTCATGCAGCTGATCCACGACG
ACAGCCTGACATTCAAGGAAGACATCCAGAAGGCACAGGTCAGCGGACAGG
GAGACAGCCTGCACGAACACATCGCAAACCTGGCAGGAAGCCCGGCAATCA
AGAAGGGAATCCTGCAGACAGTCAAGGTCGTCGACGAACTGGTCAAGGTCA
TGGGAAGACACAAGCCGGAAAACATCGTCATCGAAATGGCAAGAGAARACC
AGACAACACAGAAGGGACAGAAGAACAGCAGAGAAAGAATGAAGAGAATCG
AAGAAGGAATCAAGGAACTGGGAAGCCAGATCCTGAAGGAACACCCGGTCG
AAAACACACAGCTGCAGAACGAAAAGCTGTACCTGTACTACCTGCAGAACG
GAAGAGACATGTACGTCGACCAGGAACTGGACATCAACAGACTGAGCGACT
ACGACGTCGACCACATCGTCCCGCAGAGCTTCCTGAAGGACGACAGCATCG
ACAACAAGGTCCTGACAAGAAGCGACAAGAACAGAGGAAAGAGCGACAACG
TCCCGAGCGAAGAAGTCGTCAAGAAGATGAAGAACTACTGGAGACAGCTGC
TGAACGCAAAGCTGATCACACAGAGAAAGTTCGACAACCTGACAAAGGCAG
AGAGAGGAGGACTGAGCGAACTGGACAAGGCAGGATTCATCAAGAGACAGC
TGGTCGAAACAAGACAGATCACAAAGCACGTCGCACAGATCCTGGACAGCA
GAATGAACACAAAGTACGACGAAAACGACAAGCTGATCAGAGAAGTCAAGG
TCATCACACTGAAGAGCAAGCTGGTCAGCGACTTCAGAAAGGACTTCCAGT
TCTACAAGGTCAGAGAAATCAACAACTACCACCACGCACACGACGCATACC
TGAACGCAGTCGTCGGAACAGCACTGATCAAGAAGTACCCGAAGCTGGARAA
GCGAATTCGTCTACGGAGACTACAAGGTCTACGACGTCAGAAAGATGATCG
CAAAGAGCGAACAGGAAATCGGAAAGGCAACAGCAAAGTACTTCTTCTACA
GCAACATCATGAACTTCTTCAAGACAGAAATCACACTGGCAAACGGAGAAA
TCAGAAAGAGACCGCTGATCGAAACAAACGGAGAAACAGGAGAAATCGTCT
GGGACAAGGGAAGAGACTTCGCAACAGTCAGAAAGGTCCTGAGCATGCCGC
AGGTCAACATCGTCAAGAAGACAGAAGTCCAGACAGGAGGATTCAGCAAGG
AAAGCATCCTGCCGAAGAGAAACAGCGACAAGCTGATCGCAAGAAAGAAGG
ACTGGGACCCGAAGAAGTACGGAGGATTCGACAGCCCGACAGTCGCATACA
GCGTCCTGGTCGTCGCAAAGGTCGAAAAGGGAAAGAGCAAGAAGCTGAAGA
GCGTCAAGGAACTGCTGGGAATCACAATCATGGAAAGAAGCAGCTTCGAAA
AGAACCCGATCGACTTCCTGGAAGCAAAGGGATACAAGGAAGTCAAGAAGG
ACCTGATCATCAAGCTGCCGAAGTACAGCCTGTTCGAACTGGAAAACGGAA
GAAAGAGAATGCTGGCAAGCGCAGGAGAACTGCAGAAGGGAAACGAACTGG
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CACTGCCGAGCAAGTACGTCAACTTCCTGTACCTGGCAAGCCACTACGAAA
AGCTGAAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCTGTTCGTCGAAC
AGCACAAGCACTACCTGGACGAAATCATCGAACAGATCAGCGAATTCAGCA
AGAGAGTCATCCTGGCAGACGCAAACCTGGACAAGGTCCTGAGCGCATACA
ACAAGCACAGAGACAAGCCGATCAGAGAACAGGCAGAAAACATCATCCACC
TGTTCACACTGACAAACCTGGGAGCACCGGCAGCATTCAAGTACTTCGACA
CAACAATCGACAGAAAGAGATACACAAGCACAAAGGAAGTCCTGGACGCAA
CACTGATCCACCAGAGCATCACAGGACTGTACGAAACAAGAATCGACCTGA
GCCAGCTGGGAGGAGACGGAGGAGGAAGCCCGAAGAAGAAGAGAAAGGTCT
AGCTAGCACCAGCCTCAAGAACACCCGAATGGAGTCTCTAAGCTACATAAT
ACCAACTTACACTTTACAAAATGTTGTCCCCCAAAATGTAGCCATTCGTAT
CTGCTCCTAATAAAAAGAAAGTTTCTTCACATTCTCTCGAG

AGGTCCCGCAGTCGGCGTCCAGCGGCTCTGCTTGTTCGTGTGTGTGTCGTT
GCAGGCCTTATTCGGATCCGCCACCATGGACAAGAAGTACAGCATCGGACT
GGACATCGGAACAAACAGCGTCGGATGGGCAGTCATCACAGACGAATACAA
GGTCCCGAGCAAGAAGTTCAAGGTCCTGGGAAACACAGACAGACACAGCAT
CAAGAAGAACCTGATCGGAGCACTGCTGTTCGACAGCGGAGAAACAGCAGA
AGCAACAAGACTGAAGAGAACAGCAAGAAGAAGATACACAAGAAGAAAGAR
CAGAATCTGCTACCTGCAGGAAATCTTCAGCAACGAAATGGCAAAGGTCGA
CGACAGCTTCTTCCACAGACTGGAAGAAAGCTTCCTGGTCGAAGAAGACAA
GAAGCACGAAAGACACCCGATCTTCGGAAACATCGTCGACGAAGTCGCATA
CCACGAAAAGTACCCGACAATCTACCACCTGAGAAAGAAGCTGGTCGACAG
CACAGACAAGGCAGACCTGAGACTGATCTACCTGGCACTGGCACACATGAT
CAAGTTCAGAGGACACTTCCTGATCGAAGGAGACCTGAACCCGGACAACAG
CGACGTCGACAAGCTGTTCATCCAGCTGGTCCAGACATACAACCAGCTGTT
CGAAGAAAACCCGATCAACGCAAGCGGAGTCGACGCAAAGGCAATCCTGAG
CGCAAGACTGAGCAAGAGCAGAAGACTGGAAAACCTGATCGCACAGCTGCC
GGGAGAAAAGAAGAACGGACTGTTCGGAAACCTGATCGCACTGAGCCTGGG
ACTGACACCGAACTTCAAGAGCAACTTCGACCTGGCAGAAGACGCARAAGCT
GCAGCTGAGCAAGGACACATACGACGACGACCTGGACAACCTGCTGGCACA
GATCGGAGACCAGTACGCAGACCTGTTCCTGGCAGCAAAGAACCTGAGCGA
CGCAATCCTGCTGAGCGACATCCTGAGAGTCAACACAGAAATCACAAAGGC
ACCGCTGAGCGCAAGCATGATCAAGAGATACGACGAACACCACCAGGACCT
GACACTGCTGAAGGCACTGGTCAGACAGCAGCTGCCGGAAAAGTACAAGGA
AATCTTCTTCGACCAGAGCAAGAACGGATACGCAGGATACATCGACGGAGG
AGCAAGCCAGGAAGAATTCTACAAGTTCATCAAGCCGATCCTGGAAAAGAT
GGACGGAACAGAAGAACTGCTGGTCAAGCTGAACAGAGAAGACCTGCTGAG
AAAGCAGAGAACATTCGACAACGGAAGCATCCCGCACCAGATCCACCTGGG
AGAACTGCACGCAATCCTGAGAAGACAGGAAGACTTCTACCCGTTCCTGAA
GGACAACAGAGAAAAGATCGAAAAGATCCTGACATTCAGAATCCCGTACTA
CGTCGGACCGCTGGCAAGAGGAAACAGCAGATTCGCATGGATGACAAGARAA
GAGCGAAGAAACAATCACACCGTGGAACTTCGAAGAAGTCGTCGACAAGGG
AGCAAGCGCACAGAGCTTCATCGAAAGAATGACAAACTTCGACAAGAACCT
GCCGAACGAAAAGGTCCTGCCGAAGCACAGCCTGCTGTACGAATACTTCAC
AGTCTACAACGAACTGACAAAGGTCAAGTACGTCACAGAAGGAATGAGAAR
GCCGGCATTCCTGAGCGGAGAACAGAAGAAGGCAATCGTCGACCTGCTGTT
CAAGACAAACAGAAAGGTCACAGTCAAGCAGCTGAAGGAAGACTACTTCAA
GAAGATCGAATGCTTCGACAGCGTCGAAATCAGCGGAGTCGAAGACAGATT
CAACGCAAGCCTGGGAACATACCACGACCTGCTGAAGATCATCAAGGACAA
GGACTTCCTGGACAACGAAGAAAACGAAGACATCCTGGAAGACATCGTCCT
GACACTGACACTGTTCGAAGACAGAGAAATGATCGAAGAAAGACTGAAGAC
ATACGCACACCTGTTCGACGACAAGGTCATGAAGCAGCTGAAGAGAAGAAG
ATACACAGGATGGGGAAGACTGAGCAGAAAGCTGATCAACGGAATCAGAGA
CAAGCAGAGCGGAAAGACAATCCTGGACTTCCTGAAGAGCGACGGATTCGC
AAACAGAAACTTCATGCAGCTGATCCACGACGACAGCCTGACATTCAAGGA
AGACATCCAGAAGGCACAGGTCAGCGGACAGGGAGACAGCCTGCACGAACA
CATCGCAAACCTGGCAGGAAGCCCGGCAATCAAGAAGGGAATCCTGCAGAC
AGTCAAGGTCGTCGACGAACTGGTCAAGGTCATGGGAAGACACAAGCCGGA
AAACATCGTCATCGAAATGGCAAGAGAAAACCAGACAACACAGAAGGGACA
GAAGAACAGCAGAGAAAGAATGAAGAGAATCGAAGAAGGAATCAAGGAACT
GGGAAGCCAGATCCTGAAGGAACACCCGGTCGAAAACACACAGCTGCAGAA
CGAAAAGCTGTACCTGTACTACCTGCAGAACGGAAGAGACATGTACGTCGA
CCAGGAACTGGACATCAACAGACTGAGCGACTACGACGTCGACCACATCGT
CCCGCAGAGCTTCCTGAAGGACGACAGCATCGACAACAAGGTCCTGACAAG
AAGCGACAAGAACAGAGGAAAGAGCGACAACGTCCCGAGCGAAGAAGTCGT
CAAGAAGATGAAGAACTACTGGAGACAGCTGCTGAACGCAAAGCTGATCAC
ACAGAGAAAGTTCGACAACCTGACAAAGGCAGAGAGAGGAGGACTGAGCGA
ACTGGACAAGGCAGGATTCATCAAGAGACAGCTGGTCGAAACAAGACAGAT
CACAAAGCACGTCGCACAGATCCTGGACAGCAGAATGAACACAAAGTACGA
CGAAAACGACAAGCTGATCAGAGAAGTCAAGGTCATCACACTGAAGAGCAA
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GCTGGTCAGCGACTTCAGAAAGGACTTCCAGTTCTACAAGGTCAGAGAAAT
CAACAACTACCACCACGCACACGACGCATACCTGAACGCAGTCGTCGGAAC
AGCACTGATCAAGAAGTACCCGAAGCTGGAAAGCGAATTCGTCTACGGAGA
CTACAAGGTCTACGACGTCAGAAAGATGATCGCAAAGAGCGAACAGGAAAT
CGGAAAGGCAACAGCAAAGTACTTCTTCTACAGCAACATCATGAACTTCTT
CAAGACAGAAATCACACTGGCAAACGGAGAAATCAGAAAGAGACCGCTGAT
CGAAACAAACGGAGAAACAGGAGAAATCGTCTGGGACAAGGGAAGAGACTT
CGCAACAGTCAGAAAGGTCCTGAGCATGCCGCAGGTCAACATCGTCAAGAA
GACAGAAGTCCAGACAGGAGGATTCAGCAAGGAAAGCATCCTGCCGAAGAG
AAACAGCGACAAGCTGATCGCAAGAAAGAAGGACTGGGACCCGAAGAAGTA
CGGAGGATTCGACAGCCCGACAGTCGCATACAGCGTCCTGGTCGTCGCARAA
GGTCGAAAAGGGAAAGAGCAAGAAGCTGAAGAGCGTCAAGGAACTGCTGGG
AATCACAATCATGGAAAGAAGCAGCTTCGAAAAGAACCCGATCGACTTCCT
GGAAGCAAAGGGATACAAGGAAGTCAAGAAGGACCTGATCATCAAGCTGCC
GAAGTACAGCCTGTTCGAACTGGAAAACGGAAGAAAGAGAATGCTGGCAAG
CGCAGGAGAACTGCAGAAGGGAAACGAACTGGCACTGCCGAGCAAGTACGT
CAACTTCCTGTACCTGGCAAGCCACTACGAAAAGCTGAAGGGAAGCCCGGA
AGACAACGAACAGAAGCAGCTGTTCGTCGAACAGCACAAGCACTACCTGGA
CGAAATCATCGAACAGATCAGCGAATTCAGCAAGAGAGTCATCCTGGCAGA
CGCAAACCTGGACAAGGTCCTGAGCGCATACAACAAGCACAGAGACAAGCC
GATCAGAGAACAGGCAGAAAACATCATCCACCTGTTCACACTGACAAACCT
GGGAGCACCGGCAGCATTCAAGTACTTCGACACAACAATCGACAGAAAGAG
ATACACAAGCACAAAGGAAGTCCTGGACGCAACACTGATCCACCAGAGCAT
CACAGGACTGTACGAAACAAGAATCGACCTGAGCCAGCTGGGAGGAGACGG
AGGAGGAAGCCCGAAGAAGAAGAGAAAGGTCTAGCTAGCCATCACATTTAA
AAGCATCTCAGCCTACCATGAGAATAAGAGAAAGAAAATGAAGATCAATAG
CTTATTCATCTCTTTTTCTTTTTCGTTGGTGTAAAGCCAACACCCTGTCTA
ARAAACATAAATTTCTTTAATCATTTTGCCTCTTTTCTCTGTGCTTCAATT
AATAAAAAATGGAAAGAACCTCGAG

Not used

AARAAARARAARAARAARAA AL AN AL AL AA AL AL RAA AL RAARALAAAAAARAARAAARARLA

AAATAAGAGAGAAAAGAAGAGTAAGAAGAAATATAAGAGCCACC

ATGGCAGCATTCAAGCCGAACTCGATCAACTACATCCTGGGACTGGACATC
GGAATCGCATCGGTCGGATGGGCAATGGT CGAAATCGACGAAGAAGAAAAC
CCGATCAGACTGATCGACCTGGGAGTCAGAGTCTTCGAAAGAGCAGAAGTC
CCGAAGACAGGAGACTCGCTGGCAATGGCAAGAAGACTGGCAAGATCGGTC
AGAAGACTGACAAGAAGAAGAGCACACAGACTGCTGAGAACAAGAAGACTG
CTGAAGAGAGAAGGAGTCCTGCAGGCAGCAAACTTCGACGAAAACGGACTG
ATCAAGTCGCTGCCGAACACACCGTGGCAGCTGAGAGCAGCAGCACTGGAC
AGAAAGCTGACACCGCTGGAATGGTCGGCAGTCCTGCTGCACCTGATCAAG
CACAGAGGATACCTGTCGCAGAGAAAGAACGAAGGAGAAACAGCAGACAAG
GAACTGGGAGCACTGCTGAAGGGAGTCGCAGGAAACGCACACGCACTGCAG
ACAGGAGACTTCAGAACACCGGCAGAACTGGCACTGAACAAGTTCGAAALG
GAATCGGGACACATCAGAAACCAGAGATCGGACTACTCGCACACATTCTCG
AGAAAGGACCTGCAGGCAGAACTGATCCTGCTGTTCGAAAAGCAGAAGGAA
TTCGGAAACCCGCACGTCTCGGGAGGACTGAAGGAAGGAATCGAAACACTG
CTGATGACACAGAGACCGGCACTGTCGGGAGACGCAGTCCAGAAGATGCTG
GGACACTGCACATTCGAACCGGCAGAACCGAAGGCAGCAAAGAACACATAC
ACAGCAGAAAGATTCATCTGGCTGACAAAGCTGAACAACCTGAGAATCCTG
GAACAGGGATCGGAAAGACCGCTGACAGACACAGAAAGAGCAACACTGATG
GACGAACCGTACAGAAAGTCGAAGCTGACATACGCACAGGCAAGARAGCTG
CTGGGACTGGAAGACACAGCATTCTTCAAGGGACTGAGATACGGAAAGGAC
AACGCAGAAGCATCGACACTGATGGAAATGAAGGCATACCACGCAATCTCG
AGAGCACTGGAAAAGGAAGGACTGAAGGACAAGAAGTCGCCGCTGAACCTG
TCGCCGGAACTGCAGGACGAAATCGGAACAGCATTCTCGCTGTTCAAGACA
GACGAAGACATCACAGGAAGACTGAAGGACAGAATCCAGCCGGAAATCCTG
GAAGCACTGCTGAAGCACATCTCGTTCGACAAGTTCGTCCAGATCTCGCTG
AAGGCACTGAGAAGAATCGTCCCGCTGATGGAACAGGGAAAGAGATACGAC
GAAGCATGCGCAGAAATCTACGGAGACCACTACGGAAAGAAGAACACAGAA
GAAAAGATCTACCTGCCGCCGATCCCGGCAGACGAAATCAGAAACCCGGTC

262

263

264

265
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Sequence Table

Description

Sequence

SEQ
ID No.

ORF encoding
Neisgeria
meningitidis
Cas9 using
minimal
uridine
codons (no
start or
stop codons;
suitable for
inclusion in
fusion
protein
coding
sequence)

GTCCTGAGAGCACTGTCGCAGGCAAGAAAGGTCATCAACGGAGTCGTCAGA
AGATACGGATCGCCGGCAAGAATCCACATCGAAACAGCAAGAGAAGTCGGA
AAGTCGTTCAAGGACAGAAAGGAAATCGAAAAGAGACAGGAAGAAAACAGA
AAGGACAGAGAAAAGGCAGCAGCAAAGTTCAGAGAATACTTCCCGAACTTC
GTCGGAGAACCGAAGT CGAAGGACATCCTGAAGCTGAGACTGTACGAACAG
CAGCACGGAAAGTGCCTGTACTCGGGAAAGGAAATCAACCTGGGAAGACTG
AACGAAAAGGGATACGTCGAAATCGACCACGCACTGCCGTTCTCGAGAACA
TGGGACGACTCGTTCAACAACAAGGTCCTGGTCCTGGGATCGGAARACCAG
AACAAGGGAAACCAGACACCGTACGAATACTTCAACGGAAAGGACAACTCG
AGAGAATGGCAGGAATTCAAGGCAAGAGTCGAAACATCGAGATTCCCGAGA
TCGAAGAAGCAGAGAATCCTGCTGCAGAAGTTCGACGAAGACGGATT CAAG
GAAAGAAACCTGAACGACACAAGATACGTCAACAGATTCCTGTGCCAGTTC
GTCGCAGACAGAATGAGACTGACAGGAAAGGGAAAGAAGAGAGTCTTCGCA
TCGAACGGACAGATCACAAACCTGCTGAGAGGATTCTGGGGACTGAGAAAG
GTCAGAGCAGAAAACGACAGACACCACGCACTGGACGCAGTCGTCGTCGCA
TGCTCGACAGTCGCAATGCAGCAGAAGATCACAAGATTCGTCAGATACAAG
GAAATGAACGCATTCGACGGAAAGACAATCGACAAGGAAACAGGAGAAGTC
CTGCACCAGAAGACACACTTCCCGCAGCCGTGGGAATTCTTCGCACAGGAA
GTCATGATCAGAGTCTTCGGAAAGCCGGACGGAAAGCCGGAATTCGAAGAA
GCAGACACACTGGAAAAGCTGAGAACACTGCTGGCAGAAAAGCTGTCGTCG
AGACCGGAAGCAGTCCACGAATACGTCACACCGCTGTTCGTCTCGAGAGCA
CCGAACAGAAAGATGTCGGGACAGGGACACATGGAAACAGTCAAGTCGGCA
AAGAGACTGGACGAAGGAGTCTCGGTCCTGAGAGTCCCGCTGACACAGCTG
AAGCTGAAGGACCTGGAAAAGATGGTCAACAGAGAAAGAGAACCGAAGCTG
TACGAAGCACTGAAGGCAAGACTGGAAGCACACAAGGACGACCCGGCAAAG
GCATTCGCAGAACCGTTCTACAAGTACGACAAGGCAGGAAACAGAACACAG
CAGGTCAAGGCAGTCAGAGTCGAACAGGTCCAGAAGACAGGAGTCTGGGTC
AGAAACCACAACGGAATCGCAGACAACGCAACAATGGTCAGAGTAGACGTC
TTCGAAAAGGGAGACAAGTACTACCTGGTCCCGATCTACTCGTGGCAGGTC
GCAAAGGGAATCCTGCCGGACAGAGCAGTCGTCCAGGGAAAGGACGAAGAA
GACTGGCAGCTGATCGACGACTCGTTCAACTTCAAGTTCTCGCTGCACCCG
AACGACCTGGTCGAAGTCATCACAAAGAAGGCAAGAATGTTCGGATACTTC
GCATCGTGCCACAGAGGAACAGGAAACATCAACATCAGAATCCACGACCTG
GACCACAAGATCGGAAAGAACGGAATCCTGGAAGGAATCGGAGT CAAGACA
GCACTGTCGTTCCAGAAGTACCAGATCGACGAACTGGGAAAGGAAATCAGA
CCGTGCAGACTGAAGAAGAGACCGCCGGTCAGATCCGGAAAGAGAACAGCA
GACGGATCGGAATTCGAATCGCCGAAGAAGAAGAGAAAGGTCGAATGA

GCAGCATTCAAGCCGAACTCGATCAACTACATCCTGGGACTGGACATCGGA
ATCGCATCGGTCGGATGGGCAATGGTCGAAATCGACGAAGAAGAAAACCCG
ATCAGACTGATCGACCTGGGAGTCAGAGTCTTCGAAAGAGCAGAAGTCCCG
AAGACAGGAGACTCGCTGGCAATGGCAAGAAGACTGGCAAGATCGGTCAGA
AGACTGACAAGAAGAAGAGCACACAGACTGCTGAGAACAAGAAGACTGCTG
AAGAGAGAAGGAGTCCTGCAGGCAGCAAACTTCGACGAAAACGGACTGATC
AAGTCGCTGCCGAACACACCGTGGCAGCTGAGAGCAGCAGCACTGGACAGA
AAGCTGACACCGCTGGAATGGTCGGCAGTCCTGCTGCACCTGATCAAGCAC
AGAGGATACCTGTCGCAGAGAAAGAACGAAGGAGAAACAGCAGACAAGGAA
CTGGGAGCACTGCTGAAGGGAGTCGCAGGAAACGCACACGCACTGCAGACA
GGAGACTTCAGAACACCGGCAGAACTGGCACTGAACAAGTTCGAAAAGGAA
TCGGGACACATCAGAAACCAGAGATCGGACTACTCGCACACATTCTCGAGA
AAGGACCTGCAGGCAGAACTGATCCTGCTGTTCGAAAAGCAGAAGGAATTC
GGAAACCCGCACGTCTCGGGAGGACTGAAGGAAGGAATCGAAACACTGCTG
ATGACACAGAGACCGGCACTGTCGGGAGACGCAGTCCAGAAGATGCTGGGA
CACTGCACATTCGAACCGGCAGAACCGAAGGCAGCAAAGAACACATACACA
GCAGAAAGATTCATCTGGCTGACAAAGCTGAACAACCTGAGAATCCTGGAA
CAGGGATCGGAAAGACCGCTGACAGACACAGAAAGAGCAACACTGATGGAC
GAACCGTACAGAAAGTCGAAGCTGACATACGCACAGGCAAGAAAGCTGCTG
GGACTGGAAGACACAGCATTCTTCAAGGGACTGAGATACGGAAAGGACAALC
GCAGAAGCATCGACACTGATGGAAATGAAGGCATACCACGCAATCTCGAGA
GCACTGGAAAAGGAAGGACTGAAGGACAAGAAGTCGCCGCTGAACCTGTCG
CCGGAACTGCAGGACGAAATCGGAACAGCATTCTCGCTGTTCAAGACAGAC
GAAGACATCACAGGAAGACTGAAGGACAGAATCCAGCCGGAAATCCTGGAA
GCACTGCTGAAGCACATCTCGTTCGACAAGTTCGTCCAGATCTCGCTGAAG
GCACTGAGAAGAATCGTCCCGCTGATGGAACAGGGAAAGAGATACGACGAA
GCATGCGCAGAAATCTACGGAGACCACTACGGAAAGAAGAACACAGAAGAA
AAGATCTACCTGCCGCCGATCCCGGCAGACGAAATCAGAAACCCGGTCGTC
CTGAGAGCACTGTCGCAGGCAAGAAAGGTCATCAACGGAGTCGTCAGAAGA
TACGGATCGCCGGCAAGAATCCACATCGAAACAGCAAGAGAAGT CGGAAAG
TCGTTCAAGGACAGAAAGGAAATCGAAAAGAGACAGGAAGAAAACAGAAAG
GACAGAGAAAAGGCAGCAGCAAAGTTCAGAGAATACTTCCCGAACTTCGTC
GGAGAACCGAAGTCGAAGGACATCCTGAAGCTGAGACTGTACGAACAGCAG

266
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Sequence Table

Description

Sequence

SEQ
ID No.

Transcript
comprising
SEQ ID NO:
265
(encoding
Neisgeria
meningitidis
Cag9)

CACGGAAAGTGCCTGTACTCGGGAAAGGAAATCAACCTGGGAAGACTGAAC
GAAAAGGGATACGTCGAAATCGACCACGCACTGCCGTTCTCGAGAACATGG
GACGACTCGTTCAACAACAAGGTCCTGGTCCTGGGATCGGAAAACCAGAALC
AAGGGAAACCAGACACCGTACGAATACTTCAACGGAAAGGACAACTCGAGA
GAATGGCAGGAATTCAAGGCAAGAGTCGAAACATCGAGATTCCCGAGATCG
AAGAAGCAGAGAATCCTGCTGCAGAAGTTCGACGAAGACGGATTCAAGGAA
AGAAACCTGAACGACACAAGATACGTCAACAGATTCCTGTGCCAGTTCGTC
GCAGACAGAATGAGACTGACAGGAAAGGGAAAGAAGAGAGTCTTCGCATCG
AACGGACAGATCACAAACCTGCTGAGAGGATTCTGGGGACTGAGAAAGGTC
AGAGCAGAAAACGACAGACACCACGCACTGGACGCAGTCGTCGTCGCATGC
TCGACAGTCGCAATGCAGCAGAAGATCACAAGATTCGTCAGATACAAGGAA
ATGAACGCATTCGACGGAAAGACAATCGACAAGGAAACAGGAGAAGTCCTG
CACCAGAAGACACACTTCCCGCAGCCGTGGGAATTCTTCGCACAGGAAGTC
ATGATCAGAGTCTTCGGAAAGCCGGACGGAAAGCCGGAATTCGAAGAAGCA
GACACACTGGAAAAGCTGAGAACACTGCTGGCAGAAAAGCTGTCGTCGAGA
CCGGAAGCAGTCCACGAATACGTCACACCGCTGTTCGTCTCGAGAGCACCG
AACAGAAAGATGTCGGGACAGGGACACATGGAAACAGT CAAGTCGGCAAAG
AGACTGGACGAAGGAGTCTCGGTCCTGAGAGTCCCGCTGACACAGCTGAAG
CTGAAGGACCTGGAAAAGATGGTCAACAGAGAAAGAGAACCGAAGCTGTAC
GAAGCACTGAAGGCAAGACTGGAAGCACACAAGGACGACCCGGCARAGGCA
TTCGCAGAACCGTTCTACAAGTACGACAAGGCAGGAAACAGAACACAGCAG
GTCAAGGCAGTCAGAGTCGAACAGGTCCAGAAGACAGGAGTCTGGGTCAGA
AACCACAACGGAATCGCAGACAACGCAACAATGGTCAGAGTAGACGTCTTC
GAAAAGGGAGACAAGTACTACCTGGTCCCGATCTACTCGTGGCAGGTCGCA
AAGGGAATCCTGCCGGACAGAGCAGTCGTCCAGGGAAAGGACGAAGAAGAC
TGGCAGCTGATCGACGACTCGTTCAACTTCAAGTTCTCGCTGCACCCGAAC
GACCTGGTCGAAGTCATCACAAAGAAGGCAAGAATGTTCGGATACTTCGCA
TCGTGCCACAGAGGAACAGGAAACATCAACATCAGAATCCACGACCTGGAC
CACAAGATCGGAAAGAACGGAATCCTGGAAGGAATCGGAGTCAAGACAGCA
CTGTCGTTCCAGAAGTACCAGATCGACGAACTGGGAAAGGAAATCAGACCG
TGCAGACTGAAGAAGAGACCGCCGGTCAGATCCGGAAAGAGAACAGCAGAC
GGATCGGAATTCGAATCGCCGAAGAAGAAGAGAAAGGTCGAA

GGGAGACCCAAGCTGGCTAGCGTTTAAACTTAAGCTTGGATCCGCCACCAT
GGCAGCATTCAAGCCGAACTCGATCAACTACATCCTGGGACTGGACATCGG
AATCGCATCGGTCGGATGGGCAATGGTCGAAATCGACGAAGAAGAARACCC
GATCAGACTGATCGACCTGGGAGTCAGAGTCTTCGAAAGAGCAGAAGTCCC
GAAGACAGGAGACTCGCTGGCAATGGCAAGAAGACTGGCAAGATCGGTCAG
AAGACTGACAAGAAGAAGAGCACACAGACTGCTGAGAACAAGAAGACTGCT
GAAGAGAGAAGGAGTCCTGCAGGCAGCAAACTTCGACGAAAACGGACTGAT
CAAGTCGCTGCCGAACACACCGTGGCAGCTGAGAGCAGCAGCACTGGACAG
AAAGCTGACACCGCTGGAATGGTCGGCAGTCCTGCTGCACCTGATCAAGCA
CAGAGGATACCTGTCGCAGAGAAAGAACGAAGGAGAAACAGCAGACAAGGA
ACTGGGAGCACTGCTGAAGGGAGTCGCAGGAAACGCACACGCACTGCAGAC
AGGAGACTTCAGAACACCGGCAGAACTGGCACTGAACAAGTTCGAAAAGGA
ATCGGGACACATCAGAAACCAGAGATCGGACTACTCGCACACATTCTCGAG
ARAAGGACCTGCAGGCAGAACTGATCCTGCTGTTCGAAAAGCAGAAGGAATT
CGGAAACCCGCACGTCTCGGGAGGACTGAAGGAAGGAATCGAAACACTGCT
GATGACACAGAGACCGGCACTGTCGGGAGACGCAGT CCAGAAGATGCTGGG
ACACTGCACATTCGAACCGGCAGAACCGAAGGCAGCAAAGAACACATACAC
AGCAGAAAGATTCATCTGGCTGACAAAGCTGAACAACCTGAGAATCCTGGA
ACAGGGATCGGAAAGACCGCTGACAGACACAGAAAGAGCAACACTGATGGA
CGAACCGTACAGAAAGTCGAAGCTGACATACGCACAGGCAAGAAAGCTGCT
GGGACTGGAAGACACAGCATTCTTCAAGGGACTGAGATACGGAAAGGACAA
CGCAGAAGCATCGACACTGATGGAAATGAAGGCATACCACGCAATCTCGAG
AGCACTGGAAAAGGAAGGACTGAAGGACAAGAAGTCGCCGCTGAACCTGTC
GCCGGAACTGCAGGACGAAATCGGAACAGCATTCTCGCTGTTCAAGACAGA
CGAAGACATCACAGGAAGACTGAAGGACAGAATCCAGCCGGAAATCCTGGA
AGCACTGCTGAAGCACATCTCGTTCGACAAGTTCGTCCAGATCTCGCTGAA
GGCACTGAGAAGAATCGTCCCGCTGATGGAACAGGGAAAGAGATACGACGA
AGCATGCGCAGAAATCTACGGAGACCACTACGGAAAGAAGAACACAGAAGA
ARAAGATCTACCTGCCGCCGATCCCGGCAGACGAAATCAGAAACCCGGTCGT
CCTGAGAGCACTGTCGCAGGCAAGAAAGGTCATCAACGGAGTCGTCAGAAG
ATACGGATCGCCGGCAAGAATCCACATCGAAACAGCAAGAGAAGTCGGAAA
GTCGTTCAAGGACAGAAAGGAAATCGAAAAGAGACAGGAAGAAAACAGARAA
GGACAGAGAAAAGGCAGCAGCAAAGTTCAGAGAATACTTCCCGAACTTCGT
CGGAGAACCGAAGTCGAAGGACATCCTGAAGCTGAGACTGTACGAACAGCA
GCACGGAAAGTGCCTGTACTCGGGAAAGGAAATCAACCTGGGAAGACTGAA
CGAAAAGGGATACGTCGAAATCGACCACGCACTGCCGTTCTCGAGAACATG
GGACGACTCGTTCAACAACAAGGTCCTGGTCCTGGGATCGGAAAACCAGAA
CAAGGGAAACCAGACACCGTACGAATACTTCAACGGAAAGGACAACTCGAG

267
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Sequence Table

Description

Sequence

SEQ
ID No.

Amino acid
sequence of
Neisgeria
meningitidis
Cas9

G390 single
guide RNA
targeting
the rat TTR
gene

trRNA

G534 single
guide RNA

AGAATGGCAGGAATTCAAGGCAAGAGTCGAAACATCGAGATTCCCGAGATC
GAAGAAGCAGAGAATCCTGCTGCAGAAGTTCGACGAAGACGGATTCAAGGA
AAGAAACCTGAACGACACAAGATACGTCAACAGATTCCTGTGCCAGTTCGT
CGCAGACAGAATGAGACTGACAGGAAAGGGAAAGAAGAGAGTCTTCGCATC
GAACGGACAGATCACAAACCTGCTGAGAGGATTCTGGGGACTGAGAAAGGT
CAGAGCAGAAAACGACAGACACCACGCACTGGACGCAGTCGTCGTCGCATG
CTCGACAGTCGCAATGCAGCAGAAGATCACAAGATTCGTCAGATACAAGGA
AATGAACGCATTCGACGGAAAGACAATCGACAAGGAAACAGGAGAAGTCCT
GCACCAGAAGACACACTTCCCGCAGCCGTGGGAATTCTTCGCACAGGAAGT
CATGATCAGAGTCTTCGGAAAGCCGGACGGAAAGCCGGAATTCGAAGAAGC
AGACACACTGGAAAAGCTGAGAACACTGCTGGCAGAAAAGCTGTCGTCGAG
ACCGGAAGCAGTCCACGAATACGTCACACCGCTGTTCGTCTCGAGAGCACC
GAACAGAAAGATGTCGGGACAGGGACACATGGAAACAGTCAAGTCGGCAAA
GAGACTGGACGAAGGAGTCTCGGTCCTGAGAGTCCCGCTGACACAGCTGAA
GCTGAAGGACCTGGAAAAGATGGTCAACAGAGAAAGAGAACCGAAGCTGTA
CGAAGCACTGAAGGCAAGACTGGAAGCACACAAGGACGACCCGGCARAGGC
ATTCGCAGAACCGTTCTACAAGTACGACAAGGCAGGAAACAGAACACAGCA
GGTCAAGGCAGTCAGAGTCGAACAGGTCCAGAAGACAGGAGTCTGGGTCAG
AAACCACAACGGAATCGCAGACAACGCAACAATGGTCAGAGTAGACGTCTT
CGAAAAGGGAGACAAGTACTACCTGGTCCCGATCTACTCGTGGCAGGTCGC
AAAGGGAATCCTGCCGGACAGAGCAGTCGTCCAGGGAAAGGACGAAGAAGA
CTGGCAGCTGATCGACGACTCGTTCAACTTCAAGTTCTCGCTGCACCCGAA
CGACCTGGTCGAAGTCATCACAAAGAAGGCAAGAATGTTCGGATACTTCGC
ATCGTGCCACAGAGGAACAGGAAACATCAACATCAGAATCCACGACCTGGA
CCACAAGATCGGAAAGAACGGAATCCTGGAAGGAATCGGAGT CAAGACAGC
ACTGTCGTTCCAGAAGTACCAGATCGACGAACTGGGAAAGGAAATCAGACC
GTGCAGACTGAAGAAGAGACCGCCGGTCAGATCCGGAAAGAGAACAGCAGA
CGGATCGGAATTCGAATCGCCGAAGAAGAAGAGAAAGGTCGAATGATAGCT
AGCTCGAGTCTAGAGGGCCCGTTTAAACCCGCTGATCAGCCTCGACTGTGC
CTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGA
CCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTG
CATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGC
AGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATG
CGGTGGGCTCTATGG

MAAFKPNSINYILGLDIGIASVGWAMVEIDEEENPIRLIDLGVRVFERAEV
PKTGDSLAMARRLARSVRRLIRRRAHRLLRIRRLLKREGVLQAANFDENGL
IKSLPNTPWQLRAAALDRKLIPLEWSAVLLHLIKHRGYLSQRKNEGETADK
ELGALLKGVAGNAHALQTGDFRIPAELALNKFEKESGHIRNQRSDYSHIFS
RKDLQAELILLFEKQKEFGNPHVSGGLKEGIETLLMTQRPALSGDAVQKML
GHCIFEPAEPKAAKNTYTAERFIWLIKLNNLRILEQGSERPLIDTERAILM
DEPYRKSKLIYAQARKLLGLEDTAFFKGLRYGKDNAEASTLMEMKAYHAIS
RALEKEGLKDKKSPLNLSPELQDEIGTAFSLEKTDEDI TGRLKDRIQPEIL
EALLKHISFDKFVQISLKALRRIVPLMEQGKRYDEACAEIYGDHYGKKNTE
EKIYLPPIPADEIRNPVVLRALSQARKVINGVVRRYGSPARIHIETAREVG
KSFKDRKEIEKRQEENRKDREKAAAKFREYFPNEVGEPKSKDILKLRLYEQ
QHGKCLYSGKEINLGRLNEKGYVEIDHALPFSRTWDDSENNKVLVLGSENQ
NKGNQTPYEYENGKDNSREWQEFKARVETSRFPRSKKQRILLQKFDEDGEK
ERNLNDTRYVNRFLCQFVADRMRLTGKGKKRVFASNGQITNLLRGFWGLRK
VRAENDRHHALDAVVVACSTVAMQQKI TREVRYKEMNAFDGKTIDKETGEV
LHQKTHFPQPWEFFAQEVMIRVFGKPDGKPEFEEADTLEKLRTLLAEKLSS
RPEAVHEYVTPLEVSRAPNRKMSGQGHMETVKSAKRLDEGVSVLRVPLTQL
KLKDLEKMVNREREPKLYEALKARLEAHKDDPAKAFAEPFYKYDKAGNRTQ
QVKAVRVEQVQKTGVWVRNHNGIADNATMVRVDVFEKGDKYYLVPIYSWQV
AKGILPDRAVVQGKDEEDWQLIDDSFNEKESLHPNDLVEVITKKARMFGYF
ASCHRGTGNINIRIHDLDHKIGKNGILEGIGVKTALSFQKYQIDELGKEIR
PCRLKKRPPVRSGKRTADGSEFESPKKKRKVE

mG*mC*mC*GAGUCUGGAGAGCUGCAGUUUUAGAMGMCMUMAMGMAMAMAM

UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA
mMmAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMGMGMUMGMCMU *mU*mU*mU

AACAGCAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAACUUGAAAAAGU
GGCACCGAGUCGGUGCUUUUUUU

Not Used

mA*mC*mG* CAAAUAUCAGUCCAGCGGUUUUAGAMGMCMUMAMGMAMAMAM
UmAMGMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCMUMUMGMAMAMA

268

269

270

271

272
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Sequence Table

SEQ
Description Sequence ID No.
targeting mMmAMAMGMUMGMGMCMAMCMCMGMAMGMUMCMGMGMUMGMCMU *mU*mU*mU

the rat TTR

gene

G000395 5! mG*mC*mA* AUGGUGUAGCGGGUUUUAGAMGMCMUMAMGMAMAMAMUMAMG 273
truncated MCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCTMUMUMG

inactive GmUMGMGMCMAMCmCmGMAMGMUMCMGMGMUMGMCMU*mU *mU*mU

sgRNA

modified

sequence

SV40 NLS PKKKRKV 274
Alternate PKKKRRV 275
SV40 NLS

Nucleoplasmin KRPAATKKAGQAKKKK 276
NLS

Exemplary gccRccAUGG 277
Kozak

sequence

Exemplary gccgecRecAUGG 278
Kozak

sequence

* = P8 linkage; 'm' = 2T-0O-Me nucleotide

[0658] The following sequence table provides a listing of RNA, then Ts should be replaced with Us (which may be
sequences disclosed herein. It is understood that if a DNA modified or unmodified depending on the context), and vice
sequence (comprising Ts) is referenced with respect to an versa.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 278

<210> SEQ ID NO 1

<211> LENGTH: 4411

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: Cas9 transcript with 5 UTR of HSD,
ORF corresponding to SEQ ID NO: 204, Kozak sequence, and 3 UTR of
ALB

<400> SEQUENCE: 1

gggtcecegea gteggegtee ageggetetyg cttgttegtg tgtgtgtegt tgcaggectt 60
attcggatee gecaccatgg acaagaagta cagcatcgga ctggacatcg gaacaaacag 120
cgteggatgyg gecagtcatca cagacgaata caaggtcceg agcaagaagt tcaaggtect 180
gggaaacaca gacagacaca gcatcaagaa gaacctgatc ggagcactge tgttegacag 240
cggagaaaca gcagaagcaa caagactgaa gagaacagca agaagaagat acacaagaag 300
aaagaacaga atctgctacc tgcaggaaat cttcagcaac gaaatggcaa aggtcgacga 360
cagcttette cacagactgg aagaaagett cctggtcgaa gaagacaaga agcacgaaag 420
acacccgatce tteggaaaca tegtcgacga agtcgcatac cacgaaaagt acccgacaat 480
ctaccacctyg agaaagaagc tggtcgacag cacagacaag gcagacctga gactgatcta 540

cctggeactyg gecacacatga tcaagttcag aggacactte ctgatcgaag gagacctgaa 600
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cccggacaac agcgacgtcg acaagctgtt catccagetg gtccagacat acaaccagcet 660
gttcgaagaa aacccgatca acgcaagcgg agtcgacgca aaggcaatcc tgagcgcaag 720
actgagcaag agcagaagac tggaaaacct gatcgcacag ctgccgggag aaaagaagaa 780
cggactgttc ggaaacctga tcgcactgag cctgggactg acaccgaact tcaagagcaa 840
cttcgacctg gcagaagacg caaagctgca gctgagcaag gacacatacg acgacgacct 900
ggacaacctg ctggcacaga tcggagacca gtacgcagac ctgttcctgg cagcaaagaa 960
cctgagegac gcaatcctge tgagcgacat cctgagagtc aacacagaaa tcacaaaggc 1020
accgctgage gcaagcatga tcaagagata cgacgaacac caccaggacc tgacactgct 1080

gaaggcactyg gtcagacagc agctgccgga aaagtacaag gaaatcttcet tcgaccagag 1140
caagaacgga tacgcaggat acatcgacgg aggagcaagce caggaagaat tctacaagtt 1200
catcaagceg atcctggaaa agatggacgg aacagaagaa ctgctggtca agctgaacag 1260
agaagacctg ctgagaaagc agagaacatt cgacaacgga agcatcccge accagatcca 1320
cctgggagaa ctgcacgcaa tcctgagaag acaggaagac ttctacccgt tectgaagga 1380
caacagagaa aagatcgaaa agatcctgac attcagaatc ccgtactacg tcggaccgcet 1440
ggcaagagga aacagcagat tcgcatggat gacaagaaag agcgaagaaa caatcacacce 1500
gtggaacttc gaagaagtcg tcgacaaggg agcaagcgca cagagcttca tcgaaagaat 1560
gacaaacttc gacaagaacc tgccgaacga aaaggtectg ccgaagcaca gectgctgta 1620
cgaatacttc acagtctaca acgaactgac aaaggtcaag tacgtcacag aaggaatgag 1680
aaagccggca ttcectgageg gagaacagaa gaaggcaatce gtcgacctge tgttcaagac 1740
aaacagaaag gtcacagtca agcagctgaa ggaagactac ttcaagaaga tcgaatgcectt 1800
cgacagcgte gaaatcagcg gagtcgaaga cagattcaac gcaagcctgyg gaacatacca 1860
cgacctgetyg aagatcatca aggacaagga cttcctggac aacgaagaaa acgaagacat 1920
cctggaagac atcgtcctga cactgacact gttcgaagac agagaaatga tcgaagaaag 1980
actgaagaca tacgcacacc tgttcgacga caaggtcatg aagcagctga agagaagaag 2040
atacacagga tggggaagac tgagcagaaa gctgatcaac ggaatcagag acaagcagag 2100
cggaaagaca atcctggact tcctgaagag cgacggattc gcaaacagaa acttcatgca 2160
gctgatccac gacgacagcece tgacattcaa ggaagacatc cagaaggcac aggtcagegg 2220
acagggagac agcctgcacg aacacatcge aaacctggea ggaagcccegyg caatcaagaa 2280
gggaatcctyg cagacagtca aggtcgtcga cgaactggte aaggtcatgg gaagacacaa 2340
gececggaaaac atcgtcatcg aaatggcaag agaaaaccag acaacacaga agggacagaa 2400
gaacagcaga gaaagaatga agagaatcga agaaggaatc aaggaactgg gaagccagat 2460
cctgaaggaa cacccggtceg aaaacacaca gcetgcagaac gaaaagctgt acctgtacta 2520
cctgcagaac ggaagagaca tgtacgtcga ccaggaactyg gacatcaaca gactgagcga 2580
ctacgacgte gaccacatcg tcccgcagag cttectgaag gacgacagca tcgacaacaa 2640
ggtectgaca agaagcgaca agaacagagg aaagagcgac aacgtcccga gcgaagaagt 2700
cgtcaagaag atgaagaact actggagaca gctgctgaac gcaaagctga tcacacagag 2760
aaagttcgac aacctgacaa aggcagagag aggaggactyg agcgaactgyg acaaggcagg 2820

attcatcaag agacagctgg tcgaaacaag acagatcaca aagcacgtceg cacagatcct 2880
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ggacagcaga atgaacacaa agtacgacga aaacgacaag ctgatcagag aagtcaaggt 2940
catcacactg aagagcaagc tggtcagcga cttcagaaag gacttccagt tctacaaggt 3000
cagagaaatc aacaactacc accacgcaca cgacgcatac ctgaacgcag tcgtcggaac 3060
agcactgatc aagaagtacc cgaagctgga aagcgaattc gtctacggag actacaaggt 3120
ctacgacgtce agaaagatga tcgcaaagag cgaacaggaa atcggaaagyg caacagcaaa 3180
gtacttctte tacagcaaca tcatgaactt cttcaagaca gaaatcacac tggcaaacgg 3240
agaaatcaga aagagaccgc tgatcgaaac aaacggagaa acaggagaaa tcgtctggga 3300
caagggaaga gacttcgcaa cagtcagaaa ggtcctgage atgccgcagyg tcaacatcgt 3360
caagaagaca gaagtccaga caggaggatt cagcaaggaa agcatcctge cgaagagaaa 3420
cagcgacaag ctgatcgcaa gaaagaagga ctgggacceg aagaagtacyg gaggattcga 3480
cagcecgaca gtcgcataca gegtcectggt cgtegcaaag gtcgaaaagyg gaaagagcaa 3540
gaagctgaayg agcgtcaagg aactgctggg aatcacaatc atggaaagaa gcagettcega 3600
aaagaacccg atcgacttcce tggaagcaaa gggatacaag gaagtcaaga aggacctgat 3660
catcaagctyg ccgaagtaca gectgttecga actggaaaac ggaagaaaga gaatgcetgge 3720
aagcgcagga gaactgcaga agggaaacga actggcactyg ccgagcaagt acgtcaactt 3780
cctgtacctyg gcaagecact acgaaaagcet gaagggaage ccggaagaca acgaacagaa 3840
gcagetgtte gtcgaacage acaagcacta cctggacgaa atcatcgaac agatcagcega 3900
attcagcaag agagtcatcc tggcagacgce aaacctggac aaggtcctga gcgcatacaa 3960
caagcacaga gacaagccga tcagagaaca ggcagaaaac atcatccacc tgttcacact 4020
gacaaacctyg ggagcaccgg cagcattcaa gtacttcgac acaacaatcg acagaaagag 4080
atacacaagc acaaaggaag tcctggacge aacactgatce caccagagca tcacaggact 4140
gtacgaaaca agaatcgacc tgagccagcet gggaggagac ggaggaggaa gcccgaagaa 4200
gaagagaaag dtctagctag ccatcacatt taaaagcatc tcagcctacc atgagaataa 4260
gagaaagaaa atgaagatca atagcttatt catctctttt tetttttegt tggtgtaaag 4320
ccaacaccct gtctaaaaaa cataaatttc tttaatcatt ttgcctcttt tetectgtget 4380
tcaattaata aaaaatggaa agaacctcga g 4411
<210> SEQ ID NO 2
<211> LENGTH: 4403
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic: Cas9 transcript comprising Cas9 ORF
corresponding to SEQ ID NO: 205 using codons with generally high

expression in humans

<400> SEQUENCE: 2

gggtccegea gteggegtee ageggetetyg cttgttegtg tgtgtgtegt tgecaggectt 60
attcggatce atgcctaaga aaaagcggaa ggtcgacggg gataagaagt actcaatcegg 120
getggatate ggaactaatt cegtgggttyg ggcagtgate acggatgaat acaaagtgec 180
gtccaagaag ttcaaggtcc tggggaacac cgatagacac agcatcaaga aaaatctcat 240
cggagecctyg ctgtttgact ceggcgaaac cgcagaageg acceggctca aacgtaccge 300

gaggcgacge tacaccegge ggaagaatcg catctgctat ctgcaagaga tcttttegaa 360
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cgaaatggca aaggtcgacg acagcttctt ccaccgectg gaagaatctt tcctggtgga 420
ggaggacaag aagcatgaac ggcatcctat ctttggaaac atcgtcgacg aagtggegta 480
ccacgaaaag tacccgacca tctaccatct gcggaagaag ttggttgact caactgacaa 540
ggccgaccte agattgatct acttggccct cgeccatatg atcaaattcc gecggacactt 600
cctgatcgaa ggcgatctga accctgataa ctccgacgtg gataagettt tcattcaact 660
ggtgcagacc tacaaccaac tgttcgaaga aaacccaatc aatgctagceg gcgtcgatge 720
caaggccatc ctgtcegece ggetgtcgaa gtecgeggege ctcgaaaacc tgatcgcaca 780
gctgccggga gagaaaaaga acggactttt cggcaacttg atcgctctcet cactgggact 840
cactcccaat ttcaagtcca attttgacct ggccgaggac gcgaagctgce aactctcaaa 900
ggacacctac gacgacgact tggacaattt gctggcacaa attggcgatc agtacgcgga 960

tctgttectt geccgctaaga acctttegga cgcaatcttg ctgtccgata tectgcegegt 1020
gaacaccgaa ataaccaaag cgccgcettag cgectegatg attaageggt acgacgagea 1080
tcaccaggat ctcacgctgc tcaaagcgct cgtgagacag caactgcctg aaaagtacaa 1140
ggagatctte ttcgaccagt ccaagaatgg gtacgcaggg tacatcgatg gaggcgctag 1200
ccaggaagag ttctataagt tcatcaagcc aatcctggaa aagatggacg gaaccgaaga 1260
actgctggtc aagctgaaca gggaggatct gctccggaaa cagagaacct ttgacaacgg 1320
atccattcecce caccagatcce atctgggtga gctgcacgcece atcttgcgge gecaggagga 1380
cttttaccca ttcctcaagg acaaccggga aaagatcgag aaaattctga cgttccgcat 1440
ccegtattac gtgggcccac tggcgcegcegg caattcgege ttcecgegtgga tgactagaaa 1500
atcagaggaa accatcactc cttggaattt cgaggaagtt gtggataagg gagcttcggce 1560
acaaagcttc atcgaacgaa tgaccaactt cgacaagaat ctcccaaacg agaaggtgct 1620
tcctaagcac agectcecttt acgaatactt cactgtctac aacgaactga ctaaagtgaa 1680
atacgttact gaaggaatga ggaagccggc ctttcectgtcecc ggagaacaga agaaagcaat 1740
tgtcgatctg ctgttcaaga ccaaccgcaa ggtgaccgtc aagcagctta aagaggacta 1800
cttcaagaag atcgagtgtt tcgactcagt ggaaatcagc ggggtggagg acagattcaa 1860
cgcttegetg ggaacctate atgatctcecct gaagatcatc aaggacaagg acttccttga 1920
caacgaggag aacgaggaca tcctggaaga tatcgtectg accttgacce ttttcgagga 1980
tcgcgagatg atcgaggaga ggcttaagac ctacgctcat ctcttcgacg ataaggtcat 2040
gaaacaactc aagcgccgece ggtacactgg ttggggecge ctetccecgca agetgatcaa 2100
cggtattcge gataaacaga gcggtaaaac tatcctggat ttcctcaaat cggatggett 2160
cgctaatcgt aacttcatgce aattgatcca cgacgacagce ctgaccttta aggaggacat 2220
ccaaaaagca caagtgtccg gacagggaga ctcactccat gaacacatcyg cgaatctgge 2280
cggttcecgecg gegattaaga agggaattct gcaaactgtg aaggtggtcg acgagctggt 2340
gaaggtcatyg ggacggcaca aaccggagaa tatcgtgatt gaaatggccc gagaaaacca 2400
gactacccag aagggccaga aaaactcccg cgaaaggatg aagcggatcg aagaaggaat 2460
caaggagctg ggcagccaga tcctgaaaga gcaccceggtyg gaaaacacgce agctgcagaa 2520
cgagaagctc tacctgtact atttgcaaaa tggacgggac atgtacgtgg accaagagct 2580

ggacatcaat cggttgtctg attacgacgt ggaccacatc gttccacagt cctttctgaa 2640
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ggatgactcyg atcgataaca aggtgttgac tcgcagcgac aagaacagag ggaagtcaga 2700
taatgtgcca tcggaggagg tcegtgaagaa gatgaagaat tactggcggce agctcctgaa 2760
tgcgaagectg attacccaga gaaagtttga caatctcact aaagccgagce gceggcggact 2820
ctcagagctg gataaggctg gattcatcaa acggcagcetg gtcgagactce ggcagattac 2880
caagcacgtg gcgcagatct tggactcceg catgaacact aaatacgacyg agaacgataa 2940
gctcatcegyg gaagtgaagg tgattaccct gaaaagcaaa cttgtgtcegg actttcecggaa 3000
ggactttcag ttttacaaag tgagagaaat caacaactac catcacgcgc atgacgcata 3060
cctcaacgct gtggtcggta ccgccctgat caaaaagtac cctaaacttg aatcggagtt 3120
tgtgtacgga gactacaagg tctacgacgt gaggaagatg atagccaagt ccgaacagga 3180
aatcgggaaa gcaactgcga aatacttctt ttactcaaac atcatgaact ttttcaagac 3240
tgaaattacg ctggccaatg gagaaatcag gaagaggcca ctgatcgaaa ctaacggaga 3300
aacgggcgaa atcgtgtggg acaagggcag ggacttcgca actgttcgca aagtgctctce 3360
tatgccgcaa gtcaatattg tgaagaaaac cgaagtgcaa accggcggat tttcaaagga 3420
atcgatccte ccaaagagaa atagcgacaa gctcattgea cgcaagaaag actgggacce 3480
gaagaagtac ggaggattcg attcgccgac tgtcgcatac tceccgtcectcecg tggtggcecaa 3540
ggtggagaag ggaaagagca aaaagctcaa atccgtcaaa gagctgetgg ggattaccat 3600
catggaacga tcctecgtteg agaagaaccce gattgatttce ctcgaggcga agggttacaa 3660
ggaggtgaag aaggatctga tcatcaaact ccccaagtac tcactgttcg aactggaaaa 3720
tggtcggaag cgcatgctgg cttcggecgg agaactccaa aaaggaaatg agctggectt 3780
gcctagcaag tacgtcaact tcctctatct tgcttecgcac tacgaaaaac tcaaagggtce 3840
accggaagat aacgaacaga agcagctttt cgtggagcag cacaagcatt atctggatga 3900
aatcatcgaa caaatctccg agttttcaaa gcgegtgatce ctcgccgacg ccaacctcega 3960
caaagtcctyg tcggectaca ataagcatag agataagecyg atcagagaac aggccgagaa 4020
cattatccac ttgttcaccc tgactaacct gggagcccca gecgcecttca agtacttcega 4080
tactactatc gatcgcaaaa gatacacgtc caccaaggaa gttctggacg cgaccctgat 4140
ccaccaaagc atcactggac tctacgaaac taggatcgat ctgtcgcage tgggtggcga 4200
ttgatagtct agccatcaca tttaaaagca tctcagecta ccatgagaat aagagaaaga 4260
aaatgaagat caatagctta ttcatctctt tttectttttc gttggtgtaa agccaacacc 4320
ctgtctaaaa aacataaatt tctttaatca ttttgcctet tttctectgtg cttcaattaa 4380
taaaaaatgg aaagaacctc gag 4403
<210> SEQ ID NO 3

<211> LENGTH: 100

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: modified sgRNA sequence

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (1)..(3)

<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(20

<223> OTHER INFORMATION: n is a, ¢, g, or u
<220> FEATURE:
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<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

NAME/KEY: modified_base

LOCATION: (29)..(40)

OTHER INFORMATION: 2'-0-Me nucleotide
FEATURE:

NAME/KEY: modified_base

LOCATION: (69)..(96)

OTHER INFORMATION: 2'-0-Me nucleotide
FEATURE:

NAME/KEY: modified_base

LOCATION: (97)..(100)

OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

SEQUENCE: 3

NNNNNNNNNN Nnnnnnnnnn guuuuagage uagaaauage aaguuaaaau aaggcuaguc 60

cguuaucaac uugaaaaagu ggcaccgagu cggugcuuuu 100

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 4

LENGTH: 105

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic: 30/30/39 poly-A sequence

SEQUENCE: 4

aaaaaaaaaa aaaasaaaaa aaaaaaaaaa Jcgaaaaaaa aaaaasaaaa aaaaaaaaaa 60

aaaccgaaaa aaaaaaaaaa aaaaaasaaa aaaaaaaaaa aaaaa 105

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 5

LENGTH: 20

TYPE: RNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic: CR003335 gRNA targeting Human TTR
(Exon 1)

SEQUENCE: 5

cugcuccucce ucugccuugce 20

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 6

LENGTH: 20

TYPE: RNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic: CR003336 gRNA targeting Human TTR
(Exon 1)

SEQUENCE: 6

ccuccucuge cuugcuggac 20

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 7

LENGTH: 20

TYPE: RNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic: CR003337 gRNA targeting Human TTR
(Exon 1)

SEQUENCE: 7

ccaguccagc aaggcagagg 20

<210>
<211>
<212>
<213>

SEQ ID NO 8

LENGTH: 20

TYPE: RNA

ORGANISM: Artificial Sequence
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<220> FEATURE:
<223> OTHER INFORMATION: Synthetic: CR003338 gRNA targeting Human TTR
(Exon 1)

<400> SEQUENCE: 8

auaccagucc agcaaggcag 20

<210> SEQ ID NO 9

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003339 gRNA targeting Human TTR
(Exon 1)

<400> SEQUENCE: 9

acacaaauac caguccagca 20

<210> SEQ ID NO 10

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003340 gRNA targeting Human TTR
(Exon 1)

<400> SEQUENCE: 10

uggacuggua uuugugucug 20

<210> SEQ ID NO 11

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003341 gRNA targeting Human TTR
(Exon 1)

<400> SEQUENCE: 11

cugguauuug ugucugaggc 20

<210> SEQ ID NO 12

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003342 gRNA targeting Human TTR
(Exon 2)

<400> SEQUENCE: 12

cuucucuaca cccagggcac 20

<210> SEQ ID NO 13

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003343 gRNA targeting Human TTR
(Exon 2)

<400> SEQUENCE: 13

cagaggacac uuggauucac 20

<210> SEQ ID NO 14
<211> LENGTH: 20
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<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003344 gRNA targeting Human TTR
(Exon 2)

<400> SEQUENCE: 14

uuugaccauc agaggacacu 20

<210> SEQ ID NO 15

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003345 gRNA targeting Human TTR
(Exon 2)

<400> SEQUENCE: 15

ucuagaacuu ugaccaucag 20

<210> SEQ ID NO 16

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003346 gRNA targeting Human TTR
(Exon 2)

<400> SEQUENCE: 16

aaaguucuag augcuguccg 20

<210> SEQ ID NO 17

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003347 gRNA targeting Human TTR
(Exon 2)

<400> SEQUENCE: 17

cauugauggc aggacugccu 20

<210> SEQ ID NO 18

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003348 gRNA targeting Human TTR
(Exon 2)

<400> SEQUENCE: 18

aggcaguccu gccaucaaug 20

<210> SEQ ID NO 19

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003349 gRNA targeting Human TTR
(Exon 2)

<400> SEQUENCE: 19

ugcacggcca cauugauggc 20
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<210> SEQ ID NO 20

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003350 gRNA targeting Human TTR
(Exon 2)

<400> SEQUENCE: 20

cacaugcacg gccacauuga 20

<210> SEQ ID NO 21

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003351 gRNA targeting Human TTR
(Exon 2)

<400> SEQUENCE: 21

agccuuucug aacacaugca 20

<210> SEQ ID NO 22

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003352 gRNA targeting Human TTR
(Exon 2)

<400> SEQUENCE: 22

gaaaggcugc ugaugacacce 20

<210> SEQ ID NO 23

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003353 gRNA targeting Human TTR
(Exon 2)

<400> SEQUENCE: 23

aaaggcugcu gaugacaccu 20

<210> SEQ ID NO 24

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003354 gRNA targeting Human TTR
(Exon 2)

<400> SEQUENCE: 24

accugggagce cauuugccuc 20

<210> SEQ ID NO 25

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003355 gRNA targeting Human TTR
(Exon 2)

<400> SEQUENCE: 25

cccagaggca aauggcuccce 20
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<210> SEQ ID NO 26

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003356 gRNA targeting Human TTR
(Exon 2)

<400> SEQUENCE: 26

gcaacuuacc cagaggcaaa 20

<210> SEQ ID NO 27

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003357 gRNA targeting Human TTR
(Exon 2)

<400> SEQUENCE: 27

uucuuuggca acuuacccag 20

<210> SEQ ID NO 28

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003358 gRNA targeting Human TTR
(Exon 3)

<400> SEQUENCE: 28

augcagcucu ccagacucac 20

<210> SEQ ID NO 29

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003359 gRNA targeting Human TTR
(Exon 3)

<400> SEQUENCE: 29

agugagucug gagagcugca 20

<210> SEQ ID NO 30

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003360 gRNA targeting Human TTR
(Exon 3)

<400> SEQUENCE: 30

gugagucugg agagcugcau 20

<210> SEQ ID NO 31

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003361 gRNA targeting Human TTR
(Exon 3)

<400> SEQUENCE: 31
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gcugcauggg cucacaacug 20

<210> SEQ ID NO 32

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003362 gRNA targeting Human TTR
(Exon 3)

<400> SEQUENCE: 32

gcaugggcuc acaacugagg 20

<210> SEQ ID NO 33

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003363 gRNA targeting Human TTR
(Exon 3)

<400> SEQUENCE: 33

acugaggagg aauuuguaga 20

<210> SEQ ID NO 34

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003364 gRNA targeting Human TTR
(Exon 3)

<400> SEQUENCE: 34

cugaggagga auuuguagaa 20

<210> SEQ ID NO 35

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003365 gRNA targeting Human TTR
(Exon 3)

<400> SEQUENCE: 35

uguagaaggg auvauacaaag 20

<210> SEQ ID NO 36

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003366 gRNA targeting Human TTR
(Exon 3)

<400> SEQUENCE: 36

aaauagacac caaaucuuac 20

<210> SEQ ID NO 37

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003367 gRNA targeting Human TTR
(Exon 3)
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<400> SEQUENCE: 37

agacaccaaa ucuuacugga 20

<210> SEQ ID NO 38

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003368 gRNA targeting Human TTR
(Exon 3)

<400> SEQUENCE: 38

aagugccuuc caguaagauu 20

<210> SEQ ID NO 39

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003369 gRNA targeting Human TTR
(Exon 3)

<400> SEQUENCE: 39

cucugcaugce ucauggaaug 20

<210> SEQ ID NO 40

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003370 gRNA targeting Human TTR
(Exon 3)

<400> SEQUENCE: 40

ccucugcaug cucauggaau 20

<210> SEQ ID NO 41

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003371 gRNA targeting Human TTR
(Exon 3)

<400> SEQUENCE: 41

accucugcau gcucauggaa 20

<210> SEQ ID NO 42

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003372 gRNA targeting Human TTR
(Exon 3)

<400> SEQUENCE: 42

uacucaccuc ugcaugcuca 20

<210> SEQ ID NO 43

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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<223> OTHER INFORMATION: Synthetic: CR003373 gRNA targeting Human TTR
(Exon 4)

<400> SEQUENCE: 43

guauucacag ccaacgacuc 20

<210> SEQ ID NO 44

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003374 gRNA targeting Human TTR
(Exon 4)

<400> SEQUENCE: 44

deggegggygyg ccggagucgu 20

<210> SEQ ID NO 45

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003375 gRNA targeting Human TTR
(Exon 4)

<400> SEQUENCE: 45

aaugguguag cggcgggggc 20

<210> SEQ ID NO 46

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003376 gRNA targeting Human TTR
(Exon 4)

<400> SEQUENCE: 46

cggcaauggu guagcggcegg 20

<210> SEQ ID NO 47

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003377 gRNA targeting Human TTR
(Exon 4)

<400> SEQUENCE: 47

gcggcaaugg uguagcggcg 20

<210> SEQ ID NO 48

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003378 gRNA targeting Human TTR
(Exon 4)

<400> SEQUENCE: 48
ggcggcaaug guguagcggce 20
<210> SEQ ID NO 49

<211> LENGTH: 20
<212> TYPE: RNA
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<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003379 gRNA targeting Human TTR
(Exon 4)

<400> SEQUENCE: 49

gggcggcaau gguguagcgg 20

<210> SEQ ID NO 50

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003380 gRNA targeting Human TTR
(Exon 4)

<400> SEQUENCE: 50

gcagggcgge aaugguguag 20

<210> SEQ ID NO 51

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003381 gRNA targeting Human TTR
(Exon 4)

<400> SEQUENCE: 51

ggggcucagce agggcggcaa 20

<210> SEQ ID NO 52

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003382 gRNA targeting Human TTR
(Exon 4)

<400> SEQUENCE: 52

ggaguagggg cucagcaggg 20

<210> SEQ ID NO 53

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003383 gRNA targeting Human TTR
(Exon 4)

<400> SEQUENCE: 53

auaggaguag gggcucagca 20

<210> SEQ ID NO 54

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003384 gRNA targeting Human TTR
(Exon 4)

<400> SEQUENCE: 54

aauvaggagua ggggcucagc 20

<210> SEQ ID NO 55
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<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003385 gRNA targeting Human TTR
(Exon 4)

<400> SEQUENCE: 55

cceccuacuce uauuccacca 20

<210> SEQ ID NO 56

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003386 gRNA targeting Human TTR
(Exon 4)

<400> SEQUENCE: 56

ccguggugga auaggaguag 20

<210> SEQ ID NO 57

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003387 gRNA targeting Human TTR
(Exon 4)

<400> SEQUENCE: 57

gccguggugg aauaggagua 20

<210> SEQ ID NO 58

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003388 gRNA targeting Human TTR
(Exon 4)

<400> SEQUENCE: 58

gacgacagcce gugguggaau 20

<210> SEQ ID NO 59

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003389 gRNA targeting Human TTR
(Exon 4)

<400> SEQUENCE: 59

auuggugacg acagccgugg 20

<210> SEQ ID NO 60

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003390 gRNA targeting Human TTR
(Exon 4)

<400> SEQUENCE: 60

gggauuggug acgacagccg 20
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<210> SEQ ID NO 61

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003391 gRNA targeting Human TTR
(Exon 4)

<400> SEQUENCE: 61

ggcugucguc accaauccca 20

<210> SEQ ID NO 62

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR003392 gRNA targeting Human TTR
(Exon 4)

<400> SEQUENCE: 62

agucccucau uccuugggau 20

<210> SEQ ID NO 63

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR005298 gRNA targeting Human TTR
(Exon 1)

<400> SEQUENCE: 63

uccacucauu cuuggcagga 20

<210> SEQ ID NO 64

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR005299 gRNA targeting Human TTR
(Exon 4)

<400> SEQUENCE: 64

agccguggug gaauaggagu 20

<210> SEQ ID NO 65

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR005300 gRNA targeting Human TTR
(Exon 1)

<400> SEQUENCE: 65

ucacagaaac acucaccgua 20

<210> SEQ ID NO 66

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR005301 gRNA targeting Human TTR
(Exon 1)

<400> SEQUENCE: 66
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gucacagaaa cacucaccgu 20

<210> SEQ ID NO 67

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR005302 gRNA targeting Human TTR
(Exon 2)

<400> SEQUENCE: 67

acgugucuuc ucuacaccca 20

<210> SEQ ID NO 68

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR005303 gRNA targeting Human TTR
(Exon 2)

<400> SEQUENCE: 68

ugaauccaag uguccucuga 20

<210> SEQ ID NO 69

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR005304 gRNA targeting Human TTR
(Exon 2)

<400> SEQUENCE: 69

ggccgugcau guguucagaa 20

<210> SEQ ID NO 70

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR005305 gRNA targeting Human TTR
(Exon 3)

<400> SEQUENCE: 70

uauaggaaaa ccagugaguc 20

<210> SEQ ID NO 71

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR005306 gRNA targeting Human TTR
(Exon 3)

<400> SEQUENCE: 71

aaaucuuacu ggaaggcacu 20

<210> SEQ ID NO 72

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR005307 gRNA targeting Human TTR
(Exon 4)
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<400> SEQUENCE: 72

ugucugucuu cucucauagg 20

<210> SEQ ID NO 73

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR000689 gRNA targeting Cyno TTR

<400> SEQUENCE: 73

acacaaauac caguccagcg 20

<210> SEQ ID NO 74

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR005364 gRNA targeting Cyno TTR

<400> SEQUENCE: 74

aaaggcugcu gaugagaccu 20

<210> SEQ ID NO 75

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR005365 gRNA targeting Cyno TTR

<400> SEQUENCE: 75

cauugacagc aggacugccu 20

<210> SEQ ID NO 76

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR005366 gRNA targeting Cyno TTR

<400> SEQUENCE: 76

auaccagucc agcgaggcag 20

<210> SEQ ID NO 77

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR005367 gRNA targeting Cyno TTR

<400> SEQUENCE: 77

ccaguccagc gaggcagagg 20
<210> SEQ ID NO 78

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR005368 gRNA targeting Cyno TTR

<400> SEQUENCE: 78

ccuccucuge cucgcuggac 20
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<210> SEQ ID NO 79

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR005369 gRNA targeting Cyno TTR
<400> SEQUENCE: 79

aaaguucuag augccguccg 20
<210> SEQ ID NO 80

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR005370 gRNA targeting Cyno TTR
<400> SEQUENCE: 80

acuugucuuc ucuauaccca 20
<210> SEQ ID NO 81

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR005371 gRNA targeting Cyno TTR
<400> SEQUENCE: 81

aagugacuuc caguaagauu 20
<210> SEQ ID NO 82

<211> LENGTH: 20

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: CR005372 gRNA targeting Cyno TTR
<400> SEQUENCE: 82

aaaaggcugc ugaugagacce 20

<210> SEQ ID NO 83
<400> SEQUENCE: 83

000

<210> SEQ ID NO 84
<400> SEQUENCE: 84

000

<210> SEQ ID NO 85
<400> SEQUENCE: 85

000

<210> SEQ ID NO 86
<400> SEQUENCE: 86

000
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<210> SEQ ID NO 87

<211> LENGTH: 100

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: G000480 sgRNA modified sequence
targeting Human TTR

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (1)..(3)

<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (29)..(40)

<223> OTHER INFORMATION: 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (69)..(96)

<223> OTHER INFORMATION: 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (97)..(100)

<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<400> SEQUENCE: 87
aaaggcugcu gaugacaccu guuuuagage uagaaauagce aaguuaaaau aaggcuaguc

cguuaucaac uugaaaaagu ggcaccgagu cggugcuuuu

<210> SEQ ID NO 88

<211> LENGTH: 100

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: G000481 sgRNA modified sequence
targeting Human TTR

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (1)..(3)

<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (29)..(40)

<223> OTHER INFORMATION: 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (69)..(96)

<223> OTHER INFORMATION: 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (97)..(100)

<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<400> SEQUENCE: 88
ucuagaacuu ugaccaucag guuuuagagc uagaaauagc aaguuaaaau aaggcuaguc

cguuaucaac uugaaaaagu ggcaccgagu cggugcuuuu

<210> SEQ ID NO 89

<211> LENGTH: 100

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: G000482 sgRNA modified sequence
targeting Human TTR

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (1)..(3)

<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<220> FEATURE:

60

100

60

100
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<221> NAME/KEY: modified_base

<222> LOCATION: (29)..(40)

<223> OTHER INFORMATION: 2'-0-Me nucleotide
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (69)..(96)

<223> OTHER INFORMATION: 2'-0-Me nucleotide
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (97)..(100)

<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<400> SEQUENCE: 89

uguagaaggg auauacaaag guuuuagagc uagaaauagc aaguuaaaau aaggcuaguc
cguuaucaac uugaaaaagu ggcaccgagu cggugcuuuu

<210> SEQ ID NO 90

<211> LENGTH: 100

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: G000483 sgRNA modified sequence

targeting Human TTR
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (1)..(3)
<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (29)..(40)
<223> OTHER INFORMATION: 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (69)..(96)
<223> OTHER INFORMATION: 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (97)..(100)
<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<400> SEQUENCE: 90

uccacucauu cuuggcagga guuuuagagc uagaaauagc aaguuaaaau aaggcuaguc
cguuaucaac uugaaaaagu ggcaccgagu cggugcuuuu

<210> SEQ ID NO 91

<211> LENGTH: 100

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: G000484 sgRNA modified sequence

targeting Human TTR
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (1)..(3)
<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (29)..(40)
<223> OTHER INFORMATION: 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (69)..(96)
<223> OTHER INFORMATION: 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (97)..(100)
<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<400> SEQUENCE: 91

60

100

60

100
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agacaccaaa ucuuacugga guuuuagagce uagaaauagce aaguuaaaau aaggcuaguc

cguuaucaac uugaaaaagu ggcaccgagu cggugcuuuu

<210> SEQ ID NO 92

<211> LENGTH: 100

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: G000485 sgRNA modified sequence
targeting Human TTR

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (1)..(3)

<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (29)..(40)

<223> OTHER INFORMATION: 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (69)..(96)

<223> OTHER INFORMATION: 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (97)..(100)

<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<400> SEQUENCE: 92
ccuccucuge cuugcuggac guuuuagage uagaaauagce aaguuaaaau aaggcuaguc

cguuaucaac uugaaaaagu ggcaccgagu cggugcuuuu

<210> SEQ ID NO 93

<211> LENGTH: 100

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: G000486 sgRNA modified sequence
targeting Human TTR

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (1)..(3)

<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (29)..(40)

<223> OTHER INFORMATION: 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (69)..(96)

<223> OTHER INFORMATION: 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (97)..(100)

<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<400> SEQUENCE: 93
acacaaauac caguccagca guuuuagage uagaaauagce aaguuaaaau aaggcuaguc

cguuaucaac uugaaaaagu ggcaccgagu cggugcuuuu

<210> SEQ ID NO 94

<211> LENGTH: 100

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: G000487 sgRNA modified sequence
targeting Human TTR

<220> FEATURE:

<221> NAME/KEY: modified_base

60

100

60

100

60

100
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<222> LOCATION: (1)..(3)

<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (29)..(40)

<223> OTHER INFORMATION: 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (69)..(96)

<223> OTHER INFORMATION: 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (97)..(100)

<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<400> SEQUENCE: 94

uucuuuggca acuuacccag guuuuagage uagaaauagce aaguuaaaau aaggcuaguc
cguuaucaac uugaaaaagu ggcaccgagu cggugcuuuu

<210> SEQ ID NO 95

<211> LENGTH: 100

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: G000488 sgRNA modified sequence

targeting Human TTR
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (1)..(3)
<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (29)..(40)
<223> OTHER INFORMATION: 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (69)..(96)
<223> OTHER INFORMATION: 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (97)..(100)
<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<400> SEQUENCE: 95

aaaguucuag augcuguccg guuuuagage uagaaauagce aaguuaaaau aaggcuaguc
cguuaucaac uugaaaaagu ggcaccgagu cggugcuuuu

<210> SEQ ID NO 96

<211> LENGTH: 100

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: G000489 sgRNA modified sequence

targeting Human TTR
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (1)..(3)
<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (29)..(40)
<223> OTHER INFORMATION: 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (69)..(96)
<223> OTHER INFORMATION: 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (97)..(100)
<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide
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<400> SEQUENCE: 96
uuugaccauc agaggacacu guuuuagagc uagaaauagc aaguuaaaau aaggcuaguc

cguuaucaac uugaaaaagu ggcaccgagu cggugcuuuu

<210> SEQ ID NO 97

<211> LENGTH: 100

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: G000490 sgRNA modified sequence

targeting Human TTR
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (1)..(3)
<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (29)..(40)
<223> OTHER INFORMATION: 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (69)..(96)
<223> OTHER INFORMATION: 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (97)..(100)
<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<400> SEQUENCE: 97

aaauagacac caaaucuuac guuuuagagce uagaaauagce aaguuaaaau aaggcuaguc
cguuaucaac uugaaaaagu ggcaccgagu cggugcuuuu

<210> SEQ ID NO 98

<211> LENGTH: 100

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: G000491 sgRNA modified sequence

targeting Human TTR
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (1)..(3)
<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (29)..(40)
<223> OTHER INFORMATION: 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (69)..(96)
<223> OTHER INFORMATION: 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (97)..(100)
<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<400> SEQUENCE: 98

auvaccagucc agcaaggcag guuuuagage uagaaauagce aaguuaaaau aaggcuaguc
cguuaucaac uugaaaaagu ggcaccgagu cggugcuuuu

<210> SEQ ID NO 99

<211> LENGTH: 100

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: G000492 sgRNA modified sequence
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targeting Human TTR
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (1)..(3)
<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (29)..(40)
<223> OTHER INFORMATION: 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (69)..(96)
<223> OTHER INFORMATION: 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (97)..(100)
<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<400> SEQUENCE: 99

cuucucuaca cccagggcac guuuuagage uagaaauage aaguuaaaau aaggcuaguc
cguuaucaac uugaaaaagu ggcaccgagu cggugcuuuu

<210> SEQ ID NO 100

<211> LENGTH: 100

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: G000493 sgRNA modified sequence

targeting Human TTR
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (1)..(3)
<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (29)..(40)
<223> OTHER INFORMATION: 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (69)..(96)
<223> OTHER INFORMATION: 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (97)..(100)
<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<400> SEQUENCE: 100

aagugccuuc caguaagauu guuuuagage uagaaauagce aaguuaaaau aaggcuaguc
cguuaucaac uugaaaaagu ggcaccgagu cggugcuuuu

<210> SEQ ID NO 101

<211> LENGTH: 100

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: G000494 sgRNA modified sequence

targeting Human TTR
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (1)..(3)
<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (29)..(40)
<223> OTHER INFORMATION: 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (69)..(96)
<223> OTHER INFORMATION: 2'-0-Me nucleotide
<220> FEATURE:
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<221> NAME/KEY: modified_base

<222> LOCATION: (97)..(100)

<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<400> SEQUENCE: 101

gugagucugg agagcugcau guuuuagagc uagaaauagc aaguuaaaau aaggcuaguc 60

cguuaucaac uugaaaaagu ggcaccgagu cggugcuuuu 100

<210> SEQ ID NO 102

<211> LENGTH: 100

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: G000495 sgRNA modified sequence
targeting Human TTR

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (1)..(3)

<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (29)..(40)

<223> OTHER INFORMATION: 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (69)..(96)

<223> OTHER INFORMATION: 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (97)..(100)

<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<400> SEQUENCE: 102

cagaggacac uuggauucac guuuuagagce uagaaauagce aaguuaaaau aaggcuaguc 60

cguuaucaac uugaaaaagu ggcaccgagu cggugcuuuu 100

<210> SEQ ID NO 103

<211> LENGTH: 100

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: G000496 sgRNA modified sequence
targeting Human TTR

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (1)..(3)

<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (29)..(40)

<223> OTHER INFORMATION: 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (69)..(96)

<223> OTHER INFORMATION: 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (97)..(100)

<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<400> SEQUENCE: 103

ggccgugcau guguucagaa guuuuagage uagaaauagc aaguuaaaau aaggcuaguc 60

cguuaucaac uugaaaaagu ggcaccgagu cggugcuuuu 100

<210> SEQ ID NO 104

<211> LENGTH: 100

<212>

TYPE: RNA
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<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: G000497 sgRNA modified sequence
targeting Human TTR

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (1)..(3)

<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (29)..(40)

<223> OTHER INFORMATION: 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (69)..(96)

<223> OTHER INFORMATION: 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (97)..(100)

<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<400> SEQUENCE: 104
cugcuccuce ucugccuuge guuuuagage uagaaauage aaguuaaaau aaggcuaguc

cguuaucaac uugaaaaagu ggcaccgagu cggugcuuuu

<210> SEQ ID NO 105

<211> LENGTH: 100

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: G000498 sgRNA modified sequence
targeting Human TTR

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (1)..(3)

<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (29)..(40)

<223> OTHER INFORMATION: 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (69)..(96)

<223> OTHER INFORMATION: 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (97)..(100)

<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<400> SEQUENCE: 105
agugagucug gagagcugca guuuuagage uagaaauagce aaguuaaaau aaggcuaguc

cguuaucaac uugaaaaagu ggcaccgagu cggugcuuuu

<210> SEQ ID NO 106

<211> LENGTH: 100

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: G000499 sgRNA modified sequence
targeting Human TTR

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (1)..(3)

<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (29)..(40)

<223> OTHER INFORMATION: 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base
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<222> LOCATION: (69)..(96)

<223> OTHER INFORMATION: 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (97)..(100)

<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<400> SEQUENCE: 106

ugaauccaag uguccucuga guuuuagagc uagaaauagc aaguuaaaau aaggcuaguc
cguuaucaac uugaaaaagu ggcaccgagu cggugcuuuu

<210> SEQ ID NO 107

<211> LENGTH: 100

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: G000500 sgRNA modified sequence

targeting Human TTR
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (1)..(3)
<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (29)..(40)
<223> OTHER INFORMATION: 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (69)..(96)
<223> OTHER INFORMATION: 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (97)..(100)
<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<400> SEQUENCE: 107

ccaguccage aaggcagagg guuuuagage uagaaauagce aaguuaaaau aaggcuaguc
cguuaucaac uugaaaaagu ggcaccgagu cggugcuuuu

<210> SEQ ID NO 108

<211> LENGTH: 100

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: G000501 sgRNA modified sequence

targeting Human TTR
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (1)..(3)
<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (29)..(40)
<223> OTHER INFORMATION: 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (69)..(96)
<223> OTHER INFORMATION: 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (97)..(100)
<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<400> SEQUENCE: 108
ucacagaaac acucaccgua guuuuagagc uagaaauagc aaguuaaaau aaggcuaguc

cguuaucaac uugaaaaagu ggcaccgagu cggugcuuuu
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<210> SEQ ID NO 109

<211> LENGTH: 100

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: G000567 sgRNA modified sequence

targeting Human TTR
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (1)..(3)
<223> OTHER INFORMATION: PS linkage,
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (29)..(40)

2'-0-Me nucleotide

<223> OTHER INFORMATION: 2'-0-Me nucleotide

<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (69)..(96)

<223> OTHER INFORMATION: 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (97)..(100)

<223> OTHER INFORMATION: PS linkage,

<400> SEQUENCE: 109

2'-0-Me nucleotide

gaaaggcuge ugaugacacc guuuuagagc uagaaauagc aaguuaaaau aaggcuaguc 60

cguuaucaac uugaaaaagu ggcaccgagu cggugcuuuu 100

<210> SEQ ID NO 110

<211> LENGTH: 100

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: G000568 sgRNA modified sequence

targeting Human TTR
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (1)..(3)
<223> OTHER INFORMATION: PS linkage,
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (29)..(40)

2'-0-Me nucleotide

<223> OTHER INFORMATION: 2'-0-Me nucleotide

<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (69)..(96)

<223> OTHER INFORMATION: 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (97)..(100)

<223> OTHER INFORMATION: PS linkage,

<400> SEQUENCE: 110

2'-0-Me nucleotide

ggcugucguc accaauccca guuuuagage uagaaauagc aaguuaaaau aaggcuaguc 60

cguuaucaac uugaaaaagu ggcaccgagu cggugcuuuu 100

<210> SEQ ID NO 111

<211> LENGTH: 100

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: G000570 sgRNA modified sequence

targeting Human TTR
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (1)..(3)
<223> OTHER INFORMATION: PS linkage,
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (29)..(40)

2'-0-Me nucleotide
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<223> OTHER INFORMATION: 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (69)..(96)

<223> OTHER INFORMATION: 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (97)..(100)

<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<400> SEQUENCE: 111

cauugauggc aggacugccu guuuuagage uagaaauagce aaguuaaaau aaggcuaguc
cguuaucaac uugaaaaagu ggcaccgagu cggugcuuuu

<210> SEQ ID NO 112

<211> LENGTH: 100

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: G000571 sgRNA modified sequence

targeting Human TTR
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (1)..(3)
<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (29)..(40)
<223> OTHER INFORMATION: 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (69)..(96)
<223> OTHER INFORMATION: 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (97)..(100)
<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<400> SEQUENCE: 112

gucacagaaa cacucaccgu guuuuagagc uagaaauagc aaguuaaaau aaggcuaguc
cguuaucaac uugaaaaagu ggcaccgagu cggugcuuuu

<210> SEQ ID NO 113

<211> LENGTH: 100

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: G000572 sgRNA modified sequence

targeting Human TTR
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (1)..(3)
<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (29)..(40)
<223> OTHER INFORMATION: 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (69)..(96)
<223> OTHER INFORMATION: 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (97)..(100)
<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<400> SEQUENCE: 113

ccccuacucce uauuccacca guuuuagagc uagaaauagc aaguuaaaau aaggcuaguc
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cguuaucaac uugaaaaagu ggcaccgagu cggugcuuuu

<210> SEQ ID NO 114

<211> LENGTH: 100

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: G000502 sgRNA modified sequence
targeting Cyno TTR

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (1)..(3)

<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (29)..(40)

<223> OTHER INFORMATION: 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (69)..(96)

<223> OTHER INFORMATION: 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (97)..(100)

<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<400> SEQUENCE: 114
acacaaauac caguccagcg guuuuagage uagaaauagce aaguuaaaau aaggcuaguc

cguuaucaac uugaaaaagu ggcaccgagu cggugcuuuu

<210> SEQ ID NO 115

<211> LENGTH: 100

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: G000503 sgRNA modified sequence
targeting Cyno TTR

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (1)..(3)

<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (29)..(40)

<223> OTHER INFORMATION: 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (69)..(96)

<223> OTHER INFORMATION: 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (97)..(100)

<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<400> SEQUENCE: 115
aaaaggcugce ugaugagacc guuuuagage uagaaauagce aaguuaaaau aaggcuaguc

cguuaucaac uugaaaaagu ggcaccgagu cggugcuuuu

<210> SEQ ID NO 116

<211> LENGTH: 100

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: G000504 sgRNA modified sequence
targeting Cyno TTR

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (1)..(3)

<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide
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<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (29)..(40)

<223> OTHER INFORMATION: 2'-0-Me nucleotide
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (69)..(96)

<223> OTHER INFORMATION: 2'-0-Me nucleotide
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (97)..(100)

<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<400> SEQUENCE: 116

aaaggcugcu gaugagaccu guuuuagage uagaaauagce aaguuaaaau aaggcuaguc
cguuaucaac uugaaaaagu ggcaccgagu cggugcuuuu

<210> SEQ ID NO 117

<211> LENGTH: 100

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: G000505 sgRNA modified sequence

targeting Cyno TTR
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (1)..(3)
<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (29)..(40)
<223> OTHER INFORMATION: 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (69)..(96)
<223> OTHER INFORMATION: 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (97)..(100)
<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<400> SEQUENCE: 117

cauugacagc aggacugccu guuuuagage uagaaauagce aaguuaaaau aaggcuaguc
cguuaucaac uugaaaaagu ggcaccgagu cggugcuuuu

<210> SEQ ID NO 118

<211> LENGTH: 100

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: G000506 sgRNA modified sequence

targeting Cyno TTR
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (1)..(3)
<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (29)..(40)
<223> OTHER INFORMATION: 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (69)..(96)
<223> OTHER INFORMATION: 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (97)..(100)
<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<400> SEQUENCE: 118

60

100

60

100
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auvaccagucce agcgaggcag guuuuagage uagaaauagce aaguuaaaau aaggcuaguc

cguuaucaac uugaaaaagu ggcaccgagu cggugcuuuu

<210> SEQ ID NO 119

<211> LENGTH: 100

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: G000507 sgRNA modified sequence
targeting Cyno TTR

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (1)..(3)

<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (29)..(40)

<223> OTHER INFORMATION: 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (69)..(96)

<223> OTHER INFORMATION: 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (97)..(100)

<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<400> SEQUENCE: 119
ccaguccage gaggcagagg guuuuagage uagaaauagce aaguuaaaau aaggcuaguc

cguuaucaac uugaaaaagu ggcaccgagu cggugcuuuu

<210> SEQ ID NO 120

<211> LENGTH: 100

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: G000508 sgRNA modified sequence
targeting Cyno TTR

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (1)..(3)

<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (29)..(40)

<223> OTHER INFORMATION: 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (69)..(96)

<223> OTHER INFORMATION: 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (97)..(100)

<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<400> SEQUENCE: 120
ccuccucuge cucgcuggac guuuuagage uagaaauagce aaguuaaaau aaggcuaguc

cguuaucaac uugaaaaagu ggcaccgagu cggugcuuuu

<210> SEQ ID NO 121

<211> LENGTH: 100

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: G000509 sgRNA modified sequence
targeting Cyno TTR

<220> FEATURE:

60

100

60

100

60

100
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<221> NAME/KEY: modified_base

<222> LOCATION: (1)..(3)

<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide
<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (29)..(40)

<223> OTHER INFORMATION: 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (69)..(96)

<223> OTHER INFORMATION: 2'-0-Me nucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (97)..(100)

<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<400> SEQUENCE: 121

aaaguucuag augccguccg guuuuagage uagaaauagce aaguuaaaau aaggcuaguc
cguuaucaac uugaaaaagu ggcaccgagu cggugcuuuu

<210> SEQ ID NO 122

<211> LENGTH: 100

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: G000510 sgRNA modified sequence

targeting Cyno TTR
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (1)..(3)
<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (29)..(40)
<223> OTHER INFORMATION: 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (69)..(96)
<223> OTHER INFORMATION: 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (97)..(100)
<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<400> SEQUENCE: 122

acuugucuuc ucuauaccca guuuuagage uagaaauagce aaguuaaaau aaggcuaguc
cguuaucaac uugaaaaagu ggcaccgagu cggugcuuuu

<210> SEQ ID NO 123

<211> LENGTH: 100

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: G000511 sgRNA modified sequence

targeting Cyno TTR
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (1)..(3)
<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (29)..(40)
<223> OTHER INFORMATION: 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (69)..(96)
<223> OTHER INFORMATION: 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (97)..(100)

60

100

60

100
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<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide

<400> SEQUENCE: 123

aagugacuuc caguaagauu guuuuagagce uagaaauagce aaguuaaaau aaggcuaguc
cguuaucaac uugaaaaagu ggcaccgagu cggugcuuuu

<210> SEQ ID NO 124

<211> LENGTH: 100

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: G000282 sgRNA modified sequence

targeting Mouse TTR
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (1)..(3)
<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (29)..(40)
<223> OTHER INFORMATION: 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (69)..(96)
<223> OTHER INFORMATION: 2'-0-Me nucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (97)..(100)
<223> OTHER INFORMATION: PS linkage, 2'-0-Me nucleotide
<400> SEQUENCE: 124
uuacagcecac gucuacagca guuuuagage uagaaauagc aaguuaaaau aaggcuaguc

cguuaucaac uugaaaaagu ggcaccgagu cggugcuuuu

<210> SEQ ID NO 125
<400> SEQUENCE: 125

000

<210> SEQ ID NO 126
<400> SEQUENCE: 126

000

<210> SEQ ID NO 127
<400> SEQUENCE: 127

000

<210> SEQ ID NO 128
<400> SEQUENCE: 128

000

<210> SEQ ID NO 129
<400> SEQUENCE: 129

000

<210> SEQ ID NO 130

60

100

60

100
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<400> SEQUENCE: 130

000

<210> SEQ ID NO 131

<400> SEQUENCE: 131

000

<210> SEQ ID NO 132

<400> SEQUENCE: 132

000

<210> SEQ ID NO 133

<400> SEQUENCE: 133

000

<210> SEQ ID NO 134

<400> SEQUENCE: 134

000

<210> SEQ ID NO 135

<400> SEQUENCE: 135

000

<210> SEQ ID NO 136

<400> SEQUENCE: 136

000

<210> SEQ ID NO 137

<400> SEQUENCE: 137

000

<210> SEQ ID NO 138

<400> SEQUENCE: 138

000

<210> SEQ ID NO 139

<400> SEQUENCE: 139

000

<210> SEQ ID NO 140

<400> SEQUENCE: 140

000
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<210> SEQ ID NO 141

<400> SEQUENCE: 141

000

<210> SEQ ID NO 142

<400> SEQUENCE: 142

000

<210> SEQ ID NO 143

<400> SEQUENCE: 143

000

<210> SEQ ID NO 144

<400> SEQUENCE: 144

000

<210> SEQ ID NO 145

<400> SEQUENCE: 145

000

<210> SEQ ID NO 146

<400> SEQUENCE: 146

000

<210> SEQ ID NO 147

<400> SEQUENCE: 147

000

<210> SEQ ID NO 148

<400> SEQUENCE: 148

000

<210> SEQ ID NO 149

<400> SEQUENCE: 149

000

<210> SEQ ID NO 150

<400> SEQUENCE: 150

000

<210> SEQ ID NO 151

<400> SEQUENCE: 151

000
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<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

152

152

153

153

154

154

155

155

156

156

157

157

158

158

159

159

160

160

161

161

162

162
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<210> SEQ ID NO 163

<400> SEQUENCE: 163

000

<210> SEQ ID NO 164

<400> SEQUENCE: 164

000

<210> SEQ ID NO 165

<400> SEQUENCE: 165

000

<210> SEQ ID NO 166

<400> SEQUENCE: 166

000

<210> SEQ ID NO 167

<400> SEQUENCE: 167

000

<210> SEQ ID NO 168

<400> SEQUENCE: 168

000

<210> SEQ ID NO 169

<400> SEQUENCE: 169

000

<210> SEQ ID NO 170

<400> SEQUENCE: 170

000

<210> SEQ ID NO 171

<400> SEQUENCE: 171

000

<210> SEQ ID NO 172

<400> SEQUENCE: 172

000

<210> SEQ ID NO 173

<400> SEQUENCE: 173
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000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

174

174

175

175

176

176

177

177

178

178

179

179

180

180

181

181

182

182

183

183

184

184
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000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

185

185

186

186

187

187

188

188

189

189

190

190

191

191

192

192

193

193

194

194

195
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<400> SEQUENCE: 195

000

<210> SEQ ID NO 196
<400> SEQUENCE: 196

000

<210> SEQ ID NO 197
<400> SEQUENCE: 197

000

<210> SEQ ID NO 198
<400> SEQUENCE: 198

000

<210> SEQ ID NO 199
<400> SEQUENCE: 199

000

<210> SEQ ID NO 200
<400> SEQUENCE: 200

000

<210> SEQ ID NO 201

<211> LENGTH: 4140

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: DNA coding sequence of Cas9 using
the thymidine analog of the minimal uridine codons listed in
Table 3, with start and stop codons

<400> SEQUENCE: 201

atggacaaga agtacagcat cggactggac atcggaacaa acagcegtegg atgggcagte 60
atcacagacg aatacaaggt cccgagcaag aagttcaagg tectgggaaa cacagacaga 120
cacagcatca agaagaacct gatcggagca ctgctgtteg acagecggaga aacagcagaa 180
gcaacaagac tgaagagaac agcaagaaga agatacacaa gaagaaagaa cagaatctgce 240
tacctgcagg aaatcttcag caacgaaatg gcaaaggteg acgacagett cttccacaga 300
ctggaagaaa gcttectggt cgaagaagac aagaagcacg aaagacacce gatcttegga 360
aacatcgtcg acgaagtcge ataccacgaa aagtacccga caatctacca cctgagaaag 420
aagctggtceg acagcacaga caaggcagac ctgagactga tctacctgge actggcacac 480
atgatcaagt tcagaggaca cttectgate gaaggagacce tgaacccgga caacagcgac 540
gtcgacaage tgttcatcca getggtccag acatacaacce agetgttcega agaaaacceg 600
atcaacgcaa gcggagtcga cgcaaaggca atcectgageg caagactgag caagagcaga 660
agactggaaa acctgatcge acagetgecg ggagaaaaga agaacggact gttcggaaac 720

ctgatcgeac tgagectggg actgacaccg aacttcaaga gcaacttega cctggcagaa 780
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gacgcaaagc tgcagctgag caaggacaca tacgacgacg acctggacaa cctgctggca 840
cagatcggag accagtacgc agacctgttc ctggcagcaa agaacctgag cgacgcaatc 900
ctgctgageg acatcctgag agtcaacaca gaaatcacaa aggcaccgct gagcgcaagc 960

atgatcaaga gatacgacga acaccaccag gacctgacac tgctgaaggce actggtcaga 1020
cagcagctge cggaaaagta caaggaaatc ttettcegacce agagcaagaa cggatacgca 1080
ggatacatcg acggaggagc aagccaggaa gaattctaca agttcatcaa gccgatcctg 1140
gaaaagatgyg acggaacaga agaactgctg gtcaagctga acagagaaga cctgctgaga 1200
aagcagagaa cattcgacaa cggaagcatc ccgcaccaga tccacctggyg agaactgcac 1260
gcaatcctga gaagacagga agacttctac ccgttectga aggacaacag agaaaagatce 1320
gaaaagatcc tgacattcag aatcccgtac tacgteggac cgctggcaag aggaaacagce 1380
agattcgcat ggatgacaag aaagagcgaa gaaacaatca caccgtggaa cttcgaagaa 1440
gtegtcegaca agggagcaag cgcacagagc ttcatcgaaa gaatgacaaa cttcgacaag 1500
aacctgccga acgaaaaggt cctgccgaag cacagcctge tgtacgaata cttcacagtce 1560
tacaacgaac tgacaaaggt caagtacgtc acagaaggaa tgagaaagcc ggcattcctg 1620
agcggagaac agaagaaggc aatcgtcgac ctgetgttca agacaaacag aaaggtcaca 1680
gtcaagcagc tgaaggaaga ctacttcaag aagatcgaat gcttcgacag cgtcgaaatc 1740
agcggagteg aagacagatt caacgcaagce ctgggaacat accacgacct gctgaagatce 1800
atcaaggaca aggacttcct ggacaacgaa gaaaacgaag acatcctgga agacatcgte 1860
ctgacactga cactgttcga agacagagaa atgatcgaag aaagactgaa gacatacgca 1920
cacctgtteg acgacaaggt catgaagcag ctgaagagaa gaagatacac aggatgggga 1980
agactgagca gaaagctgat caacggaatc agagacaagce agagcggaaa gacaatcctg 2040
gacttcctga agagcgacgg attcgcaaac agaaacttca tgcagctgat ccacgacgac 2100
agcctgacat tcaaggaaga catccagaag gcacaggtca gcggacaggyg agacagectg 2160
cacgaacaca tcgcaaacct ggcaggaagce ccggcaatca agaagggaat cctgcagaca 2220
gtcaaggteyg tcgacgaact ggtcaaggtc atgggaagac acaagccgga aaacatcgtce 2280
atcgaaatgg caagagaaaa ccagacaaca cagaagggac agaagaacag cagagaaaga 2340
atgaagagaa tcgaagaagg aatcaaggaa ctgggaagcec agatcctgaa ggaacacccg 2400
gtecgaaaaca cacagctgca gaacgaaaag ctgtacctgt actacctgca gaacggaaga 2460
gacatgtacyg tcgaccagga actggacatc aacagactga gcgactacga cgtcgaccac 2520
atcgteccege agagettect gaaggacgac agcatcgaca acaaggtcect gacaagaagce 2580
gacaagaaca gaggaaagag cgacaacgtc ccgagcgaag aagtcgtcaa gaagatgaag 2640
aactactgga gacagctgct gaacgcaaag ctgatcacac agagaaagtt cgacaacctg 2700
acaaaggcag agagaggagg actgagcgaa ctggacaagg caggattcat caagagacag 2760
ctggtcgaaa caagacagat cacaaagcac gtcgcacaga tcectggacag cagaatgaac 2820
acaaagtacg acgaaaacga caagctgatc agagaagtca aggtcatcac actgaagagce 2880
aagctggtca gcgacttcag aaaggacttc cagttctaca aggtcagaga aatcaacaac 2940
taccaccacg cacacgacgc atacctgaac gcagtcgteg gaacagcact gatcaagaag 3000

tacccgaagce tggaaagcga attcgtctac ggagactaca aggtctacga cgtcagaaag 3060
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atgatcgcaa agagcgaaca ggaaatcgga aaggcaacag caaagtactt cttctacage 3120
aacatcatga acttcttcaa gacagaaatc acactggcaa acggagaaat cagaaagaga 3180
ccgetgateg aaacaaacgg agaaacagga gaaatcgtet gggacaaggg aagagactte 3240
gcaacagtca gaaaggtcct gagcatgccg caggtcaaca tcgtcaagaa gacagaagtc 3300
cagacaggag gattcagcaa ggaaagcatc ctgccgaaga gaaacagega caagctgate 3360
gcaagaaaga aggactggga cccgaagaag tacggaggat tcgacagccce gacagtegea 3420
tacagcegtce tggtegtege aaaggtcgaa aagggaaaga gcaagaagcet gaagagegte 3480
aaggaactgc tgggaatcac aatcatggaa agaagcaget tcgaaaagaa cccgatcgac 3540
ttcctggaag caaagggata caaggaagtce aagaaggacce tgatcatcaa gcetgccgaag 3600
tacagcctgt tcgaactgga aaacggaaga aagagaatgce tggcaagege aggagaactg 3660
cagaagggaa acgaactggce actgccgage aagtacgteca acttcetgta cctggcaage 3720
cactacgaaa agctgaaggg aagcccggaa gacaacgaac agaagcagcet gttcegtcgaa 3780
cagcacaagc actacctgga cgaaatcatce gaacagatca gegaattcag caagagagte 3840
atcctggcag acgcaaacct ggacaaggte ctgagegcat acaacaagca cagagacaag 3900
ccgatcagag aacaggcaga aaacatcate cacctgtteca cactgacaaa cctgggagca 3960
ccggecageat tcaagtactt cgacacaaca atcgacagaa agagatacac aagcacaaag 4020
gaagtcctgg acgcaacact gatccaccag agcatcacag gactgtacga aacaagaatc 4080
gacctgagee agetgggagg agacggagga ggaagcccga agaagaagag aaaggtctag 4140
<210> SEQ ID NO 202

<211> LENGTH: 4143

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: DNA coding sequence of Cas9 using

codons with generally high expression in humans

<400> SEQUENCE: 202

atggataaga agtactcaat cgggctggat atcggaacta attecegtggg ttgggcagtg 60
atcacggatyg aatacaaagt gccgtccaag aagttcaagg tectggggaa caccgataga 120
cacagcatca agaaaaatct catcggagece ctgetgtttg actecggega aaccgcagaa 180
gegaccegge tcaaacgtac cgcgaggcega cgctacacce ggcggaagaa tcgeatctge 240
tatctgcaag agatctttte gaacgaaatg gcaaaggteg acgacagett cttcecaccge 300
ctggaagaat ctttectggt ggaggaggac aagaagcatg aacggcatce tatctttgga 360
aacatcgtcg acgaagtgge gtaccacgaa aagtacccga ccatctacca tctgeggaag 420
aagttggttyg actcaactga caaggccgac ctcagattga tctacttgge cctegeccat 480
atgatcaaat tccgeggaca cttectgate gaaggegatce tgaaccctga taactccgac 540
gtggataagc ttttcattca actggtgcag acctacaacc aactgttcga agaaaaccca 600
atcaatgcta gcggegtega tgccaaggece atectgteeg cecggetgte gaagtegegg 660
cgectegaaa acctgatege acagetgecg ggagagaaaa agaacggact ttteggcaac 720
ttgatcgete tctcactggg actcactece aatttcaagt ccaattttga cctggecgag 780

gacgcgaagce tgcaactctce aaaggacacc tacgacgacg acttggacaa tttgetggea 840
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caaattggcg atcagtacgc ggatctgtte cttgcecgcta agaacctttc ggacgcaatc 900
ttgctgtceg atatcctgeg cgtgaacacc gaaataacca aagcgccgct tagegectceg 960

atgattaagc ggtacgacga gcatcaccag gatctcacgce tgctcaaagce gctcgtgaga 1020
cagcaactgc ctgaaaagta caaggagatc ttcttcgacc agtccaagaa tgggtacgca 1080
gggtacatcg atggaggcgce tagccaggaa gagttctata agttcatcaa gccaatcctg 1140
gaaaagatgyg acggaaccga agaactgctg gtcaagetga acagggagga tctgctcegg 1200
aaacagagaa cctttgacaa cggatccatt ccccaccaga tccatctggg tgagctgcac 1260
gccatcttge ggcgccagga ggacttttac ccattcecctca aggacaaccg ggaaaagatce 1320
gagaaaattc tgacgttccg catcccgtat tacgtgggec cactggcgceg cggcaattceg 1380
cgcttegegt ggatgactag aaaatcagag gaaaccatca ctccttggaa tttcgaggaa 1440
gttgtggata agggagcttc ggcacaaagc ttcatcgaac gaatgaccaa cttcgacaag 1500
aatctcccaa acgagaaggt gcttcectaag cacagcctcece tttacgaata cttcactgte 1560
tacaacgaac tgactaaagt gaaatacgtt actgaaggaa tgaggaagcc ggcctttcetg 1620
tcecggagaac agaagaaagc aattgtcgat ctgctgttca agaccaaccg caaggtgacce 1680
gtcaagcagc ttaaagagga ctacttcaag aagatcgagt gtttcgactc agtggaaatc 1740
agcggggtgg aggacagatt caacgcttcg ctgggaacct atcatgatct cctgaagatce 1800
atcaaggaca aggacttcct tgacaacgag gagaacgagg acatcctgga agatatcgtce 1860
ctgaccttga cccttttega ggatcgcgag atgatcgagg agaggcttaa gacctacgcet 1920
catctctteg acgataaggt catgaaacaa ctcaagcgcc gceccggtacac tggttggggce 1980
cgectetece gcaagctgat caacggtatt cgcgataaac agagcggtaa aactatcctg 2040
gatttcctca aatcggatgg cttegctaat cgtaacttca tgcaattgat ccacgacgac 2100
agcctgacct ttaaggagga catccaaaaa gcacaagtgt ccggacaggyg agactcacte 2160
catgaacaca tcgcgaatct ggccggttceg ccggcgatta agaagggaat tcectgcaaact 2220
gtgaaggtgg tcgacgagct ggtgaaggtc atgggacggc acaaaccgga gaatatcgtg 2280
attgaaatgg cccgagaaaa ccagactacc cagaagggcec agaaaaactc ccgcgaaagg 2340
atgaagcgga tcgaagaagg aatcaaggag ctgggcagec agatcctgaa agagcacccyg 2400
gtggaaaaca cgcagctgca gaacgagaag ctctacctgt actatttgca aaatggacgg 2460
gacatgtacg tggaccaaga gctggacatc aatcggttgt ctgattacga cgtggaccac 2520
atcgttcecac agtcctttet gaaggatgac tcgatcgata acaaggtgtt gactcgcagce 2580
gacaagaaca gagggaagtc agataatgtg ccatcggagg aggtcgtgaa gaagatgaag 2640
aattactggc ggcagctcecct gaatgcgaag ctgattaccce agagaaagtt tgacaatctce 2700
actaaagcceg agcgeggegg actctcagag ctggataagg ctggattcat caaacggcag 2760
ctggtcgaga ctcggcagat taccaagcac gtggcgcaga tcttggactce ccgcatgaac 2820
actaaatacg acgagaacga taagctcatc cgggaagtga aggtgattac cctgaaaagc 2880
aaacttgtgt cggactttcg gaaggacttt cagttttaca aagtgagaga aatcaacaac 2940
taccatcacg cgcatgacgc atacctcaac gctgtggteg gtaccgccct gatcaaaaag 3000
taccctaaac ttgaatcgga gtttgtgtac ggagactaca aggtctacga cgtgaggaag 3060

atgatagcca agtccgaaca ggaaatcggg aaagcaactg cgaaatactt cttttactca 3120
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aacatcatga actttttcaa gactgaaatt acgctggcca atggagaaat caggaagagg 3180
ccactgatcg aaactaacgg agaaacgggce gaaatcgtgt gggacaaggyg cagggactte 3240
gcaactgttc gcaaagtgct ctctatgccg caagtcaata ttgtgaagaa aaccgaagtyg 3300
caaaccggcg gattttcaaa ggaatcgatc ctcccaaaga gaaatagcga caagctcatt 3360
gcacgcaaga aagactggga cccgaagaag tacggaggat tcgattcgec gactgtcgea 3420
tactcecgtee tegtggtgge caaggtggag aagggaaaga gcaaaaagct caaatccgtce 3480
aaagagctgce tggggattac catcatggaa cgatcctegt tcgagaagaa cccgattgat 3540
ttectecgagg cgaagggtta caaggaggtg aagaaggatc tgatcatcaa actccccaag 3600
tactcactgt tcgaactgga aaatggtcgg aagcgcatgce tggcttcgge cggagaactce 3660
caaaaaggaa atgagctggc cttgcctage aagtacgtca acttcecctcta tettgcetteg 3720
cactacgaaa aactcaaagg gtcaccggaa gataacgaac agaagcagct tttegtggag 3780
cagcacaagc attatctgga tgaaatcatc gaacaaatct ccgagttttce aaagcgegtg 3840
atcctegecg acgccaacct cgacaaagtce ctgtcecggect acaataagca tagagataag 3900
ccgatcagag aacaggccga gaacattatc cacttgttca ccctgactaa cctgggagcece 3960
ccagccgect tcaagtactt cgatactact atcgatcgca aaagatacac gtccaccaag 4020
gaagttctgg acgcgaccct gatccaccaa agcatcactg gactctacga aactaggatc 4080
gatctgtege agetgggtgg cgatggeggt ggatctccga aaaagaagag aaaggtgtaa 4140
tga 4143
<210> SEQ ID NO 203
<211> LENGTH: 1379
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic: Amino acid sequence of Cas9 with

one nuclear localization signal (1xNLS) as the C-terminal 7

amino acids

<400> SEQUENCE: 203

Met Asp Lys Lys Tyr Ser Ile Gly Leu Asp Ile Gly Thr Asn Ser Val
1 5 10 15

Gly Trp Ala Val Ile Thr Asp Glu Tyr Lys Val Pro Ser Lys Lys Phe
20 25 30

Lys Val Leu Gly Asn Thr Asp Arg His Ser Ile Lys Lys Asn Leu Ile
35 40 45

Gly Ala Leu Leu Phe Asp Ser Gly Glu Thr Ala Glu Ala Thr Arg Leu
50 55 60

Lys Arg Thr Ala Arg Arg Arg Tyr Thr Arg Arg Lys Asn Arg Ile Cys
65 70 75 80

Tyr Leu Gln Glu Ile Phe Ser Asn Glu Met Ala Lys Val Asp Asp Ser
85 90 95

Phe Phe His Arg Leu Glu Glu Ser Phe Leu Val Glu Glu Asp Lys Lys
100 105 110

His Glu Arg His Pro Ile Phe Gly Asn Ile Val Asp Glu Val Ala Tyr
115 120 125

His Glu Lys Tyr Pro Thr Ile Tyr His Leu Arg Lys Lys Leu Val Asp
130 135 140

Ser Thr Asp Lys Ala Asp Leu Arg Leu Ile Tyr Leu Ala Leu Ala His
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145 150 155 160

Met Ile Lys Phe Arg Gly His Phe Leu Ile Glu Gly Asp Leu Asn Pro
165 170 175

Asp Asn Ser Asp Val Asp Lys Leu Phe Ile Gln Leu Val Gln Thr Tyr
180 185 190

Asn Gln Leu Phe Glu Glu Asn Pro Ile Asn Ala Ser Gly Val Asp Ala
195 200 205

Lys Ala Ile Leu Ser Ala Arg Leu Ser Lys Ser Arg Arg Leu Glu Asn
210 215 220

Leu Ile Ala Gln Leu Pro Gly Glu Lys Lys Asn Gly Leu Phe Gly Asn
225 230 235 240

Leu Ile Ala Leu Ser Leu Gly Leu Thr Pro Asn Phe Lys Ser Asn Phe
245 250 255

Asp Leu Ala Glu Asp Ala Lys Leu Gln Leu Ser Lys Asp Thr Tyr Asp
260 265 270

Asp Asp Leu Asp Asn Leu Leu Ala Gln Ile Gly Asp Gln Tyr Ala Asp
275 280 285

Leu Phe Leu Ala Ala Lys Asn Leu Ser Asp Ala Ile Leu Leu Ser Asp
290 295 300

Ile Leu Arg Val Asn Thr Glu Ile Thr Lys Ala Pro Leu Ser Ala Ser
305 310 315 320

Met Ile Lys Arg Tyr Asp Glu His His Gln Asp Leu Thr Leu Leu Lys
325 330 335

Ala Leu Val Arg Gln Gln Leu Pro Glu Lys Tyr Lys Glu Ile Phe Phe
340 345 350

Asp Gln Ser Lys Asn Gly Tyr Ala Gly Tyr Ile Asp Gly Gly Ala Ser
355 360 365

Gln Glu Glu Phe Tyr Lys Phe Ile Lys Pro Ile Leu Glu Lys Met Asp
370 375 380

Gly Thr Glu Glu Leu Leu Val Lys Leu Asn Arg Glu Asp Leu Leu Arg
385 390 395 400

Lys Gln Arg Thr Phe Asp Asn Gly Ser Ile Pro His Gln Ile His Leu
405 410 415

Gly Glu Leu His Ala Ile Leu Arg Arg Gln Glu Asp Phe Tyr Pro Phe
420 425 430

Leu Lys Asp Asn Arg Glu Lys Ile Glu Lys Ile Leu Thr Phe Arg Ile
435 440 445

Pro Tyr Tyr Val Gly Pro Leu Ala Arg Gly Asn Ser Arg Phe Ala Trp
450 455 460

Met Thr Arg Lys Ser Glu Glu Thr Ile Thr Pro Trp Asn Phe Glu Glu
465 470 475 480

Val Val Asp Lys Gly Ala Ser Ala Gln Ser Phe Ile Glu Arg Met Thr
485 490 495

Asn Phe Asp Lys Asn Leu Pro Asn Glu Lys Val Leu Pro Lys His Ser
500 505 510

Leu Leu Tyr Glu Tyr Phe Thr Val Tyr Asn Glu Leu Thr Lys Val Lys
515 520 525

Tyr Val Thr Glu Gly Met Arg Lys Pro Ala Phe Leu Ser Gly Glu Gln
530 535 540

Lys Lys Ala Ile Val Asp Leu Leu Phe Lys Thr Asn Arg Lys Val Thr
545 550 555 560
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Val Lys Gln Leu Lys Glu Asp Tyr Phe Lys Lys Ile Glu Cys Phe Asp
565 570 575

Ser Val Glu Ile Ser Gly Val Glu Asp Arg Phe Asn Ala Ser Leu Gly
580 585 590

Thr Tyr His Asp Leu Leu Lys Ile Ile Lys Asp Lys Asp Phe Leu Asp
595 600 605

Asn Glu Glu Asn Glu Asp Ile Leu Glu Asp Ile Val Leu Thr Leu Thr
610 615 620

Leu Phe Glu Asp Arg Glu Met Ile Glu Glu Arg Leu Lys Thr Tyr Ala
625 630 635 640

His Leu Phe Asp Asp Lys Val Met Lys Gln Leu Lys Arg Arg Arg Tyr
645 650 655

Thr Gly Trp Gly Arg Leu Ser Arg Lys Leu Ile Asn Gly Ile Arg Asp
660 665 670

Lys Gln Ser Gly Lys Thr Ile Leu Asp Phe Leu Lys Ser Asp Gly Phe
675 680 685

Ala Asn Arg Asn Phe Met Gln Leu Ile His Asp Asp Ser Leu Thr Phe
690 695 700

Lys Glu Asp Ile Gln Lys Ala Gln Val Ser Gly Gln Gly Asp Ser Leu
705 710 715 720

His Glu His Ile Ala Asn Leu Ala Gly Ser Pro Ala Ile Lys Lys Gly
725 730 735

Ile Leu Gln Thr Val Lys Val Val Asp Glu Leu Val Lys Val Met Gly
740 745 750

Arg His Lys Pro Glu Asn Ile Val Ile Glu Met Ala Arg Glu Asn Gln
755 760 765

Thr Thr Gln Lys Gly Gln Lys Asn Ser Arg Glu Arg Met Lys Arg Ile
770 775 780

Glu Glu Gly Ile Lys Glu Leu Gly Ser Gln Ile Leu Lys Glu His Pro
785 790 795 800

Val Glu Asn Thr Gln Leu Gln Asn Glu Lys Leu Tyr Leu Tyr Tyr Leu
805 810 815

Gln Asn Gly Arg Asp Met Tyr Val Asp Gln Glu Leu Asp Ile Asn Arg
820 825 830

Leu Ser Asp Tyr Asp Val Asp His Ile Val Pro Gln Ser Phe Leu Lys
835 840 845

Asp Asp Ser Ile Asp Asn Lys Val Leu Thr Arg Ser Asp Lys Asn Arg
850 855 860

Gly Lys Ser Asp Asn Val Pro Ser Glu Glu Val Val Lys Lys Met Lys
865 870 875 880

Asn Tyr Trp Arg Gln Leu Leu Asn Ala Lys Leu Ile Thr Gln Arg Lys
885 890 895

Phe Asp Asn Leu Thr Lys Ala Glu Arg Gly Gly Leu Ser Glu Leu Asp
900 905 910

Lys Ala Gly Phe Ile Lys Arg Gln Leu Val Glu Thr Arg Gln Ile Thr
915 920 925

Lys His Val Ala Gln Ile Leu Asp Ser Arg Met Asn Thr Lys Tyr Asp
930 935 940

Glu Asn Asp Lys Leu Ile Arg Glu Val Lys Val Ile Thr Leu Lys Ser
945 950 955 960
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Lys

Glu

Lys

Tyr

Asn

Thr

Arg

Glu

Arg

Lys

Leu

Ser

Phe

Glu

Phe

Glu

Asn

Pro

Arg

Tyr

Ile

Phe

Thr

Leu Val Ser Asp Phe Arg Lys Asp Phe Gln Phe Tyr Lys Val Arg
965 970 975

Ile Asn Asn Tyr His His Ala His Asp Ala Tyr Leu Asn Ala Val
980 985 990

Gly Thr Ala Leu Ile Lys Lys Tyr Pro Lys Leu Glu Ser Glu Phe
995 1000 1005

Tyr Gly Asp Tyr Lys Val Tyr Asp Val Arg Lys Met Ile Ala
1010 1015 1020

Ser Glu Gln Glu Ile Gly Lys Ala Thr Ala Lys Tyr Phe Phe
1025 1030 1035

Ser Asn Ile Met Asn Phe Phe Lys Thr Glu Ile Thr Leu Ala
1040 1045 1050

Gly Glu Ile Arg Lys Arg Pro Leu Ile Glu Thr Asn Gly Glu
1055 1060 1065

Gly Glu Ile Val Trp Asp Lys Gly Arg Asp Phe Ala Thr Val
1070 1075 1080

Lys Val Leu Ser Met Pro Gln Val Asn Ile Val Lys Lys Thr
1085 1090 1095

Val Gln Thr Gly Gly Phe Ser Lys Glu Ser Ile Leu Pro Lys
1100 1105 1110

Asn Ser Asp Lys Leu Ile Ala Arg Lys Lys Asp Trp Asp Pro
1115 1120 1125

Lys Tyr Gly Gly Phe Asp Ser Pro Thr Val Ala Tyr Ser Val
1130 1135 1140

Val Val Ala Lys Val Glu Lys Gly Lys Ser Lys Lys Leu Lys
1145 1150 1155

Val Lys Glu Leu Leu Gly 1Ile Thr Ile Met Glu Arg Ser Ser
1160 1165 1170

Glu Lys Asn Pro Ile Asp Phe Leu Glu Ala Lys Gly Tyr Lys
1175 1180 1185

Val Lys Lys Asp Leu Ile 1Ile Lys Leu Pro Lys Tyr Ser Leu
1190 1195 1200

Glu Leu Glu Asn Gly Arg Lys Arg Met Leu Ala Ser Ala Gly
1205 1210 1215

Leu Gln Lys Gly Asn Glu Leu Ala Leu Pro Ser Lys Tyr Val
1220 1225 1230

Phe Leu Tyr Leu Ala Ser His Tyr Glu Lys Leu Lys Gly Ser
1235 1240 1245

Glu Asp Asn Glu Gln Lys Gln Leu Phe Val Glu Gln His Lys
1250 1255 1260

Tyr Leu Asp Glu Ile Ile Glu Gln Ile Ser Glu Phe Ser Lys
1265 1270 1275

Val 1Ile Leu Ala Asp Ala Asn Leu Asp Lys Val Leu Ser Ala
1280 1285 1290

Asn Lys His Arg Asp Lys Pro Ile Arg Glu Gln Ala Glu Asn
1295 1300 1305

Ile His Leu Phe Thr Leu Thr Asn Leu Gly Ala Pro Ala Ala
1310 1315 1320

Lys Tyr Phe Asp Thr Thr Ile Asp Arg Lys Arg Tyr Thr Ser
1325 1330 1335

Lys Glu Val Leu Asp Ala Thr Leu Ile His Gln Ser Ile Thr
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1340

Gly Leu Tyr Glu Thr Arg Ile

1355

Gly Gly Gly Ser Pro Lys Lys

1370

<210> SEQ ID NO 204
<211> LENGTH: 4140

<212> TYPE:

RNA

1345

1360

1375

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:
codons,

<400> SEQUENCE: 204

auggacaaga

aucacagacg

cacagcauca

gcaacaagac

uaccugcagg

cuggaagaaa

aacaucgucg

aagcuggucg

augaucaagu

gucgacaagce

aucaacgcaa

agacuggaaa

cugaucgcac

gacgcaaagce

cagaucggag

cugcugageg

augaucaaga

cagcagcuge

ggauacaucg

gaaaagaugg

aagcagagaa

gcaauccuga

gaaaagaucc

agauucgcau

gucgucgaca

aaccugccga

uacaacgaac

agcggagaac

gucaagcagce

aguacagcau

aauacaaggu

agaagaaccu

ugaagagaac

aaaucuucag

geuuccuggu

acgaagucgc

acagcacaga

ucagaggaca

uguucaucca

dcggagucga

accugaucgc

ugagccuggg

ugcagcugag

accaguacgc

acauccugag

gauacgacga

cggaaaagua

acggaggagc

acggaacaga

cauucgacaa

gaagacagga

ugacauucag

ggaugacaag

agggagcaag

acgaaaaggu

ugacaaaggu

agaagaaggc

ugaaggaaga

cggacuggac

cccgagcaag

gaucggagca

agcaagaaga

caacgaaaug

cgaagaagac

auvaccacgaa

caaggcagac

cuuccugauc

geugguccag

cgcaaaggca

acagcugecg

acugacaccg

caaggacaca

agaccuguuc

agucaacaca

acaccaccag

caaggaaauc

aagccaggaa

agaacugcug

cggaagcauc

agacuucuac

aaucccguac

aaagagcgaa

cgcacagage

ccugccgaag

caaguacguc

aaucgucgac

cuacuucaag

Synthetic:
with start and stop codons

aucggaacaa

aaguucaagg

cugcuguucyg

agauacacaa

gcaaaggucyg

aagaagcacg

aaguacccga

cugagacuga

gaaggagacc

acauacaacc

auccugageg

ggagaaaaga

aacuucaaga

uacgacgacyg

cuggcagcaa

gaaaucacaa

gaccugacac

uucuucgacc

gaauucuaca

gucaagcuga

ccgcaccaga

ceguuccuga

uacgucggac

gaaacaauca

uucaucgaaa

cacagccuge

acagaaggaa

cugcuguuca

aagaucgaau

1350

Asp Leu Ser Gln Leu Gly

1365

Lys Arg Lys Val

acagcgucgg

uccugggaaa

acagcggaga

gaagaaagaa

acgacagcuu

aaagacaccc

caaucuacca

ucuaccugge

ugaacccgga

agcuguucga

caagacugag

agaacggacu

gcaacuucga

accuggacaa

agaaccugag

aggcaccgcu

ugcugaaggce

agagcaagaa

aguucaucaa

acagagaaga

uccaccuggg

aggacaacag

cgcuggcaag

caccguggaa

gaaugacaaa

uguacgaaua

ugagaaagcc

agacaaacag

geuucgacag

Gly Asp

augggcaguc
cacagacaga
aacagcagaa
cagaaucugce
cuuccacaga
gaucuucgga
ccugagaaag
acuggcacac
caacagcgac
agaaaacccg
caagagcaga
guucggaaac
ccuggcagaa
ccugcuggca
cgacgcaauc
gagcgcaage
acuggucaga
cggauacgca
gecgauccug
ccugcugaga
agaacugcac
agaaaagauc
aggaaacagc
cuucgaagaa
cuucgacaag
cuucacaguc
ggcauuccug
aaaggucaca

cgucgaaauc

Cas9 mRNA ORF using minimal uridine

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740
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agcggagucg aagacagauu caacgcaagce cugggaacau accacgaccu gcugaagauc 1800
aucaaggaca aggacuuccu ggacaacgaa gaaaacgdaag acauccugga agacaucguc 1860

cugacacuga cacuguucga agacagagaa augaucgaag aaagacugaa gacauacgca 1920
caccuguucyg acgacaaggu caugaagcag cugaagagaa gaagauacac aggaugggga 1980
agacugagca gaaagcugau caacggaauc agagacaagc agagcggaaa gacaauccug 2040
gacuuccuga agagcgacgg auucgcaaac agaaacuuca ugcagcugau ccacgacgac 2100
agccugacau ucaaggaaga cauccagaag gcacagguca geggacaggdg agacagccug 2160
cacgaacaca ucgcaaaccu ggcaggaage ccggcaauca agaagggaau ccugcagaca 2220
gucaaggucg ucgacgaacu ggucaagguc augggaagac acaagccgga aaacaucguc 2280
aucgaaaugg caagagaaaa ccagacaaca cagaagggac agaagaacag cagagaaaga 2340
augaagagaa ucgaagaagg aaucaaggaa cugggaagec agauccugaa ggaacaccceg 2400
gucgaaaaca cacagcugca gaacgaaaag cuguaccugu acuaccugca gaacggaaga 2460
gacauguacg ucgaccagga acuggacauc aacagacuga gcgacuacga cgucgaccac 2520
aucgucccge agagcuuccu gaaggacgac agcaucgaca acaagguccu gacaagaagce 2580
gacaagaaca gaggaaagag cgacaacguc ccgagcgaag aagucgucaa gaagaugaag 2640
aacuacugga gacagcugcu gaacgcaaag cugaucacac agagaaaguu cgacaaccug 2700
acaaaggcag agagaggagg acugagcgaa cuggacaagg caggauucau caagagacag 2760
cuggucgaaa caagacagau cacaaagcac gucgcacaga uccuggacag cagaaugaac 2820
acaaaguacg acgaaaacga caagcugauc agagaaguca aggucaucac acugaagagce 2880
aagcugguca gcgacuucag aaaggacuuc caguucuaca aggucagaga aaucaacaac 2940
uaccaccacg cacacgacgc auvaccugaac gcagucgucg gaacagcacu gaucaagaag 3000
uacccgaage uggaaagcga auucgucuac ggagacuaca aggucuacga cgucagaaag 3060
augaucgcaa agagcgaaca ggaaaucgga aaggcaacag caaaguacuu cuucuacagce 3120
aacaucauga acuucuucaa gacagaaauc acacuggcaa acggagaaau cagaaagaga 3180
ccgougaucyg aaacaaacgg agaaacagga gaaaucgucu gggacaaggdg aagagacuuc 3240
gcaacaguca gaaagguccu gagcaugccg caggucaaca ucgucaagaa gacagaaguc 3300
cagacaggag gauucagcaa ggaaagcauc cugccgaaga gaaacagcega caagcugauc 3360
gcaagaaaga aggacuggga cccgaagaag uacggaggau ucgacagccc gacagucgcea 3420
uacagcguce uggucgucge aaaggucgaa aagggaaaga gcaagaagcu gaagageguc 3480
aaggaacugc ugggaaucac aaucauggaa agaagcageu ucgaaaagaa cccgaucgac 3540
uuccuggaag caaagggaua caaggaaguc aagaaggacc ugaucaucaa gcugcecgaag 3600
uacagccugu ucgaacugga aaacggaaga aagagaaugce uggcaagcegce aggagaacug 3660
cagaagggaa acgaacuggc acugccgage aaguacguca acuuccugua ccuggcaage 3720
cacuacgaaa agcugaaggg aagcccggaa gacaacgaac agaagcagceu guucgucgaa 3780
cagcacaagc acuaccugga cgaaaucauc gaacagauca gcgaauucag caagagaguc 3840
auccuggcag acgcaaaccu ggacaagguc cugagcgcau acaacaagca cagagacaag 3900
ccgaucagag aacaggcaga aaacaucauc caccuguuca cacugacaaa ccugggagca 3960

ccggecagcau ucaaguacuu cgacacaaca aucgacagaa agagauacac aagcacaaag 4020
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gaaguccugg acgcaacacu gauccaccag agcaucacag gacuguacga aacaagaauc

gaccugagcee agcugggagg agacggagga ggaagcccga agaagaagag aaaggucuag

<210> SEQ ID NO 205

<211> LENGTH: 4143

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: Cas9 mRNA ORF using codons with

4080

4140

generally high expression in humans, with start and stop codons

<400> SEQUENCE: 205

auggauaaga aguacucaau cgggcuggau aucggaacua auuccguggdg uugggcagug

aucacggaug aauacaaagu gccguccaag aaguucaagg uccuggggaa caccgauaga

cacagcauca agaaaaaucu caucggagcece cugcuguuug acuccggega aaccgcagaa

gegaccegge ucaaacguac cgcgaggcga cgcuacacce ggcggaagaa ucgcaucuge

uaucugcaag agaucuuuuc gaacgaaaug gcaaaggucg acgacagcuu cuuccaccgc

cuggaagaau cuuuccuggu ggaggaggac aagaagcaug aacggcaucce uaucuuugga

aacaucgucg acgaaguggc guaccacgaa aaguacccga ccaucuacca ucugceggaag

aaguugguug acucaacuga caaggccgac cucagauuga ucuacuugge ccucgceccau

augaucaaau uccgcggaca cuuccugauc gaaggcgauc ugaacccuga uaacuccgac

guggauaagc uuuucauuca acuggugcag accuacaacc aacuguucga agaaaaccca

aucaaugcua gcggcogucga ugccaaggece auccuguceg cecggeuguce gaagucgegg

cgccucgaaa accugaucge acagcugecg ggagagaaaa agaacggacu uuucggcaac

uugaucgcuc ucucacuggg acucacuccc aauuucaagu ccaauuuuga ccuggcecgag

gacgcgaage ugcaacucuc aaaggacacc uacgacgacg acuuggacaa uuugcuggcea

caaauuggcg aucaguacgc ggaucuguuc cuugecgcua agaaccuuuc ggacgcaauc

uugcuguccg auauccugeg cgugaacacc gaaauaacca aagcgocgcu uagegecucyg

augauuaagc gguacgacga gcaucaccag gaucucacgce ugcucaaage geucgugaga

cagcaacugc cugaaaagua caaggagauc uucuucgacce aguccaagaa uggguacgca

ggguacaucg auggaggcge uagccaggaa gaguucuaua aguucaucaa gccaauccug

gaaaagaugg acggaaccga agaacugcug gucaagcuga acagggagga ucugcuccgg

aaacagagaa ccuuugacaa cggauccauu cccecaccaga uccaucuggg ugagcugcac

gecaucuuge ggegecagga ggacuuuuac ccauuccuca aggacaaccg ggaaaagauc

gagaaaauuc ugacguuccg caucccguau uacgugggece cacuggcgeyg cggcaauucyg

cgcuucgegu ggaugacuag aaaaucagag gaaaccauca cuccuuggaa uuucgaggaa

guuguggaua agggagcuuc ggcacaaagc uucaucgaac gaaugaccaa cuucgacaag

aaucucccaa acgagaaggdgu gcuuccuaag cacagccucc uuuacgaaua cuucacuguc

uacaacgaac ugacuaaagu gaaauacguu acugaaggaa ugaggaagcc ggecuuucug

uccggagaac agaagaaagc aauugucgau cugcuguuca agaccaaccyg caaggugacc

gucaagcagce uuaaagagga cuacuucaag aagaucgagu guuucgacuc aguggaaauc

agcggggugyg aggacagauu caacgcuucg cugggaaccu aucaugaucu ccugaagauc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800
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aucaaggaca aggacuuccu ugacaacgag gagaacgagg acauccugga agauaucguc 1860
cugaccuuga cccuuuucga ggaucgegag augaucgagg agaggcuuaa gaccuacgceu 1920
caucucuucg acgauaaggu caugaaacaa cucaagegec gecgguacac ugguugggge 1980
cgecoucucce gcaagcugau caacgguauu cgcgauaaac agagcegguaa aacuauccug 2040
gauuuccuca aaucggaugg cuucgcuaau cguaacuuca ugcaauugau ccacgacgac 2100
agccugaccu uuaaggagga cauccaaaaa gcacaagugu ceggacaggg agacucacuc 2160
caugaacaca ucgcgaaucu ggccgguucg ccggegauua agaagggaau ucugcaaacu 2220
gugaaggugg ucgacgagcu ggugaagguc augggacggce acaaaccgga gaauaucgug 2280
auugaaaugg cccgagaaaa ccagacuace cagaagggec agaaaaacuc ccgcgaaagg 2340
augaagcgga ucgaagaagg aaucaaggag cugggcagec agauccugaa agagcaccceg 2400
guggaaaaca cgcagcugca gaacgagaag cucuaccugu acuauuugca aaauggacgg 2460
gacauguacg uggaccaaga gcuggacauc aaucgguugu cugauuacga cguggaccac 2520
aucguuccac aguccuuucu gaaggaugac ucgaucgaua acaagguguu gacucgcage 2580
gacaagaaca gagggaaguc agauaaugug ccaucggagg aggucgugaa gaagaugaag 2640
aauuacuggc ggcagcuccu gaaugcgaag cugauuacece agagaaaguu ugacaaucuc 2700
acuaaagccg agcgceggegg acucucagag cuggauaagg cuggauucau caaacggcag 2760
cuggucgaga cucggcagau uaccaagceac guggcegeaga ucuuggacuc ccgcaugaac 2820
acuaaauacg acgagaacga uaagcucauc cgggaaguga aggugauuac ccugaaaagce 2880
aaacuugugu cggacuuucg gaaggacuuu caguuuuaca aagugagaga aaucaacaac 2940
uaccaucacg cgcaugacgc auaccucaac gcuguggucg guaccgcocu gaucaaaaag 3000
uacccuaaac uugaaucgga guuuguguac ggagacuaca aggucuacga cgugaggaag 3060
augauagcca aguccgaaca ggaaaucggg aaagcaacug cgaaauacuu cuuuuacuca 3120
aacaucauga acuuuuucaa gacugaaauu acgcuggcca auggagaaau caggaagagg 3180
ccacugaucg aaacuaacgg agaaacggge gaaaucgugu gggacaaggdg cagggacuuc 3240
gcaacuguuc gcaaagugcu cucuaugccg caagucaaua uugugaagaa aaccgaagug 3300
caaaccggcg gauuuucaaa ggaaucgauc cucccaaaga gaaauagega caagcucauu 3360
gcacgcaaga aagacuggga cccgaagaag uacggaggau ucgauucgcc gacugucgcea 3420
uacuccguce ucgugguggce caagguggag aagggaaaga gcaaaaagcu caaauccguc 3480
aaagagcugce uggggauuac caucauggaa cgauccucgu ucgagaagaa cccgauugau 3540
uuccucgagg cgaaggguua caaggaggug aagaaggauc ugaucaucaa acuccccaag 3600
uacucacugu ucgaacugga aaauggucgg aagcgcauge uggcuucggce cggagaacuc 3660
caaaaaggaa augagcuggce cuugccuage aaguacguca acuuccucua ucuugceuucg 3720
cacuacgaaa aacucaaagg gucaccggaa gauaacgaac agaagcagceu uuucguggag 3780
cagcacaagc auuaucugga ugaaaucauc gaacaaaucu ccgaguuuuc aaagcegcegug 3840
auccucgecg acgccaaccu cgacaaaguc cugucggcocu acaauaagca uagagauaag 3900
ccgaucagag aacaggocga gaacauuauc cacuuguuca ccecugacuaa ccugggagec 3960
ccagccgacu ucaaguacuu cgauacuacu aucgaucgea aaagauacac guccaccaag 4020

gaaguucugg acgcgacccu gauccaccaa agcaucacug gacucuacga aacuaggauc 4080
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gaucugucge agcugggugg cgauggceggu ggaucuccga aaaagaagag aaagguguaa

uga

<210> SEQ ID NO 206

<211> LENGTH: 1379

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: Cas9 nickase (D10A) amino acid
sequence

<400> SEQUENCE: 206

Met Asp Lys Lys Tyr Ser Ile Gly Leu Ala Ile Gly Thr Asn Ser Val
1 5 10 15

Gly Trp Ala Val Ile Thr Asp Glu Tyr Lys Val Pro Ser Lys Lys Phe
20 25 30

Lys Val Leu Gly Asn Thr Asp Arg His Ser Ile Lys Lys Asn Leu Ile
35 40 45

Gly Ala Leu Leu Phe Asp Ser Gly Glu Thr Ala Glu Ala Thr Arg Leu
50 55 60

Lys Arg Thr Ala Arg Arg Arg Tyr Thr Arg Arg Lys Asn Arg Ile Cys
65 70 75 80

Tyr Leu Gln Glu Ile Phe Ser Asn Glu Met Ala Lys Val Asp Asp Ser
85 90 95

Phe Phe His Arg Leu Glu Glu Ser Phe Leu Val Glu Glu Asp Lys Lys
100 105 110

His Glu Arg His Pro Ile Phe Gly Asn Ile Val Asp Glu Val Ala Tyr
115 120 125

His Glu Lys Tyr Pro Thr Ile Tyr His Leu Arg Lys Lys Leu Val Asp
130 135 140

Ser Thr Asp Lys Ala Asp Leu Arg Leu Ile Tyr Leu Ala Leu Ala His
145 150 155 160

Met Ile Lys Phe Arg Gly His Phe Leu Ile Glu Gly Asp Leu Asn Pro
165 170 175

Asp Asn Ser Asp Val Asp Lys Leu Phe Ile Gln Leu Val Gln Thr Tyr
180 185 190

Asn Gln Leu Phe Glu Glu Asn Pro Ile Asn Ala Ser Gly Val Asp Ala
195 200 205

Lys Ala Ile Leu Ser Ala Arg Leu Ser Lys Ser Arg Arg Leu Glu Asn
210 215 220

Leu Ile Ala Gln Leu Pro Gly Glu Lys Lys Asn Gly Leu Phe Gly Asn
225 230 235 240

Leu Ile Ala Leu Ser Leu Gly Leu Thr Pro Asn Phe Lys Ser Asn Phe
245 250 255

Asp Leu Ala Glu Asp Ala Lys Leu Gln Leu Ser Lys Asp Thr Tyr Asp
260 265 270

Asp Asp Leu Asp Asn Leu Leu Ala Gln Ile Gly Asp Gln Tyr Ala Asp
275 280 285

Leu Phe Leu Ala Ala Lys Asn Leu Ser Asp Ala Ile Leu Leu Ser Asp
290 295 300

Ile Leu Arg Val Asn Thr Glu Ile Thr Lys Ala Pro Leu Ser Ala Ser
305 310 315 320

Met Ile Lys Arg Tyr Asp Glu His His Gln Asp Leu Thr Leu Leu Lys

4140

4143
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325 330 335

Ala Leu Val Arg Gln Gln Leu Pro Glu Lys Tyr Lys Glu Ile Phe Phe
340 345 350

Asp Gln Ser Lys Asn Gly Tyr Ala Gly Tyr Ile Asp Gly Gly Ala Ser
355 360 365

Gln Glu Glu Phe Tyr Lys Phe Ile Lys Pro Ile Leu Glu Lys Met Asp
370 375 380

Gly Thr Glu Glu Leu Leu Val Lys Leu Asn Arg Glu Asp Leu Leu Arg
385 390 395 400

Lys Gln Arg Thr Phe Asp Asn Gly Ser Ile Pro His Gln Ile His Leu
405 410 415

Gly Glu Leu His Ala Ile Leu Arg Arg Gln Glu Asp Phe Tyr Pro Phe
420 425 430

Leu Lys Asp Asn Arg Glu Lys Ile Glu Lys Ile Leu Thr Phe Arg Ile
435 440 445

Pro Tyr Tyr Val Gly Pro Leu Ala Arg Gly Asn Ser Arg Phe Ala Trp
450 455 460

Met Thr Arg Lys Ser Glu Glu Thr Ile Thr Pro Trp Asn Phe Glu Glu
465 470 475 480

Val Val Asp Lys Gly Ala Ser Ala Gln Ser Phe Ile Glu Arg Met Thr
485 490 495

Asn Phe Asp Lys Asn Leu Pro Asn Glu Lys Val Leu Pro Lys His Ser
500 505 510

Leu Leu Tyr Glu Tyr Phe Thr Val Tyr Asn Glu Leu Thr Lys Val Lys
515 520 525

Tyr Val Thr Glu Gly Met Arg Lys Pro Ala Phe Leu Ser Gly Glu Gln
530 535 540

Lys Lys Ala Ile Val Asp Leu Leu Phe Lys Thr Asn Arg Lys Val Thr
545 550 555 560

Val Lys Gln Leu Lys Glu Asp Tyr Phe Lys Lys Ile Glu Cys Phe Asp
565 570 575

Ser Val Glu Ile Ser Gly Val Glu Asp Arg Phe Asn Ala Ser Leu Gly
580 585 590

Thr Tyr His Asp Leu Leu Lys Ile Ile Lys Asp Lys Asp Phe Leu Asp
595 600 605

Asn Glu Glu Asn Glu Asp Ile Leu Glu Asp Ile Val Leu Thr Leu Thr
610 615 620

Leu Phe Glu Asp Arg Glu Met Ile Glu Glu Arg Leu Lys Thr Tyr Ala
625 630 635 640

His Leu Phe Asp Asp Lys Val Met Lys Gln Leu Lys Arg Arg Arg Tyr
645 650 655

Thr Gly Trp Gly Arg Leu Ser Arg Lys Leu Ile Asn Gly Ile Arg Asp
660 665 670

Lys Gln Ser Gly Lys Thr Ile Leu Asp Phe Leu Lys Ser Asp Gly Phe
675 680 685

Ala Asn Arg Asn Phe Met Gln Leu Ile His Asp Asp Ser Leu Thr Phe
690 695 700

Lys Glu Asp Ile Gln Lys Ala Gln Val Ser Gly Gln Gly Asp Ser Leu
705 710 715 720

His Glu His Ile Ala Asn Leu Ala Gly Ser Pro Ala Ile Lys Lys Gly
725 730 735
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Ile Leu Gln Thr Val Lys Val Val Asp Glu Leu Val Lys Val Met Gly
740 745 750

Arg His Lys Pro Glu Asn Ile Val Ile Glu Met Ala Arg Glu Asn Gln
755 760 765

Thr Thr Gln Lys Gly Gln Lys Asn Ser Arg Glu Arg Met Lys Arg Ile
770 775 780

Glu Glu Gly Ile Lys Glu Leu Gly Ser Gln Ile Leu Lys Glu His Pro
785 790 795 800

Val Glu Asn Thr Gln Leu Gln Asn Glu Lys Leu Tyr Leu Tyr Tyr Leu
805 810 815

Gln Asn Gly Arg Asp Met Tyr Val Asp Gln Glu Leu Asp Ile Asn Arg
820 825 830

Leu Ser Asp Tyr Asp Val Asp His Ile Val Pro Gln Ser Phe Leu Lys
835 840 845

Asp Asp Ser Ile Asp Asn Lys Val Leu Thr Arg Ser Asp Lys Asn Arg
850 855 860

Gly Lys Ser Asp Asn Val Pro Ser Glu Glu Val Val Lys Lys Met Lys
865 870 875 880

Asn Tyr Trp Arg Gln Leu Leu Asn Ala Lys Leu Ile Thr Gln Arg Lys
885 890 895

Phe Asp Asn Leu Thr Lys Ala Glu Arg Gly Gly Leu Ser Glu Leu Asp
900 905 910

Lys Ala Gly Phe Ile Lys Arg Gln Leu Val Glu Thr Arg Gln Ile Thr
915 920 925

Lys His Val Ala Gln Ile Leu Asp Ser Arg Met Asn Thr Lys Tyr Asp
930 935 940

Glu Asn Asp Lys Leu Ile Arg Glu Val Lys Val Ile Thr Leu Lys Ser
945 950 955 960

Lys Leu Val Ser Asp Phe Arg Lys Asp Phe Gln Phe Tyr Lys Val Arg
965 970 975

Glu Ile Asn Asn Tyr His His Ala His Asp Ala Tyr Leu Asn Ala Val
980 985 990

Val Gly Thr Ala Leu Ile Lys Lys Tyr Pro Lys Leu Glu Ser Glu Phe
995 1000 1005

Val Tyr Gly Asp Tyr Lys Val Tyr Asp Val Arg Lys Met Ile Ala
1010 1015 1020

Lys Ser Glu Gln Glu Ile Gly Lys Ala Thr Ala Lys Tyr Phe Phe
1025 1030 1035

Tyr Ser Asn Ile Met Asn Phe Phe Lys Thr Glu Ile Thr Leu Ala
1040 1045 1050

Asn Gly Glu Ile Arg Lys Arg Pro Leu Ile Glu Thr 2Asn Gly Glu
1055 1060 1065

Thr Gly Glu Ile Val Trp Asp Lys Gly Arg Asp Phe Ala Thr Val
1070 1075 1080

Arg Lys Val Leu Ser Met Pro Gln Val Asn Ile Val Lys Lys Thr
1085 1090 1095

Glu Val Gln Thr Gly Gly Phe Ser Lys Glu Ser Ile Leu Pro Lys
1100 1105 1110

Arg Asn Ser Asp Lys Leu Ile Ala Arg Lys Lys Asp Trp Asp Pro
1115 1120 1125
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Lys Lys Tyr Gly Gly Phe Asp Ser Pro Thr Val Ala Tyr Ser Val
1130 1135 1140

Leu Val Val Ala Lys Val Glu Lys Gly Lys Ser Lys Lys Leu Lys
1145 1150 1155

Ser Val Lys Glu Leu Leu Gly Ile Thr Ile Met Glu Arg Ser Ser
1160 1165 1170

Phe Glu Lys Asn Pro Ile Asp Phe Leu Glu Ala Lys Gly Tyr Lys
1175 1180 1185

Glu Val Lys Lys Asp Leu Ile Ile Lys Leu Pro Lys Tyr Ser Leu
1190 1195 1200

Phe Glu Leu Glu Asn Gly Arg Lys Arg Met Leu Ala Ser Ala Gly
1205 1210 1215

Glu Leu Gln Lys Gly Asn Glu Leu Ala Leu Pro Ser Lys Tyr Val
1220 1225 1230

Asn Phe Leu Tyr Leu Ala Ser His Tyr Glu Lys Leu Lys Gly Ser
1235 1240 1245

Pro Glu Asp Asn Glu Gln Lys Gln Leu Phe Val Glu Gln His Lys
1250 1255 1260

His Tyr Leu Asp Glu Ile Ile Glu Gln Ile Ser Glu Phe Ser Lys
1265 1270 1275

Arg Val 1Ile Leu Ala Asp Ala Asn Leu Asp Lys Val Leu Ser Ala
1280 1285 1290

Tyr Asn Lys His Arg Asp Lys Pro Ile Arg Glu Gln Ala Glu Asn
1295 1300 1305

Ile Ile His Leu Phe Thr Leu Thr Asn Leu Gly Ala Pro Ala Ala
1310 1315 1320

Phe Lys Tyr Phe Asp Thr Thr Ile Asp Arg Lys Arg Tyr Thr Ser
1325 1330 1335

Thr Lys Glu Val Leu Asp Ala Thr Leu Ile His Gln Ser Ile Thr
1340 1345 1350

Gly Leu Tyr Glu Thr Arg Ile 2Asp Leu Ser Gln Leu Gly Gly Asp
1355 1360 1365

Gly Gly Gly Ser Pro Lys Lys Lys Arg Lys Val
1370 1375

<210> SEQ ID NO 207

<211> LENGTH: 4140

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: Cas9 nickase (D10A) mRNA ORF

<400> SEQUENCE: 207

auggacaaga aguacagcau cggacuggca aucggaacaa acagcgucgg augggcaguc 60
aucacagacg aauacaaggu cccgagcaag aaguucaagg uccugggaaa cacagacaga 120
cacagcauca agaagaaccu gaucggagca cugcuguucg acagcggaga aacagcagaa 180
gcaacaagac ugaagagaac agcaagaaga agauacacaa gaagaaagaa cagaaucugc 240
uaccugcagg aaaucuucag caacgaaaug gcaaaggucg acgacagcuu cuuccacaga 300
cuggaagaaa gcuuccuggu cgaagaagac aagaagcacg aaagacaccce gaucuucgga 360
aacaucgucg acgaagucgc auaccacgaa aaguacccga caaucuacca ccugagaaag 420

aagcuggucg acagcacaga caaggcagac cugagacuga ucuaccugge acuggcacac 480
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augaucaagu ucagaggaca cuuccugauc gaaggagacc ugaacccgga caacagcgac 540
gucgacaagc uguucaucca gcugguccag acauacaacc agcuguucga agaaaacccg 600
aucaacgcaa gcggagucga cgcaaaggca auccugagceg caagacugag caagagcaga 660
agacuggaaa accugaucgc acagcugccg ggagaaaaga agaacggacu guucggaaac 720
cugaucgcac ugagccuggg acugacaccg aacuucaaga gcaacuucga ccuggcagaa 780
gacgcaaagc ugcagcugag caaggacaca uacgacgacg accuggacaa ccugcuggca 840
cagaucggag accaguacgc agaccuguuc cuggcagcaa agaaccugag cgacgcaauc 900
cugcugagcg acauccugag agucaacaca gaaaucacaa aggcaccgcu gagcgcaagc 960

augaucaaga gauacgacga acaccaccag gaccugacac ugcugaagge acuggucaga 1020
cagcagcuge cggaaaagua caaggaaauc uucuucgacce agagcaagaa cggauacgca 1080
ggauacaucg acggaggagc aagccaggaa gaauucuaca aguucaucaa gccgauccug 1140

gaaaagaugg acggaacaga agaacugcug gucaagcuga acagagaaga ccugcugaga 1200

aagcagagaa cauucgacaa cggaagcauc ccgcaccaga uccaccuggdg agaacugcac 1260
gcaauccuga gaagacagga agacuucuac ccguuccuga aggacaacag agaaaagauc 1320
gaaaagaucc ugacauucag aaucccguac uacgucggac cgcuggcaag aggaaacagc 1380

agauucgcau ggaugacaag aaagagcgaa gaaacaauca caccguggaa cuucgaagaa 1440
gucgucgaca agggagcaag cgcacagagc uucaucgaaa gaaugacaaa cuucgacaag 1500
aaccugccga acgaaaaggu ccugccgaag cacagccuge uguacgaaua cuucacaguc 1560
uacaacgaac ugacaaaggu caaguacguc acagaaggaa ugagaaagcc ggcauuccug 1620

agcggagaac agaagaaggce aaucgucgac cugcuguuca agacaaacag aaaggucaca 1680

gucaagcagce ugaaggaaga cuacuucaag aagaucgaau gcuucgacag cgucgaaauc 1740
agcggagucg aagacagauu caacgcaage cugggaacau accacgaccu gcugaagauc 1800
aucaaggaca aggacuuccu ggacaacgaa gaaaacgaag acauccugga agacaucguc 1860

cugacacuga cacuguucga agacagagaa augaucgaag aaagacugaa gacauacgca 1920
caccuguucyg acgacaaggu caugaagcag cugaagagaa gaagauacac aggaugggga 1980
agacugagca gaaagcugau caacggaauc agagacaagc agagcggaaa gacaauccug 2040
gacuuccuga agagcgacgg auucgcaaac agaaacuuca ugcagcugau ccacgacgac 2100
agccugacau ucaaggaaga cauccagaag gcacagguca geggacaggdg agacagccug 2160
cacgaacaca ucgcaaaccu ggcaggaage ccggcaauca agaagggaau ccugcagaca 2220
gucaaggucg ucgacgaacu ggucaagguc augggaagac acaagccgga aaacaucguc 2280
aucgaaaugg caagagaaaa ccagacaaca cagaagggac agaagaacag cagagaaaga 2340
augaagagaa ucgaagaagg aaucaaggaa cugggaagec agauccugaa ggaacaccceg 2400
gucgaaaaca cacagcugca gaacgaaaag cuguaccugu acuaccugca gaacggaaga 2460
gacauguacg ucgaccagga acuggacauc aacagacuga gcgacuacga cgucgaccac 2520
aucgucccge agagcuuccu gaaggacgac agcaucgaca acaagguccu gacaagaagce 2580
gacaagaaca gaggaaagag cgacaacguc ccgagcgaag aagucgucaa gaagaugaag 2640
aacuacugga gacagcugcu gaacgcaaag cugaucacac agagaaaguu cgacaaccug 2700

acaaaggcag agagaggagg acugagcgaa cuggacaagg caggauucau caagagacag 2760
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cuggucgaaa caagacagau cacaaagcac gucgcacaga uccuggacayg cagaaugaac 2820
acaaaguacg acgaaaacga caagcugauc agagaaguca aggucaucac acugaagagce 2880
aagcugguca gcgacuucag aaaggacuuc caguucuaca aggucagaga aaucaacaac 2940
uaccaccacyg cacacgacge auaccugaac gcagucgucg gaacagcacu gaucaagaag 3000
uacccgaage uggaaagcega auucgucuac ggagacuaca aggucuacga cgucagaaag 3060
augaucgcaa agagcgaaca ggaaaucgga aaggcaacag caaaguacuu cuucuacagce 3120
aacaucauga acuucuucaa gacagaaauc acacuggcaa acggagaaau cagaaagaga 3180
cegeugaucyg aaacaaacgg agaaacagga gaaaucgucu gggacaaggyg aagagacuuc 3240
gcaacaguca gaaagguccu gagcaugceg caggucaaca ucgucaagaa gacagaaguc 3300
cagacaggag gauucagcaa ggaaagcauc cugccgaaga gaaacagega caagcugauc 3360
gcaagaaaga aggacuggga cccgaagaag uacggaggau ucgacagecc gacagucgea 3420
uacagcguce uggucgucge aaaggucgaa aagggaaaga gcaagaagcu gaagageguc 3480
aaggaacuge ugggaaucac aaucauggaa agaagcagcu ucgaaaagaa cccgaucgac 3540
uuccuggaayg caaagggaua caaggaaguc aagaaggacc ugaucaucaa geugccgaag 3600
uacagccocugu ucgaacugga aaacggaaga aagagaaugce uggcaagege aggagaacug 3660
cagaagggaa acgaacugge acugccgage aaguacguca acuuccugua ccuggcaage 3720
cacuacgaaa agcugaaggg aagcccggaa gacaacgaac agaagcagceu guucgucgaa 3780
cagcacaagce acuaccugga cgaaaucauc gaacagauca gcgaauucayg caagagaguc 3840
auccuggcag acgcaaaccu ggacaagguc cugagcegcau acaacaagca cagagacaag 3900
cecgaucagag aacaggcaga aaacaucauc caccuguuca cacugacaaa ccugggagea 3960
ceggcagcau ucaaguacuu cgacacaaca aucgacagaa agagauacac aagcacaaag 4020
gaaguccugyg acgcaacacu gauccaccag agcaucacag gacuguacga aacaagaauc 4080
gaccugagee ageugggagyg agacggagga ggaageccga agaagaagag aaaggucuag 4140
<210> SEQ ID NO 208
<211> LENGTH: 1379
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic: dCas9 (D10A H840A) amino acid
sequence

<400> SEQUENCE: 208

Met Asp Lys Lys Tyr Ser Ile Gly Leu Ala Ile Gly Thr Asn Ser Val
1 5 10 15

Gly Trp Ala Val Ile Thr Asp Glu Tyr Lys Val Pro Ser Lys Lys Phe
20 25 30

Lys Val Leu Gly Asn Thr Asp Arg His Ser Ile Lys Lys Asn Leu Ile
35 40 45

Gly Ala Leu Leu Phe Asp Ser Gly Glu Thr Ala Glu Ala Thr Arg Leu
50 55 60

Lys Arg Thr Ala Arg Arg Arg Tyr Thr Arg Arg Lys Asn Arg Ile Cys
65 70 75 80

Tyr Leu Gln Glu Ile Phe Ser Asn Glu Met Ala Lys Val Asp Asp Ser
85 90 95
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Phe Phe His Arg Leu Glu Glu Ser Phe Leu Val Glu Glu Asp Lys Lys
100 105 110

His Glu Arg His Pro Ile Phe Gly Asn Ile Val Asp Glu Val Ala Tyr
115 120 125

His Glu Lys Tyr Pro Thr Ile Tyr His Leu Arg Lys Lys Leu Val Asp
130 135 140

Ser Thr Asp Lys Ala Asp Leu Arg Leu Ile Tyr Leu Ala Leu Ala His
145 150 155 160

Met Ile Lys Phe Arg Gly His Phe Leu Ile Glu Gly Asp Leu Asn Pro
165 170 175

Asp Asn Ser Asp Val Asp Lys Leu Phe Ile Gln Leu Val Gln Thr Tyr
180 185 190

Asn Gln Leu Phe Glu Glu Asn Pro Ile Asn Ala Ser Gly Val Asp Ala
195 200 205

Lys Ala Ile Leu Ser Ala Arg Leu Ser Lys Ser Arg Arg Leu Glu Asn
210 215 220

Leu Ile Ala Gln Leu Pro Gly Glu Lys Lys Asn Gly Leu Phe Gly Asn
225 230 235 240

Leu Ile Ala Leu Ser Leu Gly Leu Thr Pro Asn Phe Lys Ser Asn Phe
245 250 255

Asp Leu Ala Glu Asp Ala Lys Leu Gln Leu Ser Lys Asp Thr Tyr Asp
260 265 270

Asp Asp Leu Asp Asn Leu Leu Ala Gln Ile Gly Asp Gln Tyr Ala Asp
275 280 285

Leu Phe Leu Ala Ala Lys Asn Leu Ser Asp Ala Ile Leu Leu Ser Asp
290 295 300

Ile Leu Arg Val Asn Thr Glu Ile Thr Lys Ala Pro Leu Ser Ala Ser
305 310 315 320

Met Ile Lys Arg Tyr Asp Glu His His Gln Asp Leu Thr Leu Leu Lys
325 330 335

Ala Leu Val Arg Gln Gln Leu Pro Glu Lys Tyr Lys Glu Ile Phe Phe
340 345 350

Asp Gln Ser Lys Asn Gly Tyr Ala Gly Tyr Ile Asp Gly Gly Ala Ser
355 360 365

Gln Glu Glu Phe Tyr Lys Phe Ile Lys Pro Ile Leu Glu Lys Met Asp
370 375 380

Gly Thr Glu Glu Leu Leu Val Lys Leu Asn Arg Glu Asp Leu Leu Arg
385 390 395 400

Lys Gln Arg Thr Phe Asp Asn Gly Ser Ile Pro His Gln Ile His Leu
405 410 415

Gly Glu Leu His Ala Ile Leu Arg Arg Gln Glu Asp Phe Tyr Pro Phe
420 425 430

Leu Lys Asp Asn Arg Glu Lys Ile Glu Lys Ile Leu Thr Phe Arg Ile
435 440 445

Pro Tyr Tyr Val Gly Pro Leu Ala Arg Gly Asn Ser Arg Phe Ala Trp
450 455 460

Met Thr Arg Lys Ser Glu Glu Thr Ile Thr Pro Trp Asn Phe Glu Glu
465 470 475 480

Val Val Asp Lys Gly Ala Ser Ala Gln Ser Phe Ile Glu Arg Met Thr
485 490 495

Asn Phe Asp Lys Asn Leu Pro Asn Glu Lys Val Leu Pro Lys His Ser
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500 505 510

Leu Leu Tyr Glu Tyr Phe Thr Val Tyr Asn Glu Leu Thr Lys Val Lys
515 520 525

Tyr Val Thr Glu Gly Met Arg Lys Pro Ala Phe Leu Ser Gly Glu Gln
530 535 540

Lys Lys Ala Ile Val Asp Leu Leu Phe Lys Thr Asn Arg Lys Val Thr
545 550 555 560

Val Lys Gln Leu Lys Glu Asp Tyr Phe Lys Lys Ile Glu Cys Phe Asp
565 570 575

Ser Val Glu Ile Ser Gly Val Glu Asp Arg Phe Asn Ala Ser Leu Gly
580 585 590

Thr Tyr His Asp Leu Leu Lys Ile Ile Lys Asp Lys Asp Phe Leu Asp
595 600 605

Asn Glu Glu Asn Glu Asp Ile Leu Glu Asp Ile Val Leu Thr Leu Thr
610 615 620

Leu Phe Glu Asp Arg Glu Met Ile Glu Glu Arg Leu Lys Thr Tyr Ala
625 630 635 640

His Leu Phe Asp Asp Lys Val Met Lys Gln Leu Lys Arg Arg Arg Tyr
645 650 655

Thr Gly Trp Gly Arg Leu Ser Arg Lys Leu Ile Asn Gly Ile Arg Asp
660 665 670

Lys Gln Ser Gly Lys Thr Ile Leu Asp Phe Leu Lys Ser Asp Gly Phe
675 680 685

Ala Asn Arg Asn Phe Met Gln Leu Ile His Asp Asp Ser Leu Thr Phe
690 695 700

Lys Glu Asp Ile Gln Lys Ala Gln Val Ser Gly Gln Gly Asp Ser Leu
705 710 715 720

His Glu His Ile Ala Asn Leu Ala Gly Ser Pro Ala Ile Lys Lys Gly
725 730 735

Ile Leu Gln Thr Val Lys Val Val Asp Glu Leu Val Lys Val Met Gly
740 745 750

Arg His Lys Pro Glu Asn Ile Val Ile Glu Met Ala Arg Glu Asn Gln
755 760 765

Thr Thr Gln Lys Gly Gln Lys Asn Ser Arg Glu Arg Met Lys Arg Ile
770 775 780

Glu Glu Gly Ile Lys Glu Leu Gly Ser Gln Ile Leu Lys Glu His Pro
785 790 795 800

Val Glu Asn Thr Gln Leu Gln Asn Glu Lys Leu Tyr Leu Tyr Tyr Leu
805 810 815

Gln Asn Gly Arg Asp Met Tyr Val Asp Gln Glu Leu Asp Ile Asn Arg
820 825 830

Leu Ser Asp Tyr Asp Val Asp Ala Ile Val Pro Gln Ser Phe Leu Lys
835 840 845

Asp Asp Ser Ile Asp Asn Lys Val Leu Thr Arg Ser Asp Lys Asn Arg
850 855 860

Gly Lys Ser Asp Asn Val Pro Ser Glu Glu Val Val Lys Lys Met Lys
865 870 875 880

Asn Tyr Trp Arg Gln Leu Leu Asn Ala Lys Leu Ile Thr Gln Arg Lys
885 890 895

Phe Asp Asn Leu Thr Lys Ala Glu Arg Gly Gly Leu Ser Glu Leu Asp
900 905 910
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Lys Ala Gly Phe Ile Lys Arg Gln Leu Val Glu Thr Arg Gln Ile Thr
915 920 925

Lys His Val Ala Gln Ile Leu Asp Ser Arg Met Asn Thr Lys Tyr Asp
930 935 940

Glu Asn Asp Lys Leu Ile Arg Glu Val Lys Val Ile Thr Leu Lys Ser
945 950 955 960

Lys Leu Val Ser Asp Phe Arg Lys Asp Phe Gln Phe Tyr Lys Val Arg
965 970 975

Glu Ile Asn Asn Tyr His His Ala His Asp Ala Tyr Leu Asn Ala Val
980 985 990

Val Gly Thr Ala Leu Ile Lys Lys Tyr Pro Lys Leu Glu Ser Glu Phe
995 1000 1005

Val Tyr Gly Asp Tyr Lys Val Tyr Asp Val Arg Lys Met Ile Ala
1010 1015 1020

Lys Ser Glu Gln Glu Ile Gly Lys Ala Thr Ala Lys Tyr Phe Phe
1025 1030 1035

Tyr Ser Asn Ile Met Asn Phe Phe Lys Thr Glu Ile Thr Leu Ala
1040 1045 1050

Asn Gly Glu Ile Arg Lys Arg Pro Leu Ile Glu Thr 2Asn Gly Glu
1055 1060 1065

Thr Gly Glu Ile Val Trp Asp Lys Gly Arg Asp Phe Ala Thr Val
1070 1075 1080

Arg Lys Val Leu Ser Met Pro Gln Val Asn Ile Val Lys Lys Thr
1085 1090 1095

Glu Val Gln Thr Gly Gly Phe Ser Lys Glu Ser Ile Leu Pro Lys
1100 1105 1110

Arg Asn Ser Asp Lys Leu Ile Ala Arg Lys Lys Asp Trp Asp Pro
1115 1120 1125

Lys Lys Tyr Gly Gly Phe Asp Ser Pro Thr Val Ala Tyr Ser Val
1130 1135 1140

Leu Val Val Ala Lys Val Glu Lys Gly Lys Ser Lys Lys Leu Lys
1145 1150 1155

Ser Val Lys Glu Leu Leu Gly Ile Thr Ile Met Glu Arg Ser Ser
1160 1165 1170

Phe Glu Lys Asn Pro Ile Asp Phe Leu Glu Ala Lys Gly Tyr Lys
1175 1180 1185

Glu Val Lys Lys Asp Leu Ile Ile Lys Leu Pro Lys Tyr Ser Leu
1190 1195 1200

Phe Glu Leu Glu Asn Gly Arg Lys Arg Met Leu Ala Ser Ala Gly
1205 1210 1215

Glu Leu Gln Lys Gly Asn Glu Leu Ala Leu Pro Ser Lys Tyr Val
1220 1225 1230

Asn Phe Leu Tyr Leu Ala Ser His Tyr Glu Lys Leu Lys Gly Ser
1235 1240 1245

Pro Glu Asp Asn Glu Gln Lys Gln Leu Phe Val Glu Gln His Lys
1250 1255 1260

His Tyr Leu Asp Glu Ile Ile Glu Gln Ile Ser Glu Phe Ser Lys
1265 1270 1275

Arg Val 1Ile Leu Ala Asp Ala Asn Leu Asp Lys Val Leu Ser Ala
1280 1285 1290
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Tyr Asn Lys His Arg Asp Lys Pro Ile Arg Glu Gln Ala Glu Asn
1295 1300 1305

Ile Ile His Leu Phe Thr Leu Thr Asn Leu Gly Ala Pro Ala Ala
1310 1315 1320

Phe Lys Tyr Phe Asp Thr Thr Ile Asp Arg Lys Arg Tyr Thr Ser
1325 1330 1335

Thr Lys Glu Val Leu Asp Ala Thr Leu Ile His Gln Ser Ile Thr
1340 1345 1350

Gly Leu Tyr Glu Thr Arg Ile 2Asp Leu Ser Gln Leu Gly Gly Asp
1355 1360 1365

Gly Gly Gly Ser Pro Lys Lys Lys Arg Lys Val
1370 1375

<210> SEQ ID NO 209

<211> LENGTH: 4140

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: dCas9 (D10A H840A) mRNA ORF

<400> SEQUENCE: 209

auggacaaga aguacagcau cggacuggca aucggaacaa acagcgucgg augggcaguc 60
aucacagacg aauacaaggu cccgagcaag aaguucaagg uccugggaaa cacagacaga 120
cacagcauca agaagaaccu gaucggagca cugcuguucg acagcggaga aacagcagaa 180
gcaacaagac ugaagagaac agcaagaaga agauacacaa gaagaaagaa cagaaucugc 240
uaccugcagg aaaucuucag caacgaaaug gcaaaggucg acgacagcuu cuuccacaga 300
cuggaagaaa gcuuccuggu cgaagaagac aagaagcacg aaagacaccce gaucuucgga 360
aacaucgucg acgaagucgc auaccacgaa aaguacccga caaucuacca ccugagaaag 420
aagcuggucg acagcacaga caaggcagac cugagacuga ucuaccugge acuggcacac 480
augaucaagu ucagaggaca cuuccugauc gaaggagacc ugaacccgga caacagcgac 540
gucgacaagc uguucaucca gcugguccag acauacaacc agcuguucga agaaaaccceg 600
aucaacgcaa gcggagucga cgcaaaggca auccugageg caagacugag caagagcaga 660
agacuggaaa accugaucgc acagcugecg ggagaaaaga agaacggacu guucggaaac 720
cugaucgcac ugagccuggg acugacaccg aacuucaaga gcaacuucga ccuggcagaa 780
gacgcaaagc ugcagcugag caaggacaca uacgacgacg accuggacaa ccugceuggea 840
cagaucggag accaguacgc agaccuguuc cuggcagcaa agaaccugag cgacgcaauc 900
cugcugageg acauccugag agucaacaca gaaaucacaa aggcaccgcu gagcegcaage 960

augaucaaga gauacgacga acaccaccag gaccugacac ugcugaagge acuggucaga 1020

cagcagcuge cggaaaagua caaggaaauc uucuucgacce agagcaagaa cggauacgca 1080

ggauacaucg acggaggagc aagccaggaa gaauucuaca aguucaucaa gccgauccug 1140

gaaaagaugg acggaacaga agaacugcug gucaagcuga acagagaaga ccugcugaga 1200

aagcagagaa cauucgacaa cggaagcauc ccgcaccaga uccaccuggdg agaacugcac 1260
gcaauccuga gaagacagga agacuucuac ccguuccuga aggacaacag agaaaagauc 1320
gaaaagaucc ugacauucag aaucccguac uacgucggac cgcuggcaag aggaaacagc 1380

agauucgcau ggaugacaag aaagagcgaa gaaacaauca caccguggaa cuucgaagaa 1440



US 2020/0248180 Al Aug. 6, 2020
200

-continued

gucgucgaca agggagcaag cgcacagagc uucaucgaaa gaaugacaaa cuucgacaag 1500
aaccugccga acgaaaaggu ccugccgaag cacagccuge uguacgaaua cuucacaguc 1560
uacaacgaac ugacaaaggu caaguacguc acagaaggaa ugagaaagcc ggcauuccug 1620

agcggagaac agaagaaggce aaucgucgac cugcuguuca agacaaacag aaaggucaca 1680

gucaagcagce ugaaggaaga cuacuucaag aagaucgaau gcuucgacag cgucgaaauc 1740
agcggagucg aagacagauu caacgcaage cugggaacau accacgaccu gcugaagauc 1800
aucaaggaca aggacuuccu ggacaacgaa gaaaacgaag acauccugga agacaucguc 1860

cugacacuga cacuguucga agacagagaa augaucgaag aaagacugaa gacauacgca 1920
caccuguucyg acgacaaggu caugaagcag cugaagagaa gaagauacac aggaugggga 1980
agacugagca gaaagcugau caacggaauc agagacaagc agagcggaaa gacaauccug 2040
gacuuccuga agagcgacgg auucgcaaac agaaacuuca ugcagcugau ccacgacgac 2100
agccugacau ucaaggaaga cauccagaag gcacagguca geggacaggdg agacagccug 2160
cacgaacaca ucgcaaaccu ggcaggaage ccggcaauca agaagggaau ccugcagaca 2220
gucaaggucg ucgacgaacu ggucaagguc augggaagac acaagccgga aaacaucguc 2280
aucgaaaugg caagagaaaa ccagacaaca cagaagggac agaagaacag cagagaaaga 2340
augaagagaa ucgaagaagg aaucaaggaa cugggaagec agauccugaa ggaacaccceg 2400
gucgaaaaca cacagcugca gaacgaaaag cuguaccugu acuaccugca gaacggaaga 2460
gacauguacg ucgaccagga acuggacauc aacagacuga gcgacuacga cgucgacgca 2520
aucgucccge agagcuuccu gaaggacgac agcaucgaca acaagguccu gacaagaagce 2580
gacaagaaca gaggaaagag cgacaacguc ccgagcgaag aagucgucaa gaagaugaag 2640
aacuacugga gacagcugcu gaacgcaaag cugaucacac agagaaaguu cgacaaccug 2700
acaaaggcag agagaggagg acugagcgaa cuggacaagg caggauucau caagagacag 2760
cuggucgaaa caagacagau cacaaagcac gucgcacaga uccuggacag cagaaugaac 2820
acaaaguacg acgaaaacga caagcugauc agagaaguca aggucaucac acugaagagce 2880
aagcugguca gcgacuucag aaaggacuuc caguucuaca aggucagaga aaucaacaac 2940
uaccaccacg cacacgacgc auvaccugaac gcagucgucg gaacagcacu gaucaagaag 3000
uacccgaage uggaaagcga auucgucuac ggagacuaca aggucuacga cgucagaaag 3060
augaucgcaa agagcgaaca ggaaaucgga aaggcaacag caaaguacuu cuucuacagce 3120
aacaucauga acuucuucaa gacagaaauc acacuggcaa acggagaaau cagaaagaga 3180
ccgougaucyg aaacaaacgg agaaacagga gaaaucgucu gggacaaggdg aagagacuuc 3240
gcaacaguca gaaagguccu gagcaugccg caggucaaca ucgucaagaa gacagaaguc 3300
cagacaggag gauucagcaa ggaaagcauc cugccgaaga gaaacagcega caagcugauc 3360
gcaagaaaga aggacuggga cccgaagaag uacggaggau ucgacagccc gacagucgcea 3420
uacagcguce uggucgucge aaaggucgaa aagggaaaga gcaagaagcu gaagageguc 3480
aaggaacugc ugggaaucac aaucauggaa agaagcageu ucgaaaagaa cccgaucgac 3540
uuccuggaag caaagggaua caaggaaguc aagaaggacc ugaucaucaa gcugcecgaag 3600
uacagccugu ucgaacugga aaacggaaga aagagaaugce uggcaagcegce aggagaacug 3660

cagaagggaa acgaacuggc acugccgage aaguacguca acuuccugua ccuggcaage 3720



US 2020/0248180 Al Aug. 6, 2020
201

-continued

cacuacgaaa agcugaaggg aagcccggaa gacaacgaac agaagcagceu guucgucgaa 3780

cagcacaagce acuaccugga cgaaaucauc gaacagauca gcgaauucayg caagagaguc 3840

auccuggcag acgcaaaccu ggacaagguc cugagcegcau acaacaagca cagagacaag 3900

cecgaucagag aacaggcaga aaacaucauc caccuguuca cacugacaaa ccugggagea 3960

ceggcagcau ucaaguacuu cgacacaaca aucgacagaa agagauacac aagcacaaag 4020

gaaguccugyg acgcaacacu gauccaccag agcaucacag gacuguacga aacaagaauc 4080

gaccugagee ageugggagyg agacggagga ggaageccga agaagaagag aaaggucuag 4140

<210> SEQ ID NO 210

<211> LENGTH: 4134

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: Cas9 mRNA coding sequence using
minimal uridine codons (no start or stop codons; suitable for

inclusion in fusion protein coding sequence)

<400> SEQUENCE: 210

gacaagaagu acagcaucgg acuggacauc ggaacaaaca gcgucggaug ggcagucauc 60
acagacgaau acaagguccce gagcaagaag uucaaggucc ugggaaacac agacagacac 120
agcaucaaga agaaccugau cggagcacug cuguucgaca geggagaaac agcagaagca 180
acaagacuga agagaacagc aagaagaaga uacacaagaa gaaagaacag aaucugcuac 240
cugcaggaaa ucuucagcaa cgaaauggca aaggucgacg acagcuucuu ccacagacug 300
gaagaaagcu uccuggucga agaagacaag aagcacgaaa gacacccgau cuucggaaac 360
aucgucgacyg aagucgcaua ccacgaaaag uacccgacaa ucuaccaccu gagaaagaag 420
cuggucgaca gcacagacaa ggcagaccug agacugaucu accuggcacu ggcacacaug 480
aucaaguuca gaggacacuu ccugaucgaa ggagaccuga accceggacaa cagcgacguc 540
gacaagcugu ucauccagcu gguccagaca uacaaccagc uguucgaaga aaacccgauc 600
aacgcaagcg gagucgacgce aaaggcaauc cugagcgcaa gacugagcaa gagcagaaga 660
cuggaaaacc ugaucgcaca gcugccggga gaaaagaaga acggacuguu cggaaaccug 720
aucgcacuga gccugggacu gacaccgaac uucaagagea acuucgaccu ggcagaagac 780
gcaaagcuge agcugagcaa ggacacauac gacgacgacc uggacaaccu gcuggcacag 840
aucggagacce aguacgcaga ccuguuccug gcagcaaaga accugagega cgcaauccug 900
cugagcgaca uccugagagu caacacagaa aucacaaagg caccgcugag cgcaagcaug 960

aucaagagau acgacgaaca ccaccaggac cugacacugce ugaaggcacu ggucagacag 1020

cagcugcogg aaaaguacaa ggaaaucuuc uucgaccaga gcaagaacgdg auacgcagga 1080

uacaucgacg gaggagcaag ccaggaagaa uucuacaagu ucaucaagcc gauccuggaa 1140

aagauggacg gaacagaaga acugcugguc aagcugaaca gagaagaccu gcugagaaag 1200

cagagaacau ucgacaacgg aagcaucccg caccagaucce accugggaga acugcacgca 1260

auccugagaa gacaggaaga cuucuacccg uuccugaagg acaacagaga aaagaucgaa 1320

aagauccuga cauucagaau cccguacuac gucggaccgce uggcaagagg aaacagcaga 1380

uucgcaugga ugacaagaaa gagcgaagaa acaaucacac cguggaacuu cgaagaaguc 1440

gucgacaagg gagcaagcge acagagcuuc aucgaaagaa ugacaaacuu cgacaagaac 1500
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cugccgaacg aaaagguccu gccgaagcac agccugcugu acgaauacuu cacagucuac 1560
aacgaacuga caaaggucaa guacgucaca gaaggaauga gaaagccggc auuccugagc 1620
ggagaacaga agdgaaggcaau cgucgaccug cuguucaaga caaacagaaa ggucacaguc 1680
aagcagcuga aggaagacua cuucaagaag aucgdaaugcu ucgacagcgu cgaaaucagc 1740
ggagucgaag acagauucaa cgcaagccug ggaacauacc acgaccugcu gaagaucauc 1800

aaggacaagg acuuccugga caacgaagaa aacgaagaca uccuggaaga caucguccug 1860
acacugacac uguucgaaga cagagaaaug aucgaagaaa gacugaagac auacgcacac 1920
cuguucgacyg acaaggucau gaagcageug aagagaagaa gauacacagdg auggggaaga 1980
cugagcagaa agcugaucaa cggaaucaga gacaagcaga geggaaagac aauccuggac 2040
uuccugaaga gcgacggauu cgcaaacaga aacuucaugce agcugaucca cgacgacagc 2100
cugacauuca aggaagacau ccagaaggca caggucageg gacagggaga cagccugcac 2160
gaacacaucg caaaccuggc aggaagcccg gcaaucaaga agggaauccu gcagacaguc 2220
aaggucgucg acgaacuggu caaggucaug ggaagacaca agccggaaaa caucgucauc 2280
gaaauggcaa gagaaaacca gacaacacag aagggacaga agaacagcag agaaagaaug 2340
aagagaaucg aagaaggaau caaggaacug ggaagccaga uccugaagga acacccgguc 2400
gaaaacacac agcugcagaa cgaaaagcug uaccuguacu accugcagaa cggaagagac 2460
auguacgucg accaggaacu ggacaucaac agacugageg acuacgacgu cgaccacauc 2520
guccegcaga gcuuccugaa ggacgacage aucgacaaca agguccugac aagaagegac 2580
aagaacagag gaaagagcga caacgucccg agcgaagaag ucgucaagaa gaugaagaac 2640
uacuggagac agcugcugaa cgcaaagcug aucacacaga gaaaguucga caaccugaca 2700
aaggcagaga gaggaggacu gagcgaacug gacaaggcag gauucaucaa gagacagceug 2760
gucgaaacaa gacagaucac aaagcacguc gcacagaucc uggacagcag aaugaacaca 2820
aaguacgacg aaaacgacaa gcugaucaga gaagucaagg ucaucacacu gaagagcaag 2880
cuggucagcg acuucagaaa ggacuuccag uucuacaagg ucagagaaau caacaacuac 2940
caccacgcac acgacgcaua ccugaacgca gucgucggaa cagcacugau caagaaguac 3000
ccgaagougg aaagcgaauu cgucuacgga gacuacaagg ucuacgacgu cagaaagaug 3060
aucgcaaaga gcgaacagga aaucggaaag gcaacagcaa aguacuucuu cuacagcaac 3120
aucaugaacu ucuucaagac agaaaucaca cuggcaaacg gagaaaucag aaagagaccg 3180
cugaucgaaa caaacggaga aacaggagaa aucgucuggg acaagggaag agacuucgca 3240
acagucagaa agguccugag caugccgeag gucaacaucg ucaagaagac agaaguccag 3300
acaggaggau ucagcaagga aagcauccug ccgaagagaa acagcgacaa gcugaucgca 3360
agaaagaagg acugggaccc gaagaaguac ggaggauucg acagcccgac agucgcauac 3420
agcguccugg ucgucgcaaa ggucgaaaag ggaaagagca agaagcugaa gagcgucaag 3480
gaacugcugg gaaucacaau cauggaaaga agcagcuucg aaaagaaccc gaucgacuuc 3540
cuggaagcaa agggauacaa ggaagucaag aaggaccuga ucaucaagcu gccgaaguac 3600
agccuguucyg aacuggaaaa cggaagaaag agaaugeugg caagcegcagdg agaacugcag 3660
aagggaaacg aacuggcacu gccgagcaag uacgucaacu uccuguaccu ggcaagcecac 3720

uacgaaaagc ugaagggaag cccggaagac aacgaacaga agcagcuguu cgucgaacag 3780
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cacaagcacu accuggacga aaucaucgaa cagaucageg aauucagcaa gagagucauc 3840
cuggcagacg caaaccugga caagguccug agcgcauaca acaagcacag agacaagcecg 3900
aucagagaac aggcagaaaa caucauccac cuguucacac ugacaaaccu gggagcaccg 3960
gcagcauuca aguacuucga cacaacaauc gacagaaaga gauacacaag cacaaaggaa 4020
guccuggacg caacacugau ccaccagagc aucacaggac uguacgaaac aagaaucgac 4080
cugagccage ugggaggaga cggaggagga ageccgaaga agaagagaaa gguc 4134
<210> SEQ ID NO 211

<211> LENGTH: 4134

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: Cas9 nickase bare coding sequence

<400> SEQUENCE: 211

gacaagaagu acagcaucgg acuggcaauc ggaacaaaca gcgucggaug ggcagucauc 60
acagacgaau acaagguccce gagcaagaag uucaaggucc ugggaaacac agacagacac 120
agcaucaaga agaaccugau cggagcacug cuguucgaca geggagaaac agcagaagca 180
acaagacuga agagaacagc aagaagaaga uacacaagaa gaaagaacag aaucugcuac 240
cugcaggaaa ucuucagcaa cgaaauggca aaggucgacg acagcuucuu ccacagacug 300
gaagaaagcu uccuggucga agaagacaag aagcacgaaa gacacccgau cuucggaaac 360
aucgucgacyg aagucgcaua ccacgaaaag uacccgacaa ucuaccaccu gagaaagaag 420
cuggucgaca gcacagacaa ggcagaccug agacugaucu accuggcacu ggcacacaug 480
aucaaguuca gaggacacuu ccugaucgaa ggagaccuga accceggacaa cagcgacguc 540
gacaagcugu ucauccagcu gguccagaca uacaaccagc uguucgaaga aaacccgauc 600
aacgcaagcg gagucgacgce aaaggcaauc cugagcgcaa gacugagcaa gagcagaaga 660
cuggaaaacc ugaucgcaca gcugccggga gaaaagaaga acggacuguu cggaaaccug 720
aucgcacuga gccugggacu gacaccgaac uucaagagea acuucgaccu ggcagaagac 780
gcaaagcuge agcugagcaa ggacacauac gacgacgacc uggacaaccu gcuggcacag 840
aucggagacce aguacgcaga ccuguuccug gcagcaaaga accugagega cgcaauccug 900
cugagcgaca uccugagagu caacacagaa aucacaaagg caccgcugag cgcaagcaug 960

aucaagagau acgacgaaca ccaccaggac cugacacugce ugaaggcacu ggucagacag 1020
cagcugcogg aaaaguacaa ggaaaucuuc uucgaccaga gcaagaacgdg auacgcagga 1080
uacaucgacg gaggagcaag ccaggaagaa uucuacaagu ucaucaagcc gauccuggaa 1140
aagauggacg gaacagaaga acugcugguc aagcugaaca gagaagaccu gcugagaaag 1200
cagagaacau ucgacaacgg aagcaucccg caccagaucce accugggaga acugcacgca 1260
auccugagaa gacaggaaga cuucuacccg uuccugaagg acaacagaga aaagaucgaa 1320

aagauccuga cauucagaau cccguacuac gucggaccgce uggcaagagg aaacagcaga 1380

uucgcaugga ugacaagaaa gagcgaagaa acaaucacac cguggaacuu cgaagaaguc 1440
gucgacaagg gagcaagcge acagagcuuc aucgaaagaa ugacaaacuu cgacaagaac 1500
cugccgaacg aaaagguccu gccgaageac agecugeugu acgaauacuu cacagucuac 1560

aacgaacuga caaaggucaa guacgucaca gaaggaauga gaaagccgge auuccugage 1620
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ggagaacaga agdgaaggcaau cgucgaccug cuguucaaga caaacagaaa ggucacaguc 1680
aagcagcuga aggaagacua cuucaagaag aucgdaaugcu ucgacagcgu cgaaaucagc 1740
ggagucgaag acagauucaa cgcaagccug ggaacauacc acgaccugcu gaagaucauc 1800

aaggacaagg acuuccugga caacgaagaa aacgaagaca uccuggaaga caucguccug 1860
acacugacac uguucgaaga cagagaaaug aucgaagaaa gacugaagac auacgcacac 1920
cuguucgacyg acaaggucau gaagcageug aagagaagaa gauacacagdg auggggaaga 1980
cugagcagaa agcugaucaa cggaaucaga gacaagcaga geggaaagac aauccuggac 2040
uuccugaaga gcgacggauu cgcaaacaga aacuucaugce agcugaucca cgacgacagc 2100
cugacauuca aggaagacau ccagaaggca caggucageg gacagggaga cagccugcac 2160
gaacacaucg caaaccuggc aggaagcccg gcaaucaaga agggaauccu gcagacaguc 2220
aaggucgucg acgaacuggu caaggucaug ggaagacaca agccggaaaa caucgucauc 2280
gaaauggcaa gagaaaacca gacaacacag aagggacaga agaacagcag agaaagaaug 2340
aagagaaucg aagaaggaau caaggaacug ggaagccaga uccugaagga acacccgguc 2400
gaaaacacac agcugcagaa cgaaaagcug uaccuguacu accugcagaa cggaagagac 2460
auguacgucg accaggaacu ggacaucaac agacugageg acuacgacgu cgaccacauc 2520
guccegcaga gcuuccugaa ggacgacage aucgacaaca agguccugac aagaagegac 2580
aagaacagag gaaagagcga caacgucccg agcgaagaag ucgucaagaa gaugaagaac 2640
uacuggagac agcugcugaa cgcaaagcug aucacacaga gaaaguucga caaccugaca 2700
aaggcagaga gaggaggacu gagcgaacug gacaaggcag gauucaucaa gagacagceug 2760
gucgaaacaa gacagaucac aaagcacguc gcacagaucc uggacagcag aaugaacaca 2820
aaguacgacg aaaacgacaa gcugaucaga gaagucaagg ucaucacacu gaagagcaag 2880
cuggucagcg acuucagaaa ggacuuccag uucuacaagg ucagagaaau caacaacuac 2940
caccacgcac acgacgcaua ccugaacgca gucgucggaa cagcacugau caagaaguac 3000
ccgaagougg aaagcgaauu cgucuacgga gacuacaagg ucuacgacgu cagaaagaug 3060
aucgcaaaga gcgaacagga aaucggaaag gcaacagcaa aguacuucuu cuacagcaac 3120
aucaugaacu ucuucaagac agaaaucaca cuggcaaacg gagaaaucag aaagagaccg 3180
cugaucgaaa caaacggaga aacaggagaa aucgucuggg acaagggaag agacuucgca 3240
acagucagaa agguccugag caugccgeag gucaacaucg ucaagaagac agaaguccag 3300
acaggaggau ucagcaagga aagcauccug ccgaagagaa acagcgacaa gcugaucgca 3360
agaaagaagg acugggaccc gaagaaguac ggaggauucg acagcccgac agucgcauac 3420
agcguccugg ucgucgcaaa ggucgaaaag ggaaagagca agaagcugaa gagcgucaag 3480
gaacugcugg gaaucacaau cauggaaaga agcagcuucg aaaagaaccc gaucgacuuc 3540
cuggaagcaa agggauacaa ggaagucaag aaggaccuga ucaucaagcu gccgaaguac 3600
agccuguucyg aacuggaaaa cggaagaaag agaaugeugg caagcegcagdg agaacugcag 3660
aagggaaacg aacuggcacu gccgagcaag uacgucaacu uccuguaccu ggcaagcecac 3720
uacgaaaagc ugaagggaag cccggaagac aacgaacaga agcagcuguu cgucgaacag 3780
cacaagcacu accuggacga aaucaucgaa cagaucageg aauucagcaa gagagucauc 3840

cuggcagacg caaaccugga caagguccug agcgcauaca acaagcacag agacaagcecg 3900
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aucagagaac aggcagaaaa caucauccac cuguucacac ugacaaaccu gggagcaccg 3960
gcagcauuca aguacuucga cacaacaauc gacagaaaga gauacacaag cacaaaggaa 4020
guccuggacg caacacugau ccaccagagc aucacaggac uguacgaaac aagaaucgac 4080
cugagccage ugggaggaga cggaggagga ageccgaaga agaagagaaa gguc 4134
<210> SEQ ID NO 212

<211> LENGTH: 4134

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic: dCas9 bare coding sequence

<400> SEQUENCE: 212

gacaagaagu acagcaucgg acuggcaauc ggaacaaaca gcgucggaug ggcagucauc 60
acagacgaau acaagguccce gagcaagaag uucaaggucc ugggaaacac agacagacac 120
agcaucaaga agaaccugau cggagcacug cuguucgaca geggagaaac agcagaagca 180
acaagacuga agagaacagc aagaagaaga uacacaagaa gaaagaacag aaucugcuac 240
cugcaggaaa ucuucagcaa cgaaauggca aaggucgacg acagcuucuu ccacagacug 300
gaagaaagcu uccuggucga agaagacaag aagcacgaaa gacacccgau cuucggaaac 360
aucgucgacyg aagucgcaua ccacgaaaag uacccgacaa ucuaccaccu gagaaagaag 420
cuggucgaca gcacagacaa ggcagaccug agacugaucu accuggcacu ggcacacaug 480
aucaaguuca gaggacacuu ccugaucgaa ggagaccuga accceggacaa cagcgacguc 540
gacaagcugu ucauccagcu gguccagaca uacaaccagc uguucgaaga aaacccgauc 600
aacgcaagcg gagucgacgce aaaggcaauc cugagcgcaa gacugagcaa gagcagaaga 660
cuggaaaacc ugaucgcaca gcugccggga gaaaagaaga acggacuguu cggaaaccug 720
aucgcacuga gccugggacu gacaccgaac uucaagagea acuucgaccu ggcagaagac 780
gcaaagcuge agcugagcaa ggacacauac gacgacgacc uggacaaccu gcuggcacag 840
aucggagacce aguacgcaga ccuguuccug gcagcaaaga accugagega cgcaauccug 900
cugagcgaca uccugagagu caacacagaa aucacaaagg caccgcugag cgcaagcaug 960

aucaagagau acgacgaaca ccaccaggac cugacacugce ugaaggcacu ggucagacag 1020
cagcugcogg aaaaguacaa ggaaaucuuc uucgaccaga gcaagaacgdg auacgcagga 1080
uacaucgacg gaggagcaag ccaggaagaa uucuacaagu ucaucaagcc gauccuggaa 1140
aagauggacg gaacagaaga acugcugguc aagcugaaca gagaagaccu gcugagaaag 1200
cagagaacau ucgacaacgg aagcaucccg caccagaucce accugggaga acugcacgca 1260
auccugagaa gacaggaaga cuucuacccg uuccugaagg acaacagaga aaagaucgaa 1320

aagauccuga cauucagaau cccguacuac gucggaccgce uggcaagagg aaacagcaga 1380

uucgcaugga ugacaagaaa gagcgaagaa acaaucacac cguggaacuu cgaagaaguc 1440
gucgacaagg gagcaagcge acagagcuuc aucgaaagaa ugacaaacuu cgacaagaac 1500
cugccgaacg aaaagguccu gccgaageac agecugeugu acgaauacuu cacagucuac 1560
aacgaacuga caaaggucaa guacgucaca gaaggaauga gaaagccgge auuccugage 1620
ggagaacaga agaaggcaau cgucgaccug cuguucaaga caaacagaaa ggucacaguc 1680

aagcagcuga aggaagacua cuucaagaag aucgaaugceu ucgacagegu cgaaaucagce 1740
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ggagucgaag acagauucaa cgcaagccug ggaacauacc acgaccugcu gaagaucauc 1800
aaggacaagg acuuccugga caacgaagaa aacgaagaca uccuggaaga caucguccug 1860
acacugacac uguucgaaga cagagaaaug aucgaagaaa gacugaagac auacgcacac 1920
cuguucgacyg acaaggucau gaagcageug aagagaagaa gauacacagdg auggggaaga 1980
cugagcagaa agcugaucaa cggaaucaga gacaagcaga geggaaagac aauccuggac 2040
uuccugaaga gcgacggauu cgcaaacaga aacuucaugce agcugaucca cgacgacagc 2100
cugacauuca aggaagacau ccagaaggca caggucageg gacagggaga cagccugcac 2160
gaacacaucg caaaccuggc aggaagcccg gcaaucaaga agggaauccu gcagacaguc 2220
aaggucgucg acgaacuggu caaggucaug ggaagacaca agccggaaaa caucgucauc 2280
gaaauggcaa gagaaaacca gacaacacag aagggacaga agaacagcag agaaagaaug 2340
aagagaaucg aagaaggaau caaggaacug ggaagccaga uccugaagga acacccgguc 2400
gaaaacacac agcugcagaa cgaaaagcug uaccuguacu accugcagaa cggaagagac 2460
auguacgucg accaggaacu ggacaucaac agacugageg acuacgacgu cgacgcaauc 2520
guccegcaga gcuuccugaa ggacgacage aucgacaaca agguccugac aagaagegac 2580
aagaacagag gaaagagcga caacgucccg agcgaagaag ucgucaagaa ga