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CRISPR/CAS-RELATED METHODS AND COMPOSITIONS FOR TREATING
USHER SYNDROME AND RETINITIS PIGMENTOSA

REFERENCE TO RELATED APPLICATIONS
The present application claims the benefit of U.S. Provisional Application No.
61/948,520, filed March 5, 2014, the contents of which are hereby incorporated by reference in

their entirety.

FIELD OF THE INVENTION
The invention relates to CRISPR/Cas-related methods and components for editing of a
target nucleic acid sequence, and applications thereof in connection with Usher syndrome and

retinitis pigmentosa.

BACKGROUND

Usher Syndrome is a common form of inherited combined hearing and vision loss. It
affects 1 in 6,000 individuals (Kimberling et al., Genetics in Medicine 2010; 12(8): 512-516).
Usher Syndrome is known to be caused by mutations in at least 9 different genes. Usher
syndrome type IIA is caused by mutations in the USH2A gene (also known as the RP39 gene).
Usher syndrome type II accounts for approximately 50% of all Usher cases (Eudy et al., Science
1998; 280(5370):1753-1757). Usher syndrome type IIA accounts for approximately 80% of all
Usher type II cases (Le Quesne Stabel et al., Journal of Molecular Genetics 2012; 49(1):27-36),
or 40% of all Usher cases.

The USH2A gene is 800,503 base pairs and codes for the usherin protein (1,551 amino
acids in length). A common mutation in subjects with Usher syndrome type II or non-syndromic
retinitis pigmentosa (RP39) is a single nucleotide deletion, e.g., a guanine deletion, at nucleotide
position ¢.2299 (2299delG) in the USH2A gene, which is responsible for between 15% and 78%
of USH2A mutations, depending on the population (Baux et al. European Journal of Human
Genetics 2010; 18:788-793. Yan et al., Journal of Human Genetics 2009; 54:732-738. Weston et
al., American Journal of Human Genetics 2000; 66(4):1199-1210). The deletion of guanine at
position 2299 results in a premature stop codon, which leads to a truncated usherin protein. The

truncated usherin protein disrupts vision and hearing, leading to visual and hearing loss.
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Visual loss in Usher syndrome usually begins between the ages of 10 and 20. The vision
loss is described as retinitis pigmentosa (RP), a retinal dystrophy that tends to affect peripheral
visual fields initially. The visual field defect generally progresses inwards, constricting the
subject’s visual field and over time leading to blindness. Subjects commonly experience loss of
night vision early in the disease, followed by loss of peripheral vision, followed by loss of visual
acuity (a measure of the central visual field).

The visual loss associated with Usher syndrome type Il is called ‘syndromic’ retinitis
pigmentosa, because it is frequently associated with hearing loss. Alternatively, patients can
have mutations in USH2A that are not associated with hearing loss. In this case, the patients are
defined as having ‘non-syndromic’ retinitis pigmentosa. Non-syndromic retinitis pigmentosa
caused by mutations in the USH2A gene may be called retinitis pigmentosa 39, or RP39.

Usher syndrome also causes deafness. In Usher syndrome type IIA, the age of onset of
deafness is most often at birth and consists of moderate to severe hearing impairment which is
generally non-progressive. However, in subjects with Usher type IIA, hearing loss may present
after birth into teenage years and may be progressive. Usher syndrome type IIA subjects have
normal vestibular function. Usher type I subjects are generally born profoundly deaf with absent
vestibular function.

Treatment for the visual loss associated with Usher syndrome type IIA and/or RP-39 is
limited. There is currently no approved treatment that substantially reverses or halts the
progression of disease in Usher syndrome type 2 or in RP-39. Vitamin A supplementation may
delay onset of disease and slow progression. An electrical implant known as the Argus II retinal
implant was recently approved for use, but it only offers minimal improvement in vision in
patients with RP. The best visual acuity achieved in trials by the device was 20/1260 (legal
blindness is defined as 20/200 vision). In addition, current gene therapy delivery techniques are
not able to deliver genes encoding large proteins, e.g., the USH2A gene.

There is also no curative treatment for hearing loss in Usher syndrome type IIA. Subjects
with Usher syndrome commonly use hearing aids and cochlear implants. Both are helpful in
providing some degree of auditory function but do not restore hearing. Subjects would benefit

greatly from a therapeutic which restored hearing and/or prevented further hearing loss.
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Despite advances that have been made in gene therapy and by using cochlear implants,
there remains a need for therapeutics to treat the visual loss and deafness associated with Usher

syndrome, including Usher syndrome type IIA, and retinitis pigmentosa.

SUMMARY OF THE INVENTION

Methods and compositions discussed herein, allow the correction of genetic disorders of
the eye and the inner ear, e.g., disorders that affect retinal cells (e.g., photoreceptor cells), cells of
the inner ear (e.g., inner hair cells or outer hair cells), or both.

Methods and compositions discussed herein, provide for treating or delaying the onset or
progression of Usher syndrome and retinitis pigmentosa, e.g., Usher Syndrome type 1A
(USH2A, USHIIA) and retinitis pigmentosa 39 (RP39). Symptoms associated with Usher
symdrome and retinitis pigmentosa, such as vision loss and hearing loss, can also be treated by
the methods and compositions disclosed herein.

Methods and compositions discussed herein, provide for treating or delaying the onset or
progression of a disorder caused by mutations in the USH2A gene, including the mutation
2299delG (which causes a premature termination codon).

Methods and compositions discussed herein, provide for treating or delaying the onset or
progression of usher syndrome and retinitis pigmentosa, e.g., Usher Syndrome type IIA
(USH2A, USHIIA) and retinitis pigmentosa 39 (RP39) by gene editing, e.g., using CRISPR-
Cas9 mediated methods to correct the guanine deletion at position 2299 in the USH2A gene (e.g.,
replace the deleted guanine residue at position 2299 in the USH2A gene).

In one aspect, disclosed herein is a gRNA molecule, e.g., an isolated or non-naturally
occuring gRNA molecule, comprising a targeting domain which is complementary with a target
domain from the USH2A gene. USHZ2A is also known as US2, RP39, USH2, and dJ1111A8.1.

In an embodiment, the targeting domain is configured to provide a cleavage event, e.g., a
double strand break or a single strand break, within 10, 25, 50, 75, 100, 125, 150, 175, 200, 225,
250, or 300 nucleotides of a target position in the USH2A gene, e.g., a deletion of guanine at
nucleotide positon 2299 (2299delG) in the USH2A gene.

In an embodiment, the targeting domain is configured to provide a cleavage event, e.g., a
double strand break or a single strand break, within 10, 25, 50, 75, 100, 125, 150, 175, 200, 225,
250, or 300 nucleotides of a target position in the USH2A gene, e.g., a deletion of guanine at
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nucleotide positon 2299 (2299delG). In an embodiment, the targeting domain comprises a
sequence that is the same as, or differs by no more than 1, 2, 3, 4, or 5 nucleotides from, a
targeting domain sequence from Table 1. In some embodiments, the targeting domain is
selected from those in Table 1. For example, in certain embodiments, the targeting domain is

GAGUGCAAAAAAGAAGCCAA;
GUUAGAUGUCACCAAUUGUA;
GGUGUCACACUGAAGUCCUU;
GCCAUGGAGGUUACACUGGC;
GUCACAGGCCUUACAALU;
GUCACACUGAAGUCCUU;
UGCAAAAAAGAAGCCAA;
UGCAGAGAAAACUUUUA;
UGUUCACUGAGCCAUGG; or
AUGGAGGUUACACUGGC.

In other embodiments, the targeting domain comprises a sequence that is the same as, or
differs by no more than 1, 2, 3, 4, or 5 nucleotides from, a targeting domain sequence from
Table 2. In an embodiment, the targeting domain is selected from Table 2.

In other embodiments, the targeting domain comprises a sequence that is the same as, or
differs by no more than 1, 2, 3, 4, or 5 nucleotides from, a targeting domain sequence from
Table 3. In an embodiment, the targeting domain is selected from Table 3.

In other embodiments, the targeting domain comprises a sequence that is the same as, or
differs by no more than 1, 2, 3, 4, or 5 nucleotides from, a targeting domain sequence from
Tables 4A-4E. In an embodiment, the targeting domain is selected from Tables 4A-4E.

In certain embodiments, the targeting domain is

GCAAGCCCAAUGUUGAA;
GCAUUACAGACAGUCCC;
GUCACACUGAAGUCCUU;
GUCACAGGCCUUACAAU;
GUCUGUAAUGCUAAGAC;
GACACAGCUGGAUCCCUCCC;
GAGACAGUGCAAUAAAUGUU;
GCACUACACUGCCCAGAGUG;
GCACUGUCUCCCUUCAACAU;
GCCAUGGAGGUUACACUGGC;
GCCUGUGACUGUGACACAGC;
GGUGUCACACUGAAGUCCUU; or
GUUAGAUGUCACCAAUUGUA.
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In other embodiments, the targeting domain comprises a sequence that is the same as, or
differs by no more than 1, 2, 3, 4, or 5 nucleotides from, a targeting domain sequence from
Tables SA-5F. In an embodiment, the targeting domain is selected from Tables SA-5F.

In certain embodiments, the targeting domain is

GCACUACACUGCCCAGAGU:;
GCCUGUGACUGUGACACAG;
GGCCUGUGACUGUGACACAG;
GGUGUGAUCAUUGCAAUU;
GACACCUGCAGAGAAAACUUUU;
GCAUUACAGACAGUCCCAGGG;
GCUUAGGUGUGAUCAUUGCAAUU;
GCUUCUUUUUUGCACUACACUGCC;
GGCUUAGGUGUGAUCAUUGCAAUU;
GUAAGGCCUGUGACUGUGACACAG:; or
GUGACACCUGCAGAGAAAACUUUU.

In other embodiments, the targeting domain comprises a sequence that is the same as, or
differs by no more than 1, 2, 3, 4, or 5 nucleotides from, a targeting domain sequence from
Tables 6A-6D. In an embodiment, the targeting domain is selected from Tables 6A-6D.

In certain embodiments, the targeting domain is

GUGUCACACUGAAGUCC;
GGUGUGAUCAUUGCAAU; or
GGGCUCACAUCCAACAUCAU.

In an embodiment, the gRNA, e.g., a gRNA comprising a targeting domain which is
complementary with a target domain from the USH2A gene, is a modular gRNA. In other
embodiments, the gRNA is a chimeric gRNA.

In an embodiment, when two gRNAs are used to position two breaks, e.g., two single
strand breaks, in the target nucleic acid sequence, each guide RNA is independently selected
from one or more of Tables 1-3, 4A-4E, SA-SF, or 6A-6D.

In an embodiment, the targeting domain which is complementary with a target domain
from the USH2A gene target position in the USH2A gene is 16 nucleotides or more in length. In
an embodiment, the targeting domain is 16 nucleotides in length. In an embodiment, the

targeting domain is 17 nucleotides in length. In other embodiments, the targeting domain is 18
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nucleotides in length. In still other embodiments, the targeting domain is 19 nucleotides in
length. In still other embodiments, the targeting domain is 20 nucleotides in length. In an
embodiment, the targeting domain is 21 nucleotides in length. In an embodiment, the targeting
domain is 22 nucleotides in length. In an embodiment, the targeting domain is 23 nucleotides in
length. In an embodiment, the targeting domain is 24 nucleotides in length. In an embodiment,
the targeting domain is 25 nucleotides in length. In an embodiment, the targeting domain is 26
nucleotides in length.

In an embodiment, the targeting domain comprises 16 nucleotides.

In an embodiment, the targeting domain comprises 17 nucleotides.

In an embodiment, the targeting domain comprises 18 nucleotides.

In an embodiment, the targeting domain comprises 19 nucleotides.

In an embodiment, the targeting domain comprises 20 nucleotides.

In an embodiment, the targeting domain comprises 21 nucleotides.

In an embodiment, the targeting domain comprises 22 nucleotides.

In an embodiment, the targeting domain comprises 23 nucleotides.

In an embodiment, the targeting domain comprises 24 nucleotides.

In an embodiment, the targeting domain comprises 25 nucleotides.

In an embodiment, the targeting domain comprises 26 nucleotides.

A gRNA as described herein may comprise from 5’ to 3’: a targeting domain
(comprising a “core domain”, and optionally a “secondary domain”); a first complementarity
domain; a linking domain; a second complementarity domain; a proximal domain; and a tail
domain. In some embodiments, the proximal domain and tail domain are taken together as a
single domain.

In an embodiment, a gRNA comprises a linking domain of no more than 25 nucleotides
in length; a proximal and tail domain, that taken together, are at least 20 nucleotides in length;
and a targeting domain equal to or greater than 16, 17, 18, 19, 20, 21, 22, 23, 24, 25 or 26
nucleotides in length.

In another embodiment, a gRNA comprises a linking domain of no more than 25
nucleotides in length; a proximal and tail domain, that taken together, are at least 30 nucleotides
in length; and a targeting domain equal to or greater than 16, 17, 18, 19, 20, 21, 22, 23, 24, 25 or

26 nucleotides in length.
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In another embodiment, a gRNA comprises a linking domain of no more than 25
nucleotides in length; a proximal and tail domain, that taken together, are at least 30 nucleotides
in length; and a targeting domain equal to or greater than 16, 17, 18, 19, 20, 21, 22, 23, 24, 25 or
26 nucleotides in length.

In another embodiment, a gRNA comprisesa linking domain of no more than 25
nucleotides in length; a proximal and tail domain, that taken together, are at least 40 nucleotides
in length; and a targeting domain equal to or greater than 16, 17, 18, 19, 20, 21, 22, 23, 24, 25 or
26 nucleotides in length.

A cleavage event, e.g., a double strand or single strand break, is generated by a Cas9
molecule. The Cas9 molecule may be an enzymatically active Cas9 (eaCas9) molecule, e.g., an
eaCas9 molecule that forms a double strand break in a target nucleic acid or an eaCas9 molecule
forms a single strand break in a target nucleic acid (e.g., a nickase molecule).

In an embodiment, the eaCas9 molecule catalyzes a double strand break.

In some embodiments, the eaCas9 molecule comprises HNH-like domain cleavage
activity but has no, or no significant, N-terminal RuvC-like domain cleavage activity. In this
case, the eaCas9 molecule is an HNH-like domain nickase, e.g., the eaCas9 molecule comprises
a mutation at D10, e.g., D10A. In other embodiments, the eaCas9 molecule comprises N-
terminal RuvC-like domain cleavage activity but has no, or no significant, HNH-like domain
cleavage activity. In an embodiment, the eaCas9 molecule is an N-terminal RuvC-like domain
nickase, e.g., the eaCas9 molecule comprises a mutation at H840, e.g., H§40A. In an
embodiment, the eaCas9 molecule is an N-terminal RuvC-like domain nickase, e.g., the eaCas9
molecule comprises a mutation at H863, e.g., HS63A.

In an embodiment, a single strand break is formed in the strand of the target nucleic acid
to which the targeting domain of said gRNA is complementary. In another embodiment, a single
strand break is formed in the strand of the target nucleic acid other than the strand to which the
targeting domain of said gRNA is complementary.

In another aspect, disclosed herein is a nucleic acid, e.g., an isolated or non-naturally
occurring nucleic acid, e.g., DNA, that comprises (a) a sequence that encodes a gRNA molecule
comprising a targeting domain that is complementary with a target domain in USH2A gene as

disclosed herein.
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In an embodiment, the nucleic acid encodes a gRNA molecule, e.g., the first gRNA
molecule, comprising a targeting domain comprising a sequence that is the same as, or differs by
no more than 1, 2, 3, 4, or 5 nucleotides from, a targeting domain sequence from any one of
Tables 1-3, 4A-4E, SA-5F, or 6A-6D. In an embodiment, the nucleic acid encodes a gRNA
molecule comprising a targeting domain that is selected from those in Tables 1-3, 4A-4E, S5A-
SF, or 6A-6D.

In an embodiment, a nucleic acid encodes a gRNA comprising from 5’ to 3’: a targeting
domain (comprising a “core domain”, and optionally a “secondary domain”); a first
complementarity domain; a linking domain; a second complementarity domain; a proximal
domain; and a tail domain. In some embodiments, the proximal domain and tail domain are
taken together as a single domain.

In an embodiment, the nucleic acid encodes a gRNA molecule comprising a targeting
domain is configured to provide a cleavage event, e.g., a double strand break or a single strand
break, within 10, 25, 50, 75, 100, 125, 150, 175, 200, 225, 250, or 300 nucleotides of a target
position in the USH2A gene, e.g., a deletion of guanine at nucleotide positon 2299 (2299delG) in
the USH2A gene.

In an embodiment, the nucleic acid encodes a gRNA molecule comprising a targeting
targeting domain is configured to provide a cleavage event, e.g., a double strand break or a single
strand break, within 10, 25, 50, 75, 100, 125, 150, 175, 200, 225, 250, or 300 nucleotides of a
target position in the USH2A gene, e.g., a deletion of guanine at nucleotide positon 2299
(2299delG). In an embodiment, the nucleic acid encodes a gRNA molecule comprising a
targeting domain comprising a sequence that is the same as, or differs by no more than 1, 2, 3, 4,
or 5 nucleotides from, a targeting domain sequence from Table 1. In an embodiment, the
nucleic acid encodes a gRNA molecule comprising a targeting domain is selected from those in

Table 1. For example, in certain embodiments, the targeting domain is

GAGUGCAAAAAAGAAGCCAA;
GUUAGAUGUCACCAAUUGUA;
GGUGUCACACUGAAGUCCUU;
GCCAUGGAGGUUACACUGGC;
GUCACAGGCCUUACAALU;
GUCACACUGAAGUCCUU;
UGCAAAAAAGAAGCCAA;
UGCAGAGAAAACUUUUA;
UGUUCACUGAGCCAUGG; or
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AUGGAGGUUACACUGGC.

In another embodiment, the nucleic acid encodes a gRNA molecule comprising a
targeting domain comprising a sequence that is the same as, or differs by no more than 1, 2, 3, 4,
or 5 nucleotides from, a targeting domain sequence from Table 2. In an embodiment, the
targeting domain is selected from Table 2.

In another embodiment, the nucleic acid encodes a gRNA molecule comprising a
targeting domain comprising a sequence that is the same as, or differs by no more than 1, 2, 3, 4,
or 5 nucleotides from, a targeting domain sequence from Table 3. In an embodiment, the
targeting domain is selected from Table 3.

In an embodiment, the targeting domain comprises a sequence that is the same as, or
differs by no more than 1, 2, 3, 4, or 5 nucleotides from, a targeting domain sequence from
Tables 4A-4E. In an embodiment, the targeting domain is selected from Tables 4A-4E.

In certain embodiments, the targeting domain is

GCAAGCCCAAUGUUGAA;
GCAUUACAGACAGUCCC;
GUCACACUGAAGUCCUU;
GUCACAGGCCUUACAAU;
GUCUGUAAUGCUAAGAC;
GACACAGCUGGAUCCCUCCC;
GAGACAGUGCAAUAAAUGUU;
GCACUACACUGCCCAGAGUG;
GCACUGUCUCCCUUCAACAU;
GCCAUGGAGGUUACACUGGC;
GCCUGUGACUGUGACACAGC;
GGUGUCACACUGAAGUCCUU; or
GUUAGAUGUCACCAAUUGUA.

In another embodiment, the targeting domain comprises a sequence that is the same as, or
differs by no more than 1, 2, 3, 4, or 5 nucleotides from, a targeting domain sequence from
Tables SA-5F. In an embodiment, the targeting domain is selected from Tables SA-5F.

In certain embodiments, the targeting domain is

GCACUACACUGCCCAGAGU:;
GCCUGUGACUGUGACACAG;
GGCCUGUGACUGUGACACAG;
GGUGUGAUCAUUGCAAUU;
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GACACCUGCAGAGAAAACUUUU;
GCAUUACAGACAGUCCCAGGG;
GCUUAGGUGUGAUCAUUGCAAUU;
GCUUCUUUUUUGCACUACACUGCC;
GGCUUAGGUGUGAUCAUUGCAAUU;
GUAAGGCCUGUGACUGUGACACAG:; or
GUGACACCUGCAGAGAAAACUUUU.

In yet another embodiment, the targeting domain comprises a sequence that is the same
as, or differs by no more than 1, 2, 3, 4, or 5 nucleotides from, a targeting domain sequence from
Tables 6A-6D. In an embodiment, the targeting domain is selected from Tables 6A-6D.

In certain embodiments, the targeting domain is

GUGUCACACUGAAGUCC;
GGUGUGAUCAUUGCAAU; or
GGGCUCACAUCCAACAUCAU.

In an embodiment, the nucleic acid encodes a modular gRNA, e.g., one or more nucleic
acids encode a modular gRNA. In other embodiments, the nucleic acid encodes a chimeric
gRNA. The nucleic acid may encode a gRNA, e.g., the first gRNA molecule, comprising a
targeting domain comprising 16 nucleotides or more in length. In one embodiment, the nucleic
acid encodes a gRNA, e.g., the first gRNA molecule, comprising a targeting domain that is 16
nucleotides in length. In other embodiments, the nucleic acid encodes a gRNA, e.g., the first
gRNA molecule, comprising a targeting domain that is 17 nucleotides in length. In still other
embodiments, the nucleic acid encodes a gRNA, e.g., the first gRNA molecule, comprising a
targeting domain that is 18 nucleotides in length. In still other embodiments, the nucleic acid
encodes a gRNA, e.g., the first gRNA molecule, comprising a targeting domain that is 19
nucleotides in length. In still other embodiments, the nucleic acid encodes a gRNA, e.g., the first
gRNA molecule, comprising a targeting domain that is 20 nucleotides in length. In still other
embodiments, the nucleic acid encodes a gRNA, e.g., the first gRNA molecule, comprising a
targeting domain that is 21 nucleotides in length. In still other embodiments, the nucleic acid
encodes a gRNA, e.g., the first gRN A molecule, comprising a targeting domain that is 22
nucleotides in length. In still other embodiments, the nucleic acid encodes a gRNA, e.g., the first
gRNA molecule, comprising a targeting domain that is 23 nucleotides in length. In still other

embodiments, the nucleic acid encodes a gRNA, e.g., the first gRNA molecule, comprising a
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targeting domain that is 24 nucleotides in length. In still other embodiments, the nucleic acid
encodes a gRNA, e.g., the first gRNA molecule, comprising a targeting domain that is 25
nucleotides in length. In still other embodiments, the nucleic acid encodes a gRNA, e.g., the first
gRNA molecule, comprising a targeting domain that is 26 nucleotides in length.

In an embodiment, a nucleic acid encodes a gRNA comprising from 5’ to 3’: a targeting
domain (comprising a “core domain”, and optionally a “secondary domain”); a first
complementarity domain; a linking domain; a second complementarity domain; a proximal
domain; and a tail domain. In some embodiments, the proximal domain and tail domain are
taken together as a single domain.

In an embodiment, a nucleic acid encodes a gRNA comprising a linking domain of no
more than 25 nucleotides in length; a proximal and tail domain, that taken together, are at least
20 nucleotides in length; and a targeting domain equal to or greater than 16, 17, 18, 19, 20, 21,
22,23, 24, 25 or 26 nucleotides in length.

In an embodiment, a nucleic acid encodes a gRNA comprising a linking domain of no
more than 25 nucleotides in length; a proximal and tail domain, that taken together, are at least
30 nucleotides in length; and a targeting domain equal to or greater than 16, 17, 18, 19, 20, 21,
22,23, 24, 25 or 26 nucleotides in length.

In an embodiment, a nucleic acid encodes a gRNA comprising a linking domain of no
more than 25 nucleotides in length; a proximal and tail domain, that taken together, are at least
30 nucleotides in length; and a targeting domain equal to or greater than 16, 17, 18, 19, 20, 21,
22,23, 24, 25 or 26 nucleotides in length.

In an embodiment, a nucleic acid encodes a gRNA comprising a linking domain of no
more than 25 nucleotides in length; a proximal and tail domain, that taken together, are at least
40 nucleotides in length; and a targeting domain equal to or greater than 16, 17, 18, 19, 20, 21,
22,23, 24, 25 or 26 nucleotides in length.

In an embodiment, a nucleic acid comprises (a) a sequence that encodes a gRNA
molecule comprising a targeting domain that is complementary with a target domain in the
USH2A gene as disclosed herein, and further comprising (b) a sequence that encodes a Cas9
molecule.

The Cas9 molecule may be a nickase molecule, a enzymatically activating Cas9 (eaCas9)

molecule, e.g., an eaCas9 molecule that forms a double strand break in a target nucleic acid and
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an eaCas9 molecule forms a single strand break in a target nucleic acid. In an embodiment, a
single strand break is formed in the strand of the target nucleic acid to which the targeting
domain of said gRNA is complementary. In another embodiment, a single strand break is
formed in the strand of the target nucleic acid other than the strand to which to which the
targeting domain of said gRNA is complementary.

In an embodiment, the eaCas9 molecule catalyzes a double strand break.

In some embodiments, the eaCas9 molecule comprises HNH-like domain cleavage
activity but has no, or no significant, N-terminal RuvC-like domain cleavage activity. In other
embodiments, the said eaCas9 molecule is an HNH-like domain nickase, e.g., the eaCas9
molecule comprises a mutation at D10, e.g., D10A. In other embodiments, the eaCas9 molecule
comprises N-terminal RuvC-like domain cleavage activity but has no, or no significant, HNH-
like domain cleavage activity. In another embodiment, the eaCas9 molecule is an N-terminal
RuvC-like domain nickase, e.g., the eaCas9 molecule comprises a mutation at H840, e.g.,
H840A. In another embodiment, the eaCas9 molecule is an N-terminal RuvC-like domain
nickase, e.g., the eaCas9 molecule comprises a mutation at H863, e.g., H§63A.

A nucleic acid disclosed herein may comprise (a) a sequence that encodes a gRNA
molecule comprising a targeting domain that is complementary with a target domain in the
USH2A gene as disclosed herein; and (b) a sequence that encodes a Cas9 molecule.

A nucleic acid disclosed herein may comprise (a) a sequence that encodes a gRNA
molecule comprising a targeting domain that is complementary with a target domain in the
USH2A gene as disclosed herein; (b) a sequence that encodes a Cas9 molecule; and further may
comprises (c)(i) a sequence that encodes a second gRNA molecule described herein having a
targeting domain that is complementary to a second target domain of the USH2A gene, and
optionally, (c)(ii) a sequence that encodes a third gRNA molecule described herein having a
targeting domain that is complementary to a third target domain of the USH2A gene; and
optionally, (c)(iii) a sequence that encodes a fourth gRNA molecule described herein having a
targeting domain that is complementary to a fourth target domain of the USH2A gene. In an
embodiment, a nucleic acid encoding a second gRNA molecule comprising a targeting domain is
configured to provide a cleavage event, e.g., a double strand break or a single strand break,

within 10, 25, 50, 75, 100, 125, 150, 175, 200, 225, 250, or 300 nucleotides of a target position in
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the USH2A gene, e.g., a deletion of guanine at nucleotide positon 2299 (2299delG) in the
USH2A gene.

In an embodiment, a nucleic acid encodes a second gRNA molecule comprising a
targeting domain configured to provide a cleavage event, e.g., a double strand break or a single
strand break, sufficiently close to the target position in the USH2A gene to allow alteration,
either alone or in combination with the break positioned by the first gRNA molecule.

In an embodiment, a nucleic acid encodes a third gRNA molecule comprising a targeting
domain configured to provide a cleavage event, e.g., a double strand break or a single strand
break, sufficiently close to the target position in the USH2A gene to allow alteration, either alone
or in combination with the break positioned by the first and/or second gRNA molecule.

In an embodiment, a nucleic acid encodes a fourth gRNA molecule comprising a
targeting domain configured to provide a cleavage event, e.g., a double strand break or a single
strand break, sufficiently close to the target position in the USH2A gene to allow alteration,
either alone or in combination with the break positioned by the first gRNA molecule, the second
gRNA molecule and/or the third gRNA molecule.

In an embodiment, a nucleic acid encodes a second gRNA molecule comprising a
targeting domain configured to provide a cleavage event, e.g., a double strand break or a single
strand break, in combination with the break position by said first gRNA molecule, sufficiently
close to the target position in the USH2A gene to allow alteration of the target position, either
alone or in combination with the break positioned by said first gRNA molecule.

In an embodiment, a nucleic acid encodes a third gRNA molecule comprising a targeting
domain configured to provide a cleavage event, e.g., a double strand break or a single strand
break, in combination with the break position by said first and/or second gRNA molecule,
sufficiently close to the target position in the USH2A gene to allow alteration, either alone or in
combination with the break positioned by the first and/or second gRNA molecule.

In an embodiment, a nucleic acid encodes a fourth gRNA molecule comprising a
targeting domain configured to provide a cleavage event, e.g., a double strand break or a single
strand break, in combination with the break positioned by the first gRNA molecule, the second
gRNA molecule and/or the third gRNA molecule, sufficiently close to the target position in the
USH2A gene to allow alteration, either alone or in combination with the break positioned by the

first gRNA molecule, the second gRNA molecule and/or the third gRNA molecule.
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In an embodiment, a nucleic acid encoding a second gRNA molecule comprising a
targeting targeting domain is configured to provide a cleavage event, e.g., a double strand break
or a single strand break, within 10, 25, 50, 75, 100, 125, 150, 175, 200, 225, 250, or 300
nucleotides of a target position in the USH2A gene, e.g., a deletion of guanine at nucleotide
positon 2299 (2299delG). In an embodiment, the nucleic acid encodes a second gRNA molecule
comprising a targeting domain comprising a sequence that is the same as, or differs by no more
than 1, 2, 3, 4, or 5 amino acids from, a targeting domain sequence from Tables 1-3, 4A-4E, SA-
SF, or 6A-6D. In an embodiment, the nucleic acid encodes a second gRNA molecule comprising
a targeting domain is selected from those in Tables 1-3, 4A-4E, SA-5F, or 6A-6D. For example,
in certain embodiments, the targeting domain is

GAGUGCAAAAAAGAAGCCAA;
GUUAGAUGUCACCAAUUGUA;
GGUGUCACACUGAAGUCCUU;
GCCAUGGAGGUUACACUGGC;
GUCACAGGCCUUACAALU;
GUCACACUGAAGUCCUU;
UGCAAAAAAGAAGCCAA;
UGCAGAGAAAACUUUUA;
UGUUCACUGAGCCAUGG; or
AUGGAGGUUACACUGGC.

In certain embodiments, the targeting domain is

GCAAGCCCAAUGUUGAA;
GCAUUACAGACAGUCCC;
GUCACACUGAAGUCCUU;
GUCACAGGCCUUACAAU;
GUCUGUAAUGCUAAGAC;
GACACAGCUGGAUCCCUCCC;
GAGACAGUGCAAUAAAUGUU;
GCACUACACUGCCCAGAGUG;
GCACUGUCUCCCUUCAACAU;
GCCAUGGAGGUUACACUGGC;
GCCUGUGACUGUGACACAGC;
GGUGUCACACUGAAGUCCUU; or
GUUAGAUGUCACCAAUUGUA.

In certain embodiments, the targeting domain is

GCACUACACUGCCCAGAGU:;
GCCUGUGACUGUGACACAG;
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GGCCUGUGACUGUGACACAG;
GGUGUGAUCAUUGCAAUU;
GACACCUGCAGAGAAAACUUUU;
GCAUUACAGACAGUCCCAGGG;
GCUUAGGUGUGAUCAUUGCAAUU;
GCUUCUUUUUUGCACUACACUGCC;
GGCUUAGGUGUGAUCAUUGCAAUU;
GUAAGGCCUGUGACUGUGACACAG:; or
GUGACACCUGCAGAGAAAACUUUU.

In certain embodiments, the targeting domain is

GUGUCACACUGAAGUCC;
GGUGUGAUCAUUGCAAU; or
GGGCUCACAUCCAACAUCAU.

In an embodiment, a nucleic acid encoding a third gRNA molecule comprising a
targeting targeting domain is configured to provide a cleavage event, e.g., a double strand break
or a single strand break, within 10, 25, 50, 75, 100, 125, 150, 175, 200, 225, 250, or 300
nucleotides of a target position in the USH2A gene, e.g., a deletion of guanine at nucleotide
positon 2299 (2299delG). In an embodiment, the nucleic acid encodes a second gRNA molecule
comprising a targeting domain comprising a sequence that is the same as, or differs by no more
than 1, 2, 3, 4, or 5 amino acids from, a targeting domain sequence from Tables 1-3, 4A-4E, SA-
SF, or 6A-6D. In an embodiment, the nucleic acid encodes a third gRNA molecule comprising a
targeting domain is selected from those in Tables 1-3, 4A-4E, SA-5F, or 6A-6D. For example,
in certain embodiments, the targeting domain is

GAGUGCAAAAAAGAAGCCAA;
GUUAGAUGUCACCAAUUGUA;
GGUGUCACACUGAAGUCCUU;
GCCAUGGAGGUUACACUGGC;
GUCACAGGCCUUACAALU;
GUCACACUGAAGUCCUU;
UGCAAAAAAGAAGCCAA;
UGCAGAGAAAACUUUUA;
UGUUCACUGAGCCAUGG; or
AUGGAGGUUACACUGGC.

In certain embodiments, the targeting domain is

GCAAGCCCAAUGUUGAA;
GCAUUACAGACAGUCCC;
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GUCACACUGAAGUCCUU;
GUCACAGGCCUUACAAU;
GUCUGUAAUGCUAAGAC;
GACACAGCUGGAUCCCUCCC;
GAGACAGUGCAAUAAAUGUU;
GCACUACACUGCCCAGAGUG;
GCACUGUCUCCCUUCAACAU;
GCCAUGGAGGUUACACUGGC;
GCCUGUGACUGUGACACAGC;
GGUGUCACACUGAAGUCCUU; or
GUUAGAUGUCACCAAUUGUA.

In certain embodiments, the targeting domain is

GCACUACACUGCCCAGAGU:;
GCCUGUGACUGUGACACAG;
GGCCUGUGACUGUGACACAG;
GGUGUGAUCAUUGCAAUU;
GACACCUGCAGAGAAAACUUUU;
GCAUUACAGACAGUCCCAGGG;
GCUUAGGUGUGAUCAUUGCAAUU;
GCUUCUUUUUUGCACUACACUGCC;
GGCUUAGGUGUGAUCAUUGCAAUU;
GUAAGGCCUGUGACUGUGACACAG:; or
GUGACACCUGCAGAGAAAACUUUU.

In certain embodiments, the targeting domain is

GUGUCACACUGAAGUCC;
GGUGUGAUCAUUGCAAU; or
GGGCUCACAUCCAACAUCAU.

In an embodiment, a nucleic acid encoding a fourth gRNA molecule comprising a
targeting targeting domain is configured to provide a cleavage event, e.g., a double strand break
or a single strand break, within 10, 25, 50, 75, 100, 125, 150, 175, 200, 225, 250, or 300
nucleotides of a target position in the USH2A gene, e.g., a deletion of guanine at nucleotide
positon 2299 (2299delG). In an embodiment, the nucleic acid encodes a fourth gRNA molecule
comprising a targeting domain comprising a sequence that is the same as, or differs by no more
than 1, 2, 3, 4, or 5 amino acids from, a targeting domain sequence from Tables 1-3, 4A-4E, SA-

SF, or 6A-6D. In an embodiment, the nucleic acid encodes a second gRNA molecule comprising
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a targeting domain is selected from those in Tables 1-3, 4A-4E, SA-5F, or 6A-6D. For example,
in certain embodiments, the targeting domain is

GAGUGCAAAAAAGAAGCCAA;
GUUAGAUGUCACCAAUUGUA;
GGUGUCACACUGAAGUCCUU;
GCCAUGGAGGUUACACUGGC;
GUCACAGGCCUUACAALU;
GUCACACUGAAGUCCUU;
UGCAAAAAAGAAGCCAA;
UGCAGAGAAAACUUUUA;
UGUUCACUGAGCCAUGG; or
AUGGAGGUUACACUGGC.

In certain embodiments, the targeting domain is

GCAAGCCCAAUGUUGAA;
GCAUUACAGACAGUCCC;
GUCACACUGAAGUCCUU;
GUCACAGGCCUUACAAU;
GUCUGUAAUGCUAAGAC;
GACACAGCUGGAUCCCUCCC;
GAGACAGUGCAAUAAAUGUU;
GCACUACACUGCCCAGAGUG;
GCACUGUCUCCCUUCAACAU;
GCCAUGGAGGUUACACUGGC;
GCCUGUGACUGUGACACAGC;
GGUGUCACACUGAAGUCCUU; or
GUUAGAUGUCACCAAUUGUA.

In certain embodiments, the targeting domain is

GCACUACACUGCCCAGAGU:;
GCCUGUGACUGUGACACAG;
GGCCUGUGACUGUGACACAG;
GGUGUGAUCAUUGCAAUU;
GACACCUGCAGAGAAAACUUUU;
GCAUUACAGACAGUCCCAGGG;
GCUUAGGUGUGAUCAUUGCAAUU;
GCUUCUUUUUUGCACUACACUGCC;
GGCUUAGGUGUGAUCAUUGCAAUU;
GUAAGGCCUGUGACUGUGACACAG:; or
GUGACACCUGCAGAGAAAACUUUU.

In certain embodiments, the targeting domain is
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GUGUCACACUGAAGUCC;
GGUGUGAUCAUUGCAAU; or
GGGCUCACAUCCAACAUCAU.

In another embodiment, the nucleic acid encodes a second gRNA molecule comprising a
targeting domain comprising a sequence that is the same as, or differs by no more than 1, 2, 3, 4,
or 5 nucleotides from, a targeting domain sequence from Table 1. In an embodiment, the
targeting domain is selected from Table 1. In another embodiment, the nucleic acid encodes a
third gRNA molecule comprising a targeting domain comprising a sequence that is the same as,
or differs by no more than 1, 2, 3, 4, or 5 nucleotides from, a targeting domain sequence from
Table 1. In an embodiment, the targeting domain is selected from Table 1. In another
embodiment, the nucleic acid encodes a fourth gRNA molecule comprising a targeting domain
comprising a sequence that is the same as, or differs by no more than 1, 2, 3, 4, or 5 nucleotides
from, a targeting domain sequence from Table 1. In an embodiment, the targeting domain is
selected from Table 1.

In another embodiment, the nucleic acid encodes a second gRNA molecule comprising a
targeting domain comprising a sequence that is the same as, or differs by no more than 1, 2, 3, 4,
or 5 nucleotides from, a targeting domain sequence from Table 2. In an embodiment, the
targeting domain is selected from Table 2. In another embodiment, the nucleic acid encodes a
third gRNA molecule comprising a targeting domain comprising a sequence that is the same as,
or differs by no more than 1, 2, 3, 4, or 5 nucleotides from, a targeting domain sequence from
Table 2. In an embodiment, the targeting domain is selected from Table 2. In another
embodiment, the nucleic acid encodes a fourth gRNA molecule comprising a targeting domain
comprising a sequence that is the same as, or differs by no more than 1, 2, 3, 4, or 5 nucleotides
from, a targeting domain sequence from Table 2. In an embodiment, the targeting domain is
selected from Table 2.

In another embodiment, the nucleic acid encodes a second gRNA molecule comprising a
targeting domain comprising a sequence that is the same as, or differs by no more than 1, 2, 3, 4,
or 5 nucleotides from, a targeting domain sequence from Table 3. In an embodiment, the
targeting domain is selected from Table 3. In another embodiment, the nucleic acid encodes a
third gRNA molecule comprising a targeting domain comprising a sequence that is the same as,

or differs by no more than 1, 2, 3, 4, or 5 nucleotides from, a targeting domain sequence from
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Table 3. In an embodiment, the targeting domain is selected from Table 3. In another
embodiment, the nucleic acid encodes a fourth gRNA molecule comprising a targeting domain
comprising a sequence that is the same as, or differs by no more than 1, 2, 3, 4, or 5 nucleotides
from, a targeting domain sequence from Table 3. In an embodiment, the targeting domain is
selected from Table 3.

In an embodiment, the nucleic acid encodes a second gRNA molecule comprising a
targeting domain comprising a sequence that is the same as, or differs by no more than 1, 2, 3, 4,
or 5 nucleotides from, a targeting domain sequence from Tables 4A-4E. In an embodiment, the
targeting domain is selected from Tables 4A-4E. In another embodiment, the nucleic acid
encodes a third gRNA molecule comprising a targeting domain comprising a sequence that is the
same as, or differs by no more than 1, 2, 3, 4, or 5 nucleotides from, a targeting domain sequence
from Tables 4A-4E. In an embodiment, the targeting domain is selected from Tables 4A-4E.

In yet another embodiment, the nucleic acid encodes a fourth gRNA molecule comprising a
targeting domain comprising a sequence that is the same as, or differs by no more than 1, 2, 3, 4,
or 5 nucleotides from, a targeting domain sequence from Tables 4A-4E. In an embodiment, the
targeting domain is selected from Tables 4A-4E.

In an embodiment, the nucleic acid encodes a second gRNA molecule comprising a
targeting domain comprising a sequence that is the same as, or differs by no more than 1, 2, 3, 4,
or 5 nucleotides from, a targeting domain sequence from Tables SA-5F. In an embodiment, the
targeting domain is selected from Tables SA-5F. In another embodiment, the nucleic acid
encodes a third gRNA molecule comprising a targeting domain comprising a sequence that is the
same as, or differs by no more than 1, 2, 3, 4, or 5 nucleotides from, a targeting domain sequence
from Tables SA-5F. In an embodiment, the targeting domain is selected from Tables SA-SF. In
yet another embodiment, the nucleic acid encodes a third gRNA molecule comprising a targeting
domain comprising a sequence that is the same as, or differs by no more than 1, 2, 3, 4, or 5
nucleotides from, a targeting domain sequence from Tables SA-5F. In an embodiment, the
targeting domain is selected from Tables SA-5F.

In an embodiment, the nucleic acid encodes a second gRNA molecule comprising a
targeting domain comprising a sequence that is the same as, or differs by no more than 1, 2, 3, 4,
or 5 nucleotides from, a targeting domain sequence from Tables 6A-6D. In an embodiment, the

targeting domain is selected from Tables 6A-6D. In another embodiment, the nucleic acid
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encodes a second gRNA molecule comprising a targeting domain comprising a sequence that is
the same as, or differs by no more than 1, 2, 3, 4, or 5 nucleotides from, a targeting domain
sequence from Tables 6A-6D. In an embodiment, the targeting domain is selected from Tables
6A-6D. In yet another embodiment, the nucleic acid encodes a second gRNA molecule
comprising a targeting domain comprising a sequence that is the same as, or differs by no more
than 1, 2, 3, 4, or 5 nucleotides from, a targeting domain sequence from Tables 6A-6D. In an
embodiment, the targeting domain is selected from Tables 6A-6D.

In an embodiment, the nucleic acid encodes a second gRNA which is a modular gRNA,
e.g., wherein one or more nucleic acid molecules encode a modular gRNA. In another
embodiment, the nucleic acid encoding a second gRNA is a chimeric gRNA. In yet another
embodiment, when a nucleic acid encodes a third or fourth gRNA, the third and fourth gRNA
may be a modular gRNA or a chimeric gRNA. When multiple gRNAs are used, any
combination of modular or chimeric gRNAs may be used.

A nucleic acid may encode a second, a third, and/or a fourth gRNA, each independently,
comprising a targeting domain comprising 16 nucleotides or more in length.. In an embodiment,
the nucleic acid encodes a second gRNA comprising a targeting domain that is 16 nucleotides in
length. In an embodiment, the nucleic acid encodes a second gRNA comprising a targeting
domain that is 17 nucleotides in length. In other embodiments, the nucleic acid encodes a second
gRNA comprising a targeting domain that is 18 nucleotides in length. In still other
embodiments, the nucleic acid encodes a second gRNA comprising a targeting domain that is 19
nucleotides in length. In still other embodiments, the nucleic acid encodes a second gRNA
comprising a targeting domain that is 20 nucleotides in length. In still other embodiments, the
nucleic acid encodes a second gRNA comprising a targeting domain that is 21 nucleotides in
length. In still other embodiments, the nucleic acid encodes a second gRNA comprising a
targeting domain that is 22 nucleotides in length. In still other embodiments, the nucleic acid
encodes a second gRNA comprising a targeting domain that is 23 nucleotides in length. In still
other embodiments, the nucleic acid encodes a second gRNA comprising a targeting domain that
is 24 nucleotides in length. In still other embodiments, the nucleic acid encodes a second gRNA
comprising a targeting domain that is 25 nucleotides in length. In still other embodiments, the
nucleic acid encodes a second gRNA comprising a targeting domain that is 26 nucleotides in

length.
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In an embodiment, the targeting domain comprises 16 nucleotides.

In an embodiment, the targeting domain comprises 17 nucleotides.

In an embodiment, the targeting domain comprises 18 nucleotides.

In an embodiment, the targeting domain comprises 19 nucleotides.

In an embodiment, the targeting domain comprises 20 nucleotides.

In an embodiment, the targeting domain comprises 21 nucleotides.

In an embodiment, the targeting domain comprises 22 nucleotides.

In an embodiment, the targeting domain comprises 23 nucleotides.

In an embodiment, the targeting domain comprises 24 nucleotides.

In an embodiment, the targeting domain comprises 25 nucleotides.

In an embodiment, the targeting domain comprises 26 nucleotides.

In an embodiment, a nucleic acid encodes a second, a third, and/or a fourth gRNA, each
independently, comprising from 5° to 3’: a targeting domain (comprising a “core domain”, and
optionally a “secondary domain™); a first complementarity domain; a linking domain; a second
complementarity domain; a proximal domain; and a tail domain. In some embodiments, the
proximal domain and tail domain are taken together as a single domain.

In an embodiment, a nucleic acid encodes a second gRNA comprising a linking domain
of no more than 25 nucleotides in length; a proximal and tail domain, that taken together, are at
least 20 nucleotides in length; and a targeting domain equal to or greater than 16, 17, 18, 19, 20,
21,22, 23, 24, 25 or 26 nucleotides in length.

In an embodiment, a nucleic acid encodes a second gRNA comprising a linking domain
of no more than 25 nucleotides in length; a proximal and tail domain, that taken together, are at
least 30 nucleotides in length; and a targeting domain equal to or greater than 16, 17, 18, 19, 20,
21,22, 23, 24, 25 or 26 nucleotides in length.

In an embodiment, a nucleic acid encodes a second gRNA comprising a linking domain
of no more than 25 nucleotides in length; a proximal and tail domain, that taken together, are at
least 30 nucleotides in length; and a targeting domain equal to or greater than 16, 17, 18, 19, 20,
21,22, 23, 24, 25 or 26 nucleotides in length.

In an embodiment, a nucleic acid encodes a second gRNA comprising a linking domain

of no more than 25 nucleotides in length; a proximal and tail domain, that taken together, are at
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least 40 nucleotides in length; and a targeting domain equal to or greater than 16, 17, 18, 19, 20,
21,22, 23, 24, 25 or 26 nucleotides in length.

In some embodiments, the nucleic acid encodes (a) a sequence that encodes a gRNA
molecule comprising a targeting domain that is complementary with a target domain in the
USH2A gene as disclosed herein; (b) a sequence that encodes a Cas9 molecule; and further
comprises (c)(i) a sequence that encodes a second gRNA molecule described herein having a
targeting domain that is complementary to a second target domain of the USH2A gene, and
optionally, (c)(ii) a sequence that encodes a third gRNA molecule described herein having a
targeting domain that is complementary to a third target domain of the USH2A gene; and
optionally, (c)(iii) a sequence that encodes a fourth gRNA molecule described herein having a
targeting domain that is complementary to a fourth target domain of the USH2A gene. . In some
embodiments, the targeting domain of the gRNA molecule and the targeting domain of the
second gRNA molecules are complementary to opposite strands of the targent nucleic acid
molecule. In some embodiments, the gRNA molecule and the second gRNA molecule are
configured such that the PAMs are oriented outward.

In some embodiments, the gRNA molecule and said second gRNA molecule are
configured such that they do not overlap and are separated by as much as 50, 100, or 200
nucleotides. The gRNA and second gRNA may be configured such that single strand breaks are
formed on each strand of the target nucleic acid. In an embodiment, the gRNA and the second
gRNA are configured such that single strand breaks are formed on each strand of the target
nucleic acid and the single strand beaks are within 50-100 nucleotides of one another.

In an embodiment, the gRNA molecule and the second gRNA molecule are configured
such that the first and second breaks are 5° to a target position in the USH2A gene, e.g., a
deletion of guanine at nucleotide positon 2299 (2299delG). In another embodiment, the gRNA
molecule and the second gRNA molecule are configured such that the first and second breaks are
3’ to a target position in the USH2A gene, e.g., a deletion of guanine at nucleotide positon 2299
(2299delG). In another embodiment, the gRNA molecule and said second gRNA molecule are
configured such that the first and second breaks flank a target position in the USH2A gene, e.g., a
deletion of guanine at nucleotide positon 2299 (2299delG).

In some embodiments, the nucleic acid encodes (a) a sequence that encodes a gRNA

molecule comprising a targeting domain that is complementary with a target domain in the
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USH2A gene as disclosed herein; (b) a sequence that encodes a Cas9 molecule; (c) a sequence
that encodes a second, third and/or fourth gRNA molecule described herein having a targeting
domain that is complementary to a second target domain of the USH2A gene; and further
comprising (d) a template nucleic acid. In an embodiment, the template nucleic acid is a single
stranded nucleic acid. In another embodiment, the template nucleic acid is a double stranded
nucleic acid. In some embodiments, the template nucleic acid comprises a nucleotide sequence,
e.g., of one or more nucleotides, that will be added to or will template a change in the target
nucleic acid. In other embodiments, the template nucleic acid comprises a nucleotide sequence
that may be used to modify the target position. In other embodiments, the template nucleic acid
comprises a nucleotide sequence, e.g., of one or more nucleotides, that corresponds to wildtype
sequence of the target nucleic acid, e.g., of the target position.

The template nucleic acid may comprise a replacement sequence, €.g., a replacement
sequence from the Table 13. In some embodiments, the template nucleic acid comprises a 5’
homology arm, e.g., a 5’ homology arm from Table 13. In other embodiments, the template
nucleic acid comprises a 3° homology arm, e.g., a 3> homology arm from Table 13.

As described above, a nucleic acid may comprise (a) a sequence encoding a gRNA
molecule comprising a targeting domain that is complementary with a target domain in USH2A
gene, and (b) a sequence encoding a Cas9 molecule. In some embodiments, (a) and (b) are
present on the same nucleic acid molecule, e.g., the same vector, e.g., the same viral vector, e.g.,
the same adeno-associated virus (AAV) vector. In an embodiment, the nucleic acid molecule is
an AAV vector.

In other embodiments, (a) is present on a first nucleic acid molecule, e.g. a first vector,
e.g., a first viral vector, e.g., a first AAV vector; and (b) is present on a second nucleic acid
molecule, e.g., a second vector, e.g., a second vector, e.g., a second AAV vector. The first and
second nucleic acid molecules may be AAV vectors.

In other embodiments, the nucleic acid may further comprise (c) a sequence that encodes
a second, third and/or fourth gRNA molecule as described herein. In some embodiments, the
nucleic acid comprises (a), (b) and (c), but not (d), a template nucleic acid. Each of (a) and (c)
may be present on the same nucleic acid molecule, e.g., the same vector, e.g., the same viral
vector, e.g., the same adeno-associated virus (AAV) vector. In an embodiment, the nucleic acid

molecule is an AAV vector.
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In other embodiment, (a) and (c) are on different vectors. For example, (a) may be
present on a first nucleic acid molecule, e.g. a first vector, e.g., a first viral vector, e.g., a first
AAV vector; and (c) may be present on a second nucleic acid molecule, e.g., a second vector,
e.g., a second vector, e.g., a second AAV vector. In an embodiment, the first and second nucleic
acid molecules are AAV vectors.

In another embodiment, each of (a), (b), and (c) are present on the same nucleic acid
molecule, e.g., the same vector, e.g., the same viral vector, e.g., an AAV vector. In an
embodiment, the nucleic acid molecule is an AAV vector. In an alternate embodiment, one of
(a), (b), and (c) is encoded on a first nucleic acid molecule, e.g., a first vector, e.g., a first viral
vector, e.g., a first AAV vector; and a second and third of (a), (b), and (c) is encoded on a second
nucleic acid molecule, e.g., a second vector, e.g., a second vector, e.g., a second AAV vector.
The first and second nucleic acid molecule may be AAV vectors.

In an embodiment, (a) is present on a first nucleic acid molecule, e.g., a first vector, e.g.,
a first viral vector, a first AAV vector; and (b) and (c) are present on a second nucleic acid
molecule, e.g., a second vector, e.g., a second vector, e.g., a second AAV vector. The first and
second nucleic acid molecule may be AAV vectors.

In other embodiments, (b) is present on a first nucleic acid molecule, e.g., a first vector,
e.g., a first viral vector, e.g., a first AAV vector; and (a) and (c) are present on a second nucleic
acid molecule, e.g., a second vector, e.g., a second vector, e.g., a second AAV vector. The first
and second nucleic acid molecule may be AAV vectors.

In other embodiments, (c) is present on a first nucleic acid molecule, e.g., a first vector,
e.g., a first viral vector, e.g, a first AAV vector; and (a) and (b) are present on a second nucleic
acid molecule, e.g., a second vector, e.g., a second vector, e.g., a second AAV vector. The first
and second nucleic acid molecule may be AAV vectors.

In another embodiment, each of (a), (b), (c) and (d) are present on the same nucleic acid
molecule, e.g., the same vector, e.g., the same viral vector, e.g., an AAV vector. In an
embodiment, the nucleic acid molecule may be an AAV vector.

In other embodiments, one of (a), (b), (c) and (d) is encoded on a first nucleic acid
molecule, e.g., a first vector, e.g., a first viral vector, e.g., a first AAV vector; and a second, third,

and fouth of (a), (b), (c) and (d) is encoded on a second nucleic acid molecule, e.g., a second
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vector, €.g., a second vector, e.g., a second AAV vector. The first and second nucleic acid
molecule may be AAV vectors.

In other embodiments, (a) is present on a first nucleic acid molecule, e.g., a first vector,
e.g., a first viral vector, e.g., a first AAV vector; and (b), (c), and (d) are present on a second
nucleic acid molecule, e.g., a second vector, e.g., a second vector, e.g., a second AAV vector.
The first and second nucleic acid molecule may be AAV vectors.

In other embodiments, (b) is present on a first nucleic acid molecule, e.g., a first vector,
e.g., a first viral vector, e.g., a first AAV vector; and (a), (c), and (d) are present on a second
nucleic acid molecule, e.g., a second vector, e.g., a second vector, e.g., a second AAV vector.
The first and second nucleic acid molecule may be AAV vectors.

In other embodiments, (c) is present on a first nucleic acid molecule, e.g., a first vector,
e.g., a first viral vector, e.g., a first AAV vector; and (a), (b), and (d) are present on a second
nucleic acid molecule, e.g., a second vector, e.g., a second vector, e.g., a second vector, €.g., a
second AAV vector. The first and second nucleic acid molecule may be AAV vectors.

In other embodiments, (d) is present on a first nucleic acid molecule, e.g., a first vector,
e.g., a first viral vector, e.g., a first AAV vector; and (a), (b), and (c) are present on a second
nucleic acid molecule, e.g., a second vector, e.g., a second vector, e.g., a second vector, €.g., a
second AAV vector. The first and second nucleic acid molecule may be AAV vectors.

In other embodiments, a first and second of (a), (b), (¢) and (d) is encoded on a first
nucleic acid molecule, e.g., a first vector, e.g., a first viral vector, e.g., a first viral vector, e.g., a
first AAV vector; and a third and fouth of (a), (b), (c) and (d) is encoded on a second nucleic acid
molecule, e.g., a second vector, e.g., a second vector, e.g., a second vector, e.g., a second AAV
vector. The first and second nucleic acid molecule may be AAV vectors.

In other embodiments, (a) and (b) are present on a first nucleic acid molecule, e.g., a first
vector, e.g., a first viral vector, e.g., a first AAV vector; and (c) and (d) are present on a second
nucleic acid molecule, e.g., a second vector, e.g., a second vector, e.g., a second vector, €.g., a
second AAV vector. The first and second nucleic acid molecule may be AAV vectors.

In other embodiments, (a) and (c) are present on a first nucleic acid molecule, e.g., a first
vector, e.g., a first viral vector, e.g., a first AAV vector; and (b) and (d) are present on a second
nucleic acid molecule, e.g., a second vector, e.g., a second vector, e.g., a second vector, €.g., a

second AAV vector. The first and second nucleic acid molecule may be AAV vectors.
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In other embodiments, (a) and (d) are present on a first nucleic acid molecule, e.g., a first
vector, e.g., a first viral vector, e.g., a first AAV vector; and (b) and (c) are present on a second
nucleic acid molecule, e.g., a second vector, e.g., a second vector, e.g., a second vector, €.g., a
second AAV vector. The first and second nucleic acid molecule may be AAV vectors.

In other embodiments, (b) and (d) are present on a first nucleic acid molecule, e.g., a first
vector, e.g., a first viral vector, e.g., a first AAV vector; and (a) and (c) are present on a second
nucleic acid molecule, e.g., a second vector, e.g., a second vector, e.g., a second vector, €.g., a
second AAV vector. The first and second nucleic acid molecule may be AAV vectors.

In other embodiments, the first nucleic acid molecule is other than an AAV vector and
the second nucleic acid molecule is an AAYV vector. In still other embodiments, the first nucleic
acid molecule is an AAV vector and the second nucleic acid molecule is other than an AAV
vector.

The nucleic acids described herein may comprise a promoter operably linked to the
sequence that encodes said gRNA molecule of (a), e.g., a promoter described herein. The
nucleic acid may further comprise a second promoter operably linked to the sequence that
encodes the second gRNA molecule of (c), e.g., a promoter described herein. The promoter and
second promoter differ from one another. In some embodiments, the promoter and second
promoter are the same.

The nucleic acids described herein may further comprise a promoter operably linked to
the sequence that encodes the Cas9 molecule of (b), e.g., a promoter described herein.

In another aspect, disclosed herein is a composition comprising (a) a gRNA molecule
comprising a targeting domain that is complementary with a target domain in USH2A gene, as
described herein. The composition of (a) may further comprise (b) a Cas9 molecule, e.g., a Cas9
molecule as described herein. A composition of (a) and (b) may further comprise (c) a second
gRNA molecule, e.g., a second, third and/or fourth gRNA molecule, e.g., a second, third and/or
fourth gRNA molecule, as described herein. A composition of (a), (b) and (c) may futher
comprise (d) a template nucleic acid, e.g., a template nucleic acid described herein, e.g., a
template nucleic acid, as described herein. In an embodiment, the composition is a
pharmaceutical composition. The Compositions described herein, e.g., pharmaceutical
compositions described herein, can be used in treating Usher Syndrome or retinitis pigmentosa

39 1in a subject, e.g., in accordance with a method disclosed herein.
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In another aspect, disclosed herein is a method of altering a cell, e.g., altering the
structure, e.g., altering the sequence, of a target nucleic acid of a cell, comprising contacting said
cell with: (a) a gRNA that targets the USH2A gene, e.g., a gRNA as described herein; (b) a Cas9
molecule, e.g., a Cas9 molecule as described herein; and optionally, (c) a second, third and/or
fourth gRNA that targets USH2A gene, e.g., a second, third and/or fourth gRNA as described
herein; and (d) a template nucleic acid, e.g., a template nucleic acid as described herein.

In some embodiments, the method comprises contacting said cell with (a), (b), (c), and
(d). The gRNA of (a) may be selected from any of Tables 1-3, 4A-4E, SA-5F, or 6A-6D, or a
gRNA that differs by no more than 1, 2, 3, 4, or 5 nucleotides from, a targeting domain sequence
from any of Tables 1-3, 4A-4E, 5A-5F, or 6A-6D. The gRNA of (c) may be selected from any
of Tables 1-3, 4A-4E, SA-5F, or 6A-6D, or a gRNA that differs by no more than 1, 2, 3, 4, or 5
nucleotides from, a targeting domain sequence from any of Tables 1-3, 4A-4E, SA-5F, or 6A-
6D.

In some embodiments, the method comprises contacting a cell from a subject. The cell
may be from a subject having a mutation in the USH2A gene, e.g., a deletion of guanine at
nucleotide positon 2299 (2299delG) in the USH2A gene. In an embodiment, the cell is from a
subject suffering from Usher syndrome, e.g., Usher syndrome type 2A. In another embodiment,
the cell is from a subject suffering from retinitis pigmentosa, e.g., retinitis pigmentosa 39.

In some embodiments, the cell being contacted in the disclosed method is a photoreceptor
cell. The contacting may be performed ex vivo and the contacted cell may be returned to the
subject’s body after the contacting step. In other embodiments, the contacting step may be
performed in vivo.

In some embodiments, the cell being contacted in the disclosed method is an inner hair
cell or an outer hair cell. The contacting may be performed ex vivo and the contacted cell may be
returned to the subject’s body after the contacting step. In other embodiments, the contacting
step may be performed in vivo.

In some embodiments, the method of altering a cell as described herein comprises
acquiring knowledge of a mutation in the USH2A gene, e.g., a deletion of guanine at nucleotide
positon 2299 (2299delG) in said cell, prior to the contacting step. Acquiring knowledge of the
presence of a mutation in the USH2A gene, e.g., a deletion of guanine at nucleotide positon 2299

(2299delQG) in the cell may be by sequencing a portion of the USH2A (or RP39) gene. In some
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embodiments, acquiring knowledge of a mutation in the USH2A (or RP39) gene is used to treat a
subject (or a cell from the subject) likely to develop Usher syndrome or retinitis pigmentosa
(e.g., correct the guanine deletion at nucleotide position 2299).

Based on the presence of a mutation in the USH2A gene, e.g., a deletion of guanine at
nucleotide positon 2299 (2299delG), the method may further comprise selecting a template
nucleic, e.g., to correct the mutation in the cell. For example, the method may comprise
correcting a guanine deletion at nucleotide position 2299 in the USH2A gene.

In some embodiments, the contacting step of the method comprises contacting the cell
with a nucleic acid, e.g., a vector, e.g., an AAV vector, that expresses at least one of (a), (b), and
(c). In some embodiments, the contacting step of the method comprises contacting the cell with
a nucleic acid, e.g., a vector, e.g., an AAV vector, that expresses each of (a), (b), and (¢). In
another embodiment, the contacting step of the method comprises delivering to the cell the Cas9
molecule of (b) and a nucleic acid which encodes a gRNA of (a) and optionally, a second, third
and/or fourth gRNA of (c).

In an embodiment, the contacting step comprises contacting the cell with a nucleic acid,
e.g., a vector, e.g., an AAV vector, described herein.

In an embodiment, the contacting step comprises delivering to the cell the Cas9 molecule
of (b), as a protein or an mRNA, and a nucleic acid which encodes a gRNA of (a) and optionally
a second, third and/or fourth gRNA of (c).

In an embodiment, the contacting step comprises delivering to the cell the Cas9 molecule
of (b), as a protein or an mRNA, said gRNA of (a), as an RNA, and optionally said second, third
and/or fourth gRNA of (c), as an RNA.

In an embodiment, the contacting step comprises delivering to the cell the gRNA of (a) as
an RNA, optionally the second, third and/or fourth gRNA of (c) as an RNA, and a nucleic acid
that encodes the Cas9 molecule of (b).

In another aspect, disclosed herein is a method of treating a subject having or likely to
develop Usher Syndrome, e.g., by altering the structure, e.g., the sequence, of a target nucleic
acid of the subject, comprising contacting said subject (or a cell from said subject) with:

(a) a gRNA that targets the USH2A gene, e.g., a gRNA disclosed herein;

(b) a Cas9 molecule, e.g., a Cas9 molecule disclosed herein;
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optionally, (c)(1) a second gRNA that targets USH2A gene, e.g., a second gRNA
disclosed herein; and further optionally, (c)(ii) a third gRNA, and still further optionally, (c)(ii1)
a fourth gRNA that target the CEP290, e.g., a fourth gRNA disclosed herein, and

(d) a template nucleic acid, e.g., a template nucleic acid disclosed herein.

In an embodiment, contacting comprises contacting with (a), (b), and (d).

In an embodiment, contacting comprises contacting with (a), (b), (c)(1), and (d).

In an embodiment, contacting comprises contacting with (a), (b), (c)(1), (c)(ii), and (d).

In an embodiment, contacting comprises contacting with (a), (b), (c)(1), (c)(ii), (c)(iii),
and (d).

The gRNA of (a) or (c) (e.g., (c)(1), (c)(ii), or (c)(ii1)) may be independently selected from
any of Tables 1-3, 4A-4E, SA-5F, or 6A-6D, or a gRNA that differs by no more than 1, 2, 3, 4,
or 5 nucleotides from, a targeting domain sequence from any of Tables 1-3, 4A-4E, S5A-5F, or
6A-6D.

In an embodiment, said subject is suffering from Usher syndrome. In an embodiment,
said subject has a mutation in the USH2A gene, e.g., a deletion of guanine at nucleotide positon
2299 (2299delG) in the USH2A gene.

In an embodiment, the method comprises acquiring knowledge of the presence of a
mutation in the USH2A gene, e.g., a deletion of guanine at nucleotide positon 2299 (2299delG)
in the USH2A gene, in said subject.

In an embodiment, the method comprises acquiring knowledge of the presence of a
mutation in the USH2A gene, e.g., a deletion of guanine at nucleotide positon 2299 (2299delG)
in the USH2A gene, in said subject by sequencing a portion of the USH2A gene.

In an embodiment, a cell of said subject is contacted ex vivo with (a), (b), (d), and
optionally (c)(i), further optionally (c)(ii), and still further optionally (c)(iii). In an embodiment,
said cell is returned to the subject’s body.

In an embodiment, the method comprises a treatment comprising introducing a cell into
said subject’s body, wherein said cell subject was contacted ex vivo with (a), (b), (d), and
optionally (c)(i), further optionally (c)(ii), and still further optionally (c)(iii).

In an embodiment, the method comprises said contacting, e.g., contacting a cell of the

subject, is performed in vivo. In an embodiment, contacting the cell of a subject in vivo is by
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subretinal delivery. In an embodiment, contacting the cell of a subject in vivo is by subretinal
injection.

In an embodiment, the contacting step comprises contacting said subject with a nucleic
acid, e.g., a vector, e.g., an AAV vector, described herein, e.g., a nucleic acid that expresses at
least one of (a), (b), (c)(i), (c)(ii), or (c)(iii).

In an embodiment, the contacting step comprises delivering to said subject said Cas9
molecule of (b), as a protein or mRNA, and a nucleic acid which encodes (a), and optionally
(c)(i), further optionally (c)(ii), and still further optionally (c)(iii).

In an embodiment, the contacting step comprises delivering to said subject said Cas9
molecule of (b), as a protein or mRNA, said gRNA of (a), as an RNA, and optionally said second
gRNA of (c)(i), further optionally said third gRNA of (c)(i1), and still further optionally said
fourth gRNA of (c)(iii), as an RNA.

In an embodiment, the contacting step comprises delivering to said subject said gRNA of
(a), as an RNA, optionally said second gRNA of (¢)(i), further optionally said third gRNA of
(c)(i1), and still further optionally said fourth gRNA of (c)(iii), as an RNA, and a nucleic acid that
encodes the Cas9 molecule of (b).

In another aspect, disclosed herein is a method of treating a subject having or likely to
develop retinitis pigmentosa, e.g., by altering the structure, e.g., the sequence, of a target nucleic
acid of the subject, comprising contacting said subject (or a cell from said subject) with:

(a) a gRNA that targets the RP39 (also known as USH2A) gene, e.g., a gRNA disclosed
herein;

(b) a Cas9 molecule, e.g., a Cas9 molecule disclosed herein;

optionally, (c)(1) a second gRNA that targets USH2A gene, e.g., a second gRNA
disclosed herein; and further optionally, (c)(ii) a third gRNA, and still further optionally, (c)(ii1)
a fourth gRNA that target the CEP290, e.g., a third and fourth gRNA disclosed herein, and

(d) a template nucleic acid, e.g., a template nucleic acid disclosed herein.

In an embodiment, contacting comprises contacting with (a), (b), and (d).

In an embodiment, contacting comprises contacting with (a), (b), (c)(1), and (d).

In an embodiment, contacting comprises contacting with (a), (b), (c)(1), (c)(ii), and (d).

In an embodiment, contacting comprises contacting with (a), (b), (c)(1), (c)(ii), (c)(iii),

and (d).
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The gRNA of (a) may be selected from any of Tables 1-3, 4A-4E, SA-5F, or 6A-6D, or
a gRNA that differs by no more than 1, 2, 3, 4, or 5 nucleotides from, a targeting domain
sequence from any of Tables 1-3, 4A-4E, SA-5F, or 6A-6D.

The gRNA of (c) may be selected from any of Tables 1-3, 4A-4E, SA-5F, or 6A-6D, or a
gRNA that differs by no more than 1, 2, 3, 4, or 5 nucleotides from, a targeting domain sequence
from any of Tables 1-3, 4A-4E, SA-5F, or 6A-6D.

In an embodiment, said subject is suffering from Usher syndrome or retinitis pigmentosa.
In an embodiment, said subject has a mutation in the USH2A gene, e.g., a deletion of guanine at
nucleotide positon 2299 (2299delG) in the USH2A gene.

In an embodiment, the method comprises acquiring knowledge of the presence of a
mutation in the USH2A gene, e.g., a deletion of guanine at nucleotide positon 2299 (2299delG)
in the USH2A gene, in said subject.

In an embodiment, the method comprises acquiring knowledge of the presence of a
mutation in the USH2A gene, e.g., a deletion of guanine at nucleotide positon 2299 (2299delG)
in the USH2A gene, in said subject by sequencing a portion of the USH2A gene.

In an embodiment, said subject is suffering from retinitis pigmentosa, e.g., retinitis
pigmentosa 39. In an embodiment, said subject has a mutation in the RP39 (also known as
USH2A) gene, e.g., a deletion of guanine at nucleotide positon 2299 (2299delG) in the RP39
gene.

In an embodiment, the method comprises acquiring knowledge of the presence of a
mutation in the RP39 gene, e.g., a deletion of guanine at nucleotide positon 2299 (2299delG) in
the RP39 gene, in said subject.

In an embodiment, the method comprises acquiring knowledge of the presence of a
mutation in the RP39 gene, e.g., a deletion of guanine at nucleotide positon 2299 (2299delG) in
the RP39 gene, in said subject by sequencing a portion of the USH2A gene.

In an embodiment, the method comprises, based on the presence of a mutation in the
USH2A (or RP39) gene, e.g., a deletion of guanine at nucleotide positon 2299 (2299delG),
selecting a template nucleic acid.

In an embodiment, the method comprises correcting a deletion of a guanine at nucleotide

positon 2299 (2299delG) in the USH2A (or RP39) gene.
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In an embodiment, a cell of said subject is contacted ex vivo with (a), (b), (d), and
optionally (c)(i), further optionally (c)(ii), and still further optionally (c)(iii). In an embodiment,
said cell is returned to the subject’s body.

In an embodiment, the method comprises a treatment comprising introducing a cell into
said subject’s body, wherein said cell subject was contacted ex vivo with (a), (b), (d), and
optionally (c)(i), further optionally (c)(ii), and still further optionally (c)(iii).

In an embodiment, the method comprises said contacting, e.g., contacting a cell of the
subject, is performed in vivo. In an embodiment, contacting the cell of a subject in vivo is by
subretinal delivery. In an embodiment, contacting the cell of a subject in vivo is by subretinal
injection.

In an embodiment, the contacting step comprises contacting said subject with a nucleic
acid, e.g., a vector, e.g., an AAV vector, described herein, e.g., a nucleic acid that expresses at
least one of (a), (b), (c)(i), c(ii), or c(iii).

In an embodiment, the contacting step comprises delivering to said subject said Cas9
molecule of (b), as a protein or mRNA, and a nucleic acid which encodes (a), and optionally
(c)(i), further optionally (c)(ii), and still further optionally (c)(iii).

In an embodiment, the contacting step comprises delivering to said subject said Cas9
molecule of (b), as a protein or mRNA, said gRNA of (a), as an RNA, and optionally said second
gRNA of (c)(i), further optionally said third gRNA of (c)(i1), and still further optionally said
third gRNA of (c)(iii), as an RNA.

In an embodiment, the contacting step comprises delivering to said subject said gRNA of
(a), as an RNA, optionally said second gRNA of (¢)(i), further optionally said third gRNA of
(c)(i1), and still further optionally said third gRNA of (c)(iii), as an RNA, and a nucleic acid that
encodes the Cas9 molecule of (b).

In another aspect, disclosed herein is a reaction mixture comprising a gRNA, a nucleic
acid, or a composition described herein, and a cell, e.g., a cell from a subject having Usher
syndrome or retinitis pigmentosa 39, or a subject having a mutation in the USH2A (or RP39)
gene, e.g., a deletion of guanine at nucleotide positon 2299 (2299delG).

In another aspect, disclosed herein is a kit comprising (a) gRNA molecule described
herein, or nucleic acid that encodes said gRNA, and one or more of the following:

(b) a Cas9 molecule, e.g., a Cas9 molecule described herein;
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(c)(1) a second gRNA molecule, e.g., a second gRNA molecule described herein;

(c)(ii) a third gRNA molecule, e.g., a second gRNA molecule described herein; or

(c)(iii) a fourth gRNA molecule, e.g., a second gRNA molecule described herein;

(d) a template nucleic acid e.g, a template nucleic acid described herein;

(e) nucleic acid that encodes one or more of (b), (c)(i), (c)(ii), (c)(iii), or (d).

In an embodiment, the kit comprises a nucleic acid, e.g., an AAV vector, that encodes
one or more of (a), (b), (c)(i), (c)(ii), or c(iii).

In an embodiment, the kit further comprises a template nucleic acid, e.g., a single strand
DNA that comprises said template nucleic acid.

In another aspect, disclosed herein is non-naturally occurring template nucleic acid
described herein.

In yet another aspect, disclosed herein is a gRNA molecule, e.g., a gRNA molecule
described herein, for use in treating Usher Syndrome or retinitis pigmentosa 39 in a subject, e.g.,
in accordance with a method of treating Usher Syndrome or retinitis pigmentosa 39 as described
herein.

In an embodiment, the gRNA molecule in used in combination with a Cas9 molecule,
e.g., a Cas9 molecule described herein. Additionaly or alternatively, in an embodiment, the
gRNA molecule is used in combination with a second, third and/or fouth gRNA molecule, e.g., a
second, third and/or fouth gRNA molecule described herein. Additionaly or alternatively, in an
embodiment, the gRNA molecule is used in combination with a template nucleic acid, e.g., a
template nucleic acid described herein.

In still another aspect, disclosed herein is use of a gRNA molecule, e.g., a gRNA
molecule described herein, in the manufacture of a medicament for treating Usher Syndrome or
retinitis pigmentosa 39 in a subject, €.g., in accordance with a method of treating Usher
Syndrome or retinitis pigmentosa 39 as described herein.

In an embodiment, the medicament comprises a Cas9 molecule, e.g., a Cas9 molecule
described herein. Additionaly or alternatively, in an embodiment, the medicament comprises a
second, third and/or fouth gRNA molecule, e.g., a second, third and/or fouth gRNA molecule
described herein. Additionaly or alternatively, in an embodiment, the medicament comprises a

template nucleic acid, e.g., a template nucleic acid described herein.
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The gRNA molecules and methods, as disclosed herein, can be used in combination with
a governing gRNA molecule. As used herein, a governing gRNA molecule refers to a gRNA
molecule comprising a targeting domain which is complementary to a target domain on a nucleic
acid that encodes a component of the CRISPR/Cas system introduced into a cell or subject. For
example, the methods described herein can further include contacting a cell or subject with a
governing gRNA molecule or a nucleic acid encoding a governing molecule. In an embodiment,
the governing gRNA molecule targets a nucleic acid that encodes a Cas9 molecule or a nucleic
acid that encodes a target gene gRNA molecule. In an embodiment, the governing gRNA
comprises a targeting domain that is complementary to a target domain in a sequence that
encodes a Cas9 component, e.g., a Cas9 molecule or target gene gRNA molecule. In an
embodiment, the target domain is designed with, or has, minimal homology to other nucleic acid
sequences in the cell, e.g., to minimize off-target cleavage. For example, the targeting domain
on the governing gRNA can be selected to reduce or minimize off-target effects. In an
embodiment, a target domain for a governing gRNA can be disposed in the control or coding
region of a Cas9 molecule or disposed between a control region and a transcribed region. In an
embodiment, a target domain for a governing gRNA can be disposed in the control or coding
region of a target gene gRNA molecule or disposed between a control region and a transcribed
region for a target gene gRNA. While not wishing to be bound by theory, in an embodiment, it
is believed that altering, e.g., inactivating, a nucleic acid that encodes a Cas9 molecule or a
nucleic acid that encodes a target gene gRNA molecule can be effected by cleavage of the
targeted nucleic acid sequence or by binding of a Cas9 molecule/governing gRNA molecule
complex to the targeted nucleic acid sequence.

The compositions, reaction mixtures and kits, as disclosed herein, can also include a
governing gRNA molecule, e.g., a governing gRNA molecule disclosed herein,

Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Although methods and materials similar or equivalent to those described herein can be
used in the practice or testing of the present invention, suitable methods and materials are
described below. All publications, patent applications, patents, and other references mentioned
herein are incorporated by reference in their entirety. In addition, the materials, methods, and

examples are illustrative only and not intended to be limiting.
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Headings, including numeric and alphabetical headings and subheadings, are for
organization and presentation and are not intended to be limiting.
Other features and advantages of the invention will be apparent from the detailed

description, drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A-1G are representations of several exemplary gRNAs.

Fig. 1A depicts a modular gRNA molecule derived in part (or modeled on a sequence in
part) from Streptococcus pyogenes (S. pyogenes) as a duplexed structure (SEQ ID NOS: 42 and
43, respectively, in order of appearance);

Fig. 1B depicts a unimolecular (or chimeric) gRNA molecule derived in part from S.
pyogenes as a duplexed structure (SEQ ID NO: 44);

Fig. 1C depicts a unimolecular gRNA molecule derived in part from S. pyogenes as a
duplexed structure (SEQ ID NO: 45);

Fig. 1D depicts a unimolecular gRNA molecule derived in part from S. pyogenes as a
duplexed structure (SEQ ID NO: 46);

Fig. 1E depicts a unimolecular gRNA molecule derived in part from S. pyogenes as a
duplexed structure (SEQ ID NO: 47);

Fig. 1F depicts a modular gRNA molecule derived in part from Streptococcus
thermophilus (S. thermophilus) as a duplexed structure (SEQ ID NOS: 48 and 49, respectively,
in order of appearance);

Fig. 1G depicts an alignment of modular gRNA molecules of S. pyogenes and S.
thermophilus (SEQ ID NOS: 50-53, respectively, in order of appearance).

Figs. 2A-2G depict an alignment of Cas9 sequences from Chylinski et al. (RNA Biol.
2013; 10(5): 726-737). The N-terminal RuvC-like domain is boxed and indicated with a “Y”’,
The other two RuvC-like domains are boxed and indicated with a “B”. The HNH-like domain is
boxed and indicated by a “G”. Sm: S. mutans (SEQ ID NO: 1); Sp: S. pyogenes (SEQ ID NO:
2); Stz 8. thermophilus (SEQ ID NO: 3); Li: L. innocua (SEQ ID NO: 4). Motif: this is a motif
based on the four sequences: residues conserved in all four sequences are indicated by single

letter amino acid abbreviation; “*” indicates any amino acid found in the corresponding position
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of any of the four sequences; and “-” indicates any amino acid, e.g., any of the 20 naturally
occurring amino acids, or absent.

Figs. 3A-3B show an alignment of the N-terminal RuvC-like domain from the Cas9
molecules disclosed in Chylinski et al (SEQ ID NOS: 54-103, respectively, in order of
appearance). The last line of Fig. 3B identifies 4 highly conserved residues.

Figs. 4A-4B show an alignment of the N-terminal RuvC-like domain from the Cas9
molecules disclosed in Chylinski et al. with sequence outliers removed (SEQ ID NOS: 104-177,
respectively, in order of appearance). The last line of Fig. 4B identifies 3 highly conserved
residues.

Figs. SA-5C show an alignment of the HNH-like domain from the Cas9 molecules
disclosed in Chylinski er al (SEQ ID NOS: 178-252, respectively, in order of appearance). The
last line of Fig. 5C identifies conserved residues.

Figs. 6A-6B show an alignment of the HNH-like domain from the Cas9 molecules
disclosed in Chylinski et al. with sequence outliers removed (SEQ ID NOS: 253-302,
respectively, in order of appearance). The last line of Fig. 6B identifies 3 highly conserved
residues.

Figs. 7A-7B depict an alignment of Cas9 sequences from S. pyogenes and Neisseria
meningitidis (N. meningitidis). The N-terminal RuvC-like domain is boxed and indicated with a
“Y”. The other two RuvC-like domains are boxed and indicated with a “B”. The HNH-like
domain is boxed and indicated with a “G”. Sp: S. pyogenes; Nm: N. meningitidis. Motif: this is
a motif based on the two sequences: residues conserved in both sequences are indicated by a
single amino acid designation; “*” indicates any amino acid found in the corresponding position
of any of the two sequences; “-” indicates any amino acid, e.g., any of the 20 naturally occurring
amino acids, and “-” indicates any amino acid, e.g., any of the 20 naturally occurring amino
acids, or absent.

Fig. 8 shows a nucleic acid sequence encoding Cas9 of N. meningitidis (SEQ ID NO:
303). Sequence indicated by an “R” is an SV40 NLS; sequence indicated as “G” is an HA tag;
and sequence indicated by an “O” is a synthetic NLS sequence; the remaining (unmarked)
sequence is the open reading frame (ORF).

Figs. 9A and 9B are schematic representations of the domain organization of S. pyogenes

Cas 9. Fig. 9A shows the organization of the Cas9 domains, including amino acid positions, in
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reference to the two lobes of Cas9 (recognition (REC) and nuclease (NUC) lobes). Fig. 9B

shows the percent homology of each domain across 83 Cas9 orthologs.

DETAILED DESCRIPTION

Definitions

Domain, as used herein, is used to describe segments of a protein or nucleic acid. Unless
otherwise indicated, a domain is not required to have any specific functional property.

Calculations of homology or sequence identity between two sequences (the terms are
used interchangeably herein) are performed as follows. The sequences are aligned for optimal
comparison purposes (€.g., gaps can be introduced in one or both of a first and a second amino
acid or nucleic acid sequence for optimal alignment and non-homologous sequences can be
disregarded for comparison purposes). The optimal alignment is determined as the best score
using the GAP program in the GCG software package with a Blossum 62 scoring matrix with a
gap penalty of 12, a gap extend penalty of 4, and a frameshift gap penalty of 5. The amino acid
residues or nucleotides at corresponding amino acid positions or nucleotide positions are then
compared. When a position in the first sequence is occupied by the same amino acid residue or
nucleotide as the corresponding position in the second sequence, then the molecules are identical
at that position. The percent identity between the two sequences is a function of the number of
identical positions shared by the sequences.

“Governing gRNA molecule”, as used herein, refers to a gRNA molecule that comprises
a targeting domain that is complementary to a target domain on a nucleic acid that comprises a
sequence that encodes a component of the CRISPR/Cas system that is introduced into a cell or
subject. A governing gRNA does not target an endogenous cell or subject sequence. In an
embodiment, a governing gRNA molecule comprises a targeting domain that is complementary
with a target sequence on: (a) a nucleic acid that encodes a Cas9 molecule; (b) a nucleic acid that
encodes a gRNA which comprises a targeting domain that targets the USH2A gene (a target gene
gRNA); or on more than one nucleic acid that encodes a CRISPR/Cas component, e.g., both (a)
and (b). In an embodiment, a nucleic acid molecule that encodes a CRISPR/Cas component,
e.g., that encodes a Cas9 molecule or a target gene gRNA, comprises more than one target
domain that is complementary with a governing gRNA targeting domain. While not wishing to

be bound by theory, in an embodiment, it is believed that a governing gRNA molecule
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complexes with a Cas9 molecule and results in Cas9 mediated inactivation of the targeted
nucleic acid, e.g., by cleavage or by binding to the nucleic acid, and results in cessation or
reduction of the production of a CRISPR/Cas system component. In an embodiment, the Cas9
molecule forms two complexes: a complex comprising a Cas9 molecule with a target gene
gRNA, which complex will alter the USH2A gene; and a complex comprising a Cas9 molecule
with a governing gRNA molecule, which complex will act to prevent further production of a
CRISPR/Cas system component, e.g., a Cas9 molecule or a target gene gRNA molecule. In an
embodiment, a governing gRNA molecule/Cas9 molecule complex binds to or promotes
cleavage of a control region sequence, €.g., a promoter, operably linked to a sequence that
encodes a Cas9 molecule, a sequence that encodes a transcribed region, an exon, or an intron, for
the Cas9 molecule. In an embodiment, a governing gRNA molecule/Cas9 molecule complex
binds to or promotes cleavage of a control region sequence, €.g., a promoter, operably linked to a
gRNA molecule, or a sequence that encodes the gRNA molecule. In an embodiment, the
governing gRNA, e.g., a Cas9-targeting governing gRNA molecule, or a target gene gRNA-
targeting governing gRNA molecule, limits the effect of the Cas9 molecule/target gene gRNA
molecule complex-mediated gene targeting. In an embodiment, a governing gRNA places
temporal, level of expression, or other limits, on activity of the Cas9 molecule/target gene gRNA
molecule complex. In an embodiment, a governing gRNA reduces off-target or other unwanted
activity. In an embodiment, a governing gRNA molecule inhibits, e.g., entirely or substantially
entirely inhibits, the production of a component of the Cas9 system and thereby limits, or
governs, its activity.

“Modulator”, as used herein, refers to an entity, e.g., a drug, that can alter the activity
(e.g., enzymatic activity, transcriptional activity, or translational activity), amount, distribution,
or structure of a subject molecule or genetic sequence. In an embodiment, modulation comprises
cleavage, e.g., breaking of a covalent or non-covalent bond, or the forming of a covalent or non-
covalent bond, e.g., the attachment of a moiety, to the subject molecule. In an embodiment, a
modulator alters the, three dimensional, secondary, tertiary, or quaternary structure, of a subject
molecule. A modulator can increase, decrease, initiate, or eliminate a subject activity.

“Large molecule”, as used herein, refers to a molecule having a molecular weight of at
least 2, 3, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100 kD. Large molecules include proteins,

polypeptides, nucleic acids, biologics and carbohydrates.
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“Polypeptide”, as used herein, refers to a polymer of amino acids having less than 100
amino acid residues. In an embodiment it has less than 50, 20, or 10 amino acid residues.

“Reference molecule”, e.g., a reference Cas9 molecule or reference gRNA, as used
herein, refers to a molecule to which a subject molecule, e.g., a subject Cas9 molecule of subject
gRNA molecule, e.g., a modified or candidate Cas9 molecule is compared. For example, a Cas9
molecule may be characterized as having no more than 10% of the nuclease activity of a
reference Cas9 molecule. Examples of reference Cas9 molecules include naturally occurring
unmodified Cas9 molecules, e.g., a naturally occurring Cas9 molecule such as a Cas9 molecule
of S. pyogenes S. aureus or S. thermophilus. In an embodiment, the reference Cas9 molecule is
the naturally occurring Cas9 molecule having the closest sequence identity or homology with the
Cas9 molecule to which it is being compared. In an embodiment, the reference Cas9 molecule is
a sequence, €.g., a naturally occurring or known sequence, which is the parental form on which a
change, e.g., a mutation has been made.

“Replacement”, or “replaced”, as used herein with reference to a modification of a
molecule does not require a process limitation but merely indicates that the replacement entity is
present.

“Small molecule”, as used herein, refers to a compound having a molecular weight less
than about 2 kD, e.g., less than about 2 kD, less than about 1.5 kD, less than about 1 kD, or less
than about 0.75 kD.

“Subject”, as used herein, may mean either a human or non-human animal. The term
includes, but is not limited to, mammals (e.g., humans, other primates, pigs, rodents (e.g., mice
and rats or hamsters), rabbits, guinea pigs, cows, horses, cats, dogs, sheep, and goats). In an
embodiment the subject is a human. In other embodiments the subject is poultry.

“Treat”, “treating” and “treatment”, as used herein, mean the treatment of a disease in a
mammal, e.g., in a human, including (a) inhibiting the disease, i.e., arresting or preventing its
development; (b) relieving the disease, i.e., causing regression of the disease state; and (c) curing
the disease.

“X”, as used herein, in the context of an amino acid sequence, refers to any amino acid

(e.g., any of the twenty natural amino acids) unless otherwise specified.
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Usher Syndrome

Usher syndrome is a disease characterized by progressive loss of vision beginning
between the ages of 10 and 20. Usher syndrome type 1 symptoms are generally more severe and
have an earlier onset than those of Usher syndrome type 2 (e.g., Usher syndrome type 2A). The
vision loss in Usher syndrome is described as retinitis pigmentosa (RP), a group of inherited
retinal dystrophies that affect photoreceptors and retinal pigment epithelium cells.

Subjects suffering from Usher syndrome type II have mutations in the USH2A gene (also
known as the RP39 gene) and develop vision loss that is accompanied by hearing loss (and/or
balance problems). The visual loss associated with Usher syndrome type II is called ‘syndromic’
retinitis pigmentosa, because it is associated with hearing loss. Alternatively, patients can have
mutations in USH2A that are not associated with hearing loss. In this case, the patients are
defined as having ‘non-syndromic’ retinitis pigmentosa. Non-syndromic retinitis pigmentosa
caused by mutations in the USH2A gene is also called retinitis pigmentosa 39, or RP39. In both
syndromic and non-syndromic RP, repair of the USH2A mutations within the eye may ameliorate
or slow the progression of retinitis pigmentosa. In syndromic RP, repair of USH2A mutations
may ameliorate vision loss but not address hearing loss. In non-syndromic RP, repair of USH2A
may ameliorate vision loss (but not hearing loss as there in no hearing loss in non-syndromic
RP).

The USH2A gene is 85,000 base pairs and codes for the usherin protein. Usherin is
expressed in photoreceptors of the retina and in inner hair cells and outer hair cells in the inner
ear. The most common mutation in subjects with Usher syndrome type II or non-syndromic
retinitis pigmentosa (RP39) is a single nucleotide deletion, e.g., a guanine deletion, at nucleotide
position 2299 (2299delG) in the USH2A gene, which is responsible for somewhere between 15%
and 40% of USH2A mutations. The deletion of guanine at position 2299 results in a premature
stop codon.

The USH2A gene is expressed in retinal photoreceptor (PR) rods and cones.
Photorecptors cells have an outer segment made of a cilium that plays an important role in the
retinoid cycle and the phototransduction cascade. The USH2A gene encodes the usherin protein
which is responsible for protein trafficking in the PR outer segment. Mutations in the USH2A
gene leads to interrupted protein transport between the ciliary inner segment and outer segment.

This causes PR dysfunction and loss of vision in retinitis pigmentosa.
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As RP progresses, PR rods generally degenerate first. In most cases of RP, rod
photoreceptor cells function poorly and begin to die at the earliest stages of disease, resulting in
poor night vision and declining peripheral vision. PR cones generally degenerate late in the
course of disease. This causes the typical phenotypic progression experienced by RP patients.
They experience loss of peripheral visual fields followed by loss of central visual fields (the

latter measured by decreases in visual acuity).

Methods to Treat or Prevent Usher Syndrome type 2A and/or Retinitis Pigmentosa 39

Treatment for RP is limited and there is currently no approved treatment that
substantially reverses or halts the progression of disease in Usher Syndrome type 2 or in RP-39.
Vitamin A supplementation may delay onset of disease and slow progression. An electrical
implant known as the Argus II retinal implant was recently approved for use, but it only offers
minimal improvement in vision in patients with RP. The best visual acuity achieved in trials by
the device was 20/1260 (legal blindness is defined as 20/200 vision). In addition, current gene
therapy delivery techniques are not able to deliver genes encoding large proteins, e.g., the
USH2A gene.

In the retina, the USH2A gene is expressed in retinal photoreceptor (PR) rods and cones.
Photorecptors cells have an outer segment made of a cilium that plays an important role in the
retinoid cycle and the phototransduction cascade. The USH2A gene encodes the usherin protein
that is responsible for protein trafficking in the PR outer segment. Mutations in the USH2A gene
leads to interrupted protein transport between the ciliary inner segment and outer segment. This
causes PR dysfunction and eventual loss of vision in retinitis pigmentosa.

As RP progresses, PR rods generally degenerate first. In most cases of RP, rod
photoreceptor cells function poorly and begin to die at the earliest stages of disease, resulting in
poor night vision and declining peripheral vision. PR cones generally degenerate late in the
course of disease. This causes the typical phenotypic progression experienced by RP patients.
They experience loss of peripheral visual fields followed by loss of central visual fields (the
latter measured by decreases in visual acuity).

Correction of the USH2A gene (e.g., insertion of the deleted guanine residue at
nucleotide position 2299) in the eye may delay disease progression or improve in vision, or both.

Restoring functional usherin to PR rods and cones is predicted to preserve communication and
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functioning within PR cells. This may delay or prevent PR cell death in subjects with Usher
syndrome type 2 and RP39. Following correction of the USH2A gene, subjects can experience
delayed disease progression and/or improvements in vision.

In the inner ear, the USH2A gene is expressed in inner and outer hair cells. Hair cells are
responsible for mechanotransduction within the inner ear, a process in which sound waves are
converted to electrical signals that are picked up by neurons in the inner ear and converted into
sounds. Stereocilia within hair cells rely on functional usherin to interact with myosin 7A,
whirlin and harmonin proteins for effective mechanotransduction (see Adato et al., Human
Molecular Genetics 2005; 14(24):3921-3932, in particular, Figure 6). Truncated or errant
splicing of harmonin leads to dysfuction of the interconnections of harmonin and other
stereociliary proteins, which leads to disruption in hearing.

Correction of the USH2A gene in the inner ear can delay progression of hearing loss or
improve hearing or both. Following correction of the USH2A gene, subjects can experience
delayed disease progression and/or improvements in hearing.

As disclosed herein, USH2A mutations may be corrected by gene editing, e.g., using
CRISPR-Cas9 mediated methods to correct the guanine deletion at position 2299 in the USH2A
gene (i.e., replace the deleted guanine residue at position 2299 in the USH2A gene).

Described herein are methods for treating or delaying the onset or progression of Usher
syndrome type 2A and/or retinitis pigmentosa 39 (RP39), e.g., caused by mutations in the
USH2A gene, including but not limited to the mutations: ¢.2299delG. The disclosed methods for
treating or delaying the onset or progression of Usher type 2A and/or RP39 alter the USH2A
gene by genome editing using a gRNA targeting the Usher type 2A and/or RP39 target position
and a Cas9 enzyme. Details on gRNAs targeting the Usher type 2A and/or RP39 target position
and Cas9 enzymes are provided below.

In a method disclosed herein, a mutation is targeted by cleaving with either a single
nuclease or dual nickase, €.g., to induce HDR with a donor template, that corrects the point
mutation (e.g., the single nucleotide, e.g., guanine, deletion). The method can include acquiring
knowledge of the mutation carried by the subject, e.g., by sequencing the appropriate portion of
the USH2A gene.

Usher syndrome involves, e.g., hearing loss and a progressive decline in visual acuity and

treatment during the earlier stages of the disease may prevent further decline in visual acuity.
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Some subjects with Usher syndrome may benefit from treatment at later stages of the disease.
Physicians detecting hearing loss or loss of visual acuity in a young subject may consider
determining or acquiring the relevant USH2A sequence in the subject to determine whether the
hearing loss or loss of visual acuity is due to a mutation in the USH2A gene. If so, the subject
may be a candidate for treatment.

In an embodiment, treatment is initiated prior to onset of the disease.

In an embodiment, treatment is initiated after onset of the disease.

In an embodiment, treatment is initiated prior to loss of visual acuity.

In an embodiment, treatment is initiated at onset of loss of visual acuity.

In an embodiment, treatment is initiated after onset of loss of visual acuity.

In an embodiment, treatment is initiated prior to loss of hearing.

In an embodiment, treatment is initiated at onset of loss of hearing.

In an embodiment, treatment is initiated after onset of loss of hearing.

In an embodiment, the subject undergoes genetic testing and is found to have a mutation
in the USH2A gene.

In an embodiment, treatment is initiated at the appearance of any of the following
symptoms: declining peripheral vision, poor night vision or night blindness, progressive visual
loss, and/or progression constriction of the visual field.

In an embodiment, treatment is initiated before the appearance of any of the following
symptoms: declining peripheral vision, poor night vision or night blindness, progressive visual
loss, and/or progression constriction of the visual field.

In an embodiment, treatment is initiated after the appearance of any of the following
symptoms: declining peripheral vision, poor night vision or night blindness, progressive visual
loss, and/or progression constriction of the visual field.

In an embodiment, treatment is initated at the appearance of any of the following findings
consistent with Usher syndrome or RP on exam, including but not limited to, bone spicule
pigmentation, narrowing of the visual fields, retinal atrophy, attenuated retinal vasculature, loss
of retinal pigment epithelium, and/or pallor of the optic nerve.

In an embodiment, treatment is initated before the appearance of any of the following

findings consistent with Usher syndrome or RP on exam, including but not limited to, bone
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spicule pigmentation, narrowing of the visual fields, retinal atrophy, attenuated retinal
vasculature, loss of retinal pigment epithelium, and/or pallor of the optic nerve.

In an embodiment, treatment is initated after the appearance of any of the following
findings consistent with Usher syndrome or RP on exam, including but not limited to, bone
spicule pigmentation, narrowing of the visual fields, retinal atrophy, attenuated retinal
vasculature, loss of retinal pigment epithelium, and/or pallor of the optic nerve.

In an embodiment, treatment is initiated at the appearance of any of the following
symptoms: hearing loss, hearing impairment, reduced hearing, and/or profound deafness.

In an embodiment, treatment is initiated before the appearance of any of the following
symptoms: hearing loss, hearing impairment, reduced hearing, and/or profound deafness.

In an embodiment, treatment is initiated after the appearance of any of the following

symptoms: hearing loss, hearing impairment, reduced hearing, and/or profound deafness.

In an embodiment, treatment is initated at the appearance of any of the following findings

consistent with hearing loss on exam, including but not limited to, down-sloping configuration
on audiogram, hearing loss on otoacoustic emissions (OAE) test, and/or hearing loss on
Electrocochleography.

In an embodiment, treatment is initated before the appearance of any of the following
findings consistent with hearing loss on exam, including but not limited to, down-sloping
configuration on audiogram, hearing loss on otoacoustic emissions (OAE) test, and/or hearing
loss on Electrocochleography.

In an embodiment, treatment is initated after the appearance of any of the following
findings consistent with hearing loss on exam, including but not limited to, down-sloping
configuration on audiogram, hearing loss on otoacoustic emissions (OAE) test, and/or hearing
loss on Electrocochleography.

In an embodiment, treatment is initiated between the ages of 10 and 20.

In an embodiment, treatment is initiated prior to the age of 10.

In an embodiment, treatment is initiated prior to the age of 20.

In an embodiment, treatment is initiated after the age of 20.

In an embodiment, treatment is initiated after the age of 30.

In an embodiment, treatment is initiated after the age of 40.

In an embodiment, treatment is initiated after the age of 50.
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In an embodiment, treatment is initiated after the age of 60.

In an embodiment, treatment is initiated at the appearance of loss of visual acuity in a
subject’s first two decades of life.

In an embodiment, treatment is initiated at the appearance of loss of hearing in a subject’s
first two decades of life.

In an embodiment, treatment is initiated after a subject is determined to have a mutation,
e.g., a guanine deletion at position 2299in USH2A by genetic screening, e.g., genotyping,
wherein the genetic testing was performed prior to or after disease onset.

A subject’s vision can be evaluated, e.g., prior to treatment, or after treatment, e.g., to
monitor the progress of the treatment. In an embodiment, a subject’s vision is evaluated prior to
treatment, e.g., to determine the need for treatment. In an embodiment, a subject’s vision is
evaluated after treatment has been initiated, e.g., to access the effectiveness of the treatment.
Vision can be evaluated by one or more of: evaluating changes in function relative to the
contralateral eye, e.g., by utilizing retinal analytical techniques; by evaluating mean, median and
distribution of change in best corrected visual acuity (BCVA); evaluation by Optical Coherence
Tomography; evaluation of changes in visual field using perimetry; evalulation by full-field
electroretinography (ERG); evaluation by slit lamp examination; evaluation of intraocular
pressure; evaluation of autofluorescence, evaluation with fundoscopy; evaluation with fundus
photography; evaluation with fluorescein angiography (FA); or evaluation of visual field
sensitivity (FFST).

A subject’s hearing can be evaluated, e.g., prior to treatment, or after treatment, e.g., to
monitor the progress of the treatment. In an embodiment, a subject’s hearing is evaluated prior
to treatment, e.g., to determine the need for treatment. In an embodiment, a subject’s hearing is
evaluated after treatment has been initiated, e.g., to access the effectiveness of the treatment.
Hearing can be evaluated by one or more of: evaluating changes in function relative to the
contralateral ear, e.g., by evaluating by physical exam, e.g., by evaluating by audiogram, e.g., by

evaluating by otoacoustic emissions (OAE) test, e.g., by evaluating by electrocochleography.

Methods of Altering USH2A

As disclosed herein, USH2A mutations can be corrected by gene editing, e.g., using

CRISPR-Cas9 mediated methods to correct a mutation in the USH2A gene, e.g., the guanine
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deletion at position 2299 in the USH2A gene (e.g., replace the deleted guanine residue at position
2299 in the USH2A gene).

In a method disclosed herein, a mutation is targeted by cleaving with either one or more
nuclease, one or more nickase, or a combination thereof, e.g., to induce HDR with a donor
template that corrects the point mutation (e.g., the single nucleotide, e.g., guanine, deletion). The
method can include acquiring knowledge of the mutation carried by the subject, e.g., by
sequencing the appropriate portion of the USH2A gene.

Methods and compositions discussed herein, provide for altering the USH2A target
position in the USH2A gene. USHZ2A target position can be altered (e.g., corrected) by gene
editing, e.g., using CRISPR-Cas9 mediated methods to correct a mutation in the USH2A gene,
e.g., the guanine deletion at position 2299 in the USH2A gene (e.g., replace the deleted guanine
residue at position 2299, e.g., 2299delG in the USH2A gene).

The alteration (e.g., correction) of the mutant USH2A gene can be mediated by any
mechanism. Exemplary mechanisms that can be associated with the alteration (e.g., correction)
of the mutatnt HSH2A gene include, but ar not limited to, non-homologous end joining (e.g.,
classical or alternative), microhomology-mediated end joining (MMEJ), homology-directed
repair (e.g., endogenous donor template mediated), SDSA (synthesis dependent strand
annealing), single strand annealing or single strand invasion.

The methods and compositions described herein introduce one or more breaks near the
target position (e.g., 2299delG) in the USH2A gene. In an embodiment, a mutation (e.g.,
2299delQ) is targeted by cleaving with either one or more nucleases, one or more nickases or
any combination thereof to induce HDR with a donor template that corrects the point mutation
(e.g., the single nucleotide, e.g., guanine, deletion, e.g., 2299delG). The method can include
acquiring knowledge of the mutation carried by the subject, e.g., by sequencing the appropriate
portion of the USH2A gene.

In an embodiment, guide RNAs were designed to target a mutation (e.g., 2299delG) in
the USH2A gene. A single gRNA with a Cas9 nuclease or a Cas9 nickase could be used to
generate a break (e.g., a single strand break or a double strand break) in close proximity to a
mutation (e.g., 2299delG). While not bound by theory, in an embodiment, it is believed that
HDR-mediated repair (e.g., with a donor template) of the break (e.g., a single strand break or a
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double strand break) allows for the correction of the mutation (e.g., 2299delG) which results in
restoration of a functional usherin protein.

In another embodiment, two gRNAs with two Cas9 nickases could be used to generate
two single strand breaks in close proximity to a mutation (e.g., 2299delG). While not bound by
theory, in an embodiment, it is believed that HDR-mediated repair (e.g., with a donor template)
of the breaks (e.g., the two single strand breaks) allow for the correction of the mutation (e.g.,
2299delG) which results in restoration of a functional usherin protein.

In another embodiment, more than two gRNAs may be used in a dual-targeting approach
to generate two sets of breaks (e.g., two double strand breaks, one double strand break and a pair
of single strand breaks or two pairs of single strand breaks) in close proximity to a mutation (e.g.,
2299delG) or delete a genomic sequence containing a mutation (e.g., 2299delG) in the USH2A
gene. While not bound by theory, in an embodiment, it is believed that HDR-mediated repair
(e.g., with a donor template) of the breaks (e.g., two double strand breaks, one double strand
break and a pair of single strand breaks or two pairs of single strand breaks) allow for the
correction of the mutation (e.g., 2299delG) which results in restoration of a functional usherin
protein.

In an embodiment, a single strand break is introduced (e.g., positioned by one gRNA
molecules) in close proximity to a mutation (e.g., 2299delG) in the USH2A gene. In an
embodiment, when a single gRNA molecule is used to target a Cas9 nickase to create a single
strand break in close proximity to the mutation, eg., the gRNA is used to target either upstream
of (e.g., within 200 bp upstream of the mutation), or downstream of (e.g., within 200 bp
downstream of the mutation) in the USH2A gene. In an embodiment, the break is positioned to
avoid unwanted target chromosome elements, such as repeat elements, e.g., an Alu repeat.

In an embodiment, a double strand break is introduced (e.g., positioned by one gRNA
molecules) in close proximity to a mutation (e.g., 2299delG) in the USH2A gene. In an
embodiment, when a single gRNA molecule is used to target a Cas9 nuclease to create a double
strand break in close proximity to the mutation, eg., the gRNA is used to target either upstream
of (e.g., within 200 bp upstream of the mutation), or downstream of (e.g., within 200 bp
downstream of the mutation) in the USH2A gene. In an embodiment, the break is positioned to

avoid unwanted target chromosome elements, such as repeat elements, e.g., an Alu repeat.
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In an embodiment, two single strand breaks are introduced (e.g., positioned by two
gRNA molecules) in close proximity to a mutation (e.g., 2299delG) in the USH2A gene. In an
embodiment, when two gRNA molecules are used to target two Cas9 nickcases to create two
single strand breaks in close proximity to the mutation, e.g., both gRNAs are used to target
upstream of (e.g., within 200 bp upstream of the mutation), both gRNAs are used to target
downstream of (e.g., within 200 bp downstream of the mutation), or one is upstream (e.g., within
200 bp upstream of the mutation) and the second one is downstream (e.g., within 200 bp
downstream of the mutation) of the mutation (e.g., 2299delG) in the USH2A gene. In an
embodiment, the break is positioned to avoid unwanted target chromosome elements, such as
repeat elements, e.g., an Alu repeat.

In an embodiment, two sets of breaks (e.g., two double strand breaks) are introduced
(e.g., positioned by two gRNA molecules) in close proximity to a mutation (e.g., 2299delG) in
the USH2A gene. In an embodiment, two gRNA molecule are used to target two Cas9 nucleases
to create two double strand breaks to flank a mutation (e.g., 2299delG), eg., one gRNA 1is used to
target upstream of (e.g., within 200 bp upstream of the mutation) while a second gRNA 1is used
to target downstream of (e.g., within 200 bp downstream of the mutation) of a mutation (e.g.,
2299delG) in the USH2A gene. In an embodiment, the breaks are positioned to avoid unwanted
target chromosome elements, such as repeat elements, e.g., an Alu repeat.

In an embodiment, two sets of breaks (e.g., one double strand break and a pair of
nickases) are introduced (e.g., positioned by three gRNA molecules) in close proximity to a
mutation (e.g., 2299delG) in the USH2A gene. In an embodiment, three gRNA molecules are
used to target three Cas9 molecules to create two sets of breaks (e.g., one double strand break
and a pair of nickases) ) to flank a mutation (e.g., 2299delG), eg., one gRNA molecule is used to
target upstream or downstream of (e.g., within 200 bp upstream or downstream of the mutation)
while a second and a third gRNA molecules are used to target the opposite site (e.g., within 200
bp downstream or upstream) of of a mutation (e.g., 2299delG) in the USH2A gene. In an
embodiment, the breaks are positioned to avoid unwanted target chromosome elements, such as
repeat elements, e.g., an Alu repeat.

In an embodiment, two sets of breaks (e.g., two pairs of strand breaks) are introduced
(e.g., positioned by four gRNA molecules) in close proximity to a mutation (e.g., 2299delG) in

the USH2A gene. In an embodiment, four gRNA molecule are used to target four Cas9 nickases
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to create two pairs of single strand breaks to flank a mutation (e.g., 2299delG), eg., one and a
second gRNA molecules are used to target upstream of (e.g., within 200 bp upstream of the
mutation) while a third and a fourth gRNA molecules are used to target downstream of (e.g.,
within 200 bp downstream of the mutation) of a mutation (e.g., 2299delG) in the USH2A gene.
In an embodiment, the breaks are positioned to avoid unwanted target chromosome elements,
such as repeat elements, e.g., an Alu repeat.

When two gRNAs designed for use to target two Cas9 enzymes, one Cas9 can be one
species, the second Cas9 can be from a different species. Both Cas9 species are used to generate

a single or double-strand break, as desired.

1. sRNA Molecules

A gRNA molecule, as that term is used herein, refers to a nucleic acid that promotes the
specific targeting or homing of a gRNA molecule/Cas9 molecule complex to a target nucleic
acid. gRNA molecules can be unimolecular (having a single RNA molecule), sometimes
referred to hereins as “‘chimeric” gRNAs, or modular (comprising more than one, and typically
two, separate RNA molecules). A gRNA molecule comprises a number of domains. The gRNA
molecule domains are described in more detail below.

Several exemplary gRNA structures, with domains indicated thereon, are provided in Fig.
1A-1G. While not wishing to be bound by theory, in an embodiment, with regard to the three
dimensional form, or intra- or inter-strand interactions of an active form of a gRNA, regions of
high complementarity are sometimes shown as duplexes in Figs. 1A-1G and other depictions
provided herein.

In an embodiment, a unimolecular, or chimeric, gRNA comprises, preferably from 5’ to
3%

a targeting domain (which is complementary to a target nucleic acid in the
USH2A gene, e.g., a targeting domain from any of Tables 1-3, 4A-4E, SA-5SF, or
6A-6D;

a first complementarity domain;

a linking domain;

a second complementarity domain (which is complementary to the first

complementarity domain);
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a proximal domain; and

optionally, a tail domain.

In an embodiment, a modular gRNA comprises:

a first strand comprising, preferably from 5’ to 3°;

a targeting domain (which is complementary to a target nucleic acid in the
USH2A gene, e.g., a targeting domain from any of Tables 1-3, 4A-4E, SA-5F, or 6A-6D; and

a first complementarity domain; and

a second strand, comprising, preferably from 5° to 3’:
optionally, a 5° extension domain;
a second complementarity domain;
a proximal domain; and

optionally, a tail domain.

The domains are discussed briefly below:

The Targeting Domain

Figs. 1A-1G provide examples of the placement of targeting domains.

The targeting domain comprises a nucleotide sequence that is complementary, e.g., at
least 80, 85, 90, or 95% complementary, e.g., fully complementary, to the target sequence on the
target nucleic acid. The targeting domain is part of an RNA molecule and therefore comprises
the base uracil (U), while any DNA encoding the gRNA molecule comprises the base thymine
(T). While not wishing to be bound by theory, in an embodiment, it is believed that the
complementarity of the targeting domain with the target sequence contributes to specificity of
the interaction of the gRNA molecule/Cas9 molecule complex with a target nucleic acid. It is
understood that in a targeting domain and target sequence pair, the uracil bases in the targeting
domain will pair with the adenine bases in the target sequence. In an embodiment, the target
domain itself comprises two domains, which are, in the 5’ to 3’ direction, an optional secondary
domain, and a core domain. In an embodiment, the core domain is fully complementary with the
target sequence. In an embodiment, the targeting domain is 5 to 50 nucleotides in length. The

strand of the target nucleic acid with which the targeting domain is complementary is referred to
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herein as the complementary strand. Some or all of the nucleotides of the domain can have a
modification, e.g., a modification found in Section VIII herein.
In an embodiment, the targeting domain is 16 nucleotides in length.
In an embodiment, the targeting domain is 17 nucleotides in length.
In an embodiment, the targeting domain is 18 nucleotides in length.
In an embodiment, the targeting domain is 19 nucleotides in length.
In an embodiment, the targeting domain is 20 nucleotides in length.
In an embodiment, the targeting domain is 21 nucleotides in length.
In an embodiment, the targeting domain is 22 nucleotides in length.
In an embodiment, the targeting domain is 23 nucleotides in length.
In an embodiment, the targeting domain is 24 nucleotides in length.
In an embodiment, the targeting domain is 25 nucleotides in length.
In an embodiment, the targeting domain is 26 nucleotides in length.
In an embodiment, the targeting domain comprises 16 nucleotides.
In an embodiment, the targeting domain comprises 17 nucleotides.
In an embodiment, the targeting domain comprises 18 nucleotides.
In an embodiment, the targeting domain comprises 19 nucleotides.
In an embodiment, the targeting domain comprises 20 nucleotides.
In an embodiment, the targeting domain comprises 21 nucleotides.
In an embodiment, the targeting domain comprises 22 nucleotides.
In an embodiment, the targeting domain comprises 23 nucleotides.
In an embodiment, the targeting domain comprises 24 nucleotides.
In an embodiment, the targeting domain comprises 25 nucleotides.
In an embodiment, the targeting domain comprises 26 nucleotides.

Targeting domains are discussed in more detail below.

The First Complementarity Domain

Figs. 1A-1G provide examples of first complementarity domains.
The first complementarity domain is complementary with the second complementarity
domain, and in an embodiment, has sufficient complementarity to the second complementarity

domain to form a duplexed region under at least some physiological conditions. In an
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embodiment, the first complementarity domain is 5 to 30 nucleotides in length. In an
embodiment, the first complementarity domain is 5 to 25 nucleotides in length. In an
embodiment, the frst complementary domain is 7 to 25 nucleotides in length. In an embodiment,
the first complementary domain is 7 to 22 nucleotides in length. In an embodiment, the first
complementary domain is 7 to 18 nucleotides in length. In an embodiment, the first
complementary domain is 7 to 15 nucleotides in length. In an embodiment, the first
complementary domain is 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or
25 nucleotides in length.

In an embodiment, the first complentarity domain comprises 3 subdomains, which, in the
5’ to 3’ direction are: a 5° subdomain, a central subdomain, and a 3’ subdomain. In an
embodiment, the 5° subdomain is 4-9, e.g., 4, 5, 6, 7, 8 or 9 nucleotides in length. In an
embodiment, the central subdomain is 1, 2, or 3, e.g., 1, nucleotide in length. In an embodiment,
the 3’ subdomain is 3 to 25, e.g., 4-22,4-18, or4 to 10, 0r 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14,
15,16, 17, 18. 19, 20, 21, 22, 23, 24, or 25, nucelotides in length.

The first complementarity domain can share homology with, or be derived from, a
naturally occurring first complementarity domain. In an embodiment, it has at least 50%
homology with a first complementarity domain disclosed herein, e.g., an S. pyogenes, S. aureus
or S. thermophilus, first complementarity domain.

Some or all of the nucleotides of the domain can have a modification, e.g., modification
found in Section VIII herein.

First complementarity domains are discussed in more detail below.

The Linking Domain

Figs. 1A-1G provide examples of linking domains.

A linking domain serves to link the first complementarity domain with the second
complementarity domain of a unimolecular gRNA. The linking domain can link the first and
second complementarity domains covalently or non-covalently. In an embodiment, the linkage
is covalent. In an embodiment, the linking domain covalently couples the first and second
complementarity domains, see, e.g., Figs. 1B-1E. In an embodiment, the linking domain is, or

comprises, a covalent bond interposed between the first complementarity domain and the second
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complementarity domain. Typically the linking domain comprises one or more, €.g., 2, 3,4, 5, 6,
7,8, 9, or 10 nucleotides.

In modular gRNA molecules the two molecules are associated by virtue of the
hybridization of the complementarity domains see e.g., Fig. 1A.

A wide variety of linking domains are suitable for use in unimolecular gRNA molecules.
Linking domains can consist of a covalent bond, or be as short as one or a few nucleotides, e.g.,
1, 2,3, 4, or 5 nucleotides in length. In an embodiment, a linking domain is 2, 3,4, 5, 6,7, 8,9,
10, 15, 20, or 25 or more nucleotides in length. In an embodiment, a linking domain is 2 to 50, 2
to 40, 2 to 30, 2 to 20, 2 to 10, or 2 to 5 nucleotides in length. In an embodiment, a linking
domain shares homology with, or is derived from, a naturally occurring sequence, e.g., the
sequence of a tracrRNA that is 5’ to the second complementarity domain. In an embodiment, the
linking domain has at least 50% homology with a linking domain disclosed herein.

Some or all of the nucleotides of the domain can have a modification, e.g., a modification
found in Section VIII herein.

Linking domains are discussed in more detail below.

The 5° Extension Domain

In an embodiment, a modular gRNA can comprise additional sequence, 5° to the second
complementarity domain, referred to herein as the 5’ extension domain, see, e.g., Fig. 1A. In an
embodiment, the 5* extension domain is 2-10, 2-9, 2-8, 2-7, 2-6, 2-5, 2-4 nucleotides in length.
In an embodiment, the 5° extension domainis 2, 3,4, 5,6, 7, 8, 9, or 10 or more nucleotides in

length.

The Second Complementarity Domain

Figs. 1A-1G provide examples of second complementarity domains.

The second complementarity domain is complementary with the first complementarity
domain, and in an embodiment, has sufficient complementarity to the second complementarity
domain to form a duplexed region under at least some physiological conditions. In an
embodiment, e.g., as shown in Figs. 1A-1B, the second complementarity domain can include
sequence that lacks complementarity with the first complementarity domain, e.g., sequence that

loops out from the duplexed region.
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In an embodiment, the second complementarity domain is 5 to 27 nucleotides in length.
In an embodiment, it is longer than the first complementarity region. In an embodiment, the
second complementary domain is 7 to 27 nucleotides in length. In an embodiment, the second
complementary domain is 7 to 25 nucleotides in length. In an embodiment, the second
complementary domain is 7 to 20 nucleotides in length. In an embodiment, the second
complementary domain is 7 to 17 nucleotides in length. In an embodiment, the complementary
domainis 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24 or 25 nucleotides
in length.

In an embodiment, the second complentarity domain comprises three subdomains, which,
in the 5’ to 3’ direction are: a 5° subdomain, a central subdomain, and a 3’ subdomain. In an
embodiment, the 5° subdomain is 3 to 25, e.g., 4 to 22,4 to 18, or 4 to10, 0r 3,4, 5,6, 7, 8, 9, 10,
11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24 or 25 nucleotides in length. In an
embodiment, the central subdomain is 1, 2, 3, 4 or 5, e.g., 3, nucleotides in length. In an
embodiment, the 3° subdomainis 4 to 9, e.g., 4, 5, 6, 7, 8 or 9 nucelotides in length.

In an embodiment, the 5° subdomain and the 3’ subdomain of the first complementarity
domain, are respectively, complementary, e.g., fully complementary, with the 3’ subdomain and
the 5° subdomain of the second complementarity domain.

The second complementarity domain can share homology with or be derived from a
naturally occurring second complementarity domain. In an embodiment it has at least 50%
homology with a second complementarity domain disclosed herein, e.g., an S. pyogenes, S.
aureus or S. thermophilus, second complementarity domain.

Some or all of the nucleotides of the domain can have a modification, e.g., modification

found in Section VIII herein.

The Proximal Domain

Figs. 1A-1G provide examples of proximal domains.

In an embodiment, the proximal domain is 5 to 20 nucleotides in length. In an
embodiment, the proximal domain can share homology with or be derived from a naturally
occurring proximal domain. In an embodiment, it has at least 50% homology with a proximal

domain disclosed herein, e.g., an S. pyogenes, S. aureus or S. thermophilus, proximal domain.
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Some or all of the nucleotides of the domain can have a modification, e.g., modification

found in Section VIII herein.

The Tail Domain

Figs. 1A-1G provide examples of tail domains.

As can be seen by inspection of the tail domains in Figs. 1A-1G, a broad spectrum of tail
domains are suitable for use in gRNA molecules. In an embodiment, the tail domain is 0
(absent), 1,2, 3,4,5,6,7, 8,9, or 10 nucleotides in length. In embodiment, the tail domain
nucleotides are from or share homology with sequence from the 5 end of a naturally occurring
tail domain, see e.g., Fig. 1D or 1E. In an embodiment, the tail domain includes sequences that
are complementary to each other and which, under at least some physiological conditions, form a
duplexed region.

In an embodiment, the tail domain is absent or is 1 to 50 nucleotides in length. In an
embodiment, the tail domain can share homology with or be derived from a naturally occurring
proximal tail domain. In an embodiment, it has at least 50% homology with a tail domain
disclosed herein, e.g., an S. pyogenes, S. aureus or S. thermophilus, tail domain.

In an embodiment, the tail domain includes nucleotides at the 3° end that are related to
the method of in vitro or in vivo transcription. When a T7 promoter is used for in vitro
transcription of the gRNA, these nucleotides may be any nucleotides present before the 3° end of
the DNA template. When a U6 promoter is used for in vivo transcription, these nucleotides may
be the sequence UUUUUU. When alternate pol-III promoters are used, these nucleotides may be
various numbers or uracil bases or may include alternate bases.

The domains of gRNA molecules are described in more detail below.

The Targeting Domain

The “targeting domain” of the gRNA is complementary to the “target domain” on the
target nucleic acid. The strand of the target nucleic acid comprising the core domain target is
referred to herein as the “complementary strand” of the target nucleic acid. Guidance on the
selection of targeting domains can be found, e.g., in Fu Y ef al., NAT BIOTECHNOL 2014 (doi:
10.1038/nbt.2808) and Sternberg SH ef al., NATURE 2014 (doi: 10.1038/nature13011).
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In an embodiment, the targeting domain is 16, 17, 18, 19, 20, 21, 22, 23, 24, 25 or 26
nucleotides in length.

In an embodiment, the targeting domain is 16 nucleotides in length.

In an embodiment, the targeting domain is 17 nucleotides in length.

In an embodiment, the targeting domain is 18 nucleotides in length.

In an embodiment, the targeting domain is 19 nucleotides in length.

In an embodiment, the targeting domain is 20 nucleotides in length.

In an embodiment, the targeting domain is 21 nucleotides in length.

In an embodiment, the targeting domain is 22 nucleotides in length.

In an embodiment, the targeting domain is 23 nucleotides in length.

In an embodiment, the targeting domain is 24 nucleotides in length.

In an embodiment, the targeting domain is 25 nucleotides in length.

In an embodiment, the targeting domain is 26 nucleotides in length.

In an embodiment, the targeting domain comprises 16 nucleotides.

In an embodiment, the targeting domain comprises 17 nucleotides.

In an embodiment, the targeting domain comprises 18 nucleotides.

In an embodiment, the targeting domain comprises 19 nucleotides.

In an embodiment, the targeting domain comprises 20 nucleotides.

In an embodiment, the targeting domain comprises 21 nucleotides.

In an embodiment, the targeting domain comprises 22 nucleotides.

In an embodiment, the targeting domain comprises 23 nucleotides.

In an embodiment, the targeting domain comprises 24 nucleotides.

In an embodiment, the targeting domain comprises 25 nucleotides.

In an embodiment, the targeting domain comprises 26 nucleotides.

In an embodiment, the targeting domain is 10 +/-5, 20+/-5, 30+/-5, 40+/-5, 50+/-5, 60+/-
5, 70+/-5, 80+/-5, 90+/-5, or 100+/-5 nucleotides, in length.

In an embodiment, the targeting domain is 20+/-5 nucleotides in length.

In an embodiment, the targeting domain is 20+/-10, 30+/-10, 40+/-10, 50+/-10, 60+/-10,
70+/-10, 80+/-10, 90+/-10, or 100+/-10 nucleotides, in length.

In an embodiment, the targeting domain is 30+/-10 nucleotides in length.
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In an embodiment, the targeting domain is 10 to 100, 10 to 90, 10 to 80, 10 to 70, 10 to
60, 10 to 50, 10 to 40, 10 to 30, 10 to 20 or 10 to 15 nucleotides in length. In other
embodiments, the targeting domain is 20 to 100, 20 to 90, 20 to 80, 20 to 70, 20 to 60, 20 to 50,
20 to 40, 20 to 30, or 20 to 25 nucleotides in length.

Typically the targeting domain has full complementarity with the target sequence. In
some embodiments, the targeting domain has or includes 1, 2, 3, 4, 5, 6, 7 or 8 nucleotides that
are not complementary with the corresponding nucleotide of the targeting domain.

In an embodiment, the target domain includes 1, 2, 3, 4 or 5 nucleotides that are
complementary with the corresponding nucleotide of the targeting domain within 5 nucleotides
of its 5" end. In an embodiment, the target domain includes 1, 2, 3, 4 or 5 nucleotides that are
complementary with the corresponding nucleotide of the targeting domain within 5 nucleotides
of its 3’ end.

In an embodiment, the target domain includes 1, 2, 3, or 4 nucleotides that are not
complementary with the corresponding nucleotide of the targeting domain within 5 nucleotides
of its 5" end. In an embodiment, the target domain includes 1, 2, 3, or 4 nucleotides that are not
complementary with the corresponding nucleotide of the targeting domain within 5 nucleotides
of its 3’ end.

In an embodiment, the degree of complementarity, together with other properties of the
gRNA, is sufficient to allow targeting of a Cas9 molecule to the target nucleic acid.

In some embodiments, the targeting domain comprises two consecutive nucleotides that
are not complementary to the target domain (“non-complementary nucleotides”), e.g., two
consecutive noncomplementary nucleotides that are within 5 nucleotides of the 5’ end of the
targeting domain, within 5 nucleotides of the 3” end of the targeting domain, or more than 5
nucleotides away from one or both ends of the targeting domain.

In an embodiment, no two consecutive nucleotides within 5 nucleotides of the 5° end of
the targeting domain, within 5 nucleotides of the 3" end of the targeting domain, or within a
region that is more than 5 nucleotides away from one or both ends of the targeting domain, are
not complementary to the targeting domain.

In an embodiment, there are no non-complementary nucleotides within 5 nucleotides of

the 5” end of the targeting domain, within 5 nucleotides of the 3’ end of the targeting domain, or
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within a region that is more than 5 nucleotides away from one or both ends of the targeting
domain.

In an embodiment, the targeting domain nucleotides do not comprise modifications, e.g.,
modifications of the type provided in Section VIII. However, in an embodiment, the targeting
domain comprises one or more modifications, €.g., modifications that it render it less susceptible
to degradation or more bio-compatible, e.g., less immunogenic. By way of example, the
backbone of the targeting domain can be modified with a phosphorothioate, or other
modification(s) from Section VIII. In an embodiment, a nucleotide of the targeting domain can
comprise a 2’ modification, e.g., a 2-acetylation, e.g., a 2’ methylation, or other modification(s)
from Section VIII.

In some embodiments, the targeting domain includes 1, 2, 3, 4, 5, 6, 7 or 8 or more
modifications. In an embodiment, the targeting domain includes 1, 2, 3, or 4 modifications
within 5 nucleotides of its 5” end. In an embodiment, the targeting domain comprises as many as
1, 2, 3, or 4 modifications within 5 nucleotides of its 3’ end.

In some embodiments, the targeting domain comprises modifications at two consecutive
nucleotides, e.g., two consecutive nucleotides that are within 5 nucleotides of the 5’ end of the
targeting domain, within 5 nucleotides of the 3” end of the targeting domain, or more than 5
nucleotides away from one or both ends of the targeting domain.

In an embodiment, no two consecutive nucleotides are modified within 5 nucleotides of
the 5” end of the targeting domain, within 5 nucleotides of the 3’ end of the targeting domain, or
within a region that is more than 5 nucleotides away from one or both ends of the targeting
domain. In an embodiment, no nucleotide is modified within 5 nucleotides of the 5° end of the
targeting domain, within 5 nucleotides of the 3’ end of the targeting domain, or within a region
that is more than 5 nucleotides away from one or both ends of the targeting domain.

Modifications in the targeting domain can be selected so as to not interfere with targeting
efficacy, which can be evaluated by testing a candidate modification in the system described in
Section IV. gRNAs having a candidate targeting domain having a selected length, sequence,
degree of complementarity, or degree of modification, can be evaluated in a system in Section
IV. The candidate targeting domain can be placed, either alone, or with one or more other
candidate changes in a gRNA molecule/Cas9 molecule system known to be functional with a

selected target and evaluated.

58



10

15

20

25

30

WO 2015/134812 PCT/US2015/019064

In some embodiments, all of the modified nucleotides are complementary to and capable
of hybridizing to corresponding nucleotides present in the target domain. In other embodiments,
1,2,3,4,5, 6,7 or 8 or more modified nucleotides are not complementary to or capable of
hybridizing to corresponding nucleotides present in the target domain.

In an embodiment, the targeting domain comprises, preferably in the 5’—3’ direction: a

secondary domain and a core domain. These domains are discussed in more detail below.

The Core Domain and Secondary Domain of the Targeting Domain

The “core domain” of the targeting domain is complementary to the “core domain target”
on the target nucleic acid. In an embodiment, the core domain comprises about § to about 13
nucleotides from the 3’ end of the targeting domain (e.g., the most 3° 8 to 13 nucleotides of the
targeting domain).  In an embodiment, the secondary domain is absent or optional.

In an embodiment, the secondary domain is absent or optional.

In an embodiment, the core domain and targeting domain, are independently, 6 +/-2, 7+/-
2, 84/-2, 9+/-2, 10+/-2, 114/-2, 124/-2, 13+/-2, 14+4/-2, 154/-2, 16+-2, 17+/-2, or 18+4/-2,
nucleotides in length.

In an embodiment, the core domain anargeting domain, are independently, 10+/-2
nucleotides in length.

In an embodiment, the core domain and targeting domain are independently 10+/-4
nucleotides in length.

In an embodiment, the core domain and targeting domain are independently 6, 7, 8, 9, 10,
11, 12, 13, 14, 15, 16, 17, or 18, nucleotides in length.

In an embodiment, the core domain and targeting domain are independently 3 to 20, 4 to
20, 5 to 20, 6 to 20, 7 to 20, 8 to 20, 9 to 20 10 to 20 or 15 to 20 nucleotides in length.

In an embodiment, the core domain and targeting domain are independently 3 to 15, e.g.,
6to15,7to14,7t013,6t012,7t012,7to11,7to 10,8to 14,8to 13,8 to 12,8to 11, 8 to 10
or 8 to 9 nucleotides in length.

The core domain is complementary with the core domain target. Typically the core
domain has exact complementarity with the core domain target. In some embodiments, the core
domain can have 1, 2, 3, 4 or 5 nucleotides that are not complementary with the corresponding

nucleotide of the core domain. In an embodiment, the degree of complementarity, together with
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other properties of the gRNA, is sufficient to allow targeting of a Cas9 molecule to the target
nucleic acid.

The “secondary domain” of the targeting domain of the gRNA is complementary to the
“secondary domain target” of the target nucleic acid.

In an embodiment, the secondary domain is positioned 5’ to the core domain.

In an embodiment, the secondary domain is absent or optional.

In an embodiment, if the targeting domain is 26 nucleotides in length and the core
domain (counted from the 3’ end of the targeting domain) is 8 to 13 nucleotides in length, the
secondary domain is 12 to 17 nucleotides in length.

In an embodiment, if the targeting domain is 25 nucleotides in length and the core
domain (counted from the 3’ end of the targeting domain) is 8 to 13 nucleotides in length, the
secondary domain is 12 to 17 nucleotides in length.

In an embodiment, if the targeting domain is 24 nucleotides in length and the core
domain (counted from the 3’ end of the targeting domain) is 8 to 13 nucleotides in length, the
secondary domain is 11 to 16 nucleotides in length.

In an embodiment, if the targeting domain is 23 nucleotides in length and the core
domain (counted from the 3’ end of the targeting domain) is 8 to 13 nucleotides in length, the
secondary domain is 10 to 15 nucleotides in length.

In an embodiment, if the targeting domain is 22 nucleotides in length and the core
domain (counted from the 3’ end of the targeting domain) is 8 to 13 nucleotides in length, the
secondary domain is 9 to 14 nucleotides in length.

In an embodiment, if the targeting domain is 21 nucleotides in length and the core
domain (counted from the 3’ end of the targeting domain) is 8 to 13 nucleotides in length, the
secondary domain is 8 to 13 nucleotides in length.

In an embodiment, if the targeting domain is 20 nucleotides in length and the core
domain (counted from the 3’ end of the targeting domain) is 8 to 13 nucleotides in length, the
secondary domain is 7 to 12 nucleotides in length.

In an embodiment, if the targeting domain is 19 nucleotides in length and the core
domain (counted from the 3’ end of the targeting domain) is 8 to 13 nucleotides in length, the

secondary domain is 6 to 11 nucleotides in length.
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In an embodiment, if the targeting domain is 18 nucleotides in length and the core
domain (counted from the 3’ end of the targeting domain) is 8 to 13 nucleotides in length, the
secondary domain is 5 to 10 nucleotides in length.

In an embodiment, if the targeting domain is 17 nucleotides in length and the core
domain (counted from the 3’ end of the targeting domain) is 8 to 13 nucleotides in length, the
secondary domain is 4 to 9 nucleotides in length.

In an embodiment, if the targeting domain is 16 nucleotides in length and the core
domain (counted from the 3’ end of the targeting domain) is 8 to 13 nucleotides in length, the
secondary domain is 3 to 8 nucleotides in length.

In an embodiment, the secondary domainis 0, 1,2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14 or
15 nucleotides in length.

The secondary domain is complementary with the secondary domain target. Typically
the secondary domain has exact complementarity with the secondary domain target. In some
embodiments the secondary domain can have 1, 2, 3, 4 or 5 nucleotides that are not
complementary with the corresponding nucleotide of the secondary domain. In an embodiment,
the degree of complementarity, together with other properties of the gRNA, is sufficient to allow

targeting of a Cas9 molecule to the target nucleic acid.

In an embodiment, the core domain nucleotides do not comprise modifications, e.g.,
modifications of the type provided in Section VIII. However, in an embodiment, the core
domain comprise one or more modifications, e.g., modifications that it render it less susceptible
to degradation or more bio-compatible, e.g., less immunogenic. By way of example, the
backbone of the core domain can be modified with a phosphorothioate, or other modification(s)
from Section VIII. In an embodiment a nucleotide of the core domain can comprise a 2’
modification, e.g., a 2-acetylation, e.g., a 2’ methylation, or other modification(s) from Section
VIII. Typically, a core domain will contain no more than 1, 2, or 3 modifications.

Modifications in the core domain can be selected so as to not interfere with targeting
efficacy, which can be evaluated by testing a candidate modification in the system described in
Section IV. gRNAs having a candidate core domain having a selected length, sequence, degree
of complementarity, or degree of modification, can be evaluated in the system described at

Section IV. The candidate core domain can be placed, either alone, or with one or more other
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candidate changes in a gRNA molecule/Cas9 molecule system known to be functional with a
selected target and evaluated.

In an embodiment, the secondary domain nucleotides do not comprise modifications, €.g.,
modifications of the type provided in Section VIII. However, in an embodiment, the secondary
domain comprises one or more modifications, €.g., modifications that it render it less susceptible
to degradation or more bio-compatible, e.g., less immunogenic. By way of example, the
backbone of the secondary domain can be modified with a phosphorothioate, or other
modification(s) from Section VIII. In an embodiment a nucleotide of the secondary domain can
comprise a 2’ modification, e.g., a 2-acetylation, e.g., a 2’ methylation, or other modification(s)
from Section VIII. Typically, a secondary domain will contain no more than 1, 2, or 3
modifications.

Modifications in the secondary domain can be selected so as to not interfere with
targeting efficacy, which can be evaluated by testing a candidate modification in the system
described in Section IV. gRNAs having a candidate secondary domain having a selected length,
sequence, degree of complementarity, or degree of modification, can be evaluated in the system
described at Section IV. The candidate secondary domain can be placed, either alone, or with
one or more other candidate changes in a gRNA molecule/Cas9 molecule system known to be
functional with a selected target and evaluated.

In an embodiment, (1) the degree of complementarity between the core domain and its
target, and (2) the degree of complementarity between the secondary domain and its target, may
differ. In an embodiment, (1) may be greater (2). In an embodiment, (1) may be less than (2).
In an embodiment, (1) and (2) may be the same, e.g., each may be completely complementary
with its target.

In an embodiment, (1) the number of modification (e.g., modifications from Section VIII)
of the nucleotides of the core domain and (2) the number of modification (e.g., modifications
from Section VIII) of the nucleotides of the secondary domain, may differ. In an embodiment,
(1) may be less than (2). In an embodiment, (1) may be greater than (2). In an embodiment, (1)

and (2) may be the same, e.g., each may be free of modifications.

The First and Second Complementarity Domains
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The first complementarity domain is complementary with the second complementarity
domain.

Typically the first domain does not have exact complementarity with the second
complementarity domain target. In some embodiments, the first complementarity domain can
have 1, 2, 3, 4 or 5 nucleotides that are not complementary with the corresponding nucleotide of
the second complementarity domain. In an embodiment, 1, 2, 3, 4, 5 or 6, e.g., 3 nucleotides,
do not pair in the duplex, and, e.g., form a non-duplexed or looped-out region. In an
embodiment an unpaired, or loop-out, region, e.g., a loop-out of 3 nucleotides, is present on the
second complementarity domain. In an embodiment, the unpaired region begins 1, 2, 3, 4, 5, or
6, e.g., 4, nucleotides from the 5’ end of the second complementarity domain.

In an embodiment, the degree of complementarity, together with other properties of the
gRNA, is sufficient to allow targeting of a Cas9 molecule to the target nucleic acid.

In an embodiment, the first and second complementarity domains are:

independently, 6 +/-2, 7+/-2, 8+/-2, 94/-2, 10+/-2, 11+/-2, 124/-2, 134/-2, 14+/-2, 15+/-2,
164/-2, 174/-2, 18+/-2, 194/-2, or 20+/-2, 21+/-2, 22+4/-2, 234/-2, or 24+/-2 nucleotides in
length;

independently, 6,7, 8,9, 10, 11, 12, 13, 14, 14, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, or
26, nucleotides in length;

independently, 5 to 24, 5to 23, 5to 22, 5to 21, 5to 20, 7 to 18, 9 to 16, or 10 to 14
nucleotides in length.

In an embodiment, the second complementarity domain is longer than the first
complementarity domain, e.g., 2, 3, 4, 5, or 6, e.g., 6, nucleotides longer.

In an embodiment, the first and second complementary domains, independently, do not
comprise modifications, e.g., modifications of the type provided in Section VIII.

In an embodiment, the first and second complementary domains, independently,
comprise one or more modifications, e.g., modifications that the render the domain less
susceptible to degradation or more bio-compatible, e.g., less immunogenic. By way of example,
the backbone of the domain can be modified with a phosphorothioate, or other modification(s)
from Section VIII. In an embodiment a nucleotide of the domain can comprise a 2’
modification, e.g., a 2-acetylation, e.g., a 2’ methylation, or other modification(s) from Section

VIIL
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In an embodiment, the first and second complementary domains, independently, include
1,2, 3,4, 5, 6,7 or 8 or more modifications. In an embodiment, the first and second
complementary domains, independently, include 1, 2, 3, or 4 modifications within 5 nucleotides
of its 5’ end. In an embodiment, the first and second complementary domains, independently,
include as many as 1, 2, 3, or 4 modifications within 5 nucleotides of its 3’ end.

In an embodiment, the first and second complementary domains, independently, include
modifications at two consecutive nucleotides, e.g., two consecutive nucleotides that are within 5
nucleotides of the 5’ end of the domain, within 5 nucleotides of the 3’ end of the domain, or
more than 5 nucleotides away from one or both ends of the domain. In an embodiment, the first
and second complementary domains, independently, include no two consecutive nucleotides that
are modified, within 5 nucleotides of the 5’ end of the domain, within 5 nucleotides of the 3’ end
of the domain, or within a region that is more than 5 nucleotides away from one or both ends of
the domain. In an embodiment, the first and second complementary domains, independently,
include no nucleotide that is modified within 5 nucleotides of the 5° end of the domain, within 5
nucleotides of the 3” end of the domain, or within a region that is more than 5 nucleotides away
from one or both ends of the domain.

Modifications in a complementarity domain can be selected so as to not interfere with
targeting efficacy, which can be evaluated by testing a candidate modification in the system
described in Section IV. gRNAs having a candidate complementarity domain having a selected
length, sequence, degree of complementarity, or degree of modification, can be evaluated in the
system described in Section IV. The candidate complementarity domain can be placed, either
alone, or with one or more other candidate changes in a gRNA molecule/Cas9 molecule system
known to be functional with a selected target and evaluated.

In an embodiment, the first complementarity domain has at least 60, 70, 80, 85%, 90% or
95% homology with, or differs by no more than 1, 2, 3, 4, 5, or 6 nucleotides from, a reference
first complementarity domain, e.g., a naturally occurring, e.g., an S. pyogenes, S. aureus or S.
thermophilus, first complementarity domain, or a first complementarity domain described herein,
e.g., from Figs. 1A-1G.

In an embodiment, the second complementarity domain has at least 60, 70, 80, 8§5%,
90%, or 95% homology with, or differs by no more than 1, 2, 3, 4, 5, or 6 nucleotides from, a

reference second complementarity domain, e.g., a naturally occurring, e.g., an S. pyogenes, S.
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aureus or S. thermophilus, second complementarity domain, or a second complementarity
domain described herein, e.g., from Figs. 1A-1G.

The duplexed region formed by first and second complementarity domains is typically 6,
7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21 or 22 base pairs in length (excluding any
looped out or unpaired nucleotides).

In some embodiments, the first and second complementarity domains, when duplexed,
comprise 11 paired nucleotides, for example in the gRNA sequence (one paired strand
underlined, one bolded):
NNNNNNNNNNNNNNNNNNNNGUUUUAGAGCUAGAAAUAGCAAGUUAAAAUAAGG
CUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGC (SEQ ID NO: 5).

In some embodiments the first and second complementarity domains, when duplexed,
comprise 15 paired nucleotides, for example in the gRNA sequence (one paired strand
underlined, one bolded):
NNNNNNNNNNNNNNNNNNNNGUUUUAGAGCUAUGCUGAAAAGCAUAGCAAGUUA
AAAUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGC (SEQ
ID NO: 27).

In some embodiments the first and second complementarity domains, when duplexed,
comprise 16 paired nucleotides, for example in the gRNA sequence (one paired strand
underlined, one bolded):
NNNNNNNNNNNNNNNNNNNNGUUUUAGAGCUAUGCUGGAAACAGCAUAGCAAGU
UAAAAUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGC
(SEQ ID NO: 28).

In some embodiments the first and second complementarity domains, when duplexed,
comprise 21 paired nucleotides, for example in the gRNA sequence (one paired strand
underlined, one bolded):
NNNNNNNNNNNNNNNNNNNNGUUUUAGAGCUAUGCUGUUUUGGAAACAAAACAG
CAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGA
GUCGGUGC (SEQ ID NO: 29).

In some embodiments, nucleotides are exchanged to remove poly-U tracts, for example in

the gRNA sequences (exchanged nucleotides underlined):
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NNNNNNNNNNNNNNNNNNNNGUAUUAGAGCUAGAAAUAGCAAGUUAAUAUAAGG
CUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGC (SEQ ID NO: 30).;

NNNNNNNNNNNNNNNNNNNNGUUUAAGAGCUAGAAAUAGCAAGUUUAAAUAAGG
CUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGC (SEQ ID NO: 31).; or

NNNNNNNNNNNNNNNNNNNNGUAUUAGAGCUAUGCUGUAUUGGAAACAAUACAG
CAUAGCAAGUUAAUAUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGA

GUCGGUGC (SEQ ID NO: 32)..

The 5° Extension Domain

In an embodiment, a modular gRNA can comprise additional sequence, 5° to the second
complementarity domain. In an embodiment, the 5’ extension domain is 2 to 10,2t09,2t0 8§, 2
to7,21t06,2to 5, or 2 to 4 nucleotides in length. In an embodiment, the 5’ extension domain is
2,3,4,5,6,7,8,9, or 10 or more nucleotides in length.

In an embodiment, the 5° extension domain nucleotides do not comprise modifications,
e.g., modifications of the type provided in Section VIII. However, in an embodiment, the 5’
extension domain comprises one or more modifications, e.g., modifications that it render it less
susceptible to degradation or more bio-compatible, e.g., less immunogenic. By way of example,
the backbone of the 5 extension domain can be modified with a phosphorothioate, or other
modification(s) from Section VIII. In an embodiment, a nucleotide of the 5’ extension domain
can comprise a 2’ modification, e.g., a 2-acetylation, e.g., a 2° methylation, or other
modification(s) from Section VIII.

In some embodiments, the 5’ extension domain can comprise as many as 1, 2,3, 4,5, 6,7
or 8 modifications. In an embodiment the 5° extension domain comprises as many as 1, 2, 3, or
4 modifications within 5 nucleotides of its 5° end, e.g., in a modular gRNA molecule. In an
embodiment the 5° extension domain comprises as many as 1, 2, 3, or 4 modifications within 5
nucleotides of its 3’ end, e.g., in a modular gRNA molecule.

In some embodiments, the 5* extension domain comprises modifications at two
consecutive nucleotides, e.g., two consecutive nucleotides that are within 5 nucleotides of the 5’

end of the 5’ extension domain, within 5 nucleotides of the 3’ end of the 5° extension domain, or
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more than 5 nucleotides away from one or both ends of the 5 extension domain. In an
embodiment, no two consecutive nucleotides are modified within 5 nucleotides of the 5’ end of
the 5’ extension domain, within 5 nucleotides of the 3’ end of the 5’ extension domain, or within
a region that is more than 5 nucleotides away from one or both ends of the 5 extension domain.
In an embodiment, no nucleotide is modified within 5 nucleotides of the 5’ end of the 5°
extension domain, within 5 nucleotides of the 3’ end of the 5’ extension domain, or within a
region that is more than 5 nucleotides away from one or both ends of the 5° extension domain.

Modifications in the 5’ extension domain can be selected so as to not interfere with
gRNA molecule efficacy, which can be evaluated by testing a candidate modification in the
system described in Section IV. gRNAs having a candidate 5° extension domain having a
selected length, sequence, degree of complementarity, or degree of modification, can be
evaluated in the system described at Section IV. The candidate 5° extension domain can be
placed, either alone, or with one or more other candidate changes in a gRNA molecule/Cas9
molecule system known to be functional with a selected target and evaluated.

In an embodiment, the 5’ extension domain has at least 60, 70, 80, 85, 90 or 95%
homology with, or differs by no more than 1, 2, 3, 4, 5 or 6 nucleotides from, a reference 5’
extention domain, e.g., a naturally occurring, e.g., an S. pyogenes, S. aureus or S. thermophilus,

5’ extention domain, or a 5’ extension domain described herein, e.g., from Figs. 1A-1G.

The Linking Domain

In a unimolecular gRNA molecule, the linking domain is disposed between the first and
second complementarity domains. In a modular gRNA molecule, the two molecules are
associated with one another by the complementarity domains.

In an embodiment, the linking domain is 10 +/-5, 20+/-5, 30+/-5, 40+/-5, 50+/-5, 60+/-5,
70+/-5, 80+/-5, 90+/-5, or 100+/-5 nucleotides, in length.

In an embodiment, the linking domain is 20+/-10, 30+/-10, 40+/-10, 50+/-10, 60+/-10,
70+/-10, 80+/-10, 90+/-10, or 100+/-10 nucleotides in length.

In an embodiment, the linking domain is 10 to 100, 10 to 90, 10 to 80, 10 to 70, 10 to 60,
10 to 50, 10 to 40, 10 to 30, 10 to 20 or 10 to 15 nucleotides in length. In other embodiments,
the linking domain is 20 to 100, 20 to 90, 20 to 80, 20 to 70, 20 to 60, 20 to 50, 20 to 40, 20 to
30, or 20 to 25 nucleotides in length.
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In an embodiment, the linking domainis 1, 2, 3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16
17, 18, 19, or 20 nucleotides in length.

In and embodiment, the linking domain is a covalent bond.

In an embodiment, the linking domain comprises a duplexed region, typically adjacent to
or within 1, 2, or 3 nucleotides of the 3’ end of the first complementarity domain and/or the 5-
end of the second complementarity domain. In an embodiment, the duplexed region can be
20+4/-10 base pairs in length. In an embodiment, the duplexed region can be 10+/-5, 15+/-5,
20+/-5, or 30+/-5 base pairs in length. In an embodiment, the duplexed region can be 1, 2, 3, 4,
5,6,7,8,9,10, 11, 12, 13, 14, or 15 base pairs in length.

Typically the sequences forming the duplexed region have exact complementarity with
one another, though in some embodiments as many as 1, 2, 3, 4, 5, 6, 7 or § nucleotides are not
complementary with the corresponding nucleotides.

In an embodiment, the linking domain nucleotides do not comprise modifications, e.g.,
modifications of the type provided in Section VIII. However, in an embodiment, the linking
domain comprises one or more modifications, €.g., modifications that it render it less susceptible
to degradation or more bio-compatible, e.g., less immunogenic. By way of example, the
backbone of the linking domain can be modified with a phosphorothioate, or other
modification(s) from Section VIII. In an embodiment, a nucleotide of the linking domain can
comprise a 2’ modification, e.g., a 2-acetylation, e.g., a 2’ methylation, or other modification(s)
from Section VIII.

In some embodiments, the linking domain can comprise as many as 1, 2, 3,4, 5,6, 7 or 8
modifications.

Modifications in a linking domain can be selected so as to not interfere with targeting
efficacy, which can be evaluated by testing a candidate modification in the system described in
Section IV. gRNAs having a candidate linking domain having a selected length, sequence,
degree of complementarity, or degree of modification, can be evaluated a system described in
Section IV. A candidate linking domain can be placed, either alone, or with one or more other
candidate changes in a gRNA molecule/Cas9 molecule system known to be functional with a

selected target and evaluated.
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In an embodiment, the linking domain has at least 60, 70, 80, 85, 90 or 95% homology
with, or differs by no more than 1, 2, 3, 4, 5 or 6 nucleotides from, a reference linking domain,

e.g., a linking domain described herein, e.g., from Figs. 1A-1G.

The Proximal Domain

In an embodiment, the proximal domain is 6 +/-2, 7+/-2, 8+/-2, 9+/-2, 10+/-2, 11+/-2,
124/-2, 134/-2, 14+/-2, 144/-2, 164/-2, 17+/-2, 184/-2, 194/-2, or 20+/-2 nucleotides in length.

In an embodiment, the proximal domainis 6, 7, 8, 9, 10, 11, 12, 13, 14, 14, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25 or 26 nucleotides in length.

In an embodiment, the proximal domain is 5 to 20, 7, to 18, 9 to 16, or 10 to 14
nucleotides in length.

In an embodiment, the proximal domain nucleotides do not comprise modifications, e.g.,
modifications of the type provided in Section VIII. However, in an embodiment, the proximal
domain comprises one or more modifications, €.g., modifications that it render it less susceptible
to degradation or more bio-compatible, e.g., less immunogenic. By way of example, the
backbone of the proximal domain can be modified with a phosphorothioate, or other
modification(s) from Section VIII. In an embodiment, a nucleotide of the proximal domain can
comprise a 2’ modification, e.g., a 2-acetylation, e.g., a 2’ methylation, or other modification(s)
from Section VIII.

In some embodiments, the proximal domain can comprise as many as 1, 2, 3, 4,5, 6,7 or
8 modifications. In an embodiment, the proximal domain comprises as many as 1, 2, 3, or 4
modifications within 5 nucleotides of its 5’ end, e.g., in a modular gRNA molecule. In an
embodiment, the target domain comprises as many as 1, 2, 3, or 4 modifications within 5
nucleotides of its 3’ end, e.g., in a modular gRNA molecule.

In some embodiments, the proximal domain comprises modifications at two consecutive
nucleotides, e.g., two consecutive nucleotides that are within 5 nucleotides of the 5’ end of the
proximal domain, within 5 nucleotides of the 3’ end of the proximal domain, or more than 5
nucleotides away from one or both ends of the proximal domain. In an embodiment, no two
consecutive nucleotides are modified within 5 nucleotides of the 5° end of the proximal domain,
within 5 nucleotides of the 3’ end of the proximal domain, or within a region that is more than 5

nucleotides away from one or both ends of the proximal domain. In an embodiment, no
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nucleotide is modified within 5 nucleotides of the 5° end of the proximal domain, within 5
nucleotides of the 3” end of the proximal domain, or within a region that is more than 5
nucleotides away from one or both ends of the proximal domain.

Modifications in the proximal domain can be selected so as to not interfere with gRNA
molecule efficacy, which can be evaluated by testing a candidate modification in the system
described in Section IV. gRNAs having a candidate proximal domain having a selected length,
sequence, degree of complementarity, or degree of modification, can be evaluated in the system
described at Section IV. The candidate proximal domain can be placed, either alone, or with one
or more other candidate changes in a gRNA molecule/Cas9 molecule system known to be
functional with a selected target and evaluated.

In an embodiment, the proximal domain has at least 60, 70, 80, 85 90 or 95% homology
with, or differs by no more than 1, 2, 3, 4, 5, or 6 nucleotides from, a reference proximal domain,
e.g., a naturally occurring, e.g., an S. pyogenes, S. aureus or S. thermophilus, proximal domain,

or a proximal domain described herein, e.g., from Figs. 1A-1G.

The Tail Domain
In an embodiment, the tail domain is 10 +/-5, 20+/-5, 30+/-5, 40+/-5, 50+/-5, 60+/-5,
70+/-5, 80+/-5, 90+/-5, or 100+/-5 nucleotides in length.

In an embodiment, the tail domain is 20+/-5 nucleotides in length.

In an embodiment, the tail domain is 20+/-10, 30+/-10, 40+/-10, 50+/-10, 60+/-10, 70+/-
10, 80+/-10, 90+/-10, or 100+/-10 nucleotides, in length.

In an embodiment, the tail domain is 25+/-10 nucleotides in length.

In an embodiment, the tail domain is 10 to 100, 10 to 90, 10 to 80, 10 to 70, 10 to 60, 10
to 50, 10 to 40, 10 to 30, 10 to 20 or 10 to 15 nucleotides in length.

In other embodiments, the tail domain is 20 to 100, 20 to 90, 20 to 80, 20 to 70, 20 to 60,
20 to 50, 20 to 40, 20 to 30, or 20 to 25 nucleotides in length.

In an embodiment, the tail domainis 1 to 20, 1 to 1, 1 to 10, or 1 to 5 nucleotides in
length.

In an embodiment, the tail domain nucleotides do not comprise modifications, e.g.,
modifications of the type provided in Section VIII. However, in an embodiment, the tail domain

comprises one or more modifications, e.g., modifications that it render it less susceptible to
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degradation or more bio-compatible, e.g., less immunogenic. By way of example, the backbone
of the tail domain can be modified with a phosphorothioate, or other modification(s) from
Section VIII. In an embodiment, a nucleotide of the tail domain can comprise a 2’ modification,
e.g., a 2-acetylation, e.g., a 2’ methylation, or other modification(s) from Section VIIL

In some embodiments, the tail domain can have as many as 1, 2, 3,4, 5,6, 7 or 8
modifications. In an embodiment, the target domain comprises as many as 1, 2, 3, or 4
modifications within 5 nucleotides of its 5’ end. In an embodiment, the target domain comprises
as many as 1, 2, 3, or 4 modifications within 5 nucleotides of its 3" end.

In an embodiment, the tail domain comprises a tail duplex domain, which can form a tail
duplexed region. In an embodiment, the tail duplexed region can be 3, 4,5, 6,7, 8,9, 10, 11, or
12 base pairs in length. In an embodiment, a further single stranded domain, exists 3’ to the tail
duplexed domain. In an embodiment, this domain is 3, 4, 5, 6, 7, 8, 9, or 10 nucleotides in
length. In an embodiment, it is 4 to 6 nucleotides in length.

In an embodiment, the tail domain has at least 60, 70, 80, 90 or 95% homology with, or
differs by no more than 1, 2, 3, 4, 5 or 6 nucleotides from, a reference tail domain, e.g., a
naturally occurring, e.g., an S. pyogenes, S. aureus or S. thermophilus, tail domain, or a tail
domain described herein, e.g., from Figs. 1A-1G.

In an embodiment, the proximal and tail domain, taken together comprise the following

sequences:

AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCU (SEQ ID
NO: 33), or
AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGGUGC (SEQ ID
NO: 34), or
AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCGGAUC (SEQ
ID NO: 35), or
AAGGCUAGUCCGUUAUCAACUUGAAAAAGUG (SEQ ID NO: 36), or
AAGGCUAGUCCGUUAUCA (SEQ ID NO: 37), or AAGGCUAGUCCG (SEQ ID NO: 38).
In an embodiment, the tail domain comprises the 3* sequence UUUUUU, e.g., if a U6
promoter is used for transcription.
In an embodiment, the tail domain comprises the 3° sequence UUUU, e.g., if an H1
promoter is used for transcription.

In an embodiment, tail domaincomprises variable numbers of 3’ Us depending, e.g., on

the termination signal of the pol-III promoter used.
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In an embodiment, the tail domaincomprises variable 3” sequence derived from the DNA
template if a T7 promoter is used.

In an embodiment, the tail domain comprises variable 3’ sequence derived from the DNA
template, e.g., if in vitro transcription is used to generate the RNA molecule.

In an embodiment, the tail domain comprises variable 3’ sequence derived from the DNA
template, €., if a pol-II promoter is used to drive transcription.

Modifications in the tail domain can be selected so as to not interfere with targeting
efficacy, which can be evaluated by testing a candidate modification in the system described in
Section IV. gRNAs having a candidate tail domain having a selected length, sequence, degree of
complementarity, or degree of modification, can be evaluated in the system described in Section
IV. The candidate tail domain can be placed, either alone, or with one or more other candidate
changes in a gRNA molecule/Cas9 molecule system known to be functional with a selected
target and evaluated.

In some embodiments, the tail domain comprises modifications at two consecutive
nucleotides, e.g., two consecutive nucleotides that are within 5 nucleotides of the 5’ end of the
tail domain, within 5 nucleotides of the 3’ end of the tail domain, or more than 5 nucleotides
away from one or both ends of the tail domain. In an embodiment, no two consecutive
nucleotides are modified within 5 nucleotides of the 5’ end of the tail domain, within 5
nucleotides of the 3” end of the tail domain, or within a region that is more than 5 nucleotides
away from one or both ends of the tail domain. In an embodiment, no nucleotide is modified
within 5 nucleotides of the 5’ end of the tail domain, within 5 nucleotides of the 3’ end of the tail
domain, or within a region that is more than 5 nucleotides away from one or both ends of the tail
domain.

In an embodiment, a gRNA has the following structure:

5’ [targeting domain]-[first complementarity domain]-[linking domain]-[second
complementarity domain]-[proximal domain]-[tail domain]-3’,

wherein the targeting domain comprises a core domain and, optionally, a secondary
domain, and is 10 to 50 nucleotides in length;

the first complementarity domain is 5 to 25 nucleotides in length and, in an embodiment,
has at least 50, 60, 70, 80, 85, 90 or 95% homology with a reference first complementarity

domain disclosed herein;
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the linking domain is 1 to 5 nucleotides in length;

the second complementarity domain is 5 to 27 nucleotides in length and, in an
embodiment has at least 50, 60, 70, 80, 85, 90 or 95% homology with a reference second
complementarity domain disclosed herein;

the proximal domain is 5 to 20 nucleotides in length and, in an embodiment has at least
50, 60, 70, 80, 85, 90 or 95% homology with a reference proximal domain disclosed herein;

and the tail domain is absent or a nucleotide sequence is 1 to 50 nucleotides in length and,
in an embodiment, has at least 50, 60, 70, 80, 85, 90 or 95% homology with a reference tail

domain disclosed herein.

Exemplary Chimeric gRNAs

In an embodiment, a unimolecular, or chimeric, gRNA comprises, preferably from 5’ to
3%

a targeting domain (which is complementary to a target nucleic acid);

a first complementarity domain, e.g., comprising 15, 16, 17, 18, 19, 20, 21, 22,
23, 24, 25, or 26 nucleotides;

a linking domain;

a second complementarity domain (which is complementary to the first
complementarity domain);

a proximal domain; and

a tail domain,

wherein,

(a) the proximal and tail domain, when taken together, comprise

at least 15, 18, 20, 25, 30, 31, 35, 40, 45, 49, 50, or 53 nucleotides;

(b) there are at least 15, 18, 20, 25, 30, 31, 35, 40, 45, 49, 50, or 53 nucleotides 3’

to the last nucleotide of the second complementarity domain; or

(c) there are at least 16, 19, 21, 26, 31, 32, 36, 41, 46, 50, 51, or 54 nucleotides 3’

to the last nucleotide of the second complementarity domain that is

complementary to its corresponding nucleotide of the first complementarity

domain.
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In an embodiment, the sequence from (a), (b), or (c), has at least 60, 75, 80, 85, 90, 95, or
99% homology with the corresponding sequence of a naturally occurring gRNA, or with a gRNA
described herein.

In an embodiment, the proximal and tail domain, when taken together, comprise at least
15, 18, 20, 25, 30, 31, 35, 40, 45, 49, 50, or 53 nucleotides.

In an embodiment, there are at least 15, 18, 20, 25, 30, 31, 35, 40, 45, 49, 50, or 53
nucleotides 3’ to the last nucleotide of the second complementarity domain.

In an embodiment, there are at least 16, 19, 21, 26, 31, 32, 36, 41, 46, 50, 51, or 54
nucleotides 3’ to the last nucleotide of the second complementarity domain that is
complementary to its corresponding nucleotide of the first complementarity domain.

In an embodiment, the targeting domain comprises, has, or consists of, 16, 17, 18, 19, 20,
21,22, 23, 24, 25 or 26 nucleotides (e.g., 16, 17, 18, 19, 20, 21, 22, 23, 24, 25 or 26 consecutive
nucleotides) having complementarity with the target domain, e.g., the targeting domain is 16, 17,
18, 19, 20, 21, 22, 23, 24, 25 or 26 nucleotides in length.

In an embodiment, the targeting domain comprises, has, or consists of, 16 nucleotides
(e.g., 16 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 16 nucleotides in length.

In an embodiment, the targeting domain comprises, has, or consists of, 17 nucleotides
(e.g., 17 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 17 nucleotides in length.

In an embodiment, the targeting domain comprises, has, or consists of, 18 nucleotides
(e.g., 18 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 18 nucleotides in length.

In an embodiment, the targeting domain comprises, has, or consists of, 19 nucleotides
(e.g., 19 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 19 nucleotides in length.

In an embodiment, the targeting domain comprises, has, or consists of, 20 nucleotides
(e.g., 20 consecutive nucleotides) having complementarity with the target domain, e.g., the

targeting domain is 20 nucleotides in length.

74



10

15

20

25

30

WO 2015/134812 PCT/US2015/019064

In an embodiment, the targeting domain comprises, has, or consists of, 21 nucleotides
(e.g., 21 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 21 nucleotides in length.

In an embodiment, the targeting domain comprises, has, or consists of, 22 nucleotides
(e.g., 22 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 22 nucleotides in length.

In an embodiment, the targeting domain comprises, has, or consists of, 23 nucleotides
(e.g., 23 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 23 nucleotides in length.

In an embodiment, the targeting domain comprises, has, or consists of, 24 nucleotides
(e.g., 24 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 24 nucleotides in length.

In an embodiment, the targeting domain comprises, has, or consists of, 25 nucleotides
(e.g., 25 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 25 nucleotides in length.

In an embodiment, the targeting domain comprises, has, or consists of, 26 nucleotides
(e.g., 26 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 26 nucleotides in length.

In an embodiment, the targeting domain comprises, has, or consists of, 16 nucleotides
(e.g., 16 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 16 nucleotides in length; and the proximal and tail domain, when taken
together, comprise at least 15, 18, 20, 25, 30, 31, 35, 40, 45, 49, 50, or 53 nucleotides.

In an embodiment, the targeting domain comprises, has, or consists of, 16 nucleotides
(e.g., 16 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 16 nucleotides in length; and there are at least 15, 18, 20, 25, 30, 31, 35, 40,
45, 49, 50, or 53 nucleotides 3’ to the last nucleotide of the second complementarity domain.

In an embodiment, the targeting domain comprises, has, or consists of, 16 nucleotides
(e.g., 16 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 16 nucleotides in length; and there are at least 16, 19, 21, 26, 31, 32, 36, 41,
46, 50, 51, or 54 nucleotides 3’ to the last nucleotide of the second complementarity domain that

is complementary to its corresponding nucleotide of the first complementarity domain.
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In an embodiment, the targeting domain comprises, has, or consists of, 17 nucleotides
(e.g., 17 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 17 nucleotides in length; and the proximal and tail domain, when taken
together, comprise at least 15, 18, 20, 25, 30, 31, 35, 40, 45, 49, 50, or 53 nucleotides.

In an embodiment, the targeting domain comprises, has, or consists of, 17 nucleotides
(e.g., 17 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 17 nucleotides in length; and there are at least 15, 18, 20, 25, 30, 31, 35, 40,
45, 49, 50, or 53 nucleotides 3’ to the last nucleotide of the second complementarity domain.

In an embodiment, the targeting domain comprises, has, or consists of, 17 nucleotides
(e.g., 17 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 17 nucleotides in length; and there are at least 16, 19, 21, 26, 31, 32, 36, 41,
46, 50, 51, or 54 nucleotides 3’ to the last nucleotide of the second complementarity domain that
is complementary to its corresponding nucleotide of the first complementarity domain.

In an embodiment, the targeting domain comprises, has, or consists of, 18 nucleotides
(e.g., 18 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 18 nucleotides in length; and the proximal and tail domain, when taken
together, comprise at least 15, 18, 20, 25, 30, 31, 35, 40, 45, 49, 50, or 53 nucleotides.

In an embodiment, the targeting domain comprises, has, or consists of, 18 nucleotides
(e.g., 18 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 18 nucleotides in length; and there are at least 15, 18, 20, 25, 30, 31, 35, 40,
45, 49, 50, or 53 nucleotides 3’ to the last nucleotide of the second complementarity domain.

In an embodiment, the targeting domain comprises, has, or consists of, 18 nucleotides
(e.g., 18 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 18 nucleotides in length; and there are at least 16, 19, 21, 26, 31, 32, 36, 41,
46, 50, 51, or 54 nucleotides 3’ to the last nucleotide of the second complementarity domain that
is complementary to its corresponding nucleotide of the first complementarity domain.

In an embodiment, the targeting domain comprises, has, or consists of, 19 nucleotides
(e.g., 19 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 19 nucleotides in length; and the proximal and tail domain, when taken

together, comprise at least 15, 18, 20, 25, 30, 31, 35, 40, 45, 49, 50, or 53 nucleotides.
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In an embodiment, the targeting domain comprises, has, or consists of, 19 nucleotides
(e.g., 19 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 19 nucleotides in length; and there are at least 15, 18, 20, 25, 30, 31, 35, 40,
45, 49, 50, or 53 nucleotides 3’ to the last nucleotide of the second complementarity domain.

In an embodiment, the targeting domain comprises, has, or consists of, 19 nucleotides
(e.g., 19 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 19 nucleotides in length; and there are at least 16, 19, 21, 26, 31, 32, 36, 41,
46, 50, 51, or 54 nucleotides 3’ to the last nucleotide of the second complementarity domain that
is complementary to its corresponding nucleotide of the first complementarity domain.

In an embodiment, the targeting domain comprises, has, or consists of, 20 nucleotides
(e.g., 20 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 20 nucleotides in length; and the proximal and tail domain, when taken
together, comprise at least 15, 18, 20, 25, 30, 31, 35, 40, 45, 49, 50, or 53 nucleotides.

In an embodiment, the targeting domain comprises, has, or consists of, 20 nucleotides
(e.g., 20 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 20 nucleotides in length; and there are at least 15, 18, 20, 25, 30, 31, 35, 40,
45, 49, 50, or 53 nucleotides 3’ to the last nucleotide of the second complementarity domain.

In an embodiment, the targeting domain comprises, has, or consists of, 20 nucleotides
(e.g., 20 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 20 nucleotides in length; and there are at least 16, 19, 21, 26, 31, 32, 36, 41,
46, 50, 51, or 54 nucleotides 3’ to the last nucleotide of the second complementarity domain that
is complementary to its corresponding nucleotide of the first complementarity domain.

In an embodiment, the targeting domain comprises, has, or consists of, 21 nucleotides
(e.g., 21 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 21 nucleotides in length; and the proximal and tail domain, when taken
together, comprise at least 15, 18, 20, 25, 30, 31, 35, 40, 45, 49, 50, or 53 nucleotides.

In an embodiment, the targeting domain comprises, has, or consists of, 21 nucleotides
(e.g., 21 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 21 nucleotides in length; and there are at least 15, 18, 20, 25, 30, 31, 35, 40,

45, 49, 50, or 53 nucleotides 3’ to the last nucleotide of the second complementarity domain.

77



10

15

20

25

30

WO 2015/134812 PCT/US2015/019064

In an embodiment, the targeting domain comprises, has, or consists of, 21 nucleotides
(e.g., 21 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 21 nucleotides in length; and there are at least 16, 19, 21, 26, 31, 32, 36, 41,
46, 50, 51, or 54 nucleotides 3’ to the last nucleotide of the second complementarity domain that
is complementary to its corresponding nucleotide of the first complementarity domain.

In an embodiment, the targeting domain comprises, has, or consists of, 22 nucleotides
(e.g., 22 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 22 nucleotides in length; and the proximal and tail domain, when taken
together, comprise at least 15, 18, 20, 25, 30, 31, 35, 40, 45, 49, 50, or 53 nucleotides.

In an embodiment, the targeting domain comprises, has, or consists of, 22 nucleotides
(e.g., 22 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 22 nucleotides in length; and there are at least 15, 18, 20, 25, 30, 31, 35, 40,
45, 49, 50, or 53 nucleotides 3’ to the last nucleotide of the second complementarity domain.

In an embodiment, the targeting domain comprises, has, or consists of, 22 nucleotides
(e.g., 22 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 22 nucleotides in length; and there are at least 16, 19, 21, 26, 31, 32, 36, 41,
46, 50, 51, or 54 nucleotides 3’ to the last nucleotide of the second complementarity domain that
is complementary to its corresponding nucleotide of the first complementarity domain.

In an embodiment, the targeting domain comprises, has, or consists of, 23 nucleotides
(e.g., 23 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 23 nucleotides in length; and the proximal and tail domain, when taken
together, comprise at least 15, 18, 20, 25, 30, 31, 35, 40, 45, 49, 50, or 53 nucleotides.

In an embodiment, the targeting domain comprises, has, or consists of, 23 nucleotides
(e.g., 23 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 23 nucleotides in length; and there are at least 15, 18, 20, 25, 30, 31, 35, 40,
45, 49, 50, or 53 nucleotides 3’ to the last nucleotide of the second complementarity domain.

In an embodiment, the targeting domain comprises, has, or consists of, 23 nucleotides
(e.g., 23 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 23 nucleotides in length; and there are at least 16, 19, 21, 26, 31, 32, 36, 41,
46, 50, 51, or 54 nucleotides 3’ to the last nucleotide of the second complementarity domain that

is complementary to its corresponding nucleotide of the first complementarity domain.
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In an embodiment, the targeting domain comprises, has, or consists of, 24 nucleotides
(e.g., 24 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 24 nucleotides in length; and the proximal and tail domain, when taken
together, comprise at least 15, 18, 20, 25, 30, 31, 35, 40, 45, 49, 50, or 53 nucleotides.

In an embodiment, the targeting domain comprises, has, or consists of, 24 nucleotides
(e.g., 24 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 24 nucleotides in length; and there are at least 15, 18, 20, 25, 30, 31, 35, 40,
45, 49, 50, or 53 nucleotides 3’ to the last nucleotide of the second complementarity domain.

In an embodiment, the targeting domain comprises, has, or consists of, 24 nucleotides
(e.g., 24 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 24 nucleotides in length; and there are at least 16, 19, 21, 26, 31, 32, 36, 41,
46, 50, 51, or 54 nucleotides 3’ to the last nucleotide of the second complementarity domain that
is complementary to its corresponding nucleotide of the first complementarity domain.

In an embodiment, the targeting domain comprises, has, or consists of, 25 nucleotides
(e.g., 25 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 25 nucleotides in length; and the proximal and tail domain, when taken
together, comprise at least 15, 18, 20, 25, 30, 31, 35, 40, 45, 49, 50, or 53 nucleotides.

In an embodiment, the targeting domain comprises, has, or consists of, 25 nucleotides
(e.g., 25 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 25 nucleotides in length; and there are at least 15, 18, 20, 25, 30, 31, 35, 40,
45, 49, 50, or 53 nucleotides 3’ to the last nucleotide of the second complementarity domain.

In an embodiment, the targeting domain comprises, has, or consists of, 25 nucleotides
(e.g., 25 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 25 nucleotides in length; and there are at least 16, 19, 21, 26, 31, 32, 36, 41,
46, 50, 51, or 54 nucleotides 3’ to the last nucleotide of the second complementarity domain that
is complementary to its corresponding nucleotide of the first complementarity domain.

In an embodiment, the targeting domain comprises, has, or consists of, 26 nucleotides
(e.g., 26 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 26 nucleotides in length; and the proximal and tail domain, when taken

together, comprise at least 15, 18, 20, 25, 30, 31, 35, 40, 45, 49, 50, or 53 nucleotides.
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In an embodiment, the targeting domain comprises, has, or consists of, 26 nucleotides
(e.g., 26 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 26 nucleotides in length; and there are at least 15, 18, 20, 25, 30, 31, 35, 40,
45, 49, 50, or 53 nucleotides 3’ to the last nucleotide of the second complementarity domain.

In an embodiment, the targeting domain comprises, has, or consists of, 26 nucleotides
(e.g., 26 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 26 nucleotides in length; and there are at least 16, 19, 21, 26, 31, 32, 36, 41,
46, 50, 51, or 54 nucleotides 3’ to the last nucleotide of the second complementarity domain that
is complementary to its corresponding nucleotide of the first complementarity domain.

In an embodiment, the unimolecular, or chimeric, gRNA molecule (comprising a
targeting domain, a first complementary domain, a linking domain, a second complementary
domain, a proximal domain and, optionally, a tail domain) comprises the following sequence in
which the targeting domain is depicted as 20 Ns but could be any sequence and range in length
from 16 to 26 nucleotides and in which the gRNA sequence is followed by 6 Us, which serve as
a termination signal for the U6 promoter, but which could be either absent or fewer in number:
NNNNNNNNNNNNNNNNNNNNGUUUUAGAGCUAGAAAUAGCAAGUUAAAAUAAGG
CUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU. Inan
embodiment, the unimolecular, or chimeric, gRNA molecule is a S. pyogenes gRNA molecule.

In some embodiments, the unimolecular, or chimeric, gRNA molecule (comprising a
targeting domain, a first complementary domain, a linking domain, a second complementary
domain, a proximal domain and, optionally, a tail domain) comprises the following sequence in
which the targeting domain is depicted as 20 Ns but could be any sequence and range in length
from 16 to 26 nucleotides and in which the gRNA sequence is followed by 6 Us, which serve as
a termination signal for the U6 promoter, but which could be either absent or fewer in number:
NNNNNNNNNNNNNNNNNNNNGUUUUAGUACUCUGGAAACAGAAUCUACUAAAAC
AAGGCAAAAUGCCGUGUUUAUCUCGUCAACUUGUUGGCGAGAUUUUUU. In an

embodiment, the unimolecular, or chimeric, gRNA molecule is a §. aureus gRNA molecule.

Exemplary Modular gRNASs

In an embodiment, a modular gRNA comprises:

a first strand comprising, preferably from 5’ to 3°;
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a targeting domain, e.g., comprising 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,

25, or 26 nucleotides;

a first complementarity domain; and

a second strand, comprising, preferably from 5’ to 3’;

optionally a 5° extension domain;

a second complementarity domain;

a proximal domain; and

a tail domain,
wherein:
(a) the proximal and tail domain, when taken together, comprise
at least 15, 18, 20, 25, 30, 31, 35, 40, 45, 49, 50, or 53 nucleotides;
(b) there are at least 15, 18, 20, 25, 30, 31, 35, 40, 45, 49, 50, or 53 nucleotides 3’
to the last nucleotide of the second complementarity domain; or
(c) there are at least 16, 19, 21, 26, 31, 32, 36, 41, 46, 50, 51, or 54 nucleotides 3’
to the last nucleotide of the second complementarity domain that is
complementary to its corresponding nucleotide of the first complementarity
domain.

In an embodiment, the sequence from (a), (b), or (c), has at least 60, 75, 80, 85, 90, 95, or
99% homology with the corresponding sequence of a naturally occurring gRNA, or with a gRNA
described herein.

In an embodiment, the proximal and tail domain, when taken together, comprise at least
15, 18, 20, 25, 30, 31, 35, 40, 45, 49, 50, or 53 nucleotides.

In an embodiment, there are at least 15, 18, 20, 25, 30, 31, 35, 40, 45, 49, 50, or 53
nucleotides 3’ to the last nucleotide of the second complementarity domain.

In an embodiment, there are at least 16, 19, 21, 26, 31, 32, 36, 41, 46, 50, 51, or 54
nucleotides 3’ to the last nucleotide of the second complementarity domain that is
complementary to its corresponding nucleotide of the first complementarity domain.

In an embodiment, the targeting domain comprises, has, or consists of, 16, 17, 18, 19, 20,
21,22, 23, 24, 25 or 26 nucleotides (e.g., 16, 17, 18, 19, 20, 21, 22, 23, 24, 25 or 26 consecutive
nucleotides) having complementarity with the target domain, e.g., the targeting domain is 16, 17,

18, 19, 20, 21, 22, 23, 24, 25 or 26 nucleotides in length.
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In an embodiment, the targeting domain comprises, has, or consists of, 16 nucleotides
(e.g., 16 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 16 nucleotides in length.

In an embodiment, the targeting domain comprises, has, or consists of, 17 nucleotides
(e.g., 17 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 17 nucleotides in length.

In an embodiment, the targeting domain comprises, has, or consists of, 18 nucleotides
(e.g., 18 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 18 nucleotides in length.

In an embodiment, the targeting domain comprises, has, or consists of, 19 nucleotides
(e.g., 19 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 19 nucleotides in length.

In an embodiment, the targeting domain comprises, has, or consists of, 20 nucleotides
(e.g., 20 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 20 nucleotides in length.

In an embodiment, the targeting domain comprises, has, or consists of, 21 nucleotides
(e.g., 21 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 21 nucleotides in length.

In an embodiment, the targeting domain comprises, has, or consists of, 22 nucleotides
(e.g., 22 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 22 nucleotides in length.

In an embodiment, the targeting domain comprises, has, or consists of, 23 nucleotides
(e.g., 23 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 23 nucleotides in length.

In an embodiment, the targeting domain comprises, has, or consists of, 24 nucleotides
(e.g., 24 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 24 nucleotides in length.

In an embodiment, the targeting domain comprises, has, or consists of, 25 nucleotides
(e.g., 25 consecutive nucleotides) having complementarity with the target domain, e.g., the

targeting domain is 25 nucleotides in length.
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In an embodiment, the targeting domain comprises, has, or consists of, 26 nucleotides
(e.g., 26 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 26 nucleotides in length.

In an embodiment, the targeting domain comprises, has, or consists of, 16 nucleotides
(e.g., 16 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 16 nucleotides in length; and the proximal and tail domain, when taken
together, comprise at least 15, 18, 20, 25, 30, 31, 35, 40, 45, 49, 50, or 53 nucleotides.

In an embodiment, the targeting domain comprises, has, or consists of, 16 nucleotides
(e.g., 16 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 16 nucleotides in length; and there are at least 15, 18, 20, 25, 30, 31, 35, 40,
45, 49, 50, or 53 nucleotides 3’ to the last nucleotide of the second complementarity domain.

In an embodiment, the targeting domain comprises, has, or consists of, 16 nucleotides
(e.g., 16 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 16 nucleotides in length; and there are at least 16, 19, 21, 26, 31, 32, 36, 41,
46, 50, 51, or 54 nucleotides 3’ to the last nucleotide of the second complementarity domain that
is complementary to its corresponding nucleotide of the first complementarity domain.

In an embodiment, the targeting domain comprises, has, or consists of, 17 nucleotides
(e.g., 17 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 17 nucleotides in length; and the proximal and tail domain, when taken
together, comprise at least 15, 18, 20, 25, 30, 31, 35, 40, 45, 49, 50, or 53 nucleotides.

In an embodiment, the targeting domain comprises, has, or consists of, 17 nucleotides
(e.g., 17 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 17 nucleotides in length; and there are at least 15, 18, 20, 25, 30, 31, 35, 40,
45, 49, 50, or 53 nucleotides 3’ to the last nucleotide of the second complementarity domain.

In an embodiment, the targeting domain comprises, has, or consists of, 17 nucleotides
(e.g., 17 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 17 nucleotides in length; and there are at least 16, 19, 21, 26, 31, 32, 36, 41,
46, 50, 51, or 54 nucleotides 3’ to the last nucleotide of the second complementarity domain that
is complementary to its corresponding nucleotide of the first complementarity domain.

In an embodiment, the targeting domain comprises, has, or consists of, 18 nucleotides

(e.g., 18 consecutive nucleotides) having complementarity with the target domain, e.g., the
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targeting domain is 18 nucleotides in length; and the proximal and tail domain, when taken
together, comprise at least 15, 18, 20, 25, 30, 31, 35, 40, 45, 49, 50, or 53 nucleotides.

In an embodiment, the targeting domain comprises, has, or consists of, 18 nucleotides
(e.g., 18 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 18 nucleotides in length; and there are at least 15, 18, 20, 25, 30, 31, 35, 40,
45, 49, 50, or 53 nucleotides 3’ to the last nucleotide of the second complementarity domain.

In an embodiment, the targeting domain comprises, has, or consists of, 18 nucleotides
(e.g., 18 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 18 nucleotides in length; and there are at least 16, 19, 21, 26, 31, 32, 36, 41,
46, 50, 51, or 54 nucleotides 3’ to the last nucleotide of the second complementarity domain that
is complementary to its corresponding nucleotide of the first complementarity domain.

In an embodiment, the targeting domain comprises, has, or consists of, 19 nucleotides
(e.g., 19 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 19 nucleotides in length; and the proximal and tail domain, when taken
together, comprise at least 15, 18, 20, 25, 30, 31, 35, 40, 45, 49, 50, or 53 nucleotides.

In an embodiment, the targeting domain comprises, has, or consists of, 19 nucleotides
(e.g., 19 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 19 nucleotides in length; and there are at least 15, 18, 20, 25, 30, 31, 35, 40,
45, 49, 50, or 53 nucleotides 3’ to the last nucleotide of the second complementarity domain.

In an embodiment, the targeting domain comprises, has, or consists of, 19 nucleotides
(e.g., 19 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 19 nucleotides in length; and there are at least 16, 19, 21, 26, 31, 32, 36, 41,
46, 50, 51, or 54 nucleotides 3’ to the last nucleotide of the second complementarity domain that
is complementary to its corresponding nucleotide of the first complementarity domain.

In an embodiment, the targeting domain comprises, has, or consists of, 20 nucleotides
(e.g., 20 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 20 nucleotides in length; and the proximal and tail domain, when taken
together, comprise at least 15, 18, 20, 25, 30, 31, 35, 40, 45, 49, 50, or 53 nucleotides.

In an embodiment, the targeting domain comprises, has, or consists of, 20 nucleotides

(e.g., 20 consecutive nucleotides) having complementarity with the target domain, e.g., the
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targeting domain is 20 nucleotides in length; and there are at least 15, 18, 20, 25, 30, 31, 35, 40,
45, 49, 50, or 53 nucleotides 3’ to the last nucleotide of the second complementarity domain.

In an embodiment, the targeting domain comprises, has, or consists of, 20 nucleotides
(e.g., 20 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 20 nucleotides in length; and there are at least 16, 19, 21, 26, 31, 32, 36, 41,
46, 50, 51, or 54 nucleotides 3’ to the last nucleotide of the second complementarity domain that
is complementary to its corresponding nucleotide of the first complementarity domain.

In an embodiment, the targeting domain comprises, has, or consists of, 21 nucleotides
(e.g., 21 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 21 nucleotides in length; and the proximal and tail domain, when taken
together, comprise at least 15, 18, 20, 25, 30, 31, 35, 40, 45, 49, 50, or 53 nucleotides.

In an embodiment, the targeting domain comprises, has, or consists of, 21 nucleotides
(e.g., 21 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 21 nucleotides in length; and there are at least 15, 18, 20, 25, 30, 31, 35, 40,
45, 49, 50, or 53 nucleotides 3’ to the last nucleotide of the second complementarity domain.

In an embodiment, the targeting domain comprises, has, or consists of, 21 nucleotides
(e.g., 21 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 21 nucleotides in length; and there are at least 16, 19, 21, 26, 31, 32, 36, 41,
46, 50, 51, or 54 nucleotides 3’ to the last nucleotide of the second complementarity domain that
is complementary to its corresponding nucleotide of the first complementarity domain.

In an embodiment, the targeting domain comprises, has, or consists of, 22 nucleotides
(e.g., 22 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 22 nucleotides in length; and the proximal and tail domain, when taken
together, comprise at least 15, 18, 20, 25, 30, 31, 35, 40, 45, 49, 50, or 53 nucleotides.

In an embodiment, the targeting domain comprises, has, or consists of, 22 nucleotides
(e.g., 22 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 22 nucleotides in length; and there are at least 15, 18, 20, 25, 30, 31, 35, 40,
45, 49, 50, or 53 nucleotides 3’ to the last nucleotide of the second complementarity domain.

In an embodiment, the targeting domain comprises, has, or consists of, 22 nucleotides
(e.g., 22 consecutive nucleotides) having complementarity with the target domain, e.g., the

targeting domain is 22 nucleotides in length; and there are at least 16, 19, 21, 26, 31, 32, 36, 41,
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46, 50, 51, or 54 nucleotides 3’ to the last nucleotide of the second complementarity domain that
is complementary to its corresponding nucleotide of the first complementarity domain.

In an embodiment, the targeting domain comprises, has, or consists of, 23 nucleotides
(e.g., 23 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 23 nucleotides in length; and the proximal and tail domain, when taken
together, comprise at least 15, 18, 20, 25, 30, 31, 35, 40, 45, 49, 50, or 53 nucleotides.

In an embodiment, the targeting domain comprises, has, or consists of, 23 nucleotides
(e.g., 23 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 23 nucleotides in length; and there are at least 15, 18, 20, 25, 30, 31, 35, 40,
45, 49, 50, or 53 nucleotides 3’ to the last nucleotide of the second complementarity domain.

In an embodiment, the targeting domain comprises, has, or consists of, 23 nucleotides
(e.g., 23 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 23 nucleotides in length; and there are at least 16, 19, 21, 26, 31, 32, 36, 41,
46, 50, 51, or 54 nucleotides 3’ to the last nucleotide of the second complementarity domain that
is complementary to its corresponding nucleotide of the first complementarity domain.

In an embodiment, the targeting domain comprises, has, or consists of, 24 nucleotides
(e.g., 24 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 24 nucleotides in length; and the proximal and tail domain, when taken
together, comprise at least 15, 18, 20, 25, 30, 31, 35, 40, 45, 49, 50, or 53 nucleotides.

In an embodiment, the targeting domain comprises, has, or consists of, 24 nucleotides
(e.g., 24 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 24 nucleotides in length; and there are at least 15, 18, 20, 25, 30, 31, 35, 40,
45, 49, 50, or 53 nucleotides 3’ to the last nucleotide of the second complementarity domain.

In an embodiment, the targeting domain comprises, has, or consists of, 24 nucleotides
(e.g., 24 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 24 nucleotides in length; and there are at least 16, 19, 21, 26, 31, 32, 36, 41,
46, 50, 51, or 54 nucleotides 3’ to the last nucleotide of the second complementarity domain that
is complementary to its corresponding nucleotide of the first complementarity domain.

In an embodiment, the targeting domain comprises, has, or consists of, 25 nucleotides

(e.g., 25 consecutive nucleotides) having complementarity with the target domain, e.g., the
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targeting domain is 25 nucleotides in length; and the proximal and tail domain, when taken
together, comprise at least 15, 18, 20, 25, 30, 31, 35, 40, 45, 49, 50, or 53 nucleotides.

In an embodiment, the targeting domain comprises, has, or consists of, 25 nucleotides
(e.g., 25 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 25 nucleotides in length; and there are at least 15, 18, 20, 25, 30, 31, 35, 40,
45, 49, 50, or 53 nucleotides 3’ to the last nucleotide of the second complementarity domain.

In an embodiment, the targeting domain comprises, has, or consists of, 25 nucleotides
(e.g., 25 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 25 nucleotides in length; and there are at least 16, 19, 21, 26, 31, 32, 36, 41,
46, 50, 51, or 54 nucleotides 3’ to the last nucleotide of the second complementarity domain that
is complementary to its corresponding nucleotide of the first complementarity domain.

In an embodiment, the targeting domain comprises, has, or consists of, 26 nucleotides
(e.g., 26 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 26 nucleotides in length; and the proximal and tail domain, when taken
together, comprise at least 15, 18, 20, 25, 30, 31, 35, 40, 45, 49, 50, or 53 nucleotides.

In an embodiment, the targeting domain comprises, has, or consists of, 26 nucleotides
(e.g., 26 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 26 nucleotides in length; and there are at least 15, 18, 20, 25, 30, 31, 35, 40,
45, 49, 50, or 53 nucleotides 3’ to the last nucleotide of the second complementarity domain.

In an embodiment, the targeting domain comprises, has, or consists of, 26 nucleotides
(e.g., 26 consecutive nucleotides) having complementarity with the target domain, e.g., the
targeting domain is 26 nucleotides in length; and there are at least 16, 19, 21, 26, 31, 32, 36, 41,
46, 50, 51, or 54 nucleotides 3’ to the last nucleotide of the second complementarity domain that

is complementary to its corresponding nucleotide of the first complementarity domain.

I1I. Methods for Designing gRNAs
Methods for designing gRNAs are described herein, including methods for selecting,
designing and validating target domains. Exemplay targeting domains are also provided herein.
Targeting Domains discussed herein can be incorporated into the gRNAs described herein.
Methods for selection and validation of target sequences as well as off-target analyses are

described, e.g., in Mali ef al., SCIENCE 2013, 339(6121): 823-826; Hsu ef al., NAT BIOTECHNOL,
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published on July 21, 2013; Fu et al., NAT BIOTECHNOL 2014 Jan 26 (doi: 10.1038/nbt.2808.
PubMed PMID: 24463574); Heigwer et al., NAT METHODS 2014, 11(2):122-3 (doi:
10.1038/nmeth.2812. PubMed PMID: 24481216); Bae et al., BIOINFORMATICS, 2014 Jan 24
(PubMed PMID: 24463181); Xiao A et al., BIOINFORMATICS, 2014 Jan 21 (PubMed PMID:
24389662).

For example, a software tool can be used to optimize the choice of gRNA within a user’s
target sequence, e.g., to minimize total off-target activity across the genome. Off target activity
may be other than cleavage. For each possible gRNA choice, the tool can identify all off-target
sequences (preceding either NAG or NGG PAMs) across the genome that contain up to certain
number (e.g., 1,2,3,4,5,6,7,8,9, or 10) of mismatched base-pairs. The cleavage efficiency at
each off-target sequence can be predicted, e.g., using an experimentally-derived weighting
scheme. Each possible gRNA is then ranked according to its total predicted off-target cleavage;
the top-ranked gRNAs represent those that are likely to have the greatest on-target and the least
off-target cleavage. Other functions, e.g., automated reagent design for CRISPR construction,
primer design for the on-target Surveyor assay, and primer design for high-throughput detection
and quantification of off-target cleavage via next-gen sequencing, can also be included in the
tool. Candidate gRNA molecules can be evaluated by art-known methods or as described in
Section IV herein.

Guide RNAs (gRNAs) for use with S. pyogenes, S. aureus and N. meningitidis Cas9s
were identified using a DNA sequence searching algorithm. Guide RNA design was carried out
using a custom guide RNA design software based on the public tool cas-offinder (reference:Cas-
OFFinder: a fast and versatile algorithm that searches for potential oft-target sites of Cas9 RNA-
guided endonucleases.,Bioinformatics. 2014 Feb 17.Bae S1, Park J, Kim JS. PMID:24463181).

Said custom guide RNA design software scores guides after calculating their genomewide off-
target propensity. Typically matches ranging from perfect matches to 7 mismatches are
considered for guides ranging in length from 17 to 24 . Once the off-target sites are
computationally determined , an aggregate score is calculated for each guide and summarized in
a tabular output using a web-interface. In addition to identifying potential gRNA sites adjacent to
PAM sequences, the software also identifies all PAM adjacent sequences that differ by 1, 2, 3 or
more nucleotides from the selected gRNA sites. Genomic DNA sequence for each gene was

obtained from the UCSC Genome browser and sequences were screened for repeat elements
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using the publically available RepeatMasker program. RepeatMasker searches input DNA
sequences for repeated elements and regions of low complexity. The output is a detailed
annotation of the repeats present in a given query sequence.

Following identification, gRNAs were ranked into tiers based on their distance to the
target site, their orthogonality and presence of a 5° G (based on identification of close matches in
the human genome containing a relavant PAM, e.g., in the case of S. pyogenes, a NGG PAM, in
the case of S. aureus, NNGRR (e.g, a NNGRRT or NNGRRV) PAM, and in the case of N.
meningitides, a NNNNGATT or NNNNGCTT PAM. Orthogonality refers to the number of
sequences in the human genome that contain a minimum number of mismatches to the target
sequence. A “high level of orthogonality” or “good orthogonality” may, for example, refer to
20-mer gRNAs that have no identical sequences in the human genome besides the intended
target, nor any sequences that contain one or two mismatches in the target sequence. Targeting
domains with good orthogonality are selected to minimize oft-target DNA cleavage.

As an example, for S. pyogenes and N. meningitides targets, 17-mer, or 20-mer gRNAs
were designed. As another example, for S. aureus targets, 18-mer, 19-mer, 20-mer, 21-mer, 22-
mer, 23-mer and 24-mer gRNAs were designed. Tarteting domains, disclosed herein, may
comprise the 17-mer described in Tables 1-3, 4A-4E, SA-5F, or 6A-6D, e.g., the targeting
domains of 18 or more nucleotides may comprise the 17-mer gRNAs described in Tables 1-3,
4A-4E, SA-5F, or 6A-6D. Tarteting domains, disclosed herein, may comprises the 18-mer
described in Tables 1-3, 4A-4E, SA-5F, or 6A-6D, e.g., the targeting domains of 19 or more
nucleotides may comprise the 18-mer gRNAs described in Tables 1-3, 4A-4E, SA-5F, or 6A-
6D. Tarteting domains, disclosed herein, may comprises the 19-mer described in Tables 1-3, 4A-
4E, SA-5F, or 6A-6D, e.g., the targeting domains of 20 or more nucleotides may comprise the
19-mer gRNAs described in Tables 1-3, 4A-4E, SA-5F, or 6A-6D. Tarteting domains, disclosed
herein, may comprises the 20-mer gRNAs described in Tables 1-3, 4A-4E, SA-5F, or 6A-6D,
e.g., the targeting domains of 21 or more nucleotides may comprise the 20-mer gRNAs described
in Tables 1-3, 4A-4E, 5A-5F, or 6A-6D. Tarteting domains, disclosed herein, may comprises the
21-mer described in Tables 1-3, 4A-4E, SA-5F, or 6A-6D, e.g., the targeting domains of 22 or
more nucleotides may comprise the 21-mer gRNAs described in Tables 1-3, 4A-4E, SA-5F, or
6A-6D. Tarteting domains, disclosed herein, may comprises the 22-mer described in Tables 1-3,

4A-4E, SA-5F, or 6A-6D, e.g., the targeting domains of 23 or more nucleotides may comprise
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the 22-mer gRNAs described in Tables 1-3, 4A-4E, SA-5F, or 6A-6D. Tarteting domains,
disclosed herein, may comprises the 23-mer described in Tables 1-3, 4A-4E, SA-5F, or 6A-6D,
e.g., the targeting domains of 24 or more nucleotides may comprise the 23-mer gRNAs described
in Tables 1-3, 4A-4E, 5A-5F, or 6A-6D. Tarteting domains, disclosed herein, may comprises the
24-mer described in Tables 1-3, 4A-4E, SA-5F, or 6A-6D, e.g., the targeting domains of 25 or
more nucleotides may comprise the 24-mer gRNAs described in Tables 1-3, 4A-4E, SA-5F, or
6A-6D.

gRNAs were identified for both single-gRNA nuclease cleavage and for a dual-gRNA

paired “nickase” strategy. Criteria for selecting gRNAs and for determing which gRNAs are used
in a selected strategy is based on several considerations:

1. gRNA pairs should be oriented on the DNA such that PAMs are facing out and
cutting with the D10A Cas9 nickase will result in 5° overhangs.

2. An assumption that cleaving with dual nickase pairs results in deletion of the entire
intervening sequence at a reasonable frequency. However, use of dual nickase pairs
also typically results in indel mutations at the site of only one of the gRNAs.
Candidate pair members can be tested to determine how efficiently they remove the
entire sequence versus producing indel mutations at the site of one gRNA.

The dargeting domains discussed herein can be incorporated into the gRNAs described

herein.
As an example, two strategies were utilized to identify gRNAs for use with S. pyogenes,
S. aureus and N. meningitidis Cas9 enzymes.

In one strategy, gRNAs were designed for use with S. pyogenes Cas9 enzymes (Tables 1-
3). While it can be desirable to have gRNAs start with a 5°G, this requirement was relaxed for
some gRNAs in tier 1 to identify guides in the correct orientation, within a reasonable distance to
the mutation and with a high level of orthogonality. To find a pair of gRNAs for the dual-
nickase strategy, the distance from the mutation was extended or the requirement for the 5°G was
removed. For selection of tier 2 gRNAs, the distance restriction was relaxed in some cases such
that a longer sequence was scanned, but the 5°G was required for all gRNAs. Whether or not the
distance requirement was relaxed depended on how many sites were found within the original
search window. Tier 3 uses the same distance restriction as tier 2, but removes the requirement

for a 5’G. Note that tiers are non-inclusive (each gRNA is listed only once).
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As discussed above, gRNAs were identified for single-gRNA nuclease cleavage as well
as for a dual-gRNA paired “nickase” strategy, as indicated.

In a second strategy, gRNAs were designed for use with S. pyogenes, S. aureus and N.
meningitidis Cas9 enzymes. The gRNAs were identified and ranked into 4 tiers for S. pyogenes
(Tables 4A-4E). The targeting domain to be used with S. pyogenes Cas9 enzymes for tier 1
gRNA molecules were selected based on (1) proximity to the mutation, e.g., within 200bp (e.g.,
upstream or downstream) of mutation, (2) a high level of orthogonality, and (3) the presence of a
5’ G. For selection of tier 2 gRNAs, a reasonable distance and high orthogonality were required
but the presence of a 5’G was not required. Tier 3 uses the same distance restriction and the
requirement for a 5’G, but removes the requirement of good orthogonality. Tier 4 uses the same
distance restriction but removes the requirement of good orthogonality and the 5’G. The gRNAs
were identified and ranked into 5 tiers for S. aureus, when the relavent PAM was NNGRRT or
NNGRRYV (Tables SA-5F). The targeting domain to be used with S. aureus Cas9 enzymes for
tier 1 gRNA molecules were selected based on (1) proximity to the mutation, e.g., within 200bp
(e.g., upstream or downstream) of mutation, (2) a high level of orthogonality, (3) the presence of
a5’ G and (4) PAM was NNGRRT. For selection of tier 2 gRNAs, a reasonable distance and
high orthogonality were required but the presence of a 5°G was not required, and PAM was
NNGRRT. Tier 3 uses the same distance restriction and the requirement for a 5°G, but removes
the requirement of good orthogonality, and PAM was NNGRRT. Tier 4 uses the same distance
restriction but removes the requirement of good orthogonality and the 5’G, and PAM was
NNGRRT. Tier 5 uses the same distance restriction but removes the requirement of good
orthogonality and the 5°G, and PAM was NNGRRV. The gRNAs were identified and ranked
into 4 tiers for N. meningitides (Tables 6A-6D). The targeting domain to be used with V.
meningitides Cas9 enzymes for tier 1 gRNA molecules were selected based on (1) proximity to
the mutation, e.g., within 200bp (e.g., upstream or downstream) of mutation, (2) a high level of
orthogonality, and (3) the presence of a 5° G. For selection of tier 2 gRNAs, a reasonable
distance and high orthogonality were required but the presence of a 5’G was not required. Tier 3
uses the same distance restriction and the requirement for a 5’G, but removes the requirement of
good orthogonality. Tier 4 uses the same distance restriction but removes the requirement of

good orthogonality and the 5’G.. Note that tiers are non-inclusive (each gRNA is listed only once
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for the strategy). In certain instances, no gRNA was identified based on the criteria of the
particular tier.

In an embodiment, when a single gRNA molecule is used to target a Cas9 nickase to
create a single strand break in close proximity to the mutation, eg., the gRNA is used to target
either upstream of (e.g., within 200 bp upstream of the mutation), or downstream of (e.g., within
200 bp downstream of the mutation) in the USH2A gene.

In an embodiment, when a single gRNA molecule is used to target a Cas9 nuclease to
create a double strand break to in closeproximity to the mutation, e.g., the gRNA is used to target
either upstream of (e.g., within 200 bp upstream of the mutation), or downstream of (e.g., within
200 bp downstream of the mutation) in the USH2A gene.

In an embodiment, dual targeting is used to create two double strand breaks to in
closeproximity to the mutation, e.g., the gRNA is used to target either upstream of (e.g., within
200 bp upstream of the mutation), or downstream of (e.g., within 200 bp downstream of the
mutation) in the USH2A gene. In an embodiment, the first and second gRNAs are used target
two Cas9 nucleases to flank, e.g., the first of gRNA is used to target upstream of (e.g., within
200 bp upstream of the mutation), and the second gRNA is used to target downstream of (e.g.,
within 200 bp downstream of the mutation) in the USH2Agene.

In an embodiment, dual targeting is used to create a double strand break and a pair of
single strand breaks to delete a genomic sequence including the mutation. In an embodiment, the
first, second and third gRNAs are used to target one Cas9 nuclease and two Cas9 nickases to
flank, e.g., the first gRNA that will be used with the Cas9 nuclease is used to target upstream of
(e.g., within 200 bp upstream of the mutation) or downstream of (e.g., within 200 bp downstream
of the mutation), and the second and third gRNAs that will be used with the Cas9 nickase pair
are used to target the opposite side of the mutation (e.g., within 200 bp upstream or downstream
of the mutation) in the USH2A gene.

In an embodiment, when four gRNAs (e.g., two pairs) are used to target four Cas9
nickases to create four single strand breaks to delete genomic sequence including the mutation,
the first pair and second pair of gRNAs are used to target four Cas9 nickases to flank, e.g., the
first pair of gRNAs are used to target upstream of (e.g., within 200 bp upstream of the mutation),
and the second pair of gRNAs are used to target downstream of (e.g., within 200 bp downstream

of the mutation) in the USH2A gene.
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Any of the targeting domains in the tables described herein can be used with a Cas9
nickase molecule to generate a single strand break.

Any of the targeting domains in the tables described herein can be used with a Cas9
nuclease molecule to generate a double strand break.

In an embodiment, dual targeting (e.g., dual nicking) is used to create two nicks on
opposite DNA strands by using S. pyogenes, S. aureus and N. meningitidis Cas9 nickases with
two targeting domains that are complementary to opposite DNA strands, e.g., a gRNA
comprising any minus strand targeting domain may be paired any gRNA comprising a plus
strand targeting domain provided that the two gRNAs are oriented on the DNA such that PAMs
face outward and the distance between the 5 ends of the gRNAs is 0-50 bp. Exemplary nickase
pairs including selecting a targeting domain from Group A and a second targeting domain from
Group B, or selecting a targeting domain from Group C and a second targeting domain from
Group D, in Table 4E (for S. pyogenes), selecting a targeting domain from Group A and a
second targeting domain from Group B in Table SF (for S. aureus) or selecting a targeting
domain from Group A and a second targeting domain from Group B in Table 6D (for N.
meningitidis). It is contemplated herein that in an embodiment a targeting domain of Group A
can be combined with any of the targeting domains of Group B, or a targeting domain of Group
C can be combined with any of the targeting domains of Group D in Table 4E (for S. pyogenes).
For example, USH2A-182 can be combined with USH2A-179, USH2A-177 can be combined
with USH2A-176, or USH2A-187 can be combined with USH2A-176. It is contemplated herein
that in an embodiment a targeting domain of Group A can be combined with any of the targeting
domains of Group B in Table SF (for S. aureus). For example, USH2A-288 can be combined
with USH2A-448. It is contemplated herein that in an embodiment a targeting domain of Group
A can be combined with any of the targeting domains of Group B in Table 6D (for N.
meningitidis). For example, USH2A-266 can be combined with USH2A-261 or USH2A-268 can
be combined with USH2A-261.

When two gRNAs designed for use to target two Cas9 molecules, one Cas9 can be one
species, the second Cas9 can be from a different species. Both Cas9 species are used to generate

a single or double-strand break, as desired.
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Table 1 provides targeting domains for the 2299delG site selected according to first tier

parameters, and are selected based on the presence of a 5' G, close proximity and orientation to

mutation and orthogonality in the human genome. In an embodiment, the targeting domain is the

exact complement of the target domain. Any of the targeting domains can be used with a Cas9

molecule that gives double stranded cleavage. Any of the targeting domains in the table can be

used with single-stranded break nucleases (nickases). In an embodiment, dual targeting is used

to create two nicks. In an embodiment, 20-mer dual nickase pairs are used, e.g., USH2A-1 and
USH2A-6, or USH2A-2 and USH2A-6 are used. In an embodiment, 17-mer dual nickase pairs
are used, e.g., USH2A-15 and USH2A-20, USH2A-15 and USH2A-22, USH2A-16 and USH2A-
20, or USH2A-16 and USH2A-22 are used.

Table 1

selected based on the presence of a 5' G (only for USH2A-1, 2, 5, 6, 10, 11), close proximity
1st Tier | and orientation to mutation and orthogonality in the human genome
gRNA DNA Target Site Sequence (does not include | Target Site Distance to
Name Strand PAM) Length mutation
USH2A-1 - GAGUGCAAAAAAGAAGCCAA 20 16bp downstream
USH2A-2 - GUUAGAUGUCACCAAUUGUA 20 75bp downstream
USH2A-5 + GGUGUCACACUGAAGUCCUU 20 21bp downstream
USH2A-6 + GCCAUGGAGGUUACACUGGC 20 56bp upstream
USH2A-10 + GUCACAGGCCUUACAAU 17 75bp downstream
USH2A-11 + GUCACACUGAAGUCCUU 17 21bp downstream
USH2A-15 - UGCAAAAAAGAAGCCAA 17 16bp downstream
USH2A-16 - UGCAGAGAAAACUUUUA 17 52bp downstream
USH2A-20 + UGUUCACUGAGCCAUGG 17 43bp upstream
USH2A-22 + AUGGAGGUUACACUGGC 17 56bp upstream

Table 2 provides targeting domains for the 2299delG site selected according to Second

Tier parameters, as described above, and are selected based on the presence of a 5' G and

reasonable proximity to mutation.

Table 2

2nd Tier Selected based on the presence of a 5' G and reasonable proximity to mutation
gRNA DNA Target Site Sequence (does not include Target Site
Name Strand PAM) Length
USH2A-3 - GCCUGUGACUGUGACACAGC 20
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USH2A-4 - GACACAGCUGGAUCCCUCCC 20
USH2A-7 - GCAGAGAAAACUUUUAU 17
USH2A-8 - GUCUGUAAUGCUAAGAC 17
USH2A-9 + GCAUUACAGACAGUCCC 17

Table 3 provides targeting domains for the 2299delG site selected according to Third
Tier parameters, as described above, and are selected based on reasonable proximity to mutation.

Table 3

3rd Tier | selected based on reasonable proximity to mutation

gRNA DNA Target Site Sequence (does not include Target Site
Name Strand PAM) Length
USH2A-12 - UGCCAGUGUAACCUCCA 17
USH2A-13 - UUCUGCAAUCCUCACUC 17
USH2A-14 - UCUGCAAUCCUCACUCU 17
USH2A-17 + AUAAAAGUUUUCUCUGC 17
USH2A-18 + UCACACUGCCCAGAGUG 17
USH2A-19 + AUUUGUUCACUGAGCCA 17
USH2A-21 + AGCCAUGGAGGUUACAC 17
USH2A-23 + CUACACUGCCCAGAGUG 17
USH2A-24 - AAAUUCUGCAAUCCUCACUC 20
USH2A-25 - AAUUCUGCAAUCCUCACUCU 20
USH2A-26 - ACACAGCUGGAUCCCUCcCU 20
USH2A-27 - ACCUGCAGAGAAAACUUUUA 20
USH2A-28 - ACUGUCUGUAAUGCUAAGAC 20
USH2A-29 - AGGUGUGAUCAUUGCAAUUU 20
USH2A-30 - AUAUUUUAUCUUUAGGGCUU 20
USH2A-31 - CCCUGCCAGUGUAACCUCCA 20
USH2A-32 - CCUGCAGAGAAAACUUUUAU 20
USH2A-33 - CUCCGAAGCUUUAAUGAUGU 20
USH2A-34 - CUGUCUGUAAUGCUAAGACA 20
USH2A-35 + ACAGUCACAGGCCUUACAAU 20
USH2A-36 + AGAAUUUGUUCACUGAGCCA 20
USH2A-37 + AUCCAACAUCAUUAAAGCUU 20
USH2A-38 + AUUACAGACAGUCCCAGGGA 20
USH2A-39 + AUUUGUUCACUGAGCCAUGG 20
USH2A-40 + CACUCACACUGCCCAGAGUG 20
USH2A-41 + CAUUACAGACAGUCCCAGGG 20
USH2A-42 + CCAUGGAGGUUACACUGGCA 20
USH2A-43 + CCCAUAAAAGUUUUCUCUGC 20
USH2A-44 + CUGAGCCAUGGAGGUUACAC 20
USH2A-45 + UAGCAUUACAGACAGUCCCA 20
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USH2A-46 + UCCAGCUGUGUCACAGUCAC 20
USH2A-47 + UUAGCAUUACAGACAGUCCC 20
USH2A-48 - AAUAUAUUUUAUCUUUA 17
USH2A-49 - UUUUAUCUUUAGGGCUU 17
USH2A-50 - UGUGAUCAUUGCAAUUU 17
USH2A-51 - CGAAGCUUUAAUGAUGU 17
USH2A-52 - AGAUGUCACCAAUUGUA 17
USH2A-53 - UGUGACUGUGACACAGC 17
USH2A-54 - ACAGCUGGAUCCCUCCC 17
USH2A-55 - CAGCUGGAUCCCUCCCU 17
USH2A-56 - UCUGUAAUGCUAAGACA 17
USH2A-57 + CAUUACAGACAGUCCCA 17
USH2A-58 + UACAGACAGUCCCAGGG 17
USH2A-59 + ACAGACAGUCCCAGGGA 17
USH2A-60 + AGCUGUGUCACAGUCAC 17
USH2A-61 + UGGAGGUUACACUGGCA 17
USH2A-62 + CAACAUCAUUAAAGCUU 17

Table 4A provides targeting domains for the 2299delG site in the USH2A gene selected
according to the first tier parameters. The targeting domains are within 200 bases of the 2299deG
site, have good orthogonality, and start with G. It is contemplated herein that in an embodiment
the targeting domain hybridizes to the target domain through complementary base pairing. Any
of the targeting domains in the table can be used with a S. pyogenes Cas9 molecule that generates

a double stranded break (Cas9 nuclease) or a single-stranded break (Cas9 nickase).

Table 4A
gRNA Name S]? gﬁ; Targeting Domain Target Site Length
USH2A-230 - GCAAGCCCAAUGUUGAA 17
USH2A-225 + GCAUUACAGACAGUCCC 17
USH2A-221 + GUCACACUGAAGUCCUU 17
USH2A-217 + GUCACAGGCCUUACAAU 17
USH2A-226 - GUCUGUAAUGCUAAGAC 17
USH2A-198 - GACACAGCUGGAUCCcUcCCC 20
USH2A-204 - GAGACAGUGCAAUAAAUGUU 20
USH2A-184 + GCACUACACUGCCCAGAGUG 20
USH2A-197 + GCACUGUCUCCCUUCAACAU 20
USH2A-194 + GCCAUGGAGGUUACACUGGC 20
USH2A-192 - GCCUGUGACUGUGACACAGC 20
USH2A-188 + GGUGUCACACUGAAGUCCUU 20
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USH2A-179 - GUUAGAUGUCACCAAUUGUA 20

Table 4B provides targeting domains for the 2299delG site in the USH2A gene selected
according to the second tier parameters. The targeting domains are within 200 bases of the
2299deG site, have good orthogonality, and do not start with G. It is contemplated herein that in
an embodiment the targeting domain hybridizes to the target domain through complementary
base pairing. Any of the targeting domains in the table can be used with a §. pyogenes Cas9

molecule that generates a double stranded break (Cas9 nuclease) or a single-stranded break

(Cas9 nickase).
Table 4B
gRNA Name S]? gﬁ; Targeting Domain Target Site Length

USH2A-244 - ACAGCUGGAUCCCUCCC 17
USH2A-237 - ACAGUGCAAUAAAUGUU 17
USH2A-220 - AGAUGUCACCAAUUGUA 17
USH2A-231 + AGCCAUGGAGGUUACAC 17
USH2A-241 + AUAAAAGUUUUCUCUGC 17
USH2A-219 + AUGGAGGUUACACUGGC 17
USH2A-247 + AUUUAAAAGGUGAGGAU 17
USH2A-245 + AUUUGUUCACUGAGCCA 17
USH2A-242 + CAACAUCAUUAAAGCUU 17
USH2A-228 - CAGCUGGAUCCCUcCccU 17
USH2A-222 + CAUUACAGACAGUCCCA 17
USH2A-218 - CGAAGCUUUAAUGAUGU 17
USH2A-235 + CUACACUGCCCAGAGUG 17
USH2A-234 + CUGUCUCCCUUCAACAU 17
USH2A-232 + UACAGACAGUCCCAGGG 17
USH2A-229 - UCUGCAAUCCUCACUCU 17
USH2A-224 - UCUGUAAUGCUAAGACA 17
USH2A-240 - UGCAAGCCCAAUGUUGA 17
USH2A-246 - UGCAGAGAAAACUUUUA 17
USH2A-233 - UGCCAGUGUAACCUCCA 17
USH2A-227 + UGGAGGUUACACUGGCA 17
USH2A-223 + UGUCUCCCUUCAACAUU 17
USH2A-238 - UGUGAUCAUUGCAAUUU 17
USH2A-239 + UGUUCACUGAGCCAUGG 17
USH2A-236 - UUCUGCAAUCCUCACUC 17
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USH2A-243 - UUUUAUCUUUAGGGCUU 17
USH2A-178 - AAAUUCUGCAAUCCUCACUC 20
USH2A-186 - AAUUCUGCAAUCCUCACUCU 20
USH2A-191 - ACACAGCUGGAUCCCUCCCU 20
USH2A-175 + ACAGUCACAGGCCUUACAAU 20
USH2A-206 - ACAGUGCAAUAAAUGUUUGG 20
USH2A-201 - ACCUGCAGAGAAAACUUUUA 20
USH2A-196 - ACUGUCUGUAAUGCUAAGAC 20
USH2A-199 + AGAAUUUGUUCACUGAGCCA 20
USH2A-185 - AGGUGUGAUCAUUGCAAUUU 20
USH2A-193 - AUAUUUUAUCUUUAGGGCUU 20
USH2A-202 + AUCCAACAUCAUUAAAGCUU 20
USH2A-176 - AUCUGCAAGCCCAAUGUUGA 20
USH2A-205 AUUACAGACAGUCCCAGGGA 20
USH2A-200 CACUGUCUCCCUUCAACAUU 20
USH2A-203 - CAGUGCAAUAAAUGUUUGGA 20
USH2A-177 + CAUUACAGACAGUCCCAGGG 20
USH2A-180 + CCAUGGAGGUUACACUGGCA 20
USH2A-182 + CCCAUAAAAGUUUUCUCUGC 20
USH2A-183 - CCCUGCCAGUGUAACCUCCA 20
USH2A-174 - CUCCGAAGCUUUAAUGAUGU 20
USH2A-189 + CUGAGCCAUGGAGGUUACAC 20
USH2A-181 - CUGUCUGUAAUGCUAAGACA 20
USH2A-187 + UAGCAUUACAGACAGUCCCA 20
USH2A-190 - UCUGCAAGCCCAAUGUUGAA 20
USH2A-195 + UUAGCAUUACAGACAGUCCC 20

Table 4C provides targeting domains for the 2299delG site in the USH2A gene selected

according to the third tier parameters. The targeting domains are within 200 bases of the

2299deG site, and start with G. It is contemplated herein that in an embodiment the targeting

domain hybridizes to the target domain through complementary base pairing. Any of the

targeting domains in the table can be used with a §. pyogenes Cas9 molecule that generates a

double stranded break (Cas9 nuclease) or a single-stranded break (Cas9 nickase).

Table 4C
RNA Name DNA Targeting Domain Target Site Length
g Strand geting g g
USH2A-259 + GAUAAAAUAUAUUUAAA 17
USH2A-249 - GCAGAGAAAACUUUUAU 17
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USH2A-255 - GUGCAAUAAAUGUUUGG 17

Table 4D provides targeting domains for the 2299delG site in the USH2A gene selected
according to the fourth tier parameters. The targeting domains are within 200 bases of the
2299deG site. It is contemplated herein that in an embodiment the targeting domain hybridizes
to the target domain through complementary base pairing. Any of the targeting domains in the
table can be used with a §. pyogenes Cas9 molecule that generates a double stranded break (Cas9

nuclease) or a single-stranded break (Cas9 nickase).

Table 4D
4th Tier
DNA . . .
gRNA Name Strand Targeting Domain Target Site Length
USH2A-258 - AAAUAUAUUUUAUCUUU 17
USH2A-257 + AAUAUAUUUAAAAGGUG 17
USH2A-253 - AAUAUAUUUUAUCUUUA 17
USH2A-251 + ACAGACAGUCCCAGGGA 17
USH2A-254 + AGCUGUGUCACAGUCAC 17
USH2A-252 + UAUUUAAAAGGUGAGGA 17
USH2A-256 - UGCAAAAAAGAAGCCAA 17
USH2A-248 - UGCAAUAAAUGUUUGGA 17
USH2A-250 - UGUGACUGUGACACAGC 17
USH2A-216 + AAAGAUAAAAUAUAUUUAAA 20
USH2A-208 + AUAUAUUUAAAAGGUGAGGA 20
USH2A-210 + AUUUGUUCACUGAGCCAUGG 20
USH2A-211 - CCUGCAGAGAAAACUUUUAU 20
USH2A-209 + UAAAAUAUAUUUAAAAGGUG 20
USH2A-212 - UAGUGCAAAAAAGAAGCCAA 20
USH2A-207 + UAUAUUUAAAAGGUGAGGAU 20
USH2A-215 + UCCAGCUGUGUCACAGUCAC 20
USH2A-213 - UUAAAUAUAUUUUAUCUUUA 20
USH2A-214 - UUUAAAUAUAUUUUAUCUUU 20

Table 4E provides targeting domains for the 2299delG site in the USH2A gene that can
be used for dual targeting. Any of the targeting domains in the table can be used with a S.
pyogenes Cas9 (nickase) molecule to generate a single stranded break.

Exemplary nickase pairs including selecting a targeting domain from Group A and a

second targeting domain from Group B, or a targeting domain from Group C and a second
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targeting domain from Group D. It is contemplated herein that in an embodiment a targeting
domain of Group A can be combined with any of the targeting domains of Group B or a targeting
domain of Group C can be combined with any of the targeting domains of Group D. For
example, USH2A-182 can be combined with USH2A-179, USH2A-177 can be combined with
USH2A-176, or USH2A-187 can be combined with USH2A-176.

Table 4E

Group A Group B Group C Group D

USH2A-182 USH2A-179 | USH2A-177 USH2A-176

USH2A-187

Table SA provides targeting domains for the 2299delG site in the USH2A selected
according to the first tier parameters. The targeting domains are within 200 bases of the 2299deG
site, have good orthogonality, start with G and PAM is NNGRRT. It is contemplated herein that
in an embodiment the targeting domain hybridizes to the target domain through complementary
base pairing. Any of the targeting domains in the table can be used with a §. aureus Cas9

molecule that generates a double stranded break (Cas9 nuclease) or a single-stranded break

(Cas9 nickase).
Table SA
gRNA Name S]? gﬁ; Targeting Domain Target Site Length

USH2A-292 + GCACUACACUGCCCAGAGU 19
USH2A-298 - GCCUGUGACUGUGACACAG 19
USH2A-297 - GGCCUGUGACUGUGACACAG 20
USH2A-284 - GGUGUGAUCAUUGCAAUU 18
USH2A-448 - GACACCUGCAGAGAAAACUUUU 22
USH2A-445 + GCAUUACAGACAGUCCCAGGG 21
USH2A-427 - GCUUAGGUGUGAUCAUUGCAAUU 23
USH2A-430 + GCUUCUUUUUUGCACUACACUGCC 24
USH2A-426 - GGCUUAGGUGUGAUCAUUGCAAUU 24
USH2A-438 - GUAAGGCCUGUGACUGUGACACAG 24
USH2A-446 - GUGACACCUGCAGAGAAAACUUUU 24

Table 5B provides targeting domains for the 2299delG site in the USH2A selected
according to the second tier parameters. The targeting domains are within 200 bases of the

2299deG site, have good orthogonality and PAM is NNGRRT. It is contemplated herein that in
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an embodiment the targeting domain hybridizes to the target domain through complementary
base pairing. Any of the targeting domains in the table can be used with a §. aureus Cas9

molecule that generates a double stranded break (Cas9 nuclease) or a single-stranded break

(Cas9 nickase).
Table 5B
gRNA Name S]? gﬁ; Targeting Domain Target Site Length

USH2A-295 - ACCUGCAGAGAAAACUUUU 19
USH2A-288 + ACUGCCCAGAGUGAGGAUUG 20
USH2A-283 - AGGUGUGAUCAUUGCAAUU 19
USH2A-280 + AUUACAGACAGUCCCAGGG 19
USH2A-294 - CACCUGCAGAGAAAACUUUU 20
USH2A-293 CACUACACUGCCCAGAGU 18
USH2A-279 CAUUACAGACAGUCCCAGGG 20
USH2A-296 - CCUGCAGAGAAAACUUUU 18
USH2A-299 - CCUGUGACUGUGACACAG 18
USH2A-277 - CUCCGAAGCUUUAAUGAUG 19
USH2A-289 CUGCCCAGAGUGAGGAUUG 19
USH2A-285 CUUUUUUGCACUACACUGCC 20
USH2A-282 - UAGGUGUGAUCAUUGCAAUU 20
USH2A-278 - UCCGAAGCUUUAAUGAUG 18
USH2A-276 - UCUCCGAAGCUUUAAUGAUG 20
USH2A-291 + UGCACUACACUGCCCAGAGU 20
USH2A-290 + UGCCCAGAGUGAGGAUUG 18
USH2A-281 + UUACAGACAGUCCCAGGG 18
USH2A-287 + UUUUUGCACUACACUGCC 18
USH2A-286 + UUUUUUGCACUACACUGCC 19
USH2A-440 - AAGGCCUGUGACUGUGACACAG 22
USH2A-450 - AAUUUCUCCGAAGCUUUAAUGAUG 24
USH2A-449 - ACACCUGCAGAGAAAACUUUU 21
USH2A-456 ACACUGCCCAGAGUGAGGAUUG 22
USH2A-444 AGCAUUACAGACAGUCCCAGGG 22
USH2A-441 - AGGCCUGUGACUGUGACACAG 21
USH2A-451 - AUUUCUCCGAAGCUUUAAUGAUG 23
USH2A-457 CACUGCCCAGAGUGAGGAUUG 21
USH2A-454 CUACACUGCCCAGAGUGAGGAUUG 24
USH2A-428 - CUUAGGUGUGAUCAUUGCAAUU 22
USH2A-431 + CUUCUUUUUUGCACUACACUGCC 23
USH2A-439 - UAAGGCCUGUGACUGUGACACAG 23
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USH2A-455 UACACUGCCCAGAGUGAGGAUUG 23
USH2A-443 UAGCAUUACAGACAGUCCCAGGG 23
USH2A-433 UCUUUUUUGCACUACACUGCC 21
USH2A-447 - UGACACCUGCAGAGAAAACUUUU 23
USH2A-442 + UUAGCAUUACAGACAGUCCCAGGG 24
USH2A-429 - UUAGGUGUGAUCAUUGCAAUU 21
USH2A-453 - UUCUCCGAAGCUUUAAUGAUG 21
USH2A-432 UUCUUUUUUGCACUACACUGCC 22
USH2A-437 UUGCACUACACUGCCCAGAGU 21
USH2A-452 - UUUCUCCGAAGCUUUAAUGAUG 22
USH2A-436 + UUUGCACUACACUGCCCAGAGU 22
USH2A-435 + UUUUGCACUACACUGCCCAGAGU 23
USH2A-434 + UUUUUGCACUACACUGCCCAGAGU 24

Table SC provides targeting domains for the 2299delG site in the USH2A selected

according to the third tier parameters. The targeting domains are within 200 bases of the

2299deG site, start with 5° G and PAM is NNGRRT. It is contemplated herein that in an

embodiment the targeting domain hybridizes to the target domain through complementary base
pairing. Any of the targeting domains in the table can be used with a S. aureus Cas9 molecule

that generates a double stranded break (Cas9 nuclease) or a single-stranded break (Cas9 nickase).

Table 5C
RNA Name DNA Targeting Domain Target Site Length
g Strand getng g g
USH2A-461 + GAUAAAAUAUAUUUAAAAGGU 21

Table 5D provides targeting domains for the 2299delG site in the USH2A selected
according to the fourth tier parameters. The targeting domains are within 200 bases of the
2299deG site and PAM is NNGRRT. It is contemplated herein that in an embodiment the
targeting domain hybridizes to the target domain through complementary base pairing. Any of
the targeting domains in the table can be used with a S. aureus Cas9 molecule that generates a

double stranded break (Cas9 nuclease) or a single-stranded break (Cas9 nickase).

Table 5D
4th Tier
RNA N DNA T ting D i T t Site Length
g ame Strand argeting Domain arget Site Leng
USH2A-300 + AUAAAAUAUAUUUAAAAGGU 20
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USH2A-301 + UAAAAUAUAUUUAAAAGGU 19
USH2A-302 + AAAAUAUAUUUAAAAGGU 18
USH2A-458 + AAAGAUAAAAUAUAUUUAAAAGGU 24
USH2A-459 + AAGAUAAAAUAUAUUUAAAAGGU 23
USH2A-460 + AGAUAAAAUAUAUUUAAAAGGU 22

Table SE provides targeting domains for the 2299delG site in the USH2A selected

according to the ffith tier parameters. The targeting domains are within 200 bases of the

2299deG site and PAM is NNGRRV. It is contemplated herein that in an embodiment the

targeting domain hybridizes to the target domain through complementary base pairing. Any of

the targeting domains in the table can be used with a S. aureus Cas9 molecule that generates a

double stranded break (Cas9 nuclease) or a single-stranded break (Cas9 nickase).

Table SE
DNA . . .

gRNA Name Strand Targeting Domain Target Site Length
USH2A-303 + AUAUAUUUAAAAGGUGAGGA 20
USH2A-304 + UAUAUUUAAAAGGUGAGGA 19
USH2A-305 + AUAUUUAAAAGGUGAGGA 18
USH2A-306 + UUUUCUCUGCAGGUGUCACA 20
USH2A-307 + UUUCUCUGCAGGUGUCACA 19
USH2A-308 + UUCUCUGCAGGUGUCACA 18
USH2A-309 + UGCACUGUCUCCCUUCAACA 20
USH2A-310 + GCACUGUCUCCCUUCAACA 19
USH2A-311 + CACUGUCUCCCUUCAACA 18
USH2A-312 - GUGCAUCUGCAAGCCCAAUG 20
USH2A-313 - UGCAUCUGCAAGCCCAAUG 19
USH2A-314 - GCAUCUGCAAGCCCAAUG 18
USH2A-315 - CAAAUUCUGCAAUCCUCACU 20
USH2A-316 - AAAUUCUGCAAUCCUCACU 19
USH2A-317 - AAUUCUGCAAUCCUCACU 18
USH2A-318 - UCUGCAAGCCCAAUGUUGAA 20
USH2A-319 - CUGCAAGCCCAAUGUUGAA 19
USH2A-320 - UGCAAGCCCAAUGUUGAA 18
USH2A-321 + UUAGCAUUACAGACAGUCCC 20
USH2A-322 + UAGCAUUACAGACAGUCCC 19
USH2A-323 + AGCAUUACAGACAGUCCC 18
USH2A-324 - GACAGUGCAAUAAAUGUUUG 20
USH2A-325 - ACAGUGCAAUAAAUGUUUG 19
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USH2A-326 - CAGUGCAAUAAAUGUUUG 18
USH2A-327 - UGACACAGCUGGAUCCCUCC 20
USH2A-328 - GACACAGCUGGAUCCCUCC 19
USH2A-329 - ACACAGCUGGAUCCCUCC 18
USH2A-330 + CUUAGCAUUACAGACAGUCC 20
USH2A-331 + UUAGCAUUACAGACAGUCC 19
USH2A-332 + UAGCAUUACAGACAGUCC 18
USH2A-333 - AAUUUUGGAUUUAAAUUUCU 20
USH2A-334 - AUUUUGGAUUUAAAUUUCU 19
USH2A-335 - UUUUGGAUUUAAAUUUCU 18
USH2A-336 + UUUGCACUACACUGCCCAGA 20
USH2A-337 + UUGCACUACACUGCCCAGA 19
USH2A-338 + UGCACUACACUGCCCAGA 18
USH2A-339 - GGAGACAGUGCAAUAAAUGU 20
USH2A-340 - GAGACAGUGCAAUAAAUGU 19
USH2A-341 - AGACAGUGCAAUAAAUGU 18
USH2A-342 + AAUGAUUUCAUUCAAGAUAG 20
USH2A-343 + AUGAUUUCAUUCAAGAUAG 19
USH2A-344 + UGAUUUCAUUCAAGAUAG 18
USH2A-345 - ACAGUGCAAUAAAUGUUUGG 20
USH2A-346 - CAGUGCAAUAAAUGUUUGG 19
USH2A-347 - AGUGCAAUAAAUGUUUGG 18
USH2A-348 + AGAUAAAAUAUAUUUAAAAG 20
USH2A-349 + GAUAAAAUAUAUUUAAAAG 19
USH2A-350 + AUAAAAUAUAUUUAAAAG 18
USH2A-351 + UAUAUUUAAAAGGUGAGGAU 20
USH2A-352 + AUAUUUAAAAGGUGAGGAU 19
USH2A-353 + UAUUUAAAAGGUGAGGAU 18
USH2A-354 - CUGGGCAGUGUAGUGCAAAA 20
USH2A-355 - UGGGCAGUGUAGUGCAAAA 19
USH2A-356 - GGGCAGUGUAGUGCAAAA 18
USH2A-357 + CCAACAUCAUUAAAGCUUCG 20
USH2A-358 + CAACAUCAUUAAAGCUUCG 19
USH2A-359 + AACAUCAUUAAAGCUUCG 18
USH2A-360 - UUGUGUCUCGUCUAUCUUGA 20
USH2A-361 - UGUGUCUCGUCUAUCUUGA 19
USH2A-362 - GUGUCUCGUCUAUCUUGA 18
USH2A-363 + UAGCAUUACAGACAGUCCCA 20
USH2A-364 + AGCAUUACAGACAGUCCCA 19
USH2A-365 + GCAUUACAGACAGUCCCA 18
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USH2A-366 - AUCUGCAAGCCCAAUGUUGA 20
USH2A-367 - UCUGCAAGCCCAAUGUUGA 19
USH2A-368 - CUGCAAGCCCAAUGUUGA 18
USH2A-369 - UUUUAAAUAUAUUUUAUCUU 20
USH2A-370 - UUUAAAUAUAUUUUAUCUU 19
USH2A-371 - UUAAAUAUAUUUUAUCUU 18
USH2A-372 + CAUCCAACAUCAUUAAAGCU 20
USH2A-373 + AUCCAACAUCAUUAAAGCU 19
USH2A-374 + UCCAACAUCAUUAAAGCU 18
USH2A-375 + GCAUUACAGACAGUCCCAGG 20
USH2A-376 + CAUUACAGACAGUCCCAGG 19
USH2A-377 + AUUACAGACAGUCCCAGG 18
USH2A-378 + CAGAAUUUGUUCACUGAGCC 20
USH2A-379 + AGAAUUUGUUCACUGAGCC 19
USH2A-380 + GAAUUUGUUCACUGAGCC 18
USH2A-381 - ACUUCAGUGUGACACCUGCA 20
USH2A-382 - CUUCAGUGUGACACCUGCA 19
USH2A-383 - UUCAGUGUGACACCUGCA 18
USH2A-384 - CAGUGCAAUAAAUGUUUGGA 20
USH2A-385 - AGUGCAAUAAAUGUUUGGA 19
USH2A-386 - GUGCAAUAAAUGUUUGGA 18
USH2A-387 - GAGACAGUGCAAUAAAUGUU 20
USH2A-388 - AGACAGUGCAAUAAAUGUU 19
USH2A-389 - GACAGUGCAAUAAAUGUU 18
USH2A-390 - AAGCUUUAAUGAUGUUGGAU 20
USH2A-391 - AGCUUUAAUGAUGUUGGAU 19
USH2A-392 - GCUUUAAUGAUGUUGGAU 18
USH2A-393 + AAUAUAUUUAAAAGGUGAGG 20
USH2A-394 + AUAUAUUUAAAAGGUGAGG 19
USH2A-395 + UAUAUUUAAAAGGUGAGG 18
USH2A-396 - GGACUUCAGUGUGACACCUG 20
USH2A-397 - GACUUCAGUGUGACACCUG 19
USH2A-398 - ACUUCAGUGUGACACCUG 18
USH2A-399 + AUCCAACAUCAUUAAAGCUU 20
USH2A-400 + UCCAACAUCAUUAAAGCUU 19
USH2A-401 + CCAACAUCAUUAAAGCUU 18
USH2A-402 - AGUGUAACCUCCAUGGCUCA 20
USH2A-403 - GUGUAACCUCCAUGGCUCA 19
USH2A-404 - UGUAACCUCCAUGGCUCA 18
USH2A-405 + AGAAUUUGUUCACUGAGCCA 20
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USH2A-406 GAAUUUGUUCACUGAGCCA 19
USH2A-407 AAUUUGUUCACUGAGCCA 18
USH2A-408 - GUAGUGCAAAAAAGAAGCCA 20
USH2A-409 - UAGUGCAAAAAAGAAGCCA 19
USH2A-410 - AGUGCAAAAAAGAAGCCA 18
USH2A-411 - CAUCUGCAAGCCCAAUGUUG 20
USH2A-412 - AUCUGCAAGCCCAAUGUUG 19
USH2A-413 - UCUGCAAGCCCAAUGUUG 18
USH2A-414 - GACUGUCUGUAAUGCUAAGA 20
USH2A-415 - ACUGUCUGUAAUGCUAAGA 19
USH2A-416 - CUGUCUGUAAUGCUAAGA 18
USH2A-417 - GACACAGCUGGAUCCCUCCC 20
USH2A-418 - ACACAGCUGGAUCCCUCCC 19
USH2A-419 - CACAGCUGGAUCCccUCCC 18
USH2A-420 + AGGAUUGCAGAAUUUGUUCA 20
USH2A-421 + GGAUUGCAGAAUUUGUUCA 19
USH2A-422 + GAUUGCAGAAUUUGUUCA 18
USH2A-423 + AGCCAUGGAGGUUACACUGG 20
USH2A-424 + GCCAUGGAGGUUACACUGG 19
USH2A-425 + CCAUGGAGGUUACACUGG 18
USH2A-462 + CUCACAUCCAACAUCAUUAAAGCU 24
USH2A-463 + UCACAUCCAACAUCAUUAAAGCU 23
USH2A-464 + CACAUCCAACAUCAUUAAAGCU 22
USH2A-465 + ACAUCCAACAUCAUUAAAGCU 21
USH2A-466 + AUUGCAGAAUUUGUUCACUGAGCC 24
USH2A-467 + UUGCAGAAUUUGUUCACUGAGCC 23
USH2A-468 + UGCAGAAUUUGUUCACUGAGCC 22
USH2A-469 + GCAGAAUUUGUUCACUGAGCC 21
USH2A-470 - CUGGGACUGUCUGUAAUGCUAAGA 24
USH2A-471 - UGGGACUGUCUGUAAUGCUAAGA 23
USH2A-472 - GGGACUGUCUGUAAUGCUAAGA 22
USH2A-473 - GGACUGUCUGUAAUGCUAAGA 21
USH2A-474 + UUGCAGAAUUUGUUCACUGAGCCA 24
USH2A-475 + UGCAGAAUUUGUUCACUGAGCCA 23
USH2A-476 + GCAGAAUUUGUUCACUGAGCCA 22
USH2A-477 + CAGAAUUUGUUCACUGAGCCA 21
USH2A-478 - GAAGGGAGACAGUGCAAUAAAUGU 24
USH2A-479 - AAGGGAGACAGUGCAAUAAAUGU 23
USH2A-480 - AGGGAGACAGUGCAAUAAAUGU 22
USH2A-481 - GGGAGACAGUGCAAUAAAUGU 21
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USH2A-482 + AAAGUUUUCUCUGCAGGUGUCACA 24
USH2A-483 + AAGUUUUCUCUGCAGGUGUCACA 23
USH2A-484 + AGUUUUCUCUGCAGGUGUCACA 22
USH2A-485 + GUUUUCUCUGCAGGUGUCACA 21
USH2A-486 + CUUAGCAUUACAGACAGUCCCAGG 24
USH2A-487 + UUAGCAUUACAGACAGUCCCAGG 23
USH2A-488 + UAGCAUUACAGACAGUCCCAGG 22
USH2A-489 + AGCAUUACAGACAGUCCCAGG 21
USH2A-490 + CUAAAGAUAAAAUAUAUUUAAAAG 24
USH2A-491 + UAAAGAUAAAAUAUAUUUAAAAG 23
USH2A-492 + AAAGAUAAAAUAUAUUUAAAAG 22
USH2A-493 + AAGAUAAAAUAUAUUUAAAAG 21
USH2A-494 - UGCAUCUGCAAGCCCAAUGUUGAA 24
USH2A-495 - GCAUCUGCAAGCCCAAUGUUGAA 23
USH2A-496 - CAUCUGCAAGCCCAAUGUUGAA 22
USH2A-497 - AUCUGCAAGCCCAAUGUUGAA 21
USH2A-498 + ACUGAGCCAUGGAGGUUACACUGG 24
USH2A-499 + CUGAGCCAUGGAGGUUACACUGG 23
USH2A-500 + UGAGCCAUGGAGGUUACACUGG 22
USH2A-501 + GAGCCAUGGAGGUUACACUGG 21
USH2A-502 - AAGGACUUCAGUGUGACACCUGCA 24
USH2A-503 - AGGACUUCAGUGUGACACCUGCA 23
USH2A-504 - GGACUUCAGUGUGACACCUGCA 22
USH2A-505 - GACUUCAGUGUGACACCUGCA 21
USH2A-506 + AGUGAGGAUUGCAGAAUUUGUUCA 24
USH2A-507 + GUGAGGAUUGCAGAAUUUGUUCA 23
USH2A-508 + UGAGGAUUGCAGAAUUUGUUCA 22
USH2A-509 + GAGGAUUGCAGAAUUUGUUCA 21
USH2A-510 + UAAAAUAUAUUUAAAAGGUGAGGA 24
USH2A-511 + AAAAUAUAUUUAAAAGGUGAGGA 23
USH2A-512 + AAAUAUAUUUAAAAGGUGAGGA 22
USH2A-513 + AAUAUAUUUAAAAGGUGAGGA 21
USH2A-514 - CUGUGACACAGCUGGAUCCcUCCC 24
USH2A-515 - UGUGACACAGCUGGAUCCCUCCC 23
USH2A-516 - GUGACACAGCUGGAUCCCUCCC 22
USH2A-517 - UGACACAGCUGGAUCCCUCCC 21
USH2A-518 + CUGUCUUAGCAUUACAGACAGUCC 24
USH2A-519 + UGUCUUAGCAUUACAGACAGUCC 23
USH2A-520 + GUCUUAGCAUUACAGACAGUCC 22
USH2A-521 + UCUUAGCAUUACAGACAGUCC 21
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USH2A-522 - UGAACAAAUUCUGCAAUCCUCACU 24
USH2A-523 - GAACAAAUUCUGCAAUCCUCACU 23
USH2A-524 - AACAAAUUCUGCAAUCCUCACU 22
USH2A-525 - ACAAAUUCUGCAAUCCUCACU 21
USH2A-526 - CAAAGGACUUCAGUGUGACACCUG 24
USH2A-527 - AAAGGACUUCAGUGUGACACCUG 23
USH2A-528 - AAGGACUUCAGUGUGACACCUG 22
USH2A-529 - AGGACUUCAGUGUGACACCUG 21
USH2A-530 - CACCUUUUAAAUAUAUUUUAUCUU 24
USH2A-531 - ACCUUUUAAAUAUAUUUUAUCUU 23
USH2A-532 - CCUUUUAAAUAUAUUUUAUCUU 22
USH2A-533 - CUUUUAAAUAUAUUUUAUCUU 21
USH2A-534 - GUGCAUCUGCAAGCCCAAUGUUGA 24
USH2A-535 - UGCAUCUGCAAGCCCAAUGUUGA 23
USH2A-536 - GCAUCUGCAAGCCCAAUGUUGA 22
USH2A-537 - CAUCUGCAAGCCCAAUGUUGA 21
USH2A-538 + GUCUUAGCAUUACAGACAGUCCCA 24
USH2A-539 + UCUUAGCAUUACAGACAGUCCCA 23
USH2A-540 + CUUAGCAUUACAGACAGUCCCA 22
USH2A-541 + UUAGCAUUACAGACAGUCCCA 21
USH2A-542 - AGUGCAUCUGCAAGCCCAAUGUUG 24
USH2A-543 - GUGCAUCUGCAAGCCCAAUGUUG 23
USH2A-544 - UGCAUCUGCAAGCCCAAUGUUG 22
USH2A-545 - GCAUCUGCAAGCCCAAUGUUG 21
USH2A-546 - CACUCUGGGCAGUGUAGUGCAAAA 24
USH2A-547 - ACUCUGGGCAGUGUAGUGCAAAA 23
USH2A-548 - CUCUGGGCAGUGUAGUGCAAAA 22
USH2A-549 - UCUGGGCAGUGUAGUGCAAAA 21
USH2A-550 + UGUCUUAGCAUUACAGACAGUCCC 24
USH2A-551 + GUCUUAGCAUUACAGACAGUCCC 23
USH2A-552 + UCUUAGCAUUACAGACAGUCCC 22
USH2A-553 + CUUAGCAUUACAGACAGUCCC 21
USH2A-554 + CUUUUUUGCACUACACUGCCCAGA 24
USH2A-555 + UUUUUUGCACUACACUGCCCAGA 23
USH2A-556 + UUUUUGCACUACACUGCCCAGA 22
USH2A-557 + UUUUGCACUACACUGCCCAGA 21
USH2A-558 - CAGUGUAGUGCAAAAAAGAAGCCA 24
USH2A-559 - AGUGUAGUGCAAAAAAGAAGCCA 23
USH2A-560 - GUGUAGUGCAAAAAAGAAGCCA 22
USH2A-561 - UGUAGUGCAAAAAAGAAGCCA 21
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USH2A-562 + AAAAUAUAUUUAAAAGGUGAGGAU 24
USH2A-563 + AAAUAUAUUUAAAAGGUGAGGAU 23
USH2A-564 + AAUAUAUUUAAAAGGUGAGGAU 22
USH2A-565 + AUAUAUUUAAAAGGUGAGGAU 21
USH2A-566 - ACUGUGACACAGCUGGAUCCCUCC 24
USH2A-567 - CUGUGACACAGCUGGAUCCCUCC 23
USH2A-568 - UGUGACACAGCUGGAUCCCUCC 22
USH2A-569 - GUGACACAGCUGGAUCCcCUCC 21
USH2A-570 - UGCCAGUGUAACCUCCAUGGCUCA 24
USH2A-571 - GCCAGUGUAACCUCCAUGGCUCA 23
USH2A-572 - CCAGUGUAACCUCCAUGGCUCA 22
USH2A-573 - CAGUGUAACCUCCAUGGCUCA 21
USH2A-574 - UUGCAAUUUUGGAUUUAAAUUUCU 24
USH2A-575 - UGCAAUUUUGGAUUUAAAUUUCU 23
USH2A-576 - GCAAUUUUGGAUUUAAAUUUCU 22
USH2A-577 - CAAUUUUGGAUUUAAAUUUCU 21
USH2A-578 - GAGACAGUGCAAUAAAUGUUUGGA 24
USH2A-579 - AGACAGUGCAAUAAAUGUUUGGA 23
USH2A-580 - GACAGUGCAAUAAAUGUUUGGA 22
USH2A-581 - ACAGUGCAAUAAAUGUUUGGA 21
USH2A-582 + GGAAAAUGAUUUCAUUCAAGAUAG 24
USH2A-583 + GAAAAUGAUUUCAUUCAAGAUAG 23
USH2A-584 + AAAAUGAUUUCAUUCAAGAUAG 22
USH2A-585 + AAAUGAUUUCAUUCAAGAUAG 21
USH2A-586 + AUAAAAUAUAUUUAAAAGGUGAGG 24
USH2A-587 + UAAAAUAUAUUUAAAAGGUGAGG 23
USH2A-588 + AAAAUAUAUUUAAAAGGUGAGG 22
USH2A-589 + AAAUAUAUUUAAAAGGUGAGG 21
USH2A-590 - AAGGGAGACAGUGCAAUAAAUGUU 24
USH2A-591 - AGGGAGACAGUGCAAUAAAUGUU 23
USH2A-592 - GGGAGACAGUGCAAUAAAUGUU 22
USH2A-593 - GGAGACAGUGCAAUAAAUGUU 21
USH2A-594 + UCACAUCCAACAUCAUUAAAGCUU 24
USH2A-595 + CACAUCCAACAUCAUUAAAGCUU 23
USH2A-596 + ACAUCCAACAUCAUUAAAGCUU 22
USH2A-597 + CAUCCAACAUCAUUAAAGCUU 21
USH2A-598 - GGAGACAGUGCAAUAAAUGUUUGG 24
USH2A-599 - GAGACAGUGCAAUAAAUGUUUGG 23
USH2A-600 - AGACAGUGCAAUAAAUGUUUGG 22
USH2A-601 - GACAGUGCAAUAAAUGUUUGG 21
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USH2A-602 + UUAUUGCACUGUCUCCCUUCAACA 24
USH2A-603 + UAUUGCACUGUCUCCCUUCAACA 23
USH2A-604 + AUUGCACUGUCUCCCUUCAACA 22
USH2A-605 + UUGCACUGUCUCCCUUCAACA 21
USH2A-606 + ACAUCCAACAUCAUUAAAGCUUCG 24
USH2A-607 + CAUCCAACAUCAUUAAAGCUUCG 23
USH2A-608 + AUCCAACAUCAUUAAAGCUUCG 22
USH2A-609 + UCCAACAUCAUUAAAGCUUCG 21
USH2A-610 - UCCGAAGCUUUAAUGAUGUUGGAU 24
USH2A-611 - CCGAAGCUUUAAUGAUGUUGGAU 23
USH2A-612 - CGAAGCUUUAAUGAUGUUGGAU 22
USH2A-613 - GAAGCUUUAAUGAUGUUGGAU 21
USH2A-614 - GGCAGUGCAUCUGCAAGCCCAAUG 24
USH2A-615 - GCAGUGCAUCUGCAAGCCCAAUG 23
USH2A-616 - CAGUGCAUCUGCAAGCCCAAUG 22
USH2A-617 - AGUGCAUCUGCAAGCCCAAUG 21
USH2A-618 - GGGAGACAGUGCAAUAAAUGUUUG 24
USH2A-619 - GGAGACAGUGCAAUAAAUGUUUG 23
USH2A-620 - GAGACAGUGCAAUAAAUGUUUG 22
USH2A-621 - AGACAGUGCAAUAAAUGUUUG 21

Table SF provides targeting domains for the 2299delG site in the USH2A gene that can
be used for dual targeting. Any of the targeting domains in the table can be used with a S. aureus
Cas9 (nickase) molecule to generate a single stranded break.

Exemplary nickase pairs including selecting a targeting domain from Group A and a
second targeting domain from Group B. It is contemplated herein that in an embodiment a
targeting domain of Group A can be combined with any of the targeting domains of Group B.
For example, USH2A-288 can be combined with USH2A-448.

Table SF

Group A Group B

USH2A-288 USH2A-448

Table 6A provides targeting domains for the 2299delG site in the USH2A selected
according to the first tier parameters. The targeting domains are within 200 bases of the 2299deG
site, have good orthogonality, and start with G. It is contemplated herein that in an embodiment

the targeting domain hybridizes to the target domain through complementary base pairing. Any
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of the targeting domains in the table can be used with a N. meningitidis Cas9 molecule that
generates a double stranded break (Cas9 nuclease) or a single-stranded break (Cas9 nickase).

Table 6A

gRNA Name S]? gﬁ; Targeting Domain Target Site Length
USH2A-264 | + GUGUCACACUGAAGUCC 17
USH2A-261 | - GGUGUGAUCAUUGCAAU 17
USH2A-270 | + GGGCUCACAUCCAACAUCAU 20

Table 6B provides targeting domains for the 2299delG site in the USH2A selected
according to the second tier parameters. The targeting domains are within 200 bases of the
2299deG site and have good orthogonality. It is contemplated herein that in an embodiment the
targeting domain hybridizes to the target domain through complementary base pairing. Any of
the targeting domains in the table can be used with a N. meningitidis Cas9 molecule that
generates a double stranded break (Cas9 nuclease) or a single-stranded break (Cas9 nickase).

Table 6B

gRNA Name S]? rljﬁzi Targeting Domain Target Site Length
USH2A-263 | + CACUACACUGCCCAGAG 17
USH2A-266 | + AAAAGGUGAGGAUGGGA 17
USH2A-260 | + CUCACAUCCAACAUCAU 17
USH2A-262 | + ACUGUCUCCCUUCAACA 17
USH2A-273 | + CAGGUGUCACACUGAAGUCC 20
USH2A-268 | - UUAGGUGUGAUCAUUGCAAU 20
USH2A-269 | + UUGCACUACACUGCCCAGAG 20
USH2A-271 |+ UGCACUGUCUCCCUUCAACA 20
USH2A-274 | + UUUAAAAGGUGAGGAUGGGA 20

Table 6C provides targeting domains for the 2299delG site in the USH2A selected
according to the fourth tier parameters. The targeting domains are within 200 bases of the
2299deG site. It is contemplated herein that in an embodiment the targeting domain hybridizes
to the target domain through complementary base pairing. Any of the targeting domains in the
table can be used with a N. meningitidis Cas9 molecule that generates a double stranded break

(Cas9 nuclease) or a single-stranded break (Cas9 nickase).

Table 6C
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gRNA Name S]?rljr?d Targeting Domain Target Site Length
USH2A-267 | - UAAAUAUAUUUUAUCUU 17
USH2A-265 | - UUGGAUUUAAAUUUCUC 17
USH2A-272 | - UUUUAAAUAUAUUUUAUCUU 20
USH2A-275 | - AUUUUGGAUUUAAAUUUCUC 20

Table 6D provides targeting domains for the 2299delG site in the USH2A gene that can
be used for dual targeting. Any of the targeting domains in the table can be used with a V.
meningitidis Cas9 (nickase) molecule to generate a single stranded break.

Exemplary nickase pairs including selecting a targeting domain from Group A and a
second targeting domain from Group B. It is contemplated herein that in an embodiment a
targeting domain of Group A can be combined with any of the targeting domains of Group B.
For example, USH2A-266 can be combined with USH2A-261 or USH2A-268 can be combined
with USH2A-261.

10 Table 6D

15

20

Group A Group B

USH2A-266 USH2A-261

USH2A-268

II1. Cas9 Molecules

Cas9 molecues of a variety of species can be used in the methods and compostions
described herein. While the S. pyogenes, S. aureus, and S. thermophilus Cas9 molecules are the
subject of much of the disclosure herein, Cas9 molecules of, derived from, or based on the Cas9
proteins of other species lised herein can be used as well. In other words, while much of the
description herein uses S. pyogenes and S. thermophilus Cas9 molecules Cas9 molecules from
the other species can replace them. Such species include: Acidovorax avenae, Actinobacillus
pleuropneumoniae, Actinobacillus succinogenes, Actinobacillus suis, Actinomyces sp.,
Cycliphilus denitrificans, Aminomonas paucivorans, Bacillus cereus, Bacillus smithii, Bacillus
thuringiensis, Bacteroides sp., Blastopirellula marina, Bradyrhizobium sp., Brevibacillus
laterosporus, Campylobacter coli, Campylobacter jejuni, Campylobacter lari, Candidatus
puniceispirillum, Clostridium cellulolyticum, Clostridium perfringens, Corynebacterium

accolens, Corynebacterium diphtheria, Corynebacterium matruchotii, Dinoroseobacter shibae,
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Eubacterium dolichum, gamma proteobacterium, Gluconacetobacter diazotrophicus,
Haemophilus parainfluenzae, Haemophilus sputorum, Helicobacter canadensis, Helicobacter
cinaedi, Helicobacter mustelae, llyobacter polytropus, Kingella kingae, Lactobacillus crispatus,
Listeria ivanovii, Listeria monocytogenes, Listeriaceae bacterium, Methylocystis sp.,
Methylosinus trichosporium, Mobiluncus mulieris, Neisseria bacilliformis, Neisseria cinerea,
Neisseria flavescens, Neisseria lactamica, Neisseria meningitides, Neisseria sp., Neisseria
wadsworthii, Nitrosomonas sp., Parvibaculum lavamentivorans, Pasteurella multocida,
Phascolarctobacterium succinatutens, Ralstonia syzygii, Rhodopseudomonas palustris,
Rhodovulum sp., Simonsiella muelleri, Sphingomonas sp., Sporolactobacillus vineae,
Staphylococcus aureus, Staphylococcus lugdunensis, Streptococcus sp., Subdoligranulum sp.,
Tistrella mobilis, Treponema sp., or Verminephrobacter eiseniae.

A Cas9 molecule, or Cas9 polypeptide, as that term is used herein, refers to a molecule or
polypeptide that can interact with a guide RNA (gRNA) molecule and, in concert with the gRNA
molecule, home or localizes to a site which comprises a target domain and PAM sequence. Cas9
molecule and Cas9 polypeptide, as those terms are used herein, refer to naturally occurring Cas9
molecules and to engineered, altered, or modified Cas9 molecules or Cas9 polypeptides that
differ, e.g., by at least one amino acid residue, from a reference sequence, e.g., the most similar

naturally occurring Cas9 molecule or a sequence of Table 7.

Cas9 Domains

Crystal structures have been determined for two different naturally occurring bacterial
Cas9 molecules (Jinek et al., Science, 343(6176):1247997, 2014) and for S. pyogenes Cas9 with
a guide RNA (e.g., a synthetic fusion of crRNA and tracrRNA) (Nishimasu et al., Cell, 156:935-
949, 2014; and Anders et al., Nature, 2014, doi: 10.1038/nature13579).

A naturally occurring Cas9 molecule comprises two lobes: a recognition (REC) lobe and
a nuclease (NUC) lobe; each of which further comprises domains described herein. Figs. 9A-9B
provide a schematic of the organization of important Cas9 domains in the primary structure. The
domain nomenclature and the numbering of the amino acid residues encompassed by each
domain used throughout this disclosure is as described in Nishimasu et al. The numbering of the

amino acid residues is with reference to Cas9 from S. pyogenes.
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The REC lobe comprises the arginine-rich bridge helix (BH), the REC1 domain, and the
REC2 domain. The REC lobe does not share structural similarity with other known proteins,
indicating that it is a Cas9-specific functional domain. The BH domain is a long o helix and
arginine rich region and comprises amino acids 60-93 of the sequence of §. pyogenes Cas9. The
REC]1 domain is important for recognition of the repeat:anti-repeat duplex, e.g., of a gRNA or a
tracrRNA, and is therefore critical for Cas9 activity by recognizing the target sequence. The
REC]1 domain comprises two RECI motifs at amino acids 94 to 179 and 308 to 717 of the
sequence of S. pyogenes Cas9. These two REC1 domains, though separated by the REC2
domain in the linear primary structure, assemble in the tertiary structure to form the REC1
domain. The REC2 domain, or parts thereof, may also play a role in the recognition of the
repeat:anti-repeat duplex. The REC2 domain comprises amino acids 180-307 of the sequence of
S. pyogenes Cas9.

The NUC lobe comprises the RuvC domain (also referred to herein as RuvC-like
domain), the HNH domain (also referred to herein as HNH-like domain), and the PAM-
interacting (PI) domain. The RuvC domain shares structural similarity to retroviral integrase
superfamily members and cleaves a single strand, e.g., the non-complementary strand of the
target nucleic acid molecule. The RuvC domain is assembled from the three split RuvC motifs
(RuvC I, RuvCll, and RuvClIl, which are often commonly referred to in the art as RuvCI
domain, or N-terminal RuvC domain, RuvCII domain, and RuvCIII domain) at amino acids 1-
59, 718-769, and 909-1098, respectively, of the sequence of S. pyogenes Cas9. Similar to the
REC]1 domain, the three RuvC motifs are linearly separated by other domains in the primary
structure, however in the tertiary structure, the three RuvC motifs assemble and form the RuvC
domain. The HNH domain shares structural similarity with HNH endonucleases, and cleaves a
single strand, e.g., the complementary strand of the target nucleic acid molecule. The HNH
domain lies between the RuvC II-III motifs and comprises amino acids 775-908 of the sequence
of S. pyogenes Cas9. The PI domain interacts with the PAM of the target nucleic acid molecule,
and comprises amino acids 1099-1368 of the sequence of S. pyogenes Cas9.

A RuvC-like domain and an HNH-like domain

In an embodiment, a Cas9 molecule or Cas9 polypeptide comprises an HNH-like domain
and a RuvC-like domain. In an embodiment, cleavage activity is dependent on a RuvC-like

domain and an HNH-like domain. A Cas9 molecule or Cas9 polypeptide, e.g., an eaCas9
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molecule or eaCas9 polypeptide, can comprise one or more of the following domains: a RuvC-
like domain and an HNH-like domain. In an embodiment, a Cas9 molecule or Cas9 polypeptide
is an eaCas9 molecule or eaCas9 polypeptide and the eaCas9 molecule or eaCas9 polypeptide
comprises a RuvC-like domain, e.g., a RuvC-like domain described below, and/or an HNH-like
domain, e.g., an HNH-like domain described below.

RuvC-like domains

In an embodiment, a RuvC-like domain cleaves, a single strand, e.g., the non-
complementary strand of the target nucleic acid molecule. The Cas9 molecule or Cas9
polypeptide can include more than one RuvC-like domain (e.g., one, two, three or more RuvC-
like domains). In an embodiment, a RuvC-like domain is at least 5, 6, 7, 8 amino acids in length
but not more than 20, 19, 18, 17, 16 or 15 amino acids in length. In an embodiment, the Cas9
molecule or Cas9 polypeptide comprises an N-terminal RuvC-like domain of about 10 to 20
amino acids, e.g., about 15 amino acids in length.

N-terminal RuvC-like domains

Some naturally occurring Cas9 molecules comprise more than one RuvC-like domain
with cleavage being dependent on the N-terminal RuvC-like domain. Accordingly, Cas9
molecules or Cas9 polypeptide can comprise an N-terminal RuvC-like domain. Exemplary N-
terminal RuvC-like domains are described below.

In an embodiment, an eaCas9 molecule or eaCas9 polypeptide comprises an N-terminal
RuvC-like domain comprising an amino acid sequence of formula I:

D-X1-G-X2-X3-X4-X5-G-X6-X7-X8-X9 (SEQ ID NO: §),

wherein,

X1 is selected from I, V, M, Land T (e.g., selected from I, V, and L);

X2 is selected from T, I, V, S, N, Y, E and L (e.g., selected from T, V, and I);

X3 is selected from N, S, G, A, D, T,R, M and F (e.g., A or N);

X4 is selected from S, Y, N and F (e.g., S);

X5 is selected from V, I, L, C, T and F (e.g., selected from V, I and L);

X6 is selected from W, F, V. Y, S and L (e.g., W);

X7 is selected from A, S, C, V and G (e.g., selected from A and S);

X8 is selected from V, I, L, A, M and H (e.g., selected from V, I, M and L); and

X9 is selected from any amino acid or is absent, designated by A (e.g., selected from T,
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V.LL,AF, S, A, Y,Mand R, or, e.g., selected from T, V, I, L and A).

In an embodiment, the N-terminal RuvC-like domain differs from a sequence of SEQ ID
NO:8, by as many as 1 but no more than 2, 3, 4, or 5 residues.

In embodiment, the N-terminal RuvC-like domain is cleavage competent.

In embodiment, the N-terminal RuvC-like domain is cleavage incompetent.

In an embodiment, a eaCas9 molecule or eaCas9 polypeptide comprises an N-terminal
RuvC-like domain comprising an amino acid sequence of formula II:

D-X1-G-X2-X3-S-X5-G-X6-X7-X8-X9, (SEQ ID NO: 9),

wherein

X1 is selected from I, V, M, Land T (e.g., selected from I, V, and L);

X2 is selected from T, I, V, S, N, Y, E and L (e.g., selected from T, V, and I);

X3 is selected from N, S, G, A, D, T,R, M and F (e.g., A or N);

X5 is selected from V, I, L, C, T and F (e.g., selected from V, I and L);

X6 is selected from W, F, V. Y, S and L (e.g., W);

X7 is selected from A, S, C, V and G (e.g., selected from A and S);

X8 is selected from V, I, L, A, M and H (e.g., selected from V, I, M and L); and

X9 is selected from any amino acid or is absent (e.g., selected from T, V, [, L, A, F, S, A,
Y, M and R or selected from e.g., T, V, I, L and A).

In an embodiment, the N-terminal RuvC-like domain differs from a sequence of SEQ ID
NO:9 by as many as 1 but no more than 2, 3, 4, or 5 residues.

In an embodiment, the N-terminal RuvC-like domain comprises an amino acid sequence
of formula III:

D-I-G-X2-X3-S-V-G-W-A-X8-X9 (SEQ ID NO: 10),

wherein

X2 is selected from T, I, V, S, N, Y, E and L (e.g., selected from T, V, and I);

X3 is selected from N, S, G, A, D, T,R, M and F (e.g., A or N);

X8 is selected from V, I, L, A, M and H (e.g., selected from V, I, M and L); and

X9 is selected from any amino acid or is absent (e.g., selected from T, V, [, L, A, F, S, A,
Y, M and R or selected from e.g., T, V, I, L and A).

In an embodiment, the N-terminal RuvC-like domain differs from a sequence of SEQ ID

NO:10 by as many as 1 but no more than, 2, 3, 4, or 5 residues.
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In an embodiment, the N-terminal RuvC-like domain comprises an amino acid sequence
of formula III:

D-I-G-T-N-S-V-G-W-A-V-X (SEQ ID NO: 11),

wherein

X is a non-polar alkyl amino acid or a hydroxyl amino acid, e.g., X is selected from V, I,
L and T (e.g., the eaCas9 molecule can comprise an N-terminal RuvC-like domain shown in
Figs. 2A-2G (is depicted as Y)).

In an embodiment, the N-terminal RuvC-like domain differs from a sequence of SEQ ID
NO:11 by as many as 1 but no more than, 2, 3, 4, or 5 residues.

In an embodiment, the N-terminal RuvC-like domain differs from a sequence of an N-
terminal RuvC like domain disclosed herein, e.g., in Figs. 3A-3B or Figs. 7A-7B, as many as 1
but no more than 2, 3, 4, or 5 residues. In an embodiment, 1, 2, 3 or all of the highly conserved
residues identified in Figs. 3A-3B or Figs. 7A-7B are present.

In an embodiment, the N-terminal RuvC-like domain differs from a sequence of an N-
terminal RuvC-like domain disclosed herein, e.g., in Figs. 4A-4B or Figs. 7A-7B, as many as 1
but no more than 2, 3, 4, or 5 residues. In an embodiment, 1, 2, or all of the highly conserved
residues identified in Figs. 4A-4B or Figs. 7A-7B are present.

Additional RuvC-like domains

In addition to the N-terminal RuvC-like domain, the Cas9 molecule or Cas9 polypeptide,
e.g., an eaCas9 molecule or eaCas9 polypeptide, can comprise one or more additional RuvC-like
domains. In an embodiment, the Cas9 molecule or Cas9 polypeptide can comprise two
additional RuvC-like domains. Preferably, the additional RuvC-like domain is at least 5 amino
acids in length and, e.g., less than 15 amino acids in length, e.g., 5 to 10 amino acids in length,
e.g., 8 amino acids in length.

An additional RuvC-like domain can comprise an amino acid sequence:

[-X1-X2-E-X3-A-R-E (SEQ ID NO:12), wherein

X1lisVorH,

X2is,LorV (e.g.,lor V), and

X3isMorT.

In an embodiment, the additional RuvC-like domain comprises the amino acid sequence:
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I-V-X2-E-M-A-R-E (SEQ ID NO:13), wherein

X2isL LorV (e.g.,lorV)(e.g. the eaCas9 molecule or eaCas9 polypeptide can
comprise an additional RuvC-like domain shown in Fig. 2A-2G or Figs. 7A-7B (depicted as B)).

An additional RuvC-like domain can comprise an amino acid sequence:

H-H-A-X1-D-A-X2-X3 (SEQ ID NO:14), wherein

XlisHorL;

X2isRor V; and

X3isEorV.

In an embodiment, the additional RuvC-like domain comprises the amino acid sequence:
H-H-A-H-D-A-Y-L (SEQ ID NO:15).

In an embodiment, the additional RuvC-like domain differs from a sequence of SEQ ID
NO:13, 15, 12 or 14 by as many as 1 but no more than 2, 3, 4, or 5 residues.

In some embodiments, the sequence flanking the N-terminal RuvC-like domain is a
sequences of formula V:

K-X17-Y-X2’-X3’-X4’-Z-T-D-X9’-Y, (SEQ ID NO:16).

wherein

X1’ is selected from K and P,

X2’ is selected from V, L, I, and F (e.g., V, I and L);

X3’ is selected from G, A and S (e.g., G),

X4’ is selected from L, I, V and F (e.g., L);

X9’ is selected from D, E, N and Q; and

Z.is an N-terminal RuvC-like domain, e.g., as described above.

HNH-like domains

In an embodiment, an HNH-like domain cleaves a single stranded complementary
domain, e.g., a complementary strand of a double stranded nucleic acid molecule. In an
embodiment, an HNH-like domain is at least 15, 20, 25 amino acids in length but not more than
40, 35 or 30 amino acids in length, e.g., 20 to 35 amino acids in length, e.g., 25 to 30 amino acids
in length. Exemplary HNH-like domains are described below.

In an embodiment, an eaCas9 molecule or eaCas9 polypeptide comprises an HNH-like

domain having an amino acid sequence of formula VI:
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X1-X2-X3-H-X4-X5-P-X6-X7-X8-X9-X10-X11-X12-X13-X14-X15-N-X16-X17-X18-

X19-X20-X21-X22-X23-N (SEQ ID NO:17), wherein

X1 is selected from D, E, Q and N (e.g., D and E);

X2is selected from L, I, R, Q, V, M and K

X3 is selected from D and E;

X4 is selected from I, V, T, A and L (e.g., A, I and V);

XS is selected from V, Y, I, L, Fand W (e.g., V, I and L);

X6 is selected from Q, H, R, K, Y, L, L, F and W;

X7 is selected from S, A, D, T and K (e.g., S and A);

X8 is selected from F, L, V, K, Y, M, , R, A,E, D and Q (e.g., F);
X9isselected from L, R, T, I, V,S,C, Y, K, Fand G;

X10is selected from K, Q, Y, T,F, L, W, M, A, E, G, and S;

X11 is selected from D, S, N, R, Land T (e.g., D);

X12 is selected from D, N and S;

X13 is selected from S, A, T, G and R (e.g., S);

X14 is selected from I L, F, S, R, Y, Q, W, D, K and H (e.g., I, L and F);
X15is selected from D, S, I, N,E, A, H, F, L, Q, M, G, Y and V;

X16 is selected from K, L, R, M, T and F (e.g., L, R and K);

X17 is selected from V, L, I, A and T;

X18 is selected from L, I, V and A (e.g., L and I);

X19is selected from T, V, C, E, S and A (e.g., T and V);

X20is selected from R, F, T, W, E, L, N,C,K, V., S,Q, L Y, Hand A;
X21 is selected from S, P, R, K, N, A, H, Q, Gand L;

X22 is selected from D, G, T, N, S, K, A, LE, L, Q,R and Y; and
X23is selected from K, V,A,E, Y, LC,L,S, T, G, K, M, D and F.

In an embodiment, a HNH-like domain differs from a sequence of SEQ ID NO:17 by at

least one but no more than, 2, 3, 4, or 5 residues.

In an embodiment, the HNH-like domain is cleavage competent.
In an embodiment, the HNH-like domain is cleavage incompetent.

In an embodiment, an eaCas9 molecule or eaCas9 polypeptide comprises an HNH-like

domain comprising an amino acid sequence of formula VII:
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X1-X2-X3-H-X4-X5-P-X6-S-X8-X9-X10-D-D-S-X14-X15-N-K-V-L-X19-X20-X21-

X22-X23-N (SEQ ID NO:18),

wherein

X1 is selected from D and E;

X2is selected from L, I, R, Q, V, M and K

X3 is selected from D and E;

X4 is selected from I, V, T, A and L (e.g., A, I and V);

XS is selected from V, Y, I, L, Fand W (e.g., V, I and L);

X6 is selected from Q, H, R, K, Y, L, L, F and W;

X8 is selected from F, L, V, K, Y, M, , R, A,E, D and Q (e.g., F);
X9isselected from L, R, T, I, V,S,C, Y, K, Fand G;

X10is selected from K, Q, Y, T,F, L, W, M, A, E, G, and S;

X14 is selected from I L, F, S, R, Y, Q, W, D, K and H (e.g., I, L and F);
X15is selected from D, S, I, N,E, A, H, F, L, Q, M, G, Y and V;

X19is selected from T, V, C, E, S and A (e.g., T and V);

X20is selected from R, F, T, W, E, L, N,C,K, V., S,Q, L Y, Hand A;
X21 is selected from S, P, R, K, N, A, H, Q, Gand L;

X22 is selected from D, G, T, N, S, K, A, LE, L, Q,R and Y; and
X23is selected from K, V,A,E, Y, LC,L,S, T, G, K, M, D and F.

In an embodiment, the HNH-like domain differs from a sequence of SEQ ID NO:18 by 1,

2,3, 4, or 5 residues.

In an embodiment, an eaCas9 molecule or eaCas9 polypeptide comprises an HNH-like

domain comprising an amino acid sequence of formula VII:

X1-V-X3-H-I-V-P-X6-S-X8-X9-X10-D-D-S-X14-X15-N-K-V-L-T-X20-X21-X22-X23-

N (SEQ ID NO:19),

wherein

X1 is selected from D and E;

X3 is selected from D and E;

X6 is selected from Q, H, R, K, Y, I, L and W;

X8 is selected from F, L, V, K, Y, M, , R, A,E, D and Q (e.g., F);
X9isselected from L, R, T, I, V,S,C, Y, K, Fand G;
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X10is selected from K, Q, Y, T,F, L, W, M, A, E, G, and S;

X14 is selected from I L, F, S, R, Y, Q, W, D, K and H (e.g., I, L and F);

X15is selected from D, S, I, N,E, A, H, F, L, Q, M, G, Y and V;

X20is selected from R, F, T, W, E, L, N,C,K, V., S,Q, L Y, Hand A;

X21 is selected from S, P, R, K, N, A, H, Q, Gand L;

X22 is selected from D, G, T, N, S, K, A, LE, L, Q,R and Y; and

X23is selected from K, V,A,E, Y, LC,L,S, T, G, K, M, D and F.

In an embodiment, the HNH-like domain differs from a sequence of SEQ ID NO:19 by 1,
2,3, 4, or 5 residues.

In an embodiment, an eaCas9 molecule or eaCas9 polypeptide comprises an HNH-like
domain having an amino acid sequence of formula VIII:

D-X2-D-H-1-X5-P-Q-X7-F-X9-X10-D-X12-S-1-D-N-X16-V-L-X19-X20-S-X22-X23-N
(SEQ ID NO:20),

wherein

X2 is selected from I and V;

X35 is selected from I and V;

X7 is selected from A and S;

X9 is selected from I and L;

X10 is selected from K and T;

X12 is selected from D and N;

X161is selected from R, K and L; X19 is selected from T and V;

X20 is selected from S and R;

X22 is selected from K, D and A; and

X23 is selected from E, K, G and N (e.g., the eaCas9 molecule or eaCas9 polypeptide can
comprise an HNH-like domain as described herein).

In an embodiment, the HNH-like domain differs from a sequence of SEQ ID NO:20 by as
many as 1 but no more than 2, 3, 4, or 5 residues.

In an embodiment, an eaCas9 molecule or eaCas9 polypeptide comprises the amino acid
sequence of formula IX:

L-Y-Y-L-Q-N-G-X1’-D-M-Y-X2’-X3’-X4’-X5’-L-D-I—X6’-X7’-L-S-X8’-Y-Z-N-R-
X9’-K-X10’-D-X11°-V-P (SEQ ID NO:21),
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wherein

X1’ is selected from K and R;

X2’ is selected from V and T;

X3’ is selected from G and D;

X4’ is selected from E, Q and D;

X5’ is selected from E and D;

X6’ is selected from D, N and H;

X7’ is selected from Y, R and N;

X8’ is selected from Q, D and N; X9’ is selected from G and E;

X10’ is selected from S and G;

X171’ is selected from D and N; and

Z.is an HNH-like domain, e.g., as described above.

In an embodiment, the eaCas9 molecule or eaCas9 polypeptide comprises an amino acid
sequence that differs from a sequence of SEQ ID NO:21 by as many as 1 but no more than 2, 3,
4, or 5 residues.

In an embodiment, the HNH-like domain differs from a sequence of an HNH-like domain
disclosed herein, e.g., in Figs. SA-5C or Figs. 7A-7B, as many as 1 but no more than 2, 3, 4, or 5
residues. In an embodiment, 1 or both of the highly conserved residues identified in Figs. SA-
5C or Figs. 7A-7B are present.

In an embodiment, the HNH -like domain differs from a sequence of an HNH-like
domain disclosed herein, e.g., in Figs. 6A-6B or Figs. 7A-7B, as many as 1 but no more than 2,
3,4, or Sresidues. In an embodiment, 1, 2, all 3 of the highly conserved residues identified in

Figs. 6A-6B or Figs. 7A-7B are present.

Cas9 Activities

Nuclease and Helicase Activities
In an embodiment, the Cas9 molecule or Cas9 polypeptide is capable of cleaving a target
nucleic acid molecule. Typically wild type Cas9 molecules cleave both strands of a target
nucleic acid molecule. Cas9 molecules and Cas9 polypeptides can be engineered to alter
nuclease cleavage (or other properties), e.g., to provide a Cas9 molecule or Cas9 peolypeptide

which is a nickase, or which lacks the ability to cleave target nucleic acid. A Cas9 molecule or
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Cas9 polypeptide that is capable of cleaving a target nucleic acid molecule is referred to herein
as an eaCas9 molecule or eaCas9 polypeptide. In an embodiment, an eaCas9 molecule or Cas9
polypeptide comprises one or more of the following activities:

a nickase activity, 1.e., the ability to cleave a single strand, e.g., the non-complementary
strand or the complementary strand, of a nucleic acid molecule;

a double stranded nuclease activity, i.e., the ability to cleave both strands of a double
stranded nucleic acid and create a double stranded break, which in a embodiment is the presence
of two nickase activities;

an endonuclease activity;

an exonuclease activity; and

a helicase activity, i.e., the ability to unwind the helical structure of a double stranded
nucleic acid.

In an embodiment, an enzymatically active Cas9 or eaCas9 molecule or eaCas9
polypeptide cleaves both strands and results in a double stranded break. In an embodiment, an
eaCas9 molecule cleaves only one strand, e.g., the strand to which the gRNA hybridizes to, or
the strand complementary to the strand the gRNA hybridizes with. In an embodiment, an eaCas9
molecule or eaCas9 polypeptide comprises cleavage activity associated with an HNH-like
domain. In an embodiment, an eaCas9 molecule or eaCas9 polypeptide comprises cleavage
activity associated with an N-terminal RuvC-like domain. In an embodiment, an eaCas9
molecule or eaCas9 polypeptide comprises cleavage activity associated with an HNH-like
domain and cleavage activity associated with an N-terminal RuvC-like domain. In an
embodiment, an eaCas9 molecule or eaCas9 polypeptide comprises an active, or cleavage
competent, HNH-like domain and an inactive, or cleavage incompetent, N-terminal RuvC-like
domain. In an embodiment, an eaCas9 molecule or eaCas9 polypeptide comprises an inactive, or
cleavage incompetent, HNH-like domain and an active, or cleavage competent, N-terminal
RuvC-like domain.

Some Cas9 molecules or Cas9 polypeptides have the ability to interact with a gRNA
molecule, and in conjunction with the gRNA molecule localize to a core target domain, but are
incapable of cleaving the target nucleic acid, or incapable of cleaving at efficient rates. Cas9
molecules having no, or no substantial, cleavage activity are referred to herein as an eiCas9

molecule or eiCas9 polypeptide. For example, an eiCas9 molecule or eiCas9 polypeptide can
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lack cleavage activity or have substantially less, e.g., less than 20, 10, 5, 1 or 0.1 % of the
cleavage activity of a reference Cas9 molecule or eiCas9 polypeptide, as measured by an assay
described herein.

Targeting and PAMSs

A Cas9 molecule or Cas9 polypeptide, is a polypeptide that can interact with a guide
RNA (gRNA) molecule and, in concert with the gRNA molecule, localizes to a site which
comprises a target domain and PAM sequence.

In an embodiment, the ability of an eaCas9 molecule or eaCas9 polypeptide to interact
with and cleave a target nucleic acid is PAM sequence dependent. A PAM sequence is a
sequence in the target nucleic acid. In an embodiment, cleavage of the target nucleic acid occurs
upstream from the PAM sequence. eaCas9 molecules from different bacterial species can
recognize different sequence motifs (e.g., PAM sequences). In an embodiment, an eaCas9
molecule of §. pyogenes recognizes the sequence motif NGG and directs cleavage of a target
nucleic acid sequence 1 to 10, e.g., 3 to 5, base pairs upstream from that sequence. See, e.g.,
Mali et al., SCIENCE 2013; 339(6121): 823-826. In an embodiment, an eaCas9 molecule of §.
thermophilus recognizes the sequence motif NGGNG and NNAGAAW (W = A or T) and directs
cleavage of a core target nucleic acid sequence 1 to 10, e.g., 3 to 5, base pairs upstream from
these sequences. See, e.g., Horvath et al., SCIENCE 2010; 327(5962):167-170, and Deveau et al.,
J BACTERIOL 2008; 190(4): 1390-1400. In an embodiment, an eaCas9 molecule of S. mutans
recognizes the sequence motif NGG and/or NAAR (R = A or G) and directs cleavage of a core
target nucleic acid sequence 1 to 10, e.g., 3 to 5 base pairs, upstream from this sequence. See,
e.g., Deveau et al., ] BACTERIOL 2008; 190(4): 1390-1400. In an embodiment, an eaCas9
molecule of §. aureus recognizes the sequence motif NNGRR (R = A or G) and directs cleavage
of a target nucleic acid sequence 1 to 10, e.g., 3 to 5, base pairs upstream from that sequence. In
an embodiment, an eaCas9 molecule of S. aureus recognizes the sequence motif NNGRRN (R =
A or G) and directs cleavage of a target nucleic acid sequence 1 to 10, e.g., 3 to 5, base pairs
upstream from that sequence. In an embodiment, an eaCas9 molecule of S. aureus recognizes
the sequence motif NNGRRT (R = A or G) and directs cleavage of a target nucleic acid sequence
1to 10, e.g., 3 to 5, base pairs upstream from that sequence. In an embodiment, an eaCas9
molecule of §. aureus recognizes the sequence motif NNGRRV (R=A or G, V=A,GorC) and

directs cleavage of a target nucleic acid sequence 1 to 10, e.g., 3 to 5, base pairs upstream from
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that sequence. In an embodiment, an eaCas9 molecule of Neisseria meningitidis recognizes the
sequence motif NNNNGATT or NNNGCTT and directs cleavage of a target nucleic acid
sequence 1 to 10, e.g., 3 to 5, base pairs upstream from that sequence. See, e.g., Hou et al.,
PNAS Early Edition 2013, 1-6. The ability of a Cas9 molecule to recognize a PAM sequence
can be determined, e.g., using a transformation assay described in Jinek ef al., SCIENCE 2012
337:816. In the aforementioned embodiments, N can be any nucleotide residue, e.g., any of A, G,
CorT.

As is discussed herein, Cas9 molecules can be engineered to alter the PAM specificity of
the Cas9 molecule.

Exemplary naturally occurring Cas9 molecules are described in Chylinski ef al., RNA
BrorLoGy 2013 10:5, 727-737. Such Cas9 molecules include Cas9 molecules of a cluster 1
bacterial family, cluster 2 bacterial family, cluster 3 bacterial family, cluster 4 bacterial family,
cluster 5 bacterial family, cluster 6 bacterial family, a cluster 7 bacterial family, a cluster §
bacterial family, a cluster 9 bacterial family, a cluster 10 bacterial family, a cluster 11 bacterial
family, a cluster 12 bacterial family, a cluster 13 bacterial family, a cluster 14 bacterial family, a
cluster 15 bacterial family, a cluster 16 bacterial family, a cluster 17 bacterial family, a cluster 18
bacterial family, a cluster 19 bacterial family, a cluster 20 bacterial family, a cluster 21 bacterial
family, a cluster 22 bacterial family, a cluster 23 bacterial family, a cluster 24 bacterial family, a
cluster 25 bacterial family, a cluster 26 bacterial family, a cluster 27 bacterial family, a cluster 28
bacterial family, a cluster 29 bacterial family, a cluster 30 bacterial family, a cluster 31 bacterial
family, a cluster 32 bacterial family, a cluster 33 bacterial family, a cluster 34 bacterial family, a
cluster 35 bacterial family, a cluster 36 bacterial family, a cluster 37 bacterial family, a cluster 38
bacterial family, a cluster 39 bacterial family, a cluster 40 bacterial family, a cluster 41 bacterial
family, a cluster 42 bacterial family, a cluster 43 bacterial family, a cluster 44 bacterial family, a
cluster 45 bacterial family, a cluster 46 bacterial family, a cluster 47 bacterial family, a cluster 48
bacterial family, a cluster 49 bacterial family, a cluster 50 bacterial family, a cluster 51 bacterial
family, a cluster 52 bacterial family, a cluster 53 bacterial family, a cluster 54 bacterial family, a
cluster 55 bacterial family, a cluster 56 bacterial family, a cluster 57 bacterial family, a cluster 58
bacterial family, a cluster 59 bacterial family, a cluster 60 bacterial family, a cluster 61 bacterial
family, a cluster 62 bacterial family, a cluster 63 bacterial family, a cluster 64 bacterial family, a

cluster 65 bacterial family, a cluster 66 bacterial family, a cluster 67 bacterial family, a cluster 68
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bacterial family, a cluster 69 bacterial family, a cluster 70 bacterial family, a cluster 71 bacterial

family, a cluster 72 bacterial family, a cluster 73 bacterial family, a cluster 74 bacterial family, a
cluster 75 bacterial family, a cluster 76 bacterial family, a cluster 77 bacterial family, or a cluster
78 bacterial family.

Exemplary naturally occurring Cas9 molecules include a Cas9 molecule of a cluster 1
bacterial family. Examples include a Cas9 molecule of: §. pyogenes (e.g., strain SF370,
MGAS10270, MGAS10750, MGAS2096, MGAS315, MGAS5005, MGAS6180, MGAS9429,
NZ131 and SSI-1), S. thermophilus (e.g., strain LMD-9), S. pseudoporcinus (e.g., strain SPIN
20026), S. mutans (e.g., strain UA159, NN2025), S. macacae (e.g., strain NCTC11558), S.
gallolyticus (e.g., strain UCN34, ATCC BAA-2069), S. equines (e.g., strain ATCC 9812, MGCS
124), §. dysdalactiae (e.g., strain GGS 124), S. bovis (e.g., strain ATCC 700338), S. anginosus
(e.g., strain FO211), S. agalactiae (e.g., strain NEM316, A909), Listeria monocytogenes (e.g.,
strain F6854), Listeria innocua (L. innocua, e.g., strain Clipl1262), Enterococcus italicus (e.g.,
strain DSM 15952), or Enterococcus faecium (e.g., strain 1,231,408). Another exemplary Cas9
molecule is a Cas9 molecule of Neisseria meningitides (Hou et al., PNAS Early Edition 2013, 1-
6.

In an embodiment, a Cas9 molecule or Cas9 polypeptide, e.g., an eaCas9 molecule or
eaCas9 polypeptide, comprises an amino acid sequence:

having 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% homology
with;

differs at no more than, 2, 5, 10, 15, 20, 30, or 40% of the amino acid residues when
compared with;

differs by at least 1, 2, 5, 10 or 20 amino acids but by no more than 100, 80, 70, 60, 50,
40 or 30 amino acids from; or

is identical to any Cas9 molecule sequence described herein, or a naturally occurring
Cas9 molecule sequence, e.g., a Cas9 molecule from a species listed herein or described in
Chylinski et al., RNA BioLoGy 2013 10:5, 727-737; Hou et al., PNAS Early Edition 2013, 1-6;
e.g., SEQ ID NOs:1-4. In an embodiment, the Cas9 molecule or Cas9 polypeptide comprises
one or more of the following activities: a nickase activity; a double stranded cleavage activity
(e.g., an endonuclease and/or exonuclease activity); a helicase activity; or the ability, together

with a gRNA molecule, to home to a target nucleic acid.
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In an embodiment, a Cas9 molecule or Cas9 polypeptide comprises any of the amino acid
sequence of the consensus sequence of Figs. 2A-2G, wherein “*” indicates any amino acid
found in the corresponding position in the amino acid sequence of a Cas9 molecule of S.
pyogenes, S. thermophilus, S. mutans and L. innocua, and “-” indicates any amino acid. In an
embodiment a Cas9 molecule or Cas9 polypeptide differs from the sequence of the consensus
sequence disclosed in Figs. 2A-2G by at least 1, but no more than 2, 3,4, 5,6,7, 8,9, or 10
amino acid residues. In an embodiment, a Cas9 molecule or Cas9 polypeptide comprises the
amino acid sequence of SEQ ID NO:7 of Figs. 7A-7B, wherein “*” indicates any amino acid
found in the corresponding position in the amino acid sequence of a Cas9 molecule of S.

[T

pyogenes, or N. meningitides, indicates any amino acid, and “-” indicates any amino acid or
absent. In an embodiment, a Cas9 molecule or Cas9 polypeptide differs from the sequence of
SEQ ID NO:6 or 7 disclosed in Figs. 7A-7B by at least 1, but no more than 2, 3,4,5,6,7, 8,9,
or 10 amino acid residues.

A comparison of the sequence of a number of Cas9 molecules indicate that certain
regions are conserved. These are identified below as:

region 1 (residuesl to 180, or in the case of region 1’residues 120 to 180)

region 2 ( residues360 to 480);

region 3 ( residues 660 to 720);

region 4 ( residues 817 to 900); and

region 5 ( residues 900 to 960);

In an embodiment, a Cas9 molecule or Cas9 polypeptide comprises regions 1-5, together
with sufficient additional Cas9 molecule sequence to provide a biologically active molecule, e.g.,
a Cas9 molecule having at least one activity described herein. In an embodiment, each of
regions 1-6, independently, have, 50%, 60%, 70%, or 80% homology with the corresponding
residues of a Cas9 molecule or Cas9 polypeptide described herein, e.g., a sequence from Fig.
2A-2G or from Figs. 7A-7B.

In an embodiment, a Cas9 molecule or Cas9 polypeptide, e.g., an eaCas9 molecule or
eaCas9 polypeptide, comprises an amino acid sequence referred to as region 1:

having 50%, 60%, 70%, 80%, 85%. 90%, 95%, 96%, 97%, 98% or 99% homology with
amino acids 1-180 (the numbering is according to the motif sequence in Figs. 2A-2G; 52% of

residues in the four Cas9 sequences in Figs. 2A-2G are conserved) of the amino acid sequence of
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Cas9 of §. pyogenes;

differs by at least 1, 2, 5, 10 or 20 amino acids but by no more than 90, 80, 70, 60, 50, 40
or 30 amino acids from amino acids 1-180 of the amino acid sequence of Cas9 of S. pyogenes, S.
thermophilus, S. mutans or Listeria innocua; or

is identical to 1-180 of the amino acid sequence of Cas9 of S. pyogenes, S. thermophilus,
S. mutans or L. innocua.

In an embodiment, a Cas9 molecule or Cas9 polypeptide, e.g., an eaCas9 molecule or
eaCas9 polypeptide, comprises an amino acid sequence referred to as region 17:

having 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, Y7%, 98% or 99%
homology with amino acids 120-180 (55% of residues in the four Cas9 sequences in Figs. 2A-
2G are conserved) of the amino acid sequence of Cas9 of S. pyogenes, S. thermophilus, S.
mutans or L. innocua;

differs by at least 1, 2, or 5 amino acids but by no more than 35, 30, 25, 20 or 10 amino
acids from amino acids 120-180 of the amino acid sequence of Cas9 of S. pyogenes, S.
thermophilus, S. mutans or L. innocua ; or

is identical to 120-180 of the amino acid sequence of Cas9 of §. pyogenes, S.
thermophilus, S. mutans or L. innocua.

In an embodiment, a Cas9 molecule or Cas9 polypeptide, e.g., an eaCas9 molecule or
eaCas9 polypeptide, comprises an amino acid sequence referred to as region 2:

having 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, Y7%, 98% or 99%
homology with amino acids 360-480 (52% of residues in the four Cas9 sequences in Figs. 2A-
2G are conserved) of the amino acid sequence of Cas9 of S. pyogenes, S. thermophilus, S.
mutans or L. innocua;

differs by at least 1, 2, or 5 amino acids but by no more than 35, 30, 25, 20 or 10 amino
acids from amino acids 360-480 of the amino acid sequence of Cas9 of S. pyogenes, S.
thermophilus, S. mutans or L. innocua; or

is identical to 360-480 of the amino acid sequence of Cas9 of §. pyogenes, S.
thermophilus, S. mutans or L. innocua.

In an embodiment, a Cas9 molecule or Cas9 polypeptide, e.g., an eaCas9 molecule or
eaCas9 polypeptide, comprises an amino acid sequence referred to as region 3:

having 55%, 60%, 65%. 70%, 715%, 80%, 85%, 90%, 95%, 96%. 97%, 98%. or 99%
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homology with amino acids 660-720 (56% of residues in the four Cas9 sequences in Figs. 2A-
2G are conserved) of the amino acid sequence of Cas9 of S. pyogenes, S. thermophilus, S.
mutans or L. innocua,

differs by at least 1, 2, or 5 amino acids but by no more than 35, 30, 25, 20 or 10 amino
acids from amino acids 660-720 of the amino acid sequence of Cas9 of §. pyogenes, S.
thermophilus, S. mutans or L. innocua; or

is identical to 660-720 of the amino acid sequence of Cas9 of §. pyogenes, S.
thermophilus, S. mutans or L. innocua.

In an embodiment, a Cas9 molecule or Cas9 polypeptide, e.g., an eaCas9 molecule or
eaCas9 polypeptide, comprises an amino acid sequence referred to as region 4:

having 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or
99% homology with amino acids 817-900 (55% of residues in the four Cas9 sequences in Figs.
2A-2G are conserved) of the amino acid sequence of Cas9 of S. pyogenes, S. thermophilus, S.
mutans or L. innocua;

differs by at least 1, 2, or 5 amino acids but by no more than 35, 30, 25, 20 or 10 amino
acids from amino acids 817-900 of the amino acid sequence of Cas9 of §. pyogenes, S.
thermophilus, S. mutans or L. innocua; or

is identical to 817-900 of the amino acid sequence of Cas9 of §. pyogenes, S.
thermophilus, S. mutans or L. innocua.

In an embodiment, a Cas9 molecule or Cas9 polypeptide, e.g., an eaCas9 molecule or
eaCas9 polypeptide, comprises an amino acid sequence referred to as region 5:

having 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or
99% homology with amino acids 900-960 (60% of residues in the four Cas9 sequences in Figs.
2A-2G are conserved) of the amino acid sequence of Cas9 of S. pyogenes, S. thermophilus, S.
mutans or L. innocua;

differs by at least 1, 2, or 5 amino acids but by no more than 35, 30, 25, 20 or 10 amino
acids from amino acids 900-960 of the amino acid sequence of Cas9 of §. pyogenes, S.
thermophilus, S. mutans or L. innocua; or

is identical to 900-960 of the amino acid sequence of Cas9 of §. pyogenes, S.

thermophilus, S. mutans or L. innocua.
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Engineered or Altered Cas9 Molecules and Cas9 Polypeptides

Cas9 molecules and Cas9 polypeptides described herein, e.g., naturally occurring Cas9
molecules, can possess any of a number of properties, including: nickase activity, nuclease
activity (e.g., endonuclease and/or exonuclease activity); helicase activity; the ability to associate
functionally with a gRNA molecule; and the ability to target (or localize to) a site on a nucleic
acid (e.g., PAM recognition and specificity). In an embodiment, a Cas9 molecules or Cas9
polypeptide can include all or a subset of these properties. In typical embodiments, a Cas9
molecule or Cas9 polypeptide has the ability to interact with a gRN'A molecule and, in concert
with the gRNA molecule, localize to a site in a nucleic acid. Other activities, e.g., PAM
specificity, cleavage activity, or helicase activity can vary more widely in Cas9 molecules and
Cas9 polypeptides.

Cas9 molecules include engineered Cas9 molecules and engineered Cas9 polypeptides
(engineered, as used in this context, means merely that the Cas9 molecule or Cas9 polypeptide
differs from a reference sequences, and implies no process or origin limitation). An engineered
Cas9 molecule or Cas9 polypeptide can comprise altered enzymatic properties, e.g., altered
nuclease activity, (as compared with a naturally occurring or other reference Cas9 molecule) or
altered helicase activity. As discussed herein, an engineered Cas9 molecule or Cas9 polypeptide
can have nickase activity (as opposed to double strand nuclease activity). In an embodiment an
engineered Cas9 molecule or Cas9 polypeptide can have an alteration that alters its size, e.g., a
deletion of amino acid sequence that reduces its size, e.g., without significant effect on one or
more, or any Cas9 activity. In an embodiment, an engineered Cas9 molecule or Cas9
polypeptide can comprise an alteration that affects PAM recognition. E.g., an engineered Cas9
molecule can be altered to recognize a PAM sequence other than that recognized by the
endogenous wild-type PI domain. In an embodiment, a Cas9 molecule or Cas9 polypeptide can
differ in sequence from a naturally occurring Cas9 molecule but not have significant alteration in
one or more Cas9 activities.

Cas9 molecules or Cas9 polypeptides with desired properties can be made in a number of
ways, €.2., by alteration of a parental, e.g., naturally occurring Cas9 molecules or Cas9
polypeptides to provide an altered Cas9 molecule or Cas9 polypeptide having a desired property.
For example, one or more mutations or differences relative to a parental Cas9 molecule, e.g., a

naturally occurring or engineered Cas9 molecule, can be introduced. Such mutations and
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differences comprise: substitutions (e.g., conservative substitutions or substitutions of non-
essential amino acids); insertions; or deletions. In an embodiment, a Cas9 molecule or Cas9
polypeptide can comprises one or more mutations or differences, e.g., at least 1, 2, 3, 4, 5, 10, 15,
20, 30, 40 or 50 mutations, but less than 200, 100, or 80 mutations relative to a reference, e.g., a
parental, Cas9 molecule.

In an embodiment, a mutation or mutations do not have a substantial effect on a Cas9
activity, e.g. a CasO activity described herein. In an embodiment, a mutation or mutations have a

substantial effect on a Cas9 activity, e.g. a Cas9 activity described herein.

Non-Cleaving and Modified-Cleavage Cas9 Molecules and Cas9 Polypeptides

In an embodiment, a Cas9 molecule or Cas9 polypeptide comprises a cleavage property
that differs from naturally occurring Cas9 molecules, e.g., that differs from the naturally
occurring Cas9 molecule having the closest homology. For example, a Cas9 molecule or Cas9
polypeptide can differ from naturally occurring Cas9 molecules, e.g., a Cas9 molecule of S.
pyogenes, as follows: its ability to modulate, e.g., decreased or increased, cleavage of a double
stranded nucleic acid (endonuclease and/or exonuclease activity), e.g., as compared to a naturally
occurring Cas9 molecule (e.g., a Cas9 molecule of S. pyogenes); its ability to modulate, e.g.,
decreased or increased, cleavage of a single strand of a nucleic acid, e.g., a non-complementary
strand of a nucleic acid molecule or a complementary strand of a nucleic acid molecule (nickase
activity) , e.g., as compared to a naturally occurring Cas9 molecule (e.g., a Cas9 molecule of S.
pyogenes); or the ability to cleave a nucleic acid molecule, e.g., a double stranded or single

stranded nucleic acid molecule, can be eliminated.

Modified Cleavage eaCas9 Molecules and eaCas9 Polypeptides

In an embodiment, an eaCas9 molecule or eaCas9 polypeptide comprises one or more of
the following activities: cleavage activity associated with an N-terminal RuvC-like domain;
cleavage activity associated with an HNH-like domain; cleavage activity associated with an
HNH-like domain and cleavage activity associated with an N-terminal RuvC-like domain.

In an embodiment, an eaCas9 molecule or eaCas9 polypeptide comprises an active, or
cleavage competent, HNH-like domain (e.g., an HNH-like domain described herein, e.g., SEQ
ID NO:17, SEQ ID NO:18, SEQ ID NO:19, SEQ ID NO:20 or SEQ ID NO: 21) and an inactive,
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or cleavage incompetent, N-terminal RuvC-like domain. An exemplary inactive, or cleavage
incompetent N-terminal RuvC-like domain can have a mutation of an aspartic acid in an N-
terminal RuvC-like domain, e.g., an aspartic acid at position 9 of the consensus sequence
disclosed in Figs. 2A-2G or an aspartic acid at position 10 of SEQ ID NO:7, e.g., can be
substituted with an alanine. In an embodiment, the eaCas9 molecule or eaCas9 polypeptide
differs from wild type in the N-terminal RuvC-like domain and does not cleave the target nucleic
acid, or cleaves with significantly less efficiency, e.g., less than 20, 10, 5, 1 or .1 % of the
cleavage activity of a reference Cas9 molecule, e.g., as measured by an assay described herein.
The reference Cas9 molecule can by a naturally occurring unmodified Cas9 molecule, e.g., a
naturally occurring Cas9 molecule such as a Cas9 molecule of S. pyogenes, or S. thermophilus.
In an embodiment, the reference Cas9 molecule is the naturally occurring Cas9 molecule having
the closest sequence identity or homology.

In an embodiment, an eaCas9 molecule or eaCas9 polypeptide comprises an inactive, or
cleavage incompetent, HNH domain and an active, or cleavage competent, N-terminal RuvC-like
domain (e.g., an HNH-like domain described herein, e.g., SEQ ID NO:8, SEQ ID NO:9, SEQ ID
NO:10, SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:13, SEQ ID NO:14 or SEQ ID NO:15).
Exemplary inactive, or cleavage incompetent HNH-like domains can have a mutation at one or
more of: a histidine in an HNH-like domain, e.g., a histidine shown at position 856 of the
consensus sequence disclosed in Figs. 2A-2G, e.g., can be substituted with an alanine; and one
or more asparagines in an HNH-like domain, e.g., an asparagine shown at position 8§70 of the
consensus sequence disclosed in Figs. 2A-2G and/or at position 879 of the consensus sequence
disclosed in Figs. 2A-2G, e.g., can be substituted with an alanine. In an embodiment, the eaCas9
differs from wild type in the HNH-like domain and does not cleave the target nucleic acid, or
cleaves with significantly less efficiency, e.g., less than 20, 10, 5, 1 or 0.1% of the cleavage
activity of a reference Cas9 molecule, e.g., as measured by an assay described herein. The
reference Cas9 molecule can by a naturally occurring unmodified Cas9 molecule, e.g., a
naturally occurring Cas9 molecule such as a Cas9 molecule of S. pyogenes, or S. thermophilus.
In an embodiment, the reference Cas9 molecule is the naturally occurring Cas9 molecule having

the closest sequence identity or homology.
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Alterations in the Ability to Cleave One or Both Strands of a Target Nucleic Acid

In an embodiment, exemplary Cas9 activities comprise one or more of PAM specificity,
cleavage activity, and helicase activity. A mutation(s) can be present, e.g., in one or more RuvC-
like domain, e.g., an N-terminal RuvC-like domain; an HNH-like domain; a region outside the
RuvC-like domains and the HNH-like domain. In some embodiments, a mutation(s) is present in
a RuvC-like domain, e.g., an N-terminal RuvC-like domain. In some embodiments, a
mutation(s) is present in an HNH-like domain. In some embodiments, mutations are present in
both aRuvC-like domain, e.g., an N-terminal RuvC-like domain and an HNH-like domain.

Exemplary mutations that may be made in the RuvC domain or HNH domain with
reference to the S. pyogenes sequence include: D10A, E762A, H840A, N854A, N863A and/or
DO986A.

In an embodiment, a Cas9 molecule or Cas9 polypeptide is an €iCas9 molecule or eiCas9
polypeptide comprising one or more differences in a RuvC domain and/or in an HNH domain as
compared to a reference Cas9 molecule, and the eiCas9 molecule or eiCas9 polypeptide does not
cleave a nucleic acid, or cleaves with significantly less efficiency than does wildype, e.g., when
compared with wild type in a cleavage assay, €.g., as described herein, cuts with less than 50, 25,
10, or 1% of a reference Cas9 molecule, as measured by an assay described herein.

Whether or not a particular sequence, e.g., a substitution, may affect one or more activity,
such as targeting activity, cleavage activity, etc, can be evaluated or predicted, e.g., by evaluating
whether the mutation is conservative or by the method described in Section IV. In an
embodiment, a ‘“non-essential” amino acid residue, as used in the context of a Cas9 molecule, is
a residue that can be altered from the wild-type sequence of a Cas9 molecule, e.g., a naturally
occurring Cas9 molecule, e.g., an eaCas9 molecule, without abolishing or more preferably,
without substantially altering a Cas9 activity (e.g., cleavage activity), whereas changing an
“essential” amino acid residue results in a substantial loss of activity (e.g., cleavage activity).

In an embodiment, a Cas9 molecule or Cas9 polypeptide comprises a cleavage property
that differs from naturally occurring Cas9 molecules, e.g., that differs from the naturally
occurring Cas9 molecule having the closest homology. For example, a Cas9 molecule or Cas9
polypeptide can differ from naturally occurring Cas9 molecules, e.g., a Cas9 molecule of §
aureus, S. pyogenes, or C. jejuni as follows: its ability to modulate, e.g., decreased or increased,

cleavage of a double stranded break (endonuclease and/or exonuclease activity), e.g., as
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compared to a naturally occurring Cas9 molecule (e.g., a Cas9 molecule of § aureus, S.
pyogenes, or C. jejuni); its ability to modulate, e.g., decreased or increased, cleavage of a single
strand of a nucleic acid, e.g., a non-complimentary strand of a nucleic acid molecule or a
complementary strand of a nucleic acid molecule (nickase activity), e.g., as compared to a
naturally occurring Cas9 molecule (e.g., a Cas9 molecule of § aureus, S. pyogenes, or C. jejuni);
or the ability to cleave a nucleic acid molecule, e.g., a double stranded or single stranded nucleic
acid molecule, can be eliminated.

In an embodiment, the altered Cas9 molecule or Cas9 polypeptide is an eaCas9 molecule
or eaCas9 polypeptide comprising one or more of the following activities: cleavage activity
associated with a RuvC domain; cleavage activity associated with an HNH domain; cleavage
activity associated with an HNH domain and cleavage activity associated with a RuvC domain.

In an embodiment, the altered Cas9 molecule or Cas9 polypeptide is an eiCas9 molecule
or eiCas9 polypeptide which does not cleave a nucleic acid molecule (either double stranded or
single stranded nucleic acid molecules) or cleaves a nucleic acid molecule with significantly less
efficiency, e.g., less than 20, 10, 5, 1 or 0.1% of the cleavage activity of a reference Cas9
molecule, e.g., as measured by an assay described herein. The reference Cas9 molecule can be a
naturally occurring unmodified Cas9 molecule, e.g., a naturally occurring Cas9 molecule such as
a Cas9 molecule of §. pyogenes, S. thermophilus, S. aureus, C. jejuni or N. meningitidis. In an
embodiment, the reference Cas9 molecule is the naturally occurring Cas9 molecule having the
closest sequence identity or homology. In an embodiment, the eiCas9 molecule or eiCas9
polypeptide lacks substantial cleavage activity associated with a RuvC domain and cleavage
activity associated with an HNH domain.

In an embodiment, the altered Cas9 molecule or Cas9 polypeptide is an eaCas9 molecule
or eaCas9 polypeptide comprising the fixed amino acid residues of S. pyogenes shown in the
consensus sequence disclosed in Figs. 2A-2G, and has one or more amino acids that differ from
the amino acid sequence of S. pyogenes (e.g., has a substitution) at one or more residue (e.g., 2,
3,5, 10, 15, 20, 30, 50, 70, 80, 90, 100, 200 amino acid residues) represented by an “-” in the
consensus sequence disclosed in Figs. 2A-2G or SEQ ID NO:7.

In an embodiment, the altered Cas9 molecule or Cas9 polypeptide comprises a sequence

in which:
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the sequence corresponding to the fixed sequence of the consensus sequence disclosed in
Figs. 2A-2G differs at no more than 1, 2, 3, 4, 5, 10, 15, or 20% of the fixed residues in the
consensus sequence disclosed in Figs. 2A-2G;

the sequence corresponding to the residues identified by “*”” in the consensus sequence
disclosed in Figs. 2A-2G differ at no more than 1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 35, or 40% of
the “*” residues from the corresponding sequence of naturally occurring Cas9 molecule, e.g., an
S. pyogenes Cas9 molecule; and,

the sequence corresponding to the residues identified by “-”

disclosed in Figs. 2A-2G differ at no more than 5, 10, 15, 20, 25, 30, 35, 40, 45, 55, or 60% of

in the consensus sequence

the “-” residues from the corresponding sequence of naturally occurring Cas9 molecule, e.g., an
S. pyogenes Cas9 molecule.

In an embodiment, the altered Cas9 molecule or Cas9 polypeptide is an eaCas9 molecule
or eaCas9 polypeptide comprising the fixed amino acid residues of S. thermophilus shown in the
consensus sequence disclosed in Figs. 2A-2G, and has one or more amino acids that differ from
the amino acid sequence of S. thermophilus (e.g., has a substitution) at one or more residue (e.g.,
2, 3,5, 10, 15, 20, 30, 50, 70, 80, 90, 100, 200 amino acid residues) represented by an “-” in the
consensus sequence disclosed in Figs. 2A-2G.

In an embodiment the altered Cas9 molecule or Cas9 polypeptide comprises a sequence
in which:

the sequence corresponding to the fixed sequence of the consensus sequence disclosed in
Figs. 2A-2G differs at no more than 1, 2, 3, 4, 5, 10, 15, or 20% of the fixed residues in the
consensus sequence disclosed in Figs. 2A-2G;

the sequence corresponding to the residues identified by “** in the consensus sequence
disclosed in Figs. 2A-2G differ at no more than 1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 35, or 40% of the
“*” residues from the corresponding sequence of naturally occurring Cas9 molecule, e.g., an S.
thermophilus Cas9 molecule; and,

[T

the sequence corresponding to the residues identified by

disclosed in Figs. 2A-2G differ at no more than 5, 10, 15, 20, 25, 30, 35, 40, 45, 55, or 60% of

in the consensus sequence

the “-” residues from the corresponding sequence of naturally occurring Cas9 molecule, e.g., an

S. thermophilus Cas9 molecule.
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In an embodiment, the altered Cas9 molecule or Cas9 polypeptide is an eaCas9 molecule
or eaCas9 polypeptide comprising the fixed amino acid residues of S. mutans shown in the
consensus sequence disclosed in Figs. 2A-2G, and has one or more amino acids that differ from
the amino acid sequence of S. mutans (e.g., has a substitution) at one or more residue (e.g., 2, 3,
5, 10, 15, 20, 30, 50, 70, 80, 90, 100, 200 amino acid residues) represented by an “-” in the
consensus sequence disclosed in Figs. 2A-2G.

In an embodiment, the altered Cas9 molecule or Cas9 polypeptide comprises a sequence
in which:

the sequence corresponding to the fixed sequence of the consensus sequence disclosed in
Figs. 2A-2G differs at no more than 1, 2, 3, 4, 5, 10, 15, or 20% of the fixed residues in the
consensus sequence disclosed in Figs. 2A-2G;

the sequence corresponding to the residues identified by “*”” in the consensus sequence
disclosed in Figs. 2A-2G differ at no more than 1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 35, or 40% of
the “*” residues from the corresponding sequence of naturally occurring Cas9 molecule, e.g., an
S. mutans Cas9 molecule; and,

the sequence corresponding to the residues identified by “-”

disclosed in Figs. 2A-2G differ at no more than 5, 10, 15, 20, 25, 30, 35, 40, 45, 55, or 60% of

in the consensus sequence

the “-” residues from the corresponding sequence of naturally occurring Cas9 molecule, e.g., an
S. mutans Cas9 molecule.

In an embodiment, the altered Cas9 molecule or Cas9 polypeptide is an eaCas9 molecule
or eaCas9 polypeptide comprising the fixed amino acid residues of L. innocula shown in the
consensus sequence disclosed in Figs. 2A-2G, and has one or more amino acids that differ from
the amino acid sequence of L. innocula (e.g., has a substitution) at one or more residue (e.g., 2, 3,
5, 10, 15, 20, 30, 50, 70, 80, 90, 100, 200 amino acid residues) represented by an “-’in the
consensus sequence disclosed in Figs. 2A-2G.

In an embodiment, the altered Cas9 molecule or Cas9 polypeptide comprises a sequence
in which:

the sequence corresponding to the fixed sequence of the consensus sequence disclosed in
Figs. 2A-2G differs at no more than 1, 2, 3, 4, 5, 10, 15, or 20% of the fixed residues in the

consensus sequence disclosed in Figs. 2A-2G;
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the sequence corresponding to the residues identified by “*”” in the consensus sequence
disclosed in Figs. 2A-2G differ at no more than 1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 35, or 40% of
the “*” residues from the corresponding sequence of naturally occurring Cas9 molecule, e.g., an
L. innocula Cas9 molecule; and,

the sequence corresponding to the residues identified by

disclosed in Figs. 2A-2G differ at no more than 5, 10, 15, 20, 25, 30, 35, 40, 45, 55, or 60% of

in the consensus sequence

the “-” residues from the corresponding sequence of naturally occurring Cas9 molecule, e.g., an
L. innocula Cas9 molecule.

In an embodiment, the altered Cas9 molecule or Cas9 polypeptide, e.g., an eaCas9
molecule or eaCas9 polypeptide, can be a fusion, e.g., of two of more different Cas9 molecules,
e.g., of two or more naturally occurring Cas9 molecules of different species. For example, a
fragment of a naturally occurring Cas9 molecule of one species can be fused to a fragment of a
Cas9 molecule of a second species. As an example, a fragment of Cas9 molecule of S. pyogenes
comprising an N-terminal RuvC-like domain can be fused to a fragment of Cas9 molecule of a

species other than S. pyogenes (e.g., S. thermophilus) comprising an HNH-like domain.

Cas9 Molecules and Cas9 Polypeptides with Altered PAM Recognition or No PAM

Recognition

Naturally occurring Cas9 molecules can recognize specific PAM sequences, for example
the PAM recognition sequences described above for S. pyogenes, S. thermophilus and S. mutans.

In an embodiment, a Cas9 molecule or Cas9 polypeptide has the same PAM specificities
as a naturally occurring Cas9 molecule. In other embodiments, a Cas9 molecule or Cas9
polypeptide has a PAM specificity not associated with a naturally occurring Cas9 molecule, or a
PAM specificity not associated with the naturally occurring Cas9 molecule to which it has the
closest sequence homology. For example, a naturally occurring Cas9 molecule can be altered,
e.g., to alter PAM recognition, e.g., to alter the PAM sequence that the Cas9 molecule recognizes
to decrease off target sites and/or improve specificity; or eliminate a PAM recognition
requirement. In an embodiment, a Cas9 molecule or Cas9 polypeptide can be altered, e.g., to
increase length of PAM recognition sequence and/or improve Cas9 specificity to high level of
identity (e.g., 98%, 99% or 100% match between gRNA and a PAM sequence), e.g., to decrease

off target sites and increase specificity. In an embodiment, the length of the PAM recognition
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sequence is at least 4, 5, 6,7, 8,9, 10 or 15 amino acids in length. In an embodiment, the Cas9
specificity requires at least 90%, 95%, 96%, 97%, 98%, 99% or more homology between the
gRNA and the PAM sequence. Cas9 molecules or Cas9 polypeptides that recognize different
PAM sequences and/or have reduced off-target activity can be generated using directed
evolution. Exemplary methods and systems that can be used for directed evolution of Cas9
molecules are described, e.g., in Esvelt e al. NATURE 2011, 472(7344): 499-503. Candidate
Cas9 molecules can be evaluated, e.g., by methods described in Section IV.

Alterations of the PI domain, which mediates PAM recognition, are discussed below.

Svynthetic Cas9 Molecules and Cas9 Polypeptides with Altered PI Domains

Current genome-editing methods are limited in the diversity of target sequences that can
be targeted by the PAM sequence that is recognized by the Cas9 molecule utilized. A synthetic
Cas9 molecule (or Syn-Cas9 molecule), or synthetic Cas9 polypeptide (or Syn-Cas9
polypeptide), as that term is used herein, refers to a Cas9 molecule or Cas9 polypeptide that
comprises a Cas9 core domain from one bacterial species and a functional altered PI domain, i.e.,
a PI domain other than that naturally associated with the Cas9 core domain, e.g., from a different
bacterial species.

In an embodiment, the altered PI domain recognizes a PAM sequence that is different
from the PAM sequence recognized by the naturally-occurring Cas9 from which the Cas9 core
domain is derived. In an embodiment, the altered PI domain recognizes the same PAM sequence
recognized by the naturally-occurring Cas9 from which the Cas9 core domain is derived, but
with different affinity or specificity. A Syn-Cas9 molecule or Syn-Cas9 polypetide can be,
respectively, a Syn-eaCas9 molecule or Syn-eaCas9 polypeptide or a Syn-eiCas9 molecule Syn-
eiCas9 polypeptide.

An exemplary Syn-Cas9 molecule or Syn-Cas9 polypetide comprises:

a) a Cas9 core domain, e.g., a Cas9 core domain from Table 7 or 8, e.g., a S. aureus, S.
pyogenes, or C. jejuni Cas9 core domain; and

b) an altered PI domain from a species X Cas9 sequence selected from Tables 10 and 11.

In an embodiment, the RKR motif (the PAM binding motif) of said altered PI domain
comprises: differences at 1, 2, or 3 amino acid residues; a difference in amino acid sequence at

the first, second, or third position; differences in amino acid sequence at the first and second
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positions, the first and third positions, or the second and third positions; as compared with the
sequence of the RKR motif of the native or endogenous PI domain associated with the Cas9 core
domain.

In an embodiment, the Cas9 core domain comprises the Cas9 core domain from a species
X Cas9 from Table 7 and said altered PI domain comprises a PI domain from a species Y Cas9
from Table 7.

In an embodiment, the RKR motif of the species X Cas9 is other than the RKR motif of
the species Y Cas9.

In an embodiment, the RKR motif of the altered PI domain is selected from XXY, XNG,
and XNQ.

In an embodiment, the altered PI domain has at least 60, 70, 80, 90, 95, or 100%
homology with the amino acid sequence of a naturally occurring PI domain of said species Y
from Table 7.

In an embodiment, the altered PI domain differs by no more than 50, 40, 30, 25, 20, 15,
10, 5, 4, 3, 2, or 1 amino acid residue from the amino acid sequence of a naturally occurring PI
domain of said second species from Table 7.

In an embodiment, the Cas9 core domain comprises a S. aureus core domain and altered
PI domain comprises: an A. denitrificans Pl domain; a C. jejuni PI domain; a H. mustelae PI
domain; or an altered PI domain of species X PI domain, wherein species X is selected from
Table 11.

In an embodiment, the Cas9 core domain comprises a S. pyogenes core domain and the
altered PI domain comprises: an A. denitrificans P1 domain; a C. jejuni Pl domain; a H. mustelae
PI domain; or an altered PI domain of species X PI domain, wherein species X is selected from
Table 11.

In an embodiment, the Cas9 core domain comprises a C. jejuni core domain and the
altered PI domain comprises: an A. denitrificans P domain; a H. mustelae PI domain; or an
altered PI domain of species X PI domain, wherein species X is selected from Table 11.

In an embodiment, the Cas9 molecule or Cas9 polypeptide further comprises a linker

disposed between said Cas9 core domain and said altered PI domain.
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In an embodiment, the linker comprises: a linker described elsewhere herein disposed
between the Cas9 core domain and the heterologous PI domain. Suitable linkers are further
described in Section V.

Exemplary altered PI domains for use in Syn-Cas9 molecules are described in Tables 10
and 11. The sequences for the 83 Cas9 orthologs referenced in Tables 10 and 11 are provided in
Table 7. Table 9 provides the Cas9 orthologs with known PAM sequences and the
corresponding RKR motif.

In an embodiment, a Syn-Cas9 molecule or Syn-Cas9 polypeptide may also be size-
optimized, e.g., the Syn-Cas9 molecule or Syn-Cas9 polypeptide comprises one or more
deletions, and optionally one or more linkers disposed between the amino acid residues flanking
the deletions. In an embodiment, a Syn-Cas9 molecule or Syn-Cas9 polypeptide comprises a

REC deletion.

Size-Optimized Cas9 Molecules and Cas9 Polypeptides

Engineered Cas9 molecules and engineered Cas9 polypeptides described herein include a
Cas9 molecule or Cas9 polypeptide comprising a deletion that reduces the size of the molecule
while still retaining desired Cas9 properties, e.g., essentially native conformation, Cas9 nuclease
activity, and/or target nucleic acid molecule recognition. Provided herein are Cas9 molecules or
Cas9 polypeptides comprising one or more deletions and optionally one or more linkers, wherein
a linker is disposed between the amino acid residues that flank the deletion. Methods for
identifying suitable deletions in a reference Cas9 molecule, methods for generating Cas9
molecules with a deletion and a linker, and methods for using such Cas9 molecules will be
apparent to one of ordinary skill in the art upon review of this document.

A Cas9 molecule, e.g., a S. aureus, S. pyogenes, or C. jejuni, Cas9 molecule, having a
deletion is smaller, e.g., has reduced number of amino acids, than the corresponding naturally-
occurring Cas9 molecule. The smaller size of the Cas9 molecules allows increased flexibility for
delivery methods, and thereby increases utility for genome-editing. A Cas9 molecule or Cas9
polypeptide can comprise one or more deletions that do not substantially affect or decrease the
activity of the resultant Cas9 molecules or Cas9 polypeptides described herein. Activities that
are retained in the Cas9 molecules or Cas9 polypeptides comprising a deletion as described

herein include one or more of the following:
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a nickase activity, 1.e., the ability to cleave a single strand, e.g., the non-complementary
strand or the complementary strand, of a nucleic acid molecule; a double stranded nuclease
activity, i.e., the ability to cleave both strands of a double stranded nucleic acid and create a
double stranded break, which in an embodiment is the presence of two nickase activities;

an endonuclease activity;

an exonuclease activity;

a helicase activity, i.e., the ability to unwind the helical structure of a double stranded
nucleic acid;

and recognition activity of a nucleic acid molecule, e.g., a target nucleic acid or a gRNA.

Activity of the Cas9 molecules or Cas9 polypeptides described herein can be assessed

using the activity assays described herein or in the art.

Identifying regions suitable for deletion

Suitable regions of Cas9 molecules for deletion can be identified by a variety of methods.
Naturally-occurring orthologous Cas9 molecules from various bacterial species, €.g., any one of
those listed in Table 7, can be modeled onto the crystal structure of S. pyogenes Cas9
(Nishimasu et al., Cell, 156:935-949, 2014) to examine the level of conservation across the
selected Cas9 orthologs with respect to the three-dimensional conformation of the protein. Less
conserved or unconserved regions that are spatially located distant from regions involved in Cas9
activity, e.g., interface with the target nucleic acid molecule and/or gRNA, represent regions or

domains are candidates for deletion without substantially affecting or decreasing Cas9 activity.

REC-Optimized Cas9 Molecules and Cas9 Polypeptides

A REC-optimized Cas9 molecule, or a REC-optimized Cas9 polypeptide, as that term is
used herein, refers to a Cas9 molecule or Cas9 polypeptide that comprises a deletion in one or
both of the REC2 domain and the RE1¢r domain (collectively a REC deletion), wherein the
deletion comprises at least 10% of the amino acid residues in the cognate domain. A REC-
optimized Cas9 molecule or Cas9 polypeptide can be an eaCas9 molecule or eaCas9 polypetide,
or an eiCas9 molecule or eiCas9 polypeptide. An exemplary REC-optimized Cas9 molecule or
REC-optimized Cas9 polypeptide comprises:

a) a deletion selected from:
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1) a REC2 deletion;
i) a REClcr deletion; or
iii) a REClgyp deletion.

Optionally, a linker is disposed between the amino acid residues that flank the deletion.
In an embodiment, a Cas9 molecule or Cas9 polypeptide includes only one deletion, or only two
deletions. A Cas9 molecule or Cas9 polypeptide can comprise a REC2 deletion and a RECl ey
deletion. A Cas9 molecule or Cas9 polypeptide can comprise a REC?2 deletion and a REClgug
deletion.

Generally, the deletion will contain at least 10% of the amino acids in the cognate
domain, e.g., a REC2 deletion will include at least 10% of the amino acids in the REC2 domain.

A deletion can comprise: at least 10, 20, 30, 40, 50, 60, 70, 80, or 90% of the amino acid
residues of its cognate domain; all of the amino acid residues of its cognate domain; an amino
acid residue outside its cognate domain; a plurality of amino acid residues outside its cognate
domain; the amino acid residue immediately N terminal to its cognate domain; the amino acid
residue immediately C terminal to its cognate domain; the amino acid residue immediately N
terminal to its cognate and the amino acid residue immediately C terminal to its cognate domain;
a plurality of, e.g., up to 5, 10, 15, or 20, amino acid residues N terminal to its cognate domain; a
plurality of, e.g., up to 5, 10, 15, or 20, amino acid residues C terminal to its cognate domain; a
plurality of, e.g., up to 5, 10, 15, or 20, amino acid residues N terminal to to its cognate domain
and a plurality of e.g., up to 5, 10, 15, or 20, amino acid residues C terminal to its cognate
domain.

In an embodiment, a deletion does not extend beyond: its cognate domain; the N terminal
amino acid residue of its cognate domain; the C terminal amino acid residue of its cognate
domain.

A REC-optimized Cas9 molecule or REC-optimized Cas9 polypeptide can include a
linker disposed between the amino acid residues that flank the deletion. Any linkers known in
the art that maintain the conformation or native fold of the Cas9 molecule (thereby retaining
Cas9 activity) can be used between the amino acid resides that flank a REC deletion in a REC-
optimized Cas9 molecule or REC-optimized Cas9 polypeptide. Linkers for use in generating
recombinant proteins, e.g., multi-domain proteins, are known in the art (Chen et al., Adv Drug

Delivery Rev, 65:1357-69, 2013).
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In an embodiment, a REC-optimized Cas9 molecule or REC-optimized Cas9 polypeptide
comprises an amino acid sequence that, other than any REC deletion and associated linker, has at
least 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 99, or 100% homology with the amino acid sequence
of a naturally occurring Cas 9, e.g., a Cas9 molecule described in Table 7, e.g., a S. aureus Cas9
molecule, a S. pyogenes Cas9 molecule, or a C. jejuni Cas9 molecule.

In an embodiment, a a REC-optimized Cas9 molecule or REC-optimized Cas9 polypeptide
comprises an amino acid sequence that, other than any REC deletion and associated linker, differs
by no more than 1, 2,3, 4,5,6,7,8,9, 10, 15, 20, or 25, amino acid residues from the amino acid
sequence of a naturally occurring Cas 9, e.g., a Cas9 molecule described in Table 7, e.g., a S.
aureus Cas9 molecule, a §. pyogenes Cas9 molecule, or a C. jejuni Cas9 molecule.

In an embodiment, a REC-optimized Cas9 molecule or REC-optimized Cas9 polypeptide
comprises an amino acid sequence that, other than any REC deletion and associate linker, differs
by no more than 1, 2,3, 4,5,6,7,8,9, 10, 15, 20, or 25% of the, amino acid residues from the
amino acid sequence of a naturally occurring Cas 9, e.g., a Cas9 molecule described in Table 7,
e.g., a . aureus Cas9 molecule, a §. pyogenes Cas9 molecule, or a C. jejuni Cas9 molecule.

For sequence comparison, typically one sequence acts as a reference sequence, to which
test sequences are compared. When using a sequence comparison algorithm, test and reference
sequences are entered into a computer, subsequence coordinates are designated, if necessary, and
sequence algorithm program parameters are designated. Default program parameters can be
used, or alternative parameters can be designated. The sequence comparison algorithm then
calculates the percent sequence identities for the test sequences relative to the reference
sequence, based on the program parameters. Methods of alignment of sequences for comparison
are well known in the art. Optimal alignment of sequences for comparison can be conducted,
e.g., by the local homology algorithm of Smith and Waterman, (1970) Adv. Appl. Math. 2:482c,
by the homology alignment algorithm of Needleman and Wunsch, (1970) J. Mol. Biol. 48:443,
by the search for similarity method of Pearson and Lipman, (1988) Proc. Nat’l. Acad. Sci. USA
85:2444, by computerized implementations of these algorithms (GAP, BESTFIT, FASTA, and
TFASTA in the Wisconsin Genetics Software Package, Genetics Computer Group, 575 Science
Dr., Madison, WI), or by manual alignment and visual inspection (see, e.g., Brent et al., (2003)

Current Protocols in Molecular Biology).
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Two examples of algorithms that are suitable for determining percent sequence identity
and sequence similarity are the BLAST and BLAST 2.0 algorithms, which are described in
Altschul et al., (1977) Nuc. Acids Res. 25:3389-3402; and Altschul et al., (1990) J. Mol. Biol.
215:403-410, respectively. Software for performing BLAST analyses is publicly available
through the National Center for Biotechnology Information.

The percent identity between two amino acid sequences can also be determined using the
algorithm of E. Meyers and W. Miller, (1988) Comput. Appl. Biosci. 4:11-17) which has been
incorporated into the ALIGN program (version 2.0), using a PAM120 weight residue table, a gap
length penalty of 12 and a gap penalty of 4. In addition, the percent identity between two amino
acid sequences can be determined using the Needleman and Wunsch (1970) J. Mol. Biol.
48:444-453) algorithm which has been incorporated into the GAP program in the GCG software
package (available at www.gcg.com), using either a Blossom 62 matrix or a PAM250 matrix,
and a gap weight of 16, 14, 12, 10, 8, 6, or 4 and a length weight of 1, 2, 3, 4, 5, or 6.

Sequence information for exemplary REC deletions are provided for 83 naturally-
occurring Cas9 orthologs in Table 7.

The amino acid sequences of exemplary Cas9 molecules from different bacterial species

are shown below.

Table 7. Amino Acid Sequence of Cas9 Orthologs

REC2 REC 1 oT ReCsub
Species / Composite ID Amino acid S;afAt SX)X j?A SX‘X SX)X j?A SX‘X SX),E j;zl%
sequence | 5 | 0 | Gy | pow | oo | dam | pow | pow | dm
Staphy]()coccus Aureus SEQ ID NO: 126 166 41 296 352 57 296 352 57
rlJ7RUASIJ7TRUAS_STAAU 304
Streptoc()ccus Pyogenes SEQ ID NO: 176 314 139 511 592 82 511 592 82
splQ99ZW2ICAS9_STRP1 305
Campylobacter jejuni NCTC SEQ ID NO: 137 | 181 45 316 | 360 | 45 316 | 360 45
11168 306

2il218563121IreflYP_002344900
1

Bacteroides fragilis NCTC 9343 SEQ ID NO: 148 | 339 | 192 | 524 | 617 84 524 | 617 84
£il60683389IreflYP_213533.1| 307

Bifidobacterium bifidum S17 SEQ ID NO: 173 335 163 516 607 87 516 607 87
€il310286728IreflYP_003937986 308

Veillonella atypica ACS-134-V- SEQ ID NO: 185 339 155 574 663 79 574 663 79
Col7a 309
gil303229466lreflZP_07316256.1
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Lactobacillus rhamnosus GG SEQ ID NO: 169 320 152 559 645 78 559 645 78
gil2585091991reflYP_003171950 310
.1
Filifactor alocis ATCC 35896 SEQ ID NO: 166 | 314 149 508 | 592 76 508 | 592 76
gil374307738lreflYP_005054169 311
.1
Oenococcus kitaharae DSM SEQ ID NO: 169 | 317 149 | 555 | 639 80 555 | 639 80
17330 312
£il1366983953IgblEHN59352.1|
Fructobacillus fructosus KCTC SEQ ID NO: 168 | 314 147 | 488 | 571 76 488 | 571 76
3544 313
gil33962508 1IreflZP_08660870.1
Catenibacterium mitsuokai DSM SEQ ID NO: 173 | 318 146 | 511 | 594 78 511 | 594 78
15897 314
gil224543312IreflZP_03683851.1
Finegoldia magna ATCC 29328 SEQ ID NO: 168 | 313 146 452 | 534 77 452 | 534 77
gil169823755IreflYP_001691366 315
1
CoriobacteriumglomeransPW2 SEQ ID NO: 175 318 144 511 592 82 511 592 82
gil328956315IreflYP_004373648 316
.1
Eubacterium yurii ATCC 43715 SEQ ID NO: 169 310 142 552 | 633 76 552 | 633 76
gil306821691IreflZP_07455288.1 317
Peptoniphilus duerdenii ATCC SEQ ID NO: 171 | 311 | 141 | 535 | 615 76 535 | 615 76
BAA-1640 318
gil304438954IreflZP_07398877.1
Acidaminococcus sp. D21 SEQ ID NO: 167 | 306 | 140 | 511 | 591 75 511 | 591 75
gil227824983IreflZP_03989815.1 319
Lactobacillus farciminis KCTC SEQ ID NO: 171 310 140 542 | 621 85 542 | 621 85
3681 320
gil336394882IreflZP_08576281.1
Streptococcus sanguinis SK49 SEQ ID NO: 185 | 324 | 140 | 411 | 490 85 411 | 490 85
gild22884106lreflZP_16930555.1 321
Coprococcus catus GD-7 SEQ ID NO: 172 | 310 | 139 | 556 | 634 76 556 | 634 76
gil291520705lembICBK78998.1| 322
Streptoc()ccus mutans UA159 SEQ ID NO: 176 314 139 392 470 84 392 470 84
gil24379809reflINP_721764.1] 323
Streptococcus pyogenes M1 SEQ ID NO: 176 | 314 | 139 | 523 | 600 82 523 | 600 82
GAS 324
gil13622193IgblAAK33936.1|
Streptoc()ccus therm()phﬂus SEQ ID NO: 176 314 139 481 558 81 481 558 81
LMD-9 325
gil116628213lreflYP_820832.11
Fusobacteriumnucleatum SEQ ID NO: 171 308 138 537 614 76 537 614 76
ATCC49256 326
gil34762592IreflZP_00143587.11
Planococcus antarcticus DSM SEQ ID NO: 162 299 138 538 614 94 538 614 94
14505 327
gil389815359IreflZP_10206685.1
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Trep()nema denticola ATCC SEQ ID NO: 169 305 137 524 600 81 524 600 81
35405 328
gil42525843lrefINP_970941.1|
Solobacterium moorei FO204 SEQ ID NO: 179 314 136 544 619 77 544 619 77
gil320528778lreflZP_08029929.1 329
Staphylococcus SEQ ID NO: 164 | 299 [ 136 | S31 | 606 92 531 | 606 92
pseudintermedius ED99 330
gil3234638011gblADX75954.11
Flavobacterium branchiophilum SEQ ID NO: 162 | 286 125 538 613 63 538 613 63
FL.-15 331
gil347536497IreflYP_004843922
1
Ignavibacterium album JICM SEQ ID NO: 223 329 107 357 432 90 357 432 90
16511 332
gil385811609IreflYP_005848005
1
Bergeyella zoohelcum ATCC SEQ ID NO: 165 | 261 97 529 | 604 56 529 | 604 56
43767 333
gil423317190IreflZP_17295095.1
Nitrobacter hamburgensis X14 SEQ ID NO: 169 | 253 85 536 | 611 48 536 | 611 48
gil92109262IreflYP_571550.1] 334
QOdoribacter lanecus YIT 12061 SEQ ID NO: 164 242 79 535 610 63 535 610 63
gil374384763IreflZP_09642280.1 335
Legione]]a pneumophila sStr. SEQ ID NO: 164 | 239 76 402 | 476 67 402 | 476 67
Paris 336
gil54296138lrefllYP_122507.1]
Bacteroides sp. 20 3 SEQ ID NO: 198 | 269 72 530 | 604 83 530 | 604 83
gil301311869lreflZP_(07217791.1 337
Akkermansia muciniphﬂa ATCC SEQ ID NO: 136 202 67 348 418 62 348 418 62
BAA-835 338
gil18773648%IreflYP_001878601
Prevotella sp. C561 SEQ ID NO: 184 | 250 67 357 | 425 78 357 | 425 78
gil345885718IreflZP_08837074.1 339
Wolinella succinogenes DSM SEQ ID NO: 157 | 218 36 401 | 468 60 | 401 | 468 60
1740 340
gil34557932IrefINP_907747.1]
Alicyclobacillus hesperidum SEQ ID NO: 142 | 196 55 416 | 482 61 416 | 482 61
URH17-3-68 341
gil403744858IreflZP_10953934.1
Caenispirillum salinarum AK4 SEQ ID NO: 161 | 214 54 330 | 393 68 330 | 393 68
gild2742948 1IreflZP_18919511.1 342
Eubacterium rectale ATCC SEQ ID NO: 133 | 185 53 322 | 384 60 322 | 384 60
33656 343
gil238924075lreflYP_002937591
1
Mycoplasma synoviae 53 SEQ ID NO: 187 | 239 53 319 | 381 80 319 | 381 80
gil71894592IreflYP_278700.1] 344
Porphyr()m()nas sp. oral taxon SEQ ID NO: 150 202 53 309 371 60 309 371 60
279 str. FO450 345
gil402847315IreflZP_10895610.1
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Streptoc()ccus therm()phﬂus SEQ ID NO: 127 178 139 424 486 81 424 486 81
LMD-9 346
gil116627542lreflYP_820161.11
Roseburia inulinivorans DSM SEQ ID NO: 154 204 51 318 380 69 318 380 69
16841 347
gil225377804IreflZP_03755025.1
Methylosinus trichosporium SEQ ID NO: 144 | 193 50 | 426 | 488 64 | 426 | 488 64
OB3b 348
gil296446027IreflZP_06887976.1
Ruminococcus albus 8 SEQ ID NO: 139 | 187 49 351 | 412 55 351 | 412 55
gil325677756lreflZP_08157403.1 349
Bifidobacterium ]()ngum SEQ ID NO: 183 230 48 370 431 44 370 431 44
DJO10A 350
gil189440764lreflYP_001955845
Enterococcus faecalis TX0012 SEQ ID NO: 123 | 170 48 327 | 387 60 327 | 387 60
gil315149830Igbl[EFT93846.11 351
Myc()p]asma mobile 163K SEQ ID NO: 179 226 48 314 374 79 314 374 79
gild7458868refllYP_015730.1] 352
Actinomyces coleocanis DSM SEQ ID NO: 147 193 47 358 418 40 358 418 40
15436 353
gil227494853IreflZP_03925169.1
Dinoroseobacter shibae DFL 12 SEQ ID NO: 138 | 184 47 338 | 398 48 338 | 398 48
gil159042956lreflYP_001531750 354
1
Actinomyces sp. oral taxon 180 SEQ ID NO: 183 | 228 46 349 | 409 40 349 | 409 40
str. F0310 355
gil315605738IreflZP_07880770.1
Alcanivorax sp. W11-5 SEQ ID NO: 139 183 45 344 404 61 344 404 61
gild07803669IreflZP_11150502.1 356
Aminomonas paucivorans DSM SEQ ID NO: 134 178 45 341 401 63 341 401 63
12260 357
gil312879015IreflZP_07738815.1
Mycoplasma canis PG 14 SEQ ID NO: 139 | 183 45 319 | 379 76 319 | 379 76
gil384393286IgblEIE39736.1| 358
Lactobacillus c()rynif()rmis SEQ ID NO: 141 184 44 328 387 61 328 387 61
KCTC 3535 359
gil336393381IreflZP_08574780.1
Elusimicrobium minutum Peil91 SEQ ID NO: 177 219 43 322 381 47 322 381 47
gil187250660lreflYP_001875142 360
1
Neisseria meningitidis Z2491 SEQ ID NO: 147 | 189 43 360 | 419 61 360 | 419 61
gil218767588IreflYP_002342100 361
1
Pasteurella multocida str. Pm70 SEQ ID NO: 139 | 181 43 319 | 378 61 319 | 378 61
gil15602992IrefINP_246064.1] 362
Rhodovulum sp. PHI10 SEQ ID NO: 141 183 43 319 378 48 319 378 48
gil402849997IreflZP_10898214.1 363
Eubacterium dolichum DSM SEQ ID NO: 131 | 172 42 303 | 361 59 303 | 361 59
3991 364
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gil160915782lreflZP_02077990.1
Nitratifractor salsuginis DSM SEQ ID NO: 143 184 42 347 404 61 347 404 61
16511 365
gil319957206lreflYP_004168469
1
Rhodospirillum rubrum ATCC SEQ ID NO: 139 | 180 42 314 | 371 S5 314 | 371 S5
11170 366
gil83591793IrefllYP_425545.1]
Clostridium cellulolyticum H10 SEQ ID NO: 137 | 176 40 320 | 376 61 320 | 376 61
gil220930482IreflYP_002507391 367
1
Helicobacter mustelae 12198 SEQ ID NO: 148 | 187 40 298 | 354 48 298 | 354 48
gil291276265IreflYP_003516037 368
1
Hyobacter p()]ytr()pus DSM 2926 SEQ ID NO: 134 173 40 462 517 63 462 517 63
gil310780384IreflYP_003968716 369
1
Sphaerochaeta g]obus sStr. Buddy SEQ ID NO: 163 202 40 335 389 45 335 389 45
gil325972003IreflYP_004248194 370
1
Staphy]oc()ccus lugdunensis SEQ ID NO: 128 167 40 337 391 57 337 391 57
M23590 371
gil315659848IreflZP_07912707.1
Treponema sp. JC4 SEQ ID NO: 144 | 183 40 328 | 382 63 328 | 382 63
gil384109266lreflZP_10010146.1 372
uncultured delta proteobacterium SEQ ID NO: 154 | 193 40 313 | 365 55 313 | 365 55
HF0070 07E19 373
gil2971829081gblADI19058.1]
A]icyc]iphilus denitrificans K601 SEQ ID NO: 140 178 39 317 366 48 317 366 48
gil330822845IreflYP_004386148 374
1
Azospirillum sp. B510 SEQ ID NO: 205 | 243 39 342 | 389 46 342 | 389 46
gil288957741IreflYP_003448082 375
1
Bradyrhizobium sp. BTAil SEQ ID NO: 143 | 181 39 323 | 370 | 48 323 | 370 | 48
gill48255343IreflYP_001239928 376
1
Parvibaculum lavamentivorans SEQ ID NO: 138 | 176 39 327 | 374 58 327 | 374 58
DS-1 377
gil154250555IreflYP_001411379
1
Prevotella timonensis CRIS 5C- SEQ ID NO: 170 | 208 39 328 375 61 328 375 61
B1 378
gil282880052IreflZP_06288774.1
Bacillus smithii 7 3 47FAA SEQ ID NO: 134 171 38 401 | 448 63 401 | 448 63
gil365156657IreflZP_09352959.1 379
Cand. Puniceispirillum marinum SEQ ID NO: 135 | 172 38 344 | 391 53 344 | 391 53
IMCC1322 380
gil294086111IreflYP_003552871
1
Barnesiella intestinihominis YIT SEQ ID NO: 140 | 176 37 371 | 417 60 371 | 417 60
11860 381
gil404487228IreflZP_11022414.1
Ralstonia syzyg]] R24 SEQ ID NO: 140 176 37 395 440 50 395 440 50
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£il344171927lemblCCA84553.11 382
Wolinella succinogenes DSM SEQ ID NO: 145 180 36 348 392 60 348 392 60
1740 383
gil34557790kefINP_907605.1]
Mycoplasma gallisepticum str. F SEQ ID NO: 144 | 177 34 373 | 416 71 373 | 416 71
2i1284931710lgblADC31648.1| 384
Acidothermus cellulolyticus 11B SEQ ID NO: 150 | 182 33 341 | 380 | 58 341 | 380 58
gil117929158IreflYP_873709.11 385
Mycoplasma Ovipneum()niae SEQ ID NO: 156 184 29 381 420 62 381 420 62
SCO1 386
gil363542550IreflZP_09312133.1

Table 8. Amino Acid Sequence of Cas9 Core Domains

Strain Name

Cas9 Start (AA
pos)

Cas9 Stop (AA
pos)

Start and Stop numbers refer to the

sequence in Table 7

Staphylococcus Aureus 1 772
Streptococcus Pyogenes 1 1099
Campulobacter Jejuni 1 741

Table 9. Identified PAM sequences and corresponding RKR motifs.

Strain Name PAM sequence RKR motif
(NA) (AA)
Streptococcus pyogenes NGG RKR
Streptococcus mutans NGG RKR
Streptococcus thermophilus A NGGNG RYR
Treponema denticola NAAAAN VAK
Streptococcus thermophilus B NNAAAAW IYK
Campylobacter jejuni NNNNACA NLK
Pasteurella multocida GNNNCNNA KDG
Neisseria meningitidis NNNNGATT or IGK
NNGRRV (R=AorG; V=A, Gor
Staphylococcus aureus O NDK
NNGRRT (R=Aor G)
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Table 10. Altered PI Domains
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Strain Name (I;I :;‘gst) PI S;‘(’)IS’)(AA Lenﬁ:‘;‘)’f PL | RKR motif (AA)
Start and Stop numbers
refer to the sequences in
Table 100
Alicycliphilus denitrificans K601 837 1029 193 -Y
Campylobacter jejuni NCTC 11168 741 984 244 -NG
Helicobacter mustelae 12198 771 1024 254 -NQ
Table 11. Other Altered PI Domains
Strain Name (I;I :;‘gst) PI S;‘(’)IS’)(AA Lenﬁ:‘;‘)’f PL | RKR motif (AA)
Start and Stop numbers
refer to the sequences in
Table 7

Akkermansia muciniphila ATCC BAA-835 871 1101 231 ALK
Ralstonia syzygii R24 821 1062 242 APY
Cand. Puniceispirillum marinum IMCC1322 815 1035 221 AYK
Fructobacillus fructosus KCTC 3544 1074 1323 250 DGN
Eubacterium yurii ATCC 43715 1107 1391 285 DGY
Eubacterium dolichum DSM 3991 779 1096 318 DKK
Dinoroseobacter shibae DFL 12 851 1079 229 DPI
Clostridium cellulolyticum H10 767 1021 255 EGK
Pasteurella multocida str. Pm70 815 1056 242 ENN
Mycoplasma canis PG 14 907 1233 327 EPK
Porphyromonas sp. oral taxon 279 str. F0450 935 1197 263 EPT
Filifactor alocis ATCC 35896 1094 1365 272 EVD
Aminomonas paucivorans DSM 12260 801 1052 252 EVY
Wolinella succinogenes DSM 1740 1034 1409 376 EYK
Oenococcus kitaharae DSM 17330 1119 1389 271 GAL
CoriobacteriumglomeransPW?2 1126 1384 259 GDR
Peptoniphilus duerdenii ATCC BAA-1640 1091 1364 274 GDS
Bifidobacterium bifidum S17 1138 1420 283 GGL
Alicyclobacillus hesperidum URH17-3-68 876 1146 271 GGR
Roseburia inulinivorans DSM 16841 895 1152 258 GGT
Actinomyces coleocanis DSM 15436 843 1105 263 GKK
Odoribacter laneus YIT 12061 1103 1498 396 GKV
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Coprococcus catus GD-7 1063 1338 276 GNQ
Enterococcus faecalis TX0012 829 1150 322 GRK
Bacillus smithii 7 3 47FAA 809 1088 280 GSK
Legionella pneumophila str. Paris 1021 1372 352 GIM
Bacteroides fragilis NCTC 9343 1140 1436 297 PV
Mycoplasma ovipneumoniae SCO1 923 1265 343 IRI
Actinomyces sp. oral taxon 180 str. FO310 895 1181 287 KEK
Treponema sp. JC4 832 1062 231 KIS
Fusobacteriumnucleatum ATCC49256 1073 1374 302 KKV
Lactobacillus farciminis KCTC 3681 1101 1356 256 KKV
Nitratifractor salsuginis DSM 16511 840 1132 293 KMR
Lactobacillus coryniformis KCTC 3535 850 1119 270 KNK
Mycoplasma mobile 163K 916 1236 321 KNY
Flavobacterium branchiophilum FL-15 1182 1473 292 KQK
Prevotella timonensis CRIS 5C-B1 957 1218 262 KQQ
Methylosinus trichosporium OB3b 830 1082 253 KRP
Prevotella sp. C561 1099 1424 326 KRY
Mycoplasma gallisepticum str. F 911 1269 359 KTA
Lactobacillus rhamnosus GG 1077 1363 287 KYG
Wolinella succinogenes DSM 1740 811 1059 249 LPN
Streptococcus thermophilus LMD-9 1099 1388 290 MLA
Treponema denticola ATCC 35405 1092 1395 304 NDS
Bergeyella zoohelcum ATCC 43767 1098 1415 318 NEK
Veillonella atypica ACS-134-V-Col7a 1107 1398 292 NGF
Neisseria meningitidis Z2491 835 1082 248 NHN
Ignavibacterium album JCM 16511 1296 1688 393 NKK
Ruminococcus albus 8 853 1156 304 NNF
Streptococcus thermophilus LMD-9 811 1121 311 NNK
Barnesiella intestinthominis YIT 11860 871 1153 283 NPV
Azospirillum sp. B510 911 1168 258 PFH
Rhodospirillum rubrum ATCC 11170 863 1173 311 PRG
Planococcus antarcticus DSM 14505 1087 1333 247 PYY
Staphylococcus pseudintermedius ED99 1073 1334 262 QIv
Alcanivorax sp. W11-5 843 1113 271 RIE
Bradyrhizobium sp. BTAil 811 1064 254 RIY
Streptococcus pyogenes M1 GAS 1099 1368 270 RKR
Streptococcus mutans UA159 1078 1345 268 RKR
Streptococcus Pyogenes 1099 1368 270 RKR
Bacteroides sp. 20 3 1147 1517 371 RNI
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S. aureus 772 1053 282 RNK
Solobacterium moorei F0204 1062 1327 266 RSG
Finegoldia magna ATCC 29328 1081 1348 268 RTE

uncultured delta proteobacterium HF0070 07E19 770 1011 242 SGG
Acidaminococcus sp. D21 1064 1358 295 SIG

Eubacterium rectale ATCC 33656 824 1114 291 SKK
Caenispirillum salinarum AK4 1048 1442 395 SLV

Acidothermus cellulolyticus 11B 830 1138 309 SPS

Catenibacterium mitsuokai DSM 15897 1068 1329 262 SPT

Parvibaculum lavamentivorans DS-1 827 1037 211 TGN
Staphylococcus lugdunensis M23590 772 1054 283 TKK
Streptococcus sanguinis SK49 1123 1421 299 TRM
Elusimicrobium minutum Peil91 910 1195 286 TTG
Nitrobacter hamburgensis X14 914 1166 253 VAY
Mycoplasma synoviae 53 991 1314 324 VGF
Sphaerochaeta globus str. Buddy 877 1179 303 VKG
Ilyobacter polytropus DSM 2926 837 1092 256 VNG
Rhodovulum sp. PH10 821 1059 239 VPY
Bifidobacterium longum DJO10A 904 1187 284 VRK

Amino acid sequences described in Table 7 (in order of appearance):

SEQ ID NO: 304
MKRNYILGLDIGITSVGYGIIDYETRDVIDAGVRLFKEANVENNEGRRSKRGARRLKRRRRHRT
QRVKKLLFDYNLLTDHSELSGINPYEARVKGLSQKLSEEEFSAALLHLAKRRGVHNVNEVEEDT
GNELSTKEQISRNSKALEEKYVAELQLERLKKDGEVRGSINRFKTSDYVKEAKQLLKVQKAYHQ
LDOSFIDTYIDLLETRRTYYEGPGEGSPFGWKDIKEWYEMLMGHCTYFPEELRSVKYAYNADLY
NALNDLNNLVITRDENEKLEYYEKFQITENVEFKQKKKPTLKQIAKEILVNEEDIKGYRVTSTGK
PEFTNLKVYHDIKDITARKEITENAELLDQTAKILTIYQSSEDIQEELTNLNSELTQEETIEQTS
NLKGYTGTHNLSLKAINLILDELWHTNDNQIATFNRLKLVPKKVDLSQQKEIPTTLVDDFILSP
VVKRSFIQSIKVINAITKKYGLPNDITIIELAREKNSKDAQKMINEMOKRNROQTNERIEEITIRTT
GKENAKYLIEKIKLHDMQEGKCLYSLEAIPLEDLLNNPENYEVDHIIPRSVSEDNSENNKVLVK
QEENSKKGNRTPFQYLSSSDSKISYETFKKHILNLAKGKGRISKTKKEYLLEERDINRESVQKD
FINRNLVDTRYATRGLMNLLRSYFRVNNLDVKVKSINGGF TSFLRRKWKFKKERNKGYKHHAED
ALTIANADF IFKEWKKLDKAKKVMENQMFEEKQAESMPEIETEQEYKEIFITPHQIKHIKDEKD
YKYSHRVDKKPNRELINDTLYSTRKDDKGNTLIVNNLNGLYDKDNDKLKKLINKSPEKLLMYHH
DPOTYQKLKLIMEQYGDEKNPLYKYYEETGNYLTKYSKKDNGPVIKKIKYYGNKLNAHLDITDD
YPNSRNKVVKLSLKPYREDVYLDNGVYKEVTVKNLDVIKKENYYEVNSKCYEEAKKLKKISNQA
EFIASFYNNDLIKINGELYRVIGVNNDLLNRIEVNMIDITYREYLENMNDKRPPRITIKTIASKT
QSIKKYSTDILGNLYEVKSKKHPQIIKKG

SEQ ID NO: 305

MDKKYSIGLDIGINSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLEDSGETAEATRL
KRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAY
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HEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTY
NQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEGNLIALSLGLTPNFKSNE
DLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSAS
MIKRYDEHHQDLTLLKALVROQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFTIKPILEKMD
GTEELLVKLNREDLLRKQRTEFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTEFRI
PYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSEF IERMTNFDKNLPNEKVLPKHS
LLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKATIVDLLEFKTNRKVTVKQLKEDYFKKIECED
SVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYA
HLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNEFMQLTHDDSLTE
KEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQ
TTORKGOQKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINR
LSDYDVDHIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWROLLNAKLTITQORK
FDNLTKAERGGLSELDKAGF IKRQLVETROQITKHEVAQILDSRMNTKYDENDKLIREVKVITLKS
KLVSDFRKDFQFYKVRE INNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK
SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGE IVWDKGRDFATVRKVLS
MPOVNIVKKTEVQTGGE SKESILPKRNSDKLTARKKDWDPKKYGGEFDSPTVAYSVLVVAKVEKG
KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLI IKLPKYSLFELENGRKRMLAS
AGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRV
ILADANLDKVLSAYNKHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLD
ATLIHQSITGLYETRIDLSQLGGD

SEQ ID NO: 306
MARILAFDIGISSIGWAFSENDELKDCGVRIFTKVENPKTGESLALPRRLARSARKRLARRKAR
LNHLKHLIANEFKLNYEDYQSFDESLAKAYKGSLISPYELRFRALNELLSKQODFARVILHIAKR
RGYDDIKNSDDKEKGATILKAIKONEEKLANYQSVGEYLYKEYFOKFKENSKEFTNVRNKKESYE
RCIAQSFLKDELKLIFKKQREFGESEFSKKFEEEVLSVAFYKRALKDFSHLVGNCSFEFTDEKRAP
KNSPLAFMEFVALTRIINLLNNLKNTEGILYTKDDLNALLNEVLKNGTLTYKQTKKLLGLSDDYE
FKGEKGTYFIEFKKYKEF IKALGEHNLSODDLNETIAKDITLIKDETIKLKKALAKYDLNQNQIDS
LSKLEFKDHLNISFKALKLVTPLMLEGKKYDEACNELNLKVAINEDKKDFLPAFNETYYKDEVT
NPVVLRAIKEYRKVLNALLKKYGKVHKINIELAREVGKNHSQRAKIEKEQNENYKAKKDAELEC
EKLGLKINSKNILKLRLFKEQKEFCAYSGEKIKISDLODEKMLEIDHIYPYSRSEDDSYMNKVL
VETKONQEKLNQTPFEAFGNDSAKWQKIEVLAKNLPTKKOQKRILDKNYKDKEQKNFKDRNLNDT
RYTARLVLNYTKDYLDFLPLSDDENTKLNDTQKGSKVHVEAKSGMLTSALRHTWGF SAKDRNNH
LHHATIDAVITAYANNSIVKAFSDFKKEQESNSAELYAKKISELDYKNKRKFFEPFSGFRQKVLD
KIDETITFVSKPERKKPSGALHEETFRKEEEFYQOSYGGKEGVLKALELGKIRKVNGKIVKNGDMER
VDIFKHKKTNKEYAVPIYTMDFALKVLPNKAVARSKKGEIKDWILMDENYEFCEFSLYKDSLILT
QTKDMQEPEFVYYNAFTSSTVSLIVSKHDNKFETLSKNQKILFKNANEKEVIAKSIGIQNLKVE
EKYIVSALGEVTKAEFROREDEFKK

SEQ ID NO: 307

MKRILGLDLGTINSIGWALVNEAENKDERSSIVKLGVRVNPLTVDELTNFEKGKSTITTNADRTLK
RGMRRNLOQRYKLRRETLTEVLKEHKLITEDTILSENGNRTTFETYRLRAKAVTEEISLEEFARV
LLMINKKRGYKSSRKAKGVEEGTLIDGMDIARELYNNNLTPGELCLQLLDAGKKFLPDFYRSDL
ONELDRIWEKQKEYYPEILTDVLKEELRGKKRDAVWAICAKYFVWKENYTEWNKEKGKTEQQER
EHKLEGIYSKRKRDEAKRENLOQWRVNGLKEKLSLEQLVIVFQEMNTQINNSSGYLGAISDRSKE
LYFNKQTVGQYQOMEMLDKNPNASLRNMVEYROQDYLDEFNMLWEKQAVYHKELTEELKKETRDT I
IFYQRRLKSQKGLIGFCEFESRQIEVDIDGKKKIKTVGNRVISRSSPLEFQEFKIWQILNNIEVT
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VVGKKRKRRKLKENYSALFEELNDAEQLELNGSRRLCQEEKELLAQELFITRDKMTKSEVLKLLFE
DNPOQELDLNFKTIDGNKTGYALFQAYSKMIEMSGHEPVDEFKKPVEKVVEYTIKAVEDLLNWNTDI
LGENSNEELDNQPYYKLWHLLYSFEGDNTPTGNGRLIQKMTELYGFEKEYATILANVSEFQDDYG
SLSAKATIHKILPHLKEGNRYDVACVYAGYRHSESSLTREETANKVLKDRLMLLPKNSLHNPVVE
KILNOQMVNVINVIIDIYGKPDEIRVELARELKKNAKEREELTKSIAQTTKAHEEYKTLLOTEEFG
LTNVSRTDILRYKLYKELESCGYKTLYSNTYISREKLESKEFDIEHITPQARLEDDSESNKTLE
ARSVNIEKGNKTAYDEVKEKFGESGADNSLEHYLNNIEDLFKSGKISKTKYNKLKMAEQDIPDG
FIERDLRNTQYTIAKKALSMLNEISHRVVATSGSVIDKLREDWQLIDVMKELNWEKYKALGLVEY
FEDRDGRQIGRIKDWTKRNDHRHHAMDALTVAFTKDVEF IQYFNNKNASLDPNANEHATKNKYEFQ
NGRATIAPMPLREFRAEAKKHLENTLISTIKAKNKVITGNINKTRKKGGVNKNMOQQTPRGQLHLET
IYGSGKQYLTKEEKVNASFDMRKIGTVSKSAYRDALLKRLYENDNDPKKAFAGKNSLDKQP IWL
DKEQMRKVPEKVKIVTLEAIYTIRKEISPDLKVDKVIDVGVRKILIDRLNEYGNDAKKAF SNLD
KNPIWLNKEKGISTIKRVTISGISNAQSLHVKKDKDGKPILDENGRNIPVDEVNTGNNHHVAVYY
RPVIDKRGQLVVDEAGNPKYELEEVVVSFFEAVIRANLGLPITIDKDYKTTEGWQF LESMKONEY
FVFPNEKTGENPKEIDLLDVENYGLISPNLFRVQKEFSLKNYVFRHHLETTIKDTSSILRGITWI
DFRSSKGLDTIVKVRVNHIGQIVSVGEY

SEQ ID NO: 308
MSREKNYVDDYAISLDIGNASVGWSAFTPNYRLVRAKGHELIGVRLFDPADTAESRRMARTTRRR
YSRRRWRLRLLDALFDQALSEIDPSFLARRKYSWVHPDDENNADCWYGSVLEDSNEQDKRFYEK
YPTIYHLRKALMEDDSQHDIREIYLATHHMVKYRGNFLVEGTLESSNAFKEDELLKLLGRITRY
EMSEGEQNSDIEQDDENKLVAPANGQLADALCATRGSRSMRVDNALEALSAVNDLSREQRATIVK
ATFAGLEGNKLDLAKIFVSKEFSSENKKILGIYFNKSDYEEKCVQIVDSGLLDDEEREF LDRMQ
GOYNATALKQLLGRSTSVSDSKCASYDAHRANWNLIKLOQLRTKENEKDINENYGILVGWKIDSG
OQRKSVRGESAYENMRKKANVFFKKMIETSDLSETDKNRLIHDIEEDKLFPTIQRDSDNGVIPHQL
HONELKQITIKKQGKYYPFLLDAFEKDGKQINKIEGLLTFRVPYFVGPLVVPEDLQKSDNSENHW
MVRKKKGEITPWNFDEMVDKDASGRKFIERLVGTDSYLLGEPTLPKNSLLYQEYEVLNELNNVR
LSVRTGNHWNDKRRMRLGREEKTLLCQRLEFMKGQTVTKRTAENLLRKEYGRTYELSGLSDESKFE
TSSLSTYGKMCRIFGEKYVNEHRDLMEKIVELQTVFEDKETLLHQLROQLEGISEADCALLVNTH
YTGWGRLSRKLLTTKAGECKISDDFAPRKHSIIEIMRAEDRNLMET ITDKQLGESDWIEQENLG
AENGSSLMEVVDDLRVSPKVKRGIIQSIRLIDDISKAVGKRPSRIFLELADDIQPSGRTISRKS
RLODLYRNANLGKEFKGIADELNACSDKDLODDRLELYYTQLGKDMYTGEELDLDRLSSAYDID
HITPOQAVTONDSIDNRVLVARAENARKTDSETYMPQIADRMRNEFWQILLDNGLISRVKFERLTR
ONEFSEREKERFVORSLVETRQIMKNVATLMROQRYGNSAAVIGLNAELTKEMHRYLGEFSHKNRD
INDYHHAQDALCVGIAGQFAANRGFFADGEVSDGAQNSYNQYLRDYLRGYREKLSAEDRKQGRA
FGFIVGSMRSODEQKRVNPRTGEVVWSEEDKDYLRKVMNYRKMLVTQKVGDDFGALYDETRYAA
TDPKGIKGIPFDGAKQODTSLYGGEF SSAKPAYAVLIESKGKTRLVNVTMQEYSLLGDRPSDDELR
KVLAKKKSEYAKANILLRHVPKMQLIRYGGGLMVIKSAGELNNAQQLWLPYEEYCYFDDLSQGK
GSLEKDDLKKLLDSILGSVQCLYPWHRFTEEELADLHVAFDKLPEDEKKNVITGIVSALHADAK
TANLSIVGMTGSWRRMNNKSGYTFSDEDEF IFQSPSGLFEKRVTVGELKRKAKKEVNSKYRTNE
KRLPTLSGASQP

SEQ ID NO: 309

METQTSNQLITSHLKDYPKQDYFVGLDIGTNSVGWAVINTSYELLKFHSHKMWGSRLFEEGESA
VIRRGFRSMRRRLERRKLRLKLLEELFADAMAQVDSTFFIRLHESKYHYEDKTTGHSSKHILET
DEDYTDODYFTEYPTIYHLRKDLMENGTDDIRKLEFLAVHHILKYRGNFLYEGATEFNSNAFTFED
VLKQALVNITEFNCEFDINSAISSISNILMESGKTKSDKAKATERLVDTYTVEDEVNTPDKPQKEQ
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VKEDKKTLKAFANLVLGLSANLIDLFGSVEDIDDDLKKLQIVGDTYDEKRDELAKVWGDETHIT
DDCKSVYDATILMSIKEPGLTISQSKVKAFDKHKEDLVILKSLLKLDRNVYNEMFKSDKKGLHN
YVHYIKQGRTEETSCSREDEFYKYTKKIVEGLADSKDKEYTILNEIELOTLLPLORIKDNGVIPYQ
LHLEELKVILDKCGPKFPFLHTVSDGF SVTEKLIKMLEFRIPYYVGPLNTHHNIDNGGE SWAVR
KOAGRVTPWNFEEKIDREKSAAAFIKNLTNKCTYLFGEDVLPKSSLLYSEFMLLNELNNVRIDG
KALAQGVKQHLIDSIFKQDHKKMTKNRIELFLKDNNYITKKHKPEITGLDGE IKNDLTSYRDMV
RILGNNEFDVSMAEDIITDITIFGESKKMLRQTLRNKFGSQLNDETTIKKLSKLRYRDWGRLSKKL
LKGIDGCDKAGNGAPKTITELMRNDSYNLME ILGDKF SFMECIEEENAKLAQGQVVNPHDIIDE
LALSPAVKRAVWQALRIVDEVAHIKKALPSRIFVEVARTNKSEKKKKDSRQKRLSDLYSATIKKD
DVLOSGLODKEFGALKSGLANYDDAALRSKKLYLYYTQOMGRCAYTGNIIDLNQLNTDNYDIDHI
YPRSLTKDDSEDNLVLCERTANAKKSDIYPIDNRIQTKOKPEFWAFLKHOGLISERKYERLTRIA
PLTADDLSGFIARQLVETNQSVKATTTLLRRLYPDIDVVEVKAENVSDFRHNNNF IKVRSLNHH
HHAKDAYLNIVVGNVYHEKFTRNFRLFFKKNGANRTYNLAKMENYDVICTNAQDGKAWDVKTSM
NTVKKMMASNDVRVTRRLLEQSGALADATIYKASVAAKAKDGAY IGMKTKYSVEFADVTKYGGMT
KIKNAYSTIVOQYTGKKGEEIKEIVPLPIYLINRNATDIELIDYVKSVIPKAKDISIKYRKLCIN
QLVKVNGFYYYLGGKTNDKIYIDNAIELVVPHDIATY IKLLDKYDLLRKENKTLKASSITTSTIY
NINTSTVVSLNKVGIDVEDYFMSKLRTPLYMKMKGNKVDELSSTGRSKFIKMTLEEQSIYLLEV
LNLLTNSKTTFDVKPLGITGSRSTIGVKIHNLDEFKIINESITGLYSNEVTIV

SEQ ID NO: 310
MTKLNQPYGIGLDIGSNSIGFAVVDANSHLLRLKGETAIGARLFREGQSAADRRGSRTTRRRLS
RTRWRLSFLRDFFAPHITKIDPDFFLRQKYSEISPKDKDREFKYEKRLENDRTDAEFYEDYPSMY
HLRLHLMTHTHKADPREIFLATHHILKSRGHFLTPGAAKDENTDKVDLEDIFPALTEAYAQVYP
DLELTFDLAKADDFKAKLLDEQATPSDTQKALVNLLLSSDGEKEIVKKRKQVLTEFAKATTGLK
TKENLALGTEVDEADASNWQF SMGOLDDKWSNIETSMTDQGTEIFEQIQELYRARLLNGIVPAG
MSLSQAKVADYGQHKEDLELFKTYLKKLNDHELAKTIRGLYDRY INGDDAKPFLREDFVKALTK
EVTAHPNEVSEQLLNRMGQANFMLKORTKANGATPIQLOQORELDOQTI TANQSKYYDWLAAPNPVE
AHRWKMPYQLDELLNFHIPYYVGPLITPKQQAESGENVFAWMVRKDPSGNITPYNFDEKVDREA
SANTFIQRMKTTDTYLIGEDVLPKQSLLYQKYEVLNELNNVRINNECLGTDQKORLIREVFERH
SSVITIKQVADNLVAHGDFARRPEIRGLADEKRFLSSLSTYHQLKEILHEAIDDPTKLLDIENIT
TWSTVFEDHT IFETKLAEIEWLDPKKINELSGIRYRGWGQF SRKLLDGLKLGNGHTVIQELMLS
NHNLMOQILADETLKETMTELNQDKLKTDDIEDVINDAYTSPSNKKALRQVLRVVEDIKHAANGQ
DPSWLEIETADGTGTAGKRTQSROKQIQTVYANAAQELIDSAVRGELEDKIADKASF TDRLVLY
FMOGGRDIYTGAPLNIDQLSHYDIDHILPQSLIKDDSLDNRVLVNATINREKNNVFASTLFAGK
MKATWRKWHEAGLISGRKLRNLMLRPDEIDKFAKGEFVARQLVETRQIIKLTEQTIAAAQYPNTKT
TAVKAGLSHQLREELDFPKNRDVNHYHHAFDAFLAARIGTYLLKRYPKLAPFFTYGEFAKVDVK
KFREFNFIGALTHAKKNITAKDTGEIVWDKERDIRELDRIYNFKRMLITHEVYFETADLFKQTT
YAAKDSKERGGSKQLIPKKQOGYPTQVYGGYTQESGSYNALVRVAEADTTAYQVIKISAQNASKT
ASANLKSREKGKQLLNEIVVKQLAKRRKNWKPSANSFKIVIPRFGMGTLEFQNAKYGLFMVNSDT
YYRNYQELWLSRENQKLLKKLEFSIKYEKTQMNHDALQVYKAITDOQVEKFFKLYDINQFRAKLSD
ATERFEKLPINTDGNKIGKTETLRQILIGLQANGTRSNVKNLGIKTDLGLLQVGSGIKLDKDTQ
IVYQSPSGLFKRRIPLADL

SEQ ID NO: 311

MTKEYYLGLDVGINSVGWAVTDSQYNLCKFKKKDMWGIRLFESANTAKDRRLORGNRRRLERKK
QRIDLLOEIFSPEICKIDPTFFIRLNESRLHLEDKSNDFKYPLETEKDYSDIEYYKEFPTIFHL
RKHLIESEEKQODIRLIYLALHNIIKTRGHFLIDGDLOQSAKQLRPILDTFLLSLQEEQNLSVSLS
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ENQKDEYEEILKNRSIAKSEKVKKLKNLFEISDELEKEEKKAQSAVIENFCKEFIVGNKGDVCKE
LRVSKEELEIDSFSEFSEGKYEDDIVKNLEEKVPEKVYLFEQMKAMYDWNILVDILETEEYISFA
KVKQYEKHKTNLRLLRDITILKYCTKDEYNRMENDEKEAGSYTAYVGKLKKNNKKYWIEKKRNPE
EFYKSLGKLLDKIEPLKEDLEVLTMMIEECKNHTLLPIQKNKDNGVIPHQVHEVELKKILENAK
KYYSFLTETDKDGYSVVQKIESIFRFRIPYYVGPLSTRHQEKGSNVWMVRKPGREDRI YPWNME
ETIDFEKSNENFITRMTNKCTYLIGEDVLPKHSLLYSKYMVLNELNNVKVRGKKLPTSLKQKVE
EDLFENKSKVTGKNLLEYLQIQDKDIQIDDLSGEFDKDEFKTSLKSYLDFKKQIFGEEIEKESIQON
MIEDITKWITIYGNDKEMLKRVIRANYSNQLTEEQMKKITGEFQYSGWGNE SKMELKGISGSDVS
TGETEFDIITAMWETDNNLMOTILSKKETFMDNVEDENSGKVGKIDKITYDSTVKEMEFLSPENKRA
VWOTIQVAEETIKKVMGCEPKKIF IEMARGGEKVKKRTKSRKAQLLELYAACEEDCRELIKETED
RDERDEFNSMKLELYYTQFGKCMYSGDDIDINELIRGNSKWDRDHIYPQSKIKDDSIDNLVLVNK
TYNAKKSNELLSEDIQKKMHSFWLSLLNKKLITKSKYDRLTRKGDFTDEELSGFIARQLVETRQ
STKATIADIFKQIYSSEVVYVKSSLVSDFRKKPLNYLKSRRVNDYHHAKDAYLNIVVGNVYNKKE
TSNPIQWMKKNRDTNYSLNKVFEHEHDVVINGEVIWEKCTYHEDTNTYDGGTLDRIRKIVERDNIL
YTEYAYCEKGELEFNATIQNKNGNSTVSLKKGLDVKKYGGYFSANTSYFSLIEFEDKKGDRARHT
IGVPIYIANMLEHSPSAFLEYCEQKGYQNVRILVEKIKKNSLLIINGYPLRIRGENEVDTSFKR
ATQLKLDQKNYELVRNIEKFLEKYVEKKGNYPIDENRDHITHEKMNQLYEVLLSKMKKEFNKKGM
ADPSDRIEKSKPKFIKLEDLIDKINVINKMLNLLRCDNDTKADLSLIELPKNAGSEFVVKKNTIG
KSKITLVNQSVITGLYENRREL

SEQ ID NO: 312
MARDYSVGLDIGTSSVGWAAIDNKYHLIRAKSKNLIGVRLEDSAVTAEKRRGYRTTRRRLSRRH
WRLRLLNDIFAGPLTDFGDENFLARLKYSWVHPQDOSNQAHFAAGLLEFDSKEQDKDEYRKYPTT
YHLRLALMNDDQKHDLREVYLATHHLVKYRGHFLIEGDVKADSAFDVHTFADATIQRYAESNNSD
ENLLGKIDEKKLSAALTDKHGSKSQRAETAETAFDILDLOSKKQIQAILKSVVGNQANLMATIEG
LDSSAISKDEQKNYKF SEFDDADIDEKIADSEALLSDTEFEFLCDLKAAFDGLTLKMLLGDDKTV
SAAMVRREFNEHQKDWEYTIKSHIRNAKNAGNGLYEKSKKFDGINAAYLALQSDNEDDRKKAKKIF
QDEISSADIPDDVKADFLKKIDDDQFLPIQRTKNNGTIPHQLHRNELEQITEKQGIYYPFLKDT
YOENSHELNKITALINFRVPYYVGPLVEEEQKTIADDGKNIPDPTNHWMVRKSNDT ITPWNLSQV
VDLDKSGRREFIERLTGTDTYLIGEPTLPKNSLLYQKEFDVLOQELNNIRVSGRRLDIRAKQDAFEH
LFKVOKTVSATNLKDFLVQAGYISEDTQIEGLADVNGKNENNALTTYNYLVSVLGREFVENPSN
EELLEEITELQTVFEDKKVLRROLDOQLDGLSDHNREKLSRKHYTGWGRISKKLLTTKIVQONADK
IDNQTFDVPRMNQSIIDTLYNTKMNLME I INNAEDDFGVRAWIDKONTTDGDEQDVYSLIDELA
GPKEIKRGIVOSFRILDDITKAVGYAPKRVYLEFARKTQESHLTNSRKNQLSTLLKNAGLSELV
TOQVSQYDAAALONDRLYLYFLOQGKDMYSGEKLNLDNLSNYDIDHITPQAYTKDNSLDNRVLVS
NITNRRKSDSSNYLPALIDKMRPEFWSVLSKQOGLLSKHKFANLTRTRDFDDMEKERF IARSLVET
ROITKNVASLIDSHFGGETKAVAIRSSLTADMRRYVDIPKNRDINDYHHAFDALLESTVGQYTE
NSGLMKKGOQLSDSAGNQYNRY IKEWIHAARLNAQSQRVNPFGEFVVGSMRNAAPGKLNPETGEIT
PEENADWSIADLDYLHKVMNFRKITVTRRLKDOQKGQLYDESRYPSVLHDAKSKASINFDKHKPV
DLYGGEFSSAKPAYAALTIKFKNKFRLVNVLROWTYSDKNSEDYILEQIRGKYPKAEMVLSHIPYG
QLVKKDGALVTISSATELHNFEQLWLPLADYKLINTLLKTKEDNLVDILHNRLDLPEMTIESAF
YKAFDSILSFAFNRYALHONALVKLOAHRDDENALNYEDKQQTLERILDALHASPASSDLKKIN
LSSGFGRLESPSHFTLADTDEF IFQSVTIGLESTOKTVAQLYQETK

SEQ ID NO: 313

MVYDVGLDIGTGSVGWVALDENGKLARAKGKNLVGVRLEFDTAQTAADRRGEFRTTRRRLSRRKWR
LRLLDELFSAEINEIDSSFFQRLKYSYVHPKDEENKAHYYGGYLFPTEEETKKFHRSYPTIYHL
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ROELMAQPNKRFDIREIYLATHHLVKYRGHFLSSQEKITIGSTYNPEDLANAIEVYADEKGLSW
ELNNPEQLTETISGEAGYGLNKSMKADEALKLFEFDNNQDKVAIKTLLAGLTGNQIDFAKLEFGK
DISDKDEAKLWKLKLDDEALEEKSQTILSQLTDEETELFHAVVQAYDGEFVLIGLLNGADSVSAA
MVOLYDQHREDRKLLKSLAQKAGLKHKRFSEIYEQLALATDEATIKNGISTARELVEESNLSKE
VKEDTLRRLDENEFLPKORTKANSVIPHQLHLAELOKILONQGOYYPFLLDTFEKEDGQODNKIE
ELLRFRIPYYVGPLVTKKDVEHAGGDADNHWVERNEGFEKSRVTPWNEDKVENRDKAARDEFIER
LTGNDTYLIGEKTLPONSLRYQLFTVLNELNNVRVNGKKFDSKTKADLINDLFKARKTVSLSAL
KDYLKAQGKGDVTITGLADESKENSSLSSYNDLKKTFDAEYLENEDNQETLEKITEIQTVEFEDS
KIASRELSKLPLDDDQVKKLSQTHYTGWGRLSEKLLDSKIIDERGQKVSILDKLKSTSQONFMST
INNDKYGVQAWITEQNTGSSKLTEFDEKVNELTTSPANKRGIKQSFAVLNDIKKAMKEEPRRVYL
EFAREDQTSVRSVPRYNQLKEKYQSKSLSEEAKVLKKTLDGNKNKMSDDRYFLYFQQQGKDMYT
GRPINFERLSODYDIDHITPQAFTKDDSLDNRVLVSRPENARKSDSFAYTDEVQKQDGSLWTSL
LKSGFINRKKYERLTKAGKYLDGQKTGF IARQLVETROQTITKNVASLIEGEYENSKAVAIRSETIT
ADMRLLVGIKKHREINSFHHAFDALLITAAGQYMONRYPDRDSTNVYNEFDRYTNDYLKNLRQL
SSRDEVRRLKSFGEFVVGTMRKGNEDWSEENTSYLRKVMMEKNILTTKKTEKDRGPLNKETIFE SP
KSGKKLIPLNSKRSDTALYGGYSNVYSAYMTLVRANGKNLLIKIPISTANQIEVGNLKINDYIV
NNPAIKKFEKILISKLPLGQLVNEDGNLIYLASNEYRHENAKOQLWLSTTDADKIASISENSSDEE
LLEAYDILTSENVKNRFPFFKKDIDKLSQVRDEFLDSDKRIAVIQTILRGLOIDAAYQAPVKIT
SKKVSDWHKLQOSGGIKLSDNSEMIYQSATGIFETRVKISDLL

SEQ ID NO: 314

IVDYCIGLDLGTGSVGWAVVDMNHRLMKRNGKHLWGSRLE SNAETAANRRASRSTRRRYNKRRE
RIRLLRATLODMVLEKDPTFFIRLEHTSFLDEEDKAKYLGTDYKDNYNLFIDEDENDYTYYHKY
PTIYHLRKALCESTEKADPRLIYLALHHIVKYRGNFLYEGOKFNMDASNIEDKLSDIFTQFTSFE
NNIPYEDDEKKNLEILEILKKPLSKKAKVDEVMTLIAPEKDYKSAFKELVTGIAGNKMNVTKMT
LCEPIKQGDSEIKLKFSDSNYDDQF SEVEKDLGEYVEFVDALHNVYSWVELQTIMGATHTDNAS
ISEAMVSRYNKHHDDLKLLKDCIKNNVPNKYFDMFRNDSEKSKGYYNYINRPSKAPVDEFYKYV
KKCIEKVDTPEAKQILNDIELENFLLKONSRTNGSVPYQOMOLDEMIKITIDNQAEYYPILKEKRE
QLLSILTFRIPYYFGPLNETSEHAWIKRLEGKENQRILPWNYQDIVDVDATAEGE IKRMRSYCT
YFPDEEVLPKNSLIVSKYEVYNELNKIRVDDKLLEVDVKNDIYNELFMKNKTVTEKKLKNWLVN
NQCCSKDAE IKGFQKENQFSTSLTPWIDFTNIFGKIDQSNFDLIENIIYDLTVFEDKKIMKRRL
KKKYALPDDKVKQILKLKYKDWSRLSKKLLDGIVADNREFGSSVTVLDVLEMSRLNLME I INDKD
LGYAQMIEEATSCPEDGKF TYEEVERLAGSPALKRGIWQSLQIVEEITKVMKCRPKYIYIEFER
SEEAKERTESKIKKLENVYKDLDEQTKKEYKSVLEELKGEDNTKKISSDSLEFLYFTQLGKCMYS
GKKLDIDSLDKYQIDHIVPQSLVKDDSEDNRVLVVPSENQRKLDDLVVPEFDIRDKMYRFWKLLE
DHELISPKKFYSLIKTEYTERDEERFINRQLVETRQITKNVTQITEDHYSTTKVAATRANLSHE
FRVKNHIYKNRDINDYHHAHDAYIVALIGGFMRDRYPNMHDSKAVYSEYMKMEFRKNKNDOQKRWK
DGEVINSMNYPYEVDGKLIWNPDLINEIKKCEFYYKDCYCTTKLDQKSGOQLENLTVLSNDAHADK
GVTKAVVPVNKNRSDVHKYGGEF SGLQYTIVAIEGQKKKGKKTELVKKISGVPLHLKAASTINEKT
NYIEEKEGLSDVRIIKDNIPVNOMIEMDGGEYLLTSPTEYVNARQLVLNEKQCALTIADIYNATY
KODYDNLDDILMIQLYTIELTNKMKVLYPAYRGIAEKFESMNENYVVISKEEKANT IKQML TVMH
RGPONGNIVYDDFKISDRIGRLKTKNHNLNNIVFEISQSPTGIYTKKYKL

SEQ ID NO: 315

MKSEKKYYIGLDVGTNSVGWAVTDEFYNILRAKGKDLWGVRLFEKADTAANTRIFRSGRRRNDR
KGMRLOILREIFEDEIKKVDKDEYDRLDE SKEWAEDKKVSGKYSLENDKNE SDKQYFEKFPTIFE
HLRKYLMEEHGKVDIRYYFLATINQMMKRRGHFLIDGQISHVTDDKPLKEQLILLINDLLKIELE
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EELMDSIFEILADVNEKRTDKKNNLKELIKGODENKQEGNILNSIFESIVTGKAKIKNIISDED
ILEKIKEDNKEDEFVLTGDSYEENLQYFEEVLOENITLENTLKSTYDFLILQSILKGKSTLSDAQ
VERYDEHKKDLEILKKVIKKYDEDGKLEFKQVFKEDNGNGYVSYIGYYLNKNKKITAKKKISNIE
FTKYVKGILEKQCDCEDEDVKYLLGKIEQENFLLKQISSINSVIPHQIHLFELDKILENLAKNY
PSEFNNKKEEFTKIEKIRKTFTFRIPYYVGPLNDYHKNNGGNAWIFRNKGEKIRPWNFEKIVDLH
KSEEEFIKRMLNQCTYLPEETVLPKSSILYSEYMVLNELNNLRINGKPLDTDVKLKLIEELFKK
KTKVTLKSIRDYMVRNNFADKEDEDNSEKNLETASNMKSYIDEFNNILEDKFDVEMVEDLIEKIT
ITHTGNKKLLKKYIEETYPDLSSSQIQKIINLKYKDWGRLSRKLLDGIKGTKKETEKTDTVINFL
RNSSDNLMOITGSONYSENEYIDKLRKKYIPQEISYEVVENLYVSPSVKKMIWQVIRVTEEITK
VMGYDPDKIFIEMAKSEEEKKTTISRKNKLLDLYKATIKKDERDSQYEKLLTGLNKLDDSDLRSR
KLYLYYTOMGRDMYTGEKIDLDKLEFDSTHYDKDHI IPQSMKKDDST INNLVLVNKNANQTTKGN
IYPVPSSIRNNPKIYNYWKYLMEKEF ISKEKYNRLIRNTPLTNEELGGF INRQLVETROSTKAT
KELFEKFYQKSKITPVKASLASDLRKDMNTLKSREVNDLHHAHDAFLNIVAGDVWNREFTSNPT
NYVKENREGDKVKYSLSKDF TRPRKSKGKVIWTPEKGRKLIVDTLNKPSVLISNESHVKKGELF
NATIAGKKDYKKGKIYLPLKKDDRLODVSKYGGYKAINGAFFFLVEHTKSKKRIRSIELFPLHL
LSKEYEDKNTVLDYAINVLOQLODPKITIIDKINYRTEIIIDNEFSYLISTKSNDGSITVKPNEQMY
WRVDEISNLKKIENKYKKDAILTEEDRKIMESYIDKIYQQFKAGKYKNRRTTDTITEKYEIIDL
DTLDNKQLYQLLVAFISLSYKTSNNAVDFTVIGLGTECGKPRITNLPDNTYLVYKSITGIYEKR
IRIK

SEQ ID NO: 316
MKLRGIEDDYSIGLDMGTSSVGWAVTDERGTLAHFKRKPTWGSRLFREAQTAAVARMPRGORRR
YVRRRWRLDLLOQKLFEQQOMEQADPDFFIRLROQSRLLRDDRAEEHADYRWPLENDCKETERDYYQ
REPTIYHVRSWLMETDEQADIRLIYLALHNIVKHRGNFLREGOSLSAKSARPDEALNHLRETLR
VWSSERGFECSTIADNGSILAMLTHPDLSPSDRRKKIAPLEDVKSDDAAADKKLGIALAGAVIGL
KTEFKNIFGDFPCEDSSIYLSNDEAVDAVRSACPDDCAELFDRLCEVYSAYVLQGLLSYAPGQT
ISANMVEKYRRYGEDLALLKKLVKIYAPDOQYRMFFSGATYPGTGIYDAAQARGYTKYNLGPKKS
EYKPSESMQYDDFRKAVEKLFAKTDARADERYRMMMDREDKQQFLRRLKTSDNGSIYHQLHLEE
LKATVENQGRFYPFLKRDADKLVSLVSFRIPYYVGPLSTRNARTDOHGENRFAWSERKPGMQDE
PIFPWNWESIIDRSKSAEKF ILRMTGMCTYLOQQEPVLPKSSLLYEEFCVLNELNGAHWSIDGDD
EHRFDAADREGIIEELFRRKRTVSYGDVAGWMERERNQIGAHVCGGQGEKGFESKLGSYIFFCK
DVFKVERLEQSDYPMIERTIILWNTLFEDRKILSQRLKEEYGSRLSAEQIKTICKKREFTGWGRLS
EKFLTGITVQVDEDSVSIMDVLREGCPVSGKRGRAMVMME ILRDEELGF QKKVDDEFNRAFFAEN
AQALGVNELPGSPAVRRSLNQSIRIVDETASTAGKAPANIFIEVTRDEDPKKKGRRTKRRYNDL
KDALEAFKKEDPELWRELCETAPNDMDERLSLYFMOQRGKCLYSGRAIDIHQLSNAGIYEVDHIT
PRTYVKDDSLENKALVYREENQRKTDMLLIDPETRRRMSGYWRMLHEAKLIGDKKFRNLLRSRT
DDKALKGFIARQLVETGOMVKLVRSLLEARYPETNIISVKASISHDLRTAAELVKCREANDEHH
AHDAFLACRVGLEFIQKRHPCVYENPIGLSQVVRNYVRQQADIFKRCRTIPGSSGE IVNSEMTSG
FDKETGEIFKDDWDAEAEVEGIRRSLNFRQCEFISRMPFEDHGVEWDATIYSPRAKKTAALPLKQ
GLNPSRYGSFSREQFAYFFIYKARNPRKEQTLFEFAQVPVRLSAQIRQDENALERYARELAKDQ
GLEFIRIERSKILKNQLIEIDGDRLCITGKEEVRNACELAFAQDEMRVIRMLVSEKPVSRECVI
SLENRILLHGDQASRRLSKQLKLALLSEAFSEASDNVORNVVLGLIAIFNGSTNMVNLSDIGGS
KFAGNVRIKYKKELASPKVNVHLIDQSVTIGMFERRTKIGL

SEQ ID NO: 317

MENKQYYIGLDVGINSVGWAVIDTSYNLLRAKGKDMWGARLFEKANTAAERRTKRTSRRRSERE
KARKAMLKELFADEINRVDPSFFIRLEESKFFLDDRSENNRQRYTLENDATF TDKDYYEKYKTT
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FHLRSALINSDEKFDVRLVFEFLAILNLEFSHRGHFLNASLKGDGDIQGMDVEFYNDLVESCEYFETIE
LPRITNIDNFEKILSQKGKSRTKILEELSEELSTISKKDKSKYNLIKLISGLEASVVELYNIEDI
QDENKKIKIGFRESDYEESSLKVKEIIGDEYFDLVERAKSVHDMGLLSNITIGNSKYLCEARVEA
YENHHKDLLKIKELLKKYDKKAYNDMFRKMTDKNYSAYVGSVNSNIAKERRSVDKRKIEDLYKY
IEDTALKNIPDDNKDKIEILEKIKLGEFLKKQLTASNGVIPNQLOQSRELRATLKKAENYLPFLK
EKGEKNLTVSEMIIQLFEFQIPYYVGPLDKNPKKDNKANSWAKIKQGGRILPWNEFEDKVDVKGS
RKEFITEKMVRKCTYISDEHTLPKQSLLYEKFMVLNEINNIKIDGEKISVEAKQKIYNDLEVKGK
KVSQKDIKKELISLNIMDKDSVLSGTDTVCNAYLSSIGKEFTGVEFKEEINKQSIVDMIEDITFLK
TVYGDEKREFVKEEIVEKYGDE IDKDKIKRILGFKESNWGNLSKSFLELEGADVGTGEVRSIIQS
LWETNEFNLMELLSSRFTYMDELEKRVKKLEKPLSEWT IEDLDDMYLSSPVKRMIWQSMKIVDE I
QTVIGYAPKRIFVEMTRSEGEKVRTKSRKDRLKELYNGIKEDSKQWVKELDSKDESYFRSKKMY
LYYLOKGRCMYSGEVIELDKLMDDNLYDIDHIYPRSEVKDDSLDNLVLVKKEINNRKONDPITP
QIQASCOGFWKILHDQGEFMSNEKYSRLTRKTQEF SDEEKLSFINRQIVETGQATKCMAQTILQKS
MGEDVDVVE SKARLVSEFRHKFELFKSRLINDFHHANDAYLNIVVGNSYEFVKETRNPANEF IKDA
RKNPDNPVYKYHMDRFFERDVKSKSEVAWIGOSEGNSGTIVIVKKTMAKNSPLITKKVEEGHGS
ITKETIVGVKE IKFGRNKVEKADKTPKKPNLOAYRPTIKTSDERLCNILRYGGRTSISISGYCLV
EYVKKRKTIRSLEAIPVYLGRKDSLSEEKLLNYFRYNLNDGGKDSVSDIRLCLPFISTNSLVKT
DGYLYYLGGKNDDRIQLYNAYQLKMKKEEVEYTIRKIEKAVSMSKFDEIDREKNPVLTEEKNIEL
YNKIQDKFENTVESKRMSLVKYNKKDLSEGDEFLKNKKSKFEETIDLEKQCKVLYNTI IFNLSNLKE
VDLSDIGGSKSTGKCRCKKNITNYKEFKLIQQSITGLYSCEKDLMTT

SEQ ID NO: 318
MEKNLKEYYIGLDIGTASVGWAVTDESYNIPKFNGKKMWGVRLEFDDAKTAEERRTQRGSRRRLNR
RKERINLLODLFATEISKVDPNEFFLRLDNSDLYREDKDEKLKSKYTLENDKDEFKDRDYHKKYPT
ITHHLIMDLIEDEGKKDIRLLYLACHYLLKNRGHF IFEGQKEFDTKNSFDKSINDLKIHLRDEYNT
DLEFNNEDLIEITTDTTLNKTNKKKELKNIVGDTKFLKAISATIMIGSSQKLVDLFEDGEFEETT
VKSVDESTTAFDDKYSEYEEALGDTISLLNILKSIYDSSILENLLKDADKSKDGNKYISKAFVK
KENKHGKDLKTLKRITIKKYLPSEYANIFRNKSINDNYVAYTKSNITSNKRTKASKFTKOQEDFYK
FIKKHLDTIKETKLNSSENEDLKLIDEMLTDIEFKTF IPKLKSSDNGVIPYQLKLMELKKILDN
QSKYYDFLNESDEYGTVKDKVESIMEFRIPYYVGPLNPDSKYAWIKRENTKITPWNEFKDIVDLD
SSREEFIDRLIGRCTYLKEEKVLPKASLIYNEFMVLNELNNLKLNEFLITEEMKKAIFEELEKT
KKKVTLKAVSNLLKKEFNLTGDILLSGTDGDEFKQGLNSYIDFKNITGDKVDRDDYRIKIEEITIK
LIVLYEDDKTYLKKKIKSAYKNDETDDE IKKIAALNYKDWGRLSKRELTGIEGVDKTTGEKGS I
IYFMREYNLNLMELMSGHYTFTEEVEKLNPVENRELCYEMVDELYLSPSVKRMLWOSLRVVDET
KRIIGKDPKKIFIEMARAKEAKNSRKESRKNKLLEFYKFGKKAFINEIGEERYNYLLNEINSEE
ESKFRWDNLYLYYTQLGRCMYSLEPIDLADLKSNNIYDOQDHIYPKSKIYDDSLENRVLVKKNLN
HEKGNQYPIPEKVLNKNAYGFWKILFDKGLIGQKKYTRLTRRTPFEERELAEFTERQIVETRQA
TKETANLLKNICODSEIVYSKAENASRFROQEFDITKCRTVNDLHHMHDAYLNIVVGNVYNTKET
KNPLNFIKDKDNVRSYNLENMEFKYDVVRGSYTAWIADDSEGNVKAATIKKVKRELEGKNYRETR
MSYIGTGGLYDONLMRKGKGQIPOKENTNKSNIEKYGGYNKASSAYFALTESDGKAGRERTLET
IPIMVYNQEKYGNTEAVDKYLKDNLELQDPKILKDKIKINSLIKLDGEFLYNIKGKTGDSLSIAG
SVOLIVNKEEQKLTKKMDKF LVKKKDNKDIKVTSEDNIKEEELIKLYKTLSDKLNNGIYSNKRN
NQAKNISEALDKFKEISIEEKIDVLNQITLLFQSYNNGCNLKSIGLSAKTGVVEFIPKKLNYKEC
KLINQSITGLFENEVDLLNL

SEQ ID NO: 319
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MGKMYYLGLDIGINSVGYAVIDPSYHLLKFKGEPMWGAHVFAAGNQSAERRSFRTSRRRLDRRQ
QRVKLVQEIFAPVISPIDPRFFIRLHESALWRDDVAETDKHIFENDPTYTDKEYYSDYPTIHHL
IVDLMESSEKHDPRLVYLAVAWLVAHRGHFLNEVDKDNIGDVLSEFDAFYPEFLAFLSDNGVSPW
VCESKALQATLLSRNSVNDKYKALKSLIFGSQKPEDNFDANISEDGLIQLLAGKKVKVNKLEPQ
ESNDASFTLNDKEDAIEEILGTLTPDECEWIAHTIRRLEDWAIMKHALKDGRTISESKVKLYEQH
HHDLTQLKYFVKTYLAKEYDDIFRNVDSETTKNYVAYSYHVKEVKGTLPKNKATQEEFCKYVLG
KVKNIECSEADKVDEFDEMIQRLTDNSEFMPKQVSGENRVIPYQLYYYELKTILNKAASYLPFLTOQ
CGKDAISNQDKLLSIMTFRIPYFVGPLRKDNSEHAWLERKAGKIYPWNENDKVDLDKSEEAFTR
RMTNTCTYYPGEDVLPLDSLIYEKFMILNEINNIRIDGYPISVDVKQQOVEFGLFEKKRRVTVKDT
ONLLLSLGALDKHGKLTGIDTTIHSNYNTYHHFKSLMERGVLTRDDVERIVERMTYSDDTKRVR
LWLNNNYGTLTADDVKHISRLRKHDFGRLSKMFLTGLKGVHKETGERASILDEFMWNTNDNLMQL
LSECYTFSDEITKLQEAYYAKAQLSLNDFLDSMYISNAVKRPIYRTLAVVNDIRKACGTAPKRI
FIEMARDGESKKKRSVTRREQIKNLYRSIRKDFQOEVDFLEKILENKSDGQLQSDALYLYFAQL
GRDMYTGDPIKLEHIKDQSFYNIDHIYPQSMVKDDSLDNKVLVQSEINGEKSSRYPLDAATRNK
MKPLWDAYYNHGLISLKKYQRLTRSTPEFTDDEKWDEF INRQLVETRQSTKALATLLKRKFPDTET
VYSKAGLSSDFRHEFGLVKSRNINDLHHAKDAFLATIVTGNVYHERENRRWEMVNQPYSVKTKTL
FTHSTIKNGNEVAWNGEEDLGRIVKMLKONKNT IHF TRESFDRKEGLEFDIQPLKASTGLVPRKAG
LDVVKYGGYDKSTAAYYLLVRFTLEDKKTQHKLMMIPVEGLYKARIDHDKEFLTDYAQTTISET
LOKDKQKVINIMFPMGTRHIKLNSMISIDGEYLSIGGKSSKGKSVLCHAMVPLIVPHKIECYTIK
AMESFARKFKENNKLRIVEKFDKITVEDNLNLYELFLOKLOHNPYNKFEFSTQFDVLTNGRSTET
KLSPEEQVQTLLNILSIFKTCRSSGCDLKSINGSAQAARIMISADLTGLSKKYSDIRLVEQSAS
GLEVSKSONLLEYL

SEQ ID NO: 320
MTKKEQPYNIGLDIGTSSVGWAVTNDNYDLLNIKKKNLWGVRLFEEAQTAKETRLNRSTRRRYR
RREKNRINWLNEIFSEELAKTDPSFLIRLONSWVSKKDPDRKRDKYNLEIDGPYTDKEYYREFPT
IFHLRKELILNKDKADIRLIYLALHNILKYRGNFTYEHQKENISNLNNNLSKELTELNQQLIKY
DISFPDDCDWNHISDILIGRGNATQKSSNILKDEFTLDKETKKLLKEVINLILGNVAHLNTIFKT
SLTKDEEKLNFSGKDIESKLDDLDSILDDDQFTVLDAANRIYSTITLNEILNGESYFSMAKVNQ
YENHAIDLCKLRDMWHTTKNEEAVEQSRQAYDDY INKPKYGTKELYTSLKKFLKVALPTNLAKE
AEEKISKGTYLVKPRNSENGVVPYQLNKIEMEKITIDNQSQYYPFLKENKEKLLSILSFRIPYYV
GPLOSAEKNPFAWMERKSNGHARPWNEFDEIVDREKSSNKE IRRMTVTIDSYLVGEPVLPKNSLTIY
QRYEVLNELNNIRITENLKTNPIGSRLTVETKQRIYNELFKKYKKVTVKKLTKWLIAQGYYKNP
ILIGLSQKDEENSTLTTYLDMKKIFGSSEFMEDNKNYDOQIEELTEWLTIFEDKQILNEKLHSSKY
SYTPDQIKKISNMRYKGWGRLSKKILMDITTETNTPOQLLOQLSNYSILDLMWATNNNEISIMSND
KYDEFKNYIENHNLNKNEDONISDLVNDIHVSPALKRGITQSIKIVQEIVKFMGHAPKHIFIEVT
RETKKSEITTSREKRIKRLOSKLLNKANDEFKPOQLREYLVPNKKIQEELKKHKNDLSSERIMLYF
LONGKSLYSEESLNINKLSDYQVDHILPRTYIPDDSLENKALVLAKENQRKADDLLLNSNVIDR
NLERWTYMLNNNMIGLKKFKNLTRRVITDKDKLGF ITHROQLVOTSOMVKGVANILDNMYKNQGTT
CIQARANLSTAFRKALSGODDTYHFKHPELVKNRNVNDFHHAQDAYLASFLGTYRLRRFPTNEM
LLMNGEYNKFYGQVKELYSKKKKLPDSRKNGEFITSPLVNGTTQYDRNTGETI IWNVGFRDKILKI
FNYHQCNVTRKTEIKTGQFYDQTIYSPKNPKYKKLIAQKKDMDPNIYGGFSGDNKSSITIVKID
NNKIKPVAIPIRLINDLKDKKTLONWLEENVKHKKSIQITKNNVPIGQITYSKKVGLLSLNSDR
EVANROQLILPPEHSALLRLLQIPDEDLDQILAFYDKNILVETILQELITKMKKFYPFYKGEREF
LIANIENFNQATTSEKVNSLEELITLLHANSTSAHLIFNNIEKKAFGRKTHGLTLNNTDEIYQS
VIGLYETRIHIE
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SEQ ID NO: 321

MTKENKNYSIGLDIGVSSVGYAVVTEDYRVPAFKFKVLGNTEKEKIKKNLIGSTTEFVSAQPAKG
TRVFRVNRRRIDRRNHRITYLRDIFQKEIEKVDKNEF YRRLDESFRVLGDKSEDLQTKQPFEFGDK
ELETAYHKKYPTIYHLRKHLADADKNSPVADIREVYMAISHILKYRGHFLTLDKINPNNINMON
SWIDFIESCQEVEDLEISDESKNIADIFKSSENRQEKVKKILPYFQOELLKKDKSIFKQLLOLL
FGLKTKFKDCFELEEEPDLNEF SKENYDENLENFLGSLEEDFSDVFAKLKVLRDTILLSGMLTYT
GATHARFSATMVERYEEHRKDLQREFKFFIKONLSEQDYLDIFGRKTONGEDVDKETKGYVGYIT
NKMVLTNPOQKOQKTIQONFYDYISGKITGIEGAEYFLNKISDGTFLRKLRTSDNGATIPNQIHAYE
LEKTITERQGKDYPFLLENKDKLLSILTFKIPYYVGPLAKGSNSRFAWIKRATSSDILDDNDEDT
RNGKIRPWNYQKLINMDETRDAF ITNLIGNDIILLNEKVLPKRSLIYEEVMLONELTRVKYKDK
YGKAHFFDSELRONIINGLEKNNSKRVNAKSLIKYLSDNHKDLNATEIVSGVEKGKSENSTLKT
YNDLKTIFSEELLDSEIYQKRELEETIIKVITVEDDKKSIKNYLTKFFGHLEILDEEKINQLSKLR
YSGWGRYSAKLLLDIRDEDTGENLLOFLRNDEENRNLTKLISDNTLSFEPKIKDIQSKSTIEDD
IFDETKKLAGSPATKRGILNSIKIVDELVQITIGYPPENIVIEMARENMT TEEGQKKAKTRKTKL
ESALKNIENSLLENGKVPHSDEQLQSEKLYLYYLONGKDMYTLDKTGSPAPLYLDQLDQYEVDH
ITPYSFLPIDSIDNKVLTHRENNQQKLNNIPDKETVANMKPEFWEKLYNAKLISQTKYQRLTTSE
RTPDGVLTESMKAGFIERQLVETRQITKHVARILDNREFSDTKIITLKSQLITNFRNTFHIAKTIR
ELNDYHHAHDAYLAVVVGQTLLKVYPKLAPELIYGHHAHFNRHEENKATLRKHLYSNIMREFEFNN
PDSKVSKDIWDCNRDLPITIKDVIYNSQINFVKRTMIKKGAFYNONPVGKENKQLAANNRYPLKT
KALCLDTSIYGGYGPMNSALSITIITAERFNEKKGKIETVKEFHDIFIIDYEKENNNPEFQFLNDT
SENGFLKKNNINRVLGEFYRIPKYSLMOKIDGTRMLFESKSNLHKATQFKLTKTONELFFHMKRL
LTKSNLMDLKSKSAIKESONF ILKHKEEFDNISNQLSAFSQKMLGNTTSLKNLTIKGYNERKIKE
IDIRDETIKYFYDNEFIKMF SEVKSGAPKDINDFFDNKCTVARMRPKPDKKLLNATLTHQSTITGL
YETRIDLSKLGED

SEQ ID NO: 322
MKOEYFLGLDMGTGSLGWAVTDSTYQVMRKHGKALWGTRLFESASTAEERRMEFRTARRRLDRRN
WRIQVLQEIFSEEISKVDPGFFLRMKESKYYPEDKRDAEGNCPELPYALFVDDNYTDKNYHKDY
PTIYHLRKMLMETTEIPDIRLVYLVLHHMMKHRGHFLLSGDISQIKEFKSTFEQLIQNIQDEEL
EWHISLDDAATQFVEHVLKDRNLTRSTKKSRLIKQLNAKSACEKATLNLLSGGTVKLSDIFNNK
ELDESERPKVSFADSGYDDYIGIVEAELAEQYYTITASAKAVYDWSVLVEILGNSVSISEAKIKV
YOKHQADLKTLKKIVRQYMTKEDYKRVEVDTEEKLNNYSAY IGMTKKNGKKVDLKSKQCTQADFE
YDFLKKNVIKVIDHKEITQEIESEIEKENFLPKQVTKDNGVIPYQVHDYELKKILDNLGTRMPFE
IKENAEKIQQLFEFRIPYYVGPLNRVDDGKDGKEF TWSVRKSDARIYPWNEFTEVIDVEASAEKET
RRMTNKCTYLVGEDVLPKDSLVYSKFMVLNELNNLRLNGEKISVELKQRIYEELFCKYRKVTRK
KLERYLVIEGIAKKGVEITGIDGDFKASLTAYHDFKERLTDVQLSQRAKEATVLNVVLEFGDDKK
LLKOQRLSKMYPNLTTGQLKGICSLSYQGWGRLSKTFLEEITVPAPGTGEVWNIMTALWQTNDNL
MOLLSRNYGEFTINEVEEFNTLKKETDLSYKTVDELYVSPAVKRQIWQTLKVVKE IQKVMGNAPKR
VEVEMAREKQEGKRSDSRKKOQLVELYRACKNEERDWITELNAQSDQOQLRSDKLEFLYYIQKGRCM
YSGETIQLDELWDNTKYDIDHIYPQSKTMDDSLNNRVLVKKNYNATKSDTYPLSLDIQKKMMSE
WKMLQOQGF ITKEKYVRLVRSDELSADELAGF IERQIVETRQSTKAVATILKEALPDTEIVYVK
AGNVSNFROQTYELLKVREMNDLHHAKDAYLNIVVGNAYFVKFTKNAAWE TRNNPGRSYNLKRMFE
EFDIERSGEIAWKAGNKGSIVIVKKVMOKNNILVTRKAYEVKGGLEDQQIMKKGKGQVPIKGND
ERLADIEKYGGYNKAAGTYFMLVKSLDKKGKEIRTIEFVPLYLKNQIEINHESATQYLAQERGL
NSPEILLSKIKIDTLEFKVDGFKMWLSGRTGNQLIFKGANQLILSHQEAATLKGVVKYVNRKNEN
KDAKLSERDGMTEEKLLQLYDTFLDKLSNTVYSTIRLSAQIKTLTEKRAKFIGLSNEDQCIVLNE
ILHMFQCQSGSANLKLIGGPGSAGILVMNNNITACKQISVINQSPTGIYEKEIDL IKL
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SEQ ID NO: 323
MKKPYSIGLDIGINSVGWAVVTIDDYKVPAKKMKVLGNTDKSHIEKNLLGALLEDSGNTAEDRRL
KRTARRRYTRRRNRILYLQEIFSEEMGKVDDSFFHRLEDSFLVTEDKRGERHPIFGNLEEEVKY
HENFPTIYHLRQYLADNPEKVDLRLVYLALAHITKFRGHFLIEGKEDTRNNDVQRLFQEFLAVY
DNTFENSSLOEQONVQVEEILTDKISKSAKKDRVLKLEFPNEKSNGRFAEFLKLIVGNQADFKKHE
ELEEKAPLQFSKDTYEEELEVLLAQIGDNYAELFLSAKKLYDSILLSGILTVIDVGTKAPLSAS
MIQRYNEHOMDLAQLKQF IRQKLSDKYNEVESDVSKDGYAGYIDGKTNQEAFYKYLKGLLNKIE
GSGYFLDKIEREDFLRKQRTEDNGSIPHQIHLQEMRAITRRQAEFYPFLADNQDRIEKLLTEFRI
PYYVGPLARGKSDFAWLSRKSADKITPWNEDEIVDKESSAEAF INRMTINYDLYLPNQKVLPKHS
LLYERFTVYNELTKVKYKTEQGKTAFFDANMKQE IFDGVEKVYRKVTKDKLMDF LEKEFDEFRT
VDLTGLDKENKVENASYGTYHDLCKILDKDELDNSKNEKILEDIVLTLTLFEDREMIRKRLENY
SDLLTKEQVKKLERRHYTGWGRLSAELTIHGIRNKESRKTILDYLIDDGNSNRNEFMOQLINDDALS
FKEETAKAQVIGETDNLNQVVSDIAGSPAIKKGILQSLKIVDELVKIMGHQPENIVVEMARENQ
FTNQGRRNSQORLKGLTDSIKEFGSQILKEHPVENSQLONDRLELYYLONGRDMYTGEELDIDY
LSQYDIDHITPQAFIKDNSIDNRVLTSSKENRGKSDDVPSKDVVRKMKSYWSKLLSAKLTITQORK
FDNLTKAERGGLTDDDKAGE IKRQLVETROQITKHEVARILDERENTETDENNKKIRQVKIVTLKS
NLVSNFRKEFELYKVREINDYHHAHDAYLNAVIGKALLGVYPQLEPEFVYGDYPHFHGHKENKA
TAKKFFYSNIMNFFKKDDVRTDKNGET IWKKDEHISNIKKVLSYPQVNIVKKVEEQTGGESKES
ILPKGNSDKLIPRKTKKEFYWDTKKYGGEDSPIVAYSTILVIADIEKGKSKKLKTVKALVGVT IME
KMTFERDPVAFLERKGYRNVQEENIIKLPKYSLFKLENGRKRLLASARELQKGNE IVLPNHLGT
LLYHAKNIHKVDEPKHLDYVDKHKDEFKELLDVVSNE SKKYTLAEGNLEKTIKELYAQNNGEDLK
ELASSFINLLTFTAIGAPATFKEFFDKNIDRKRYTSTTEILNATLIHQSITGLYETRIDLNKLGG
D

SEQ ID NO: 324

MDKKYSIGLDIGINSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLEDSGETAEATRL
KRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAY
HEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTY
NQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEGNLIALSLGLTPNFKSNE
DLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSAS
MIKRYDEHHQDLTLLKALVROQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFTIKPILEKMD
GTEELLVKLNREDLLRKQRTEFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTEFRI
PYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSEF IERMTNFDKNLPNEKVLPKHS
LLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKATIVDLLEFKTNRKVTVKQLKEDYFKKIECED
SVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYA
HLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNEFMQLTHDDSLTE
KEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQ
TTORKGOQKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINR
LSDYDVDHIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWROLLNAKLTITQORK
FDNLTKAERGGLSELDKAGF IKRQLVETROQITKHEVAQILDSRMNTKYDENDKLIREVKVITLKS
KLVSDFRKDFQFYKVRE INNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK
SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGE IVWDKGRDFATVRKVLS
MPOVNIVKKTEVQTGGE SKESILPKRNSDKLTARKKDWDPKKYGGEFDSPTVAYSVLVVAKVEKG
KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLI IKLPKYSLFELENGRKRMLAS
AGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRV
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ILADANLDKVLSAYNKHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLD
ATLIHQSITGLYETRIDLSQLGGD

SEQ ID NO: 325
MTKPYSIGLDIGINSVGWAVTTDNYKVPSKKMKVLGNTSKKYIKKNLLGVLLEDSGITAEGRRL
KRTARRRYTRRRNRILYLQEIFSTEMATLDDAFFQRLDDSEFLVPDDKRDSKYPIFGNLVEEKAY
HDEFPTIYHLRKYLADSTKKADLRLVYLALAHMIKYRGHFLIEGEEFNSKNNDIQKNFODFLDTY
NATFESDLSLENSKQLEEIVKDKISKLEKKDRILKLEFPGEKNSGIFSEFLKLIVGNQADFRKCE
NLDEKASLHFSKESYDEDLETLLGYIGDDYSDVEFLKAKKLYDATILLSGFLTVIDNETEAPLSSA
MIKRYNEHKEDLALLKEYIRNISLKTYNEVEKDDTKNGYAGYIDGKTNQEDFYVYLKKLLAEFE
GADYFLEKIDREDFLRKQRTEDNGSIPYQIHLQEMRAILDKQAKFYPFLAKNKERIEKILTEFRI
PYYVGPLARGNSDFAWS IRKRNEKITPWNFEDVIDKESSAEAF INRMTSEFDLYLPEEKVLPKHS
LLYETENVYNELTKVRFIAESMRDYQFLDSKQKKDIVRLYFKDKRKVTDKDIIEYLHATIYGYDG
IELKGIEKQFNSSLSTYHDLLNIINDKEFLDDSSNEATIIEEITHTLTIFEDREMIKQRLSKFEN
IFDKSVLKKLSRRHYTGWGKLSAKLINGIRDEKSGNTILDYLIDDGISNRNFMQLTHDDALSEFK
KKIQKAQIIGDEDKGNIKEVVKSLPGSPAIKKGILQSIKIVDELVKVMGGRKPESIVVEMAREN
QYTNQGKSNSQQRLKRLEKSLKELGSKILKENIPAKLSKIDNNALONDRLYLYYLONGKDMYTG
DDLDIDRLSNYDIDHIIPQAFLKDNSIDNKVLVSSASNRGKSDDVPSLEVVKKRKTFWYQLLKS
KLISQRKEDNLTKAERGGLSPEDKAGFIQROQLVETRQITKHVARLLDEKEFNNKKDENNRAVRTV
KITTLKSTLVSQFRKDFELYKVREINDFHHAHDAYLNAVVASALLKKYPKLEPEFVYGDYPKYN
SFRERKSATEKVYFYSNIMNIFKKSISLADGRVIERPLIEVNEETGESVWNKESDLATVRRVLS
YPOVNVVKKVEEQNHGLDRGKPKGLENANLS SKPKPNSNENLVGAKEYLDPKKYGGYAGISNSFE
TVLVKGTIEKGAKKKITNVLEFQGISTILDRINYRKDKLNFLLEKGYKDIELITELPKYSLFELS
DGSRRMLASTLSTNNKRGE IHKGNQIFLSQKFVKLLYHAKRISNT INENHRKYVENHKKEFEEL
FYYILEFNENYVGAKKNGKLLNSAFQSWONHSIDELCSSFIGPTGSERKGLFELTSRGSAADFE
FLGVKIPRYRDYTPSSLLKDATLIHQSVTGLYETRIDLAKLGEG

SEQ ID NO: 326

MKKQKFSDYYLGEDIGTINSVGWCVTIDLDYNVLRENKKDMWGSRLEDEAKTAAERRVQRNSRRRL
KRRKWRLNLLEETIFSDEIMKIDSNFFRRLKESSLWLEDKNSKEKETLENDDNYKDYDEYKQYPT
IFHLRDELIKNPEKKDIRLIYLALHSIFKSRGHFLFEGONLKEIKNFETLYNNLISFLEDNGIN
KSIDKDNIEKLEKIICDSGKGLKDKEKEFKGIFNSDKQLVAIFKLSVGSSVSLNDLEDTDEYKK
EEVEKEKISFREQIYEDDKPIYYSILGEKIELLDIAKSEYDEFMVLNNILSDSNYISEAKVKLYE
EHKKDLKNLKYITIRKYNKENYDKLFKDKNENNYPAYIGLNKEKDKKEVVEKSRLKIDDLIKVIK
GYLPKPERIEEKDKTIFNEILNKIELKTILPKQRISDNGTLPYQITHEVELEKILENQSKYYDFEL
NYEENGVSTKDKLLKTFKFRIPYYVGPLNSYHKDKGGNSWIVRKEEGKILPWNFEQKVDIEKSA
EEFIKRMTINKCTYLNGEDVIPKDSFLYSEYIILNELNKVQVNDEFLNEENKRKITDELFKENKK
VSEKKFKEYLLVNQIANRTVELKGIKDSENSNYVSYIKFKDIFGEKLNLDIYKEISEKSILWKC
LYGDDKKIFEKKIKNEYGDILNKDE IKKINSFKENTWGRLSEKLLTGIEFINLETGECYSSVME
ALRRTNYNLMELLSSKFTLQESTIDNENKEMNEVSYRDLIEESYVSPSLKRATLQTLKIYEEIKK
ITGRVPKKVFIEMARGGDE SMKNKKIPARQEQLKKLYDSCGNDIANFSTIDIKEMKNSLSSYDNN
SLROQKKLYLYYLQFGKCMYTGREIDLDRLLONNDTYDIDHIYPRSKVIKDDSEFDNLVLVLKNEN
AEKSNEYPVKKEIQEKMKSFWRFLKEKNF ISDEKYKRLTGKDDFELRGEFMARQLVNVROQTTKEV
GKILOQQIEPEIKIVYSKAEIASSFREMEDEF IKVRELNDTHHAKDAYLNIVAGNVYNTKETEKPY
RYLOEIKENYDVKKIYNYDIKNAWDKENSLEIVKKNMEKNTVNITRFIKEEKGELEFNLNPTIKKG
ETSNEITISIKPKLYDGKDNKLNEKYGYYTSLKAAYFIYVEHEKKNKKVKTFERITRIDSTLIKN
EKNLIKYLVSQKKLLNPKITKKIYKEQTLIIDSYPYTETGVDSNKKVELKNKKQLYLEKKYEQT
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LEKNALKFVEDNQGETEENYKF IYLKKRNNNEKNETIDAVKERYNIEFNEMYDKFLEKLSSKDYK
NYINNKLYTNFLNSKEKFKKLKLWEKSLILREFLKIFNKNTYGKYEIKDSQTKEKLESFPEDTG
RIRLGOSSLGNNKELLEESVTIGLEVKKIKL

SEQ ID NO: 327
MEKNYTIGLDIGVASVGWVCIDENYKILNYNNRHAFGVHEFESAESAAGRRLKRGMRRRYNRRKK
RLOLLOSLFDSYITDSGFFSKTDSQHFWKNNNEFENRSLTEVLSSLRISSRKYPTIYHLRSDLT
ESNKKMDLRLVYLALHNLVKYRGHFLQEGNWSEAASAEGMDDQLLELVTRYAELENLSPLDLSE
SOQWKAAETLLLNRNLTKTDQSKELTAMFGKEYEPFCKLVAGLGVSLHQLEFPSSEQALAYKETKT
KVOLSNENVEEVMELLLEEESALLEAVQPEFYQOVVLYELLKGETYVAKAKVSAFKQYQKDMASL
KNLLDKTEFGEKVYRSYFISDKNSQREYQKSHKVEVLCKLDOFNKEAKFAETFYKDLKKLLEDKS
KTSIGTTEKDEMLRITIKAIDSNQFLOKQKGIONAATIPHONSLYEAEKILRNQOAHYPFITTEWT
EKVKQILAFRIPYYIGPLVKDTTQSPFSWVERKGDAPITPWNFDEQIDKAASAEAFISRMRKTC
TYLKGQEVLPKSSLTYERFEVLNELNGIQLRTTGAESDFRHRLSYEMKCWI IDNVEFKQYKTVST
KRLLOELKKSPYADELYDEHTGE IKEVEGTQKENAFATSLSGYISMKSILGAVVDDNPAMTEEL
IYWIAVFEDREILHLKIQEKYPSITDVQROKLALVKLPGWGRF SRLLIDGLPLDEQGQSVLDHM
EQYSSVEFMEVLKNKGFGLEKKIQKMNQHOVDGTKKIRYEDIEELAGSPALKRGIWRSVKIVEEL
VSIFGEPANIVLEVAREDGEKKRTKSRKDOWEELTKTTLKNDPDLKSEFIGEIKSQGDQRENEQR
FWLYVTQOGKCLYTGKALDIQNLSMYEVDHILPONEFVKDDSLDNLALVMPEANQRKNQVGQONKM
PLEITEANQQYAMRTLWERLHELKLISSGKLGRLKKPSEFDEVDKDKFIARQLVETRQTIIKHVRD
LLDERFSKSDIHLVKAGIVSKFRREFSEIPKIRDYNNKHHAMDALFAAALTIQSILGKYGKNEFLAF
DLSKKDROKQWRSVKGSNKEFFLFKNFGNLRLOSPVTGEEVSGVEYMKHVYFELPWQTTKMTQT
GDGMFYKESTFSPKVKQAKYVSPKTEKFVHDEVKNHSICLVEFTFMKKEKEVQETKF IDLKVIE
HHOFLKEPESQLAKFLAEKETNSPITHARITIRTIPKYQKIWIEHFPYYFISTRELHNARQFETS
YELMEKVKQLSERSSVEELKIVEGLLIDOMNDNYPIYTKSSIQDRVOKFVDTQLYDFKSFEIGE
EELKKAVAANAQRSDTEFGSRISKKPKPEEVAIGYESITGLKYRKPRSVVGTKR

SEQ ID NO: 328

MKKEIKDYFLGLDVGTGSVGWAVTDTDYKLLKANRKDLWGMRCFETAETAEVRRLHRGARRRIE
RRKKRIKLLQELFSQETAKTDEGFFQRMKESPEFYAEDKTILQENTLENDKDFADKTYHKAYPTT
NHLIKAWIENKVKPDPRLLYLACHNIIKKRGHFLFEGDFDSENQFDTSIQALFEYLREDMEVDT
DADSQKVKEILKDSSLKNSEKQSRLNKILGLKPSDKOKKAITNLISGNKINFADLYDNPDLKDA
EKNSISEFSKDDFDALSDDLASILGDSFELLLKAKAVYNCSVLSKVIGDEQYLSFAKVKIYEKHK
TDLTKLENVIKKHFPKDYKKVEGYNKNEKNNNNYSGYVGVCKTKSKKLITINNSVNQEDFYKFLK
TILSAKSEIKEVNDILTEIETGTFLPKQISKSNAETPYQLRKMELEKILSNAEKHF SFLKQKDE
KGLSHSEKIIMLLTFKIPYYIGPINDNHKKFFPDRCWVVKKEKSPSGKTTPWNFEFDHIDKEKTA
EAFITSRTNFCTYLVGESVLPKSSLLYSEYTVLNEINNLQITITIDGKNICDIKLKQKIYEDLFKK
YKKITOKQISTFIKHEGICNKTDEVIILGIDKECTSSLKSYIELKNIFGKQVDETISTKNMLEET
IRWATIYDEGEGKTILKTKIKAEYGKYCSDEQIKKILNLKFSGWGRLSRKFLETVTSEMPGE SE
PVNITITAMRETONNLMELLSSEFTFTENIKKINSGFEDAEKQF SYDGLVKPLEFLSPSVKKMLWQ
TLKLVKEISHITQAPPKKIFIEMAKGAELEPARTKTRLKILODLYNNCKNDADAFSSETKDLSG
KIENEDNLRLRSDKLYLYYTQLGKCMYCGKPIETIGHVEFDTSNYDIDHIYPQSKIKDDSISNRVL
VCSSCNKNKEDKYPLKSEIQSKOQRGFWNFLORNNF ISLEKLNRLTRATPISDDETAKF IARQLV
ETROATKVAAKVLEKMFPETKIVYSKAETVSMERNKEFDIVKCREINDFHHAHDAYLNIVVGNVY
NTKEFTNNPWNF IKEKRDNPKIADTYNYYKVEDYDVKRNNITAWEKGKTITITVKDMLKRNTPIYT
ROAACKKGELEFNQTIMKKGLGQHPLKKEGPEF SNISKYGGYNKVSAAYYTLIEYEEKGNKIRSLE
TIPLYLVKDIQKDODVLKSYLTDLLGKKEFKILVPKIKINSLLKINGFPCHITGKTNDSFLLRP
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AVQFCCSNNEVLYFKKIIRFSEIRSQREKIGKTISPYEDLSFRSYIKENLWKKTKNDEIGEKEF
YDLLOKKNLETIYDMLLTKHKDTIYKKRPNSATIDILVKGKEKFKSLITENQFEVILEILKLESA
TRNVSDLQHIGGSKYSGVAKIGNKISSLDNCILIYQSITGIFEKRIDLLKV

SEQ ID NO: 329
MEGOMKNNGNNLQOGNYYLGLDVGTSSVGWAVTDTDYNVLKFRGKSMWGARLEDEASTAEERRT
HRGNRRRLARRKYRLLLLEQLFEKEIRKIDDNFEFVRLHESNLWADDKSKPSKELLENDTNEFTDK
DYLKKYPTIYHLRSDLIHNSTEHDIRLVFLALHHLTIKYRGHF IYDNSANGDVKTLDEAVSDFEE
YLNENDIEFNIENKKEF INVLSDKHLTKKEKKISLKKLYGDITDSENINISVLIEMLSGSSISL
SNLFKDIEFDGKONLSLDSDIEETLNDVVDILGDNIDLLIHAKEVYDIAVLTSSLGKHKYLCDA
KVELFEKNKKDLMILKKYIKKNHPEDYKKIFSSPTEKKNYAAYSQTNSKNVCSQEEFCLETIKPY
IRDMVKSENEDEVRIAKEVEDKSEFLTKLKGTNNSVVPYQITHERELNQILKNIVAYLPFMNDEQE
DISVVDKIKLIFKFKIPYYVGPLNTKSTRSWVYRSDEKIYPWNESNVIDLDKTAHEFMNRLIGR
CTYTNDPVLPMDSLLYSKYNVLNEINPIKVNGKAIPVEVKQATIYTDLFENSKKKVTRKSIYIYL
LKNGYIEKEDIVSGIDIEIKSKLKSHHDFTQIVOQENKCTPEEIERITKGILVYSDDKSMLRRWL
KNNIKGLSENDVKYLAKLNYKEWGRLSKTLLTDIYTINPEDGEACSILDIMWNTNATLMETILSN
EKYQFKONIENYKAENYDEKOQNLHEELDDMYISPAARRSTIWQALRIVDEIVDIKKSAPKKIFIE
MAREKKSAMKKKRTESRKDTLLELYKSCKSQADGFYDEELFEKLSNESNSRLRRDOQLYLYYTQM
GRSMYTGKRIDEDKLINDKNTYDIDHIYPRSKIKDDSITNRVLVEKDINGEKTDIYPISEDIRQ
KMOPFWKILKEKGLINEEKYKRLTRNYELTDEELSSEVARQLVETQOSTKALATLLKKEYPSAK
IVYSKAGNVSEFRNRKDKELPKFREINDLHHAKDAYLNIVVGNVYDTKF TEKFEFNNIRNENYSL
KRVEDFSVPGAWDAKGSTENTIKKYMAKNNPI TAFAPYEVKGELEDQQTIVPKGKGQFPIKQGKD
IEKYGGYNKLSSAFLFAVEYKGKKARERSLETVYIKDVELYLODPIKYCESVLGLKEPQITKPK
ILMGSLESINNKKLVVTGRSGKQYVCHHIYQLSINDEDSQYLKNIAKYLOEEPDGNIERONILN
ITSVNNIKLFDVLCTKENSNTYEITLNSLKNDVNEGREKFSELDILEQCNILLQLLKAFKCNRE
SSNLEKLNNKKQAGVIVIPHLFTKCSVFKVIHQSITGLFEKEMDLLK

SEQ ID NO: 330

MGRKPYILSLDIGTGSVGYACMDKGENVLKYHDKDALGVYLFDGALTAQERRQFRTSRRRKNRR
IKRLGLLOQELLAPLVONPNEYQFQROFAWKNDNMDEKNKSLSEVLSFLGYESKKYPTIYHLQEA
LLLKDEKFDPELIYMALYHLVKYRGHFLFDHLKIENLTNNDNMHDFVELIETYENLNNIKLNLD
YEKTKVIYEILKDNEMTKNDRAKRVKNMEKKLEQFSIMLLGLKFNEGKLEFNHADNAEELKGANQ
SHTFADNYEENLTPFLTVEQSEF IERANKIYLSLTLODILKGKKSMAMSKVAAYDKEFRNELKQV
KDIVYKADSTRTQFKKIFVSSKKSLKQYDATPNDQTEFSSLCLEDQYLIRPKKQYSLLTKELKKT
IPODSELYFEAENDTLLKVLNTTDNASIPMQINLYEAETTILRNQOQKYHAEITDEMIEKVLSLIQ
FRIPYYVGPLVNDHTASKFGWMERKSNESIKPWNFDEVVDRSKSATQF TRRMTNKCSYLINEDV
LPKNSLLYQEMEVLNELNATQIRLOTDPKNRKYRMMPOQTKLFAVEHIFKKYKTVSHSKFLEIML
NSNHRENFMNHGEKLSTFGTODDKKFASKLSSYQDMTKIFGDIEGKRAQIEEIIQWITIFEDKK
ILVOQKLKECYPELTSKQINQLKKLNYSGWGRLSEKLLTHAYQGHSTIELLRHESDENFMETILTND
VYGEFONF IKEENQVOSNKIQHODIANLTTSPALKKGIWSTIKLVRELTSIFGEPEKIIMEFATE
DOOKGKKOKSRKQLWDDNIKKNKLKSVDEYKYITIDVANKLNNEQLOOQEKLWLYLSQONGKCMY SG
QSIDLDALLSPNATKHYEVDHIFPRSFIKDDSIDNKVLVIKKMNQTKGDQVPLOFIQQPYERTIA
YWKSLNKAGLISDSKLHKLMKPEFTAMDKEGE IQRQLVETRQISVHVRDFLKEEYPNTKVIPMK
AKMVSEFRKKFDIPKIRQMNDAHHATDAYLNGVVYHGAQLAYPNVDLEFDENFKWEKVREKWKAL
GEFNTKQKSRELFFFKKLEKMEVSQGERLISKIKLDMNHEKINYSRKLANTIPQQFYNQTAVSPK
TAELKYESNKSNEVVYKGLTPYQTYVVAIKSVNKKGKEKMEYQMIDHYVEDEYKFQNGNEKELA
LYLAQRENKDEVLDAQIVYSLNKGDLLY INNHPCYFVSRKEVINAKQFELTVEQQOLSLYNVMNN
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KETNVEKLLIEYDF IAEKVINEYHHYLNSKLKEKRVRTFFSESNQTHEDF IKALDELEFKVVTAS
ATRSDKIGSRKNSMTHRAFLGKGKDVKIAYTSISGLKTTKPKSLFKLAESRNEL

SEQ ID NO: 331

MAKILGLDLGTINSIGWAVVERENIDF SLIDKGVRIFSEGVKSEKGIESSRAAERTGYRSARKIK
YRRKLRKYETLKVLSLNRMCPLSIEEVEEWKKSGFKDYPLNPEFLKWLSTDEESNVNPYFFRDR
ASKHKVSLFELGRAFYHTIAQRRGFLSNRLDQSAEGILEEHCPKIEAIVEDLISIDEISTNITDY
FFETGILDSNEKNGYAKDLDEGDKKLVSLYKSLLAILKKNESDFENCKSEITERLNKKDVLGKV
KGKIKDISQAMLDGNYKTLGQYFYSLYSKEKIRNQYTSREEHYLSEFITICKVQGIDQINEEEK
INEKKFDGLAKDLYKATFFORPLKSQKGLIGKCSFEKSKSRCAISHPDFEEYRMWTYLNTIKIG
TQSDKKLRFLTOQDEKLKLVPKFYRKNDEFNFDVLAKELIEKGSSEFGEYKSSKKNDEFFYWENYKPT
DTVAACQVAASLKNATGEDWKTKSEFKYQTINSNKEQVSRTVDYKDLWHLLTVATSDVYLYEFAT
DKLGLDEKNAKAF SKTKLKKDFASLSLSAINKILPYLKEGLLYSHAVEVANIENIVDENIWKDE
KORDYIKTQISEITENYTLEKSRFEI INGLLKEYKSENEDGKRVYYSKEAEQSFENDLKKKLVL
FYKSNEIENKEQQETIFNELLPIFIQQLKDYEFTKIQRLDOKVLIFLKGKNETGQIFCTEEKGT
AEEKEKKIKNRLKKLYHPSDIEKFKKKITKDEFGNEKIVLGSPLTPSIKNPMAMRALHQLRKVL
NALILEGQIDEKTITHIEMARELNDANKRKGIQDYONDNKKFREDATKETKKLYFEDCKKEVEP
TEDDILRYQLWMEQNRSEIYEEGKNISICDIIGSNPAYDIEHTIPRSRSQDNSQMNKTLCSQRE
NREVKKQSMPIELNNHLEILPRIAHWKEEADNLTREIEITISRSTIKAAATKEIKDKKIRRRHYLT
LKRDYLQGKYDRF IWEEPKVGFKNSQIPDTGIITKYAQAYLKSYFKKVESVKGGMVAEFRKIWG
IQESFIDENGMKHYKVKDRSKHTHHTIDAITIACMTKEKYDVLAHAWTLEDQONKKEARSTIIEA
SKPWKTFKEDLLKIEEEILVSHYTPDNVKKQAKKIVRVRGKKQFVAEVERDVNGKAVPKKAASG
KTIYKLDGEGKKLPRLOQGDTIRGSLHQDSTIYGAIKNPLNTDEIKYVIRKDLESIKGSDVESIV
DEVVKEKIKEATANKVLLLSSNAQOKNKLVGTVWMNEEKRIATINKVRIYANSVKNPLHIKEHSL
LSKSKHVHKQKVYGONDENYAMAIYELDGKRDFELINIFNLAKLTIKQGOGFYPLHKKKETKGKI
VEVPIEKRNKRDVVLKRGQQVVEFYDKEVENPKDISEIVDFKGRIYITEGLSIQRIVRPSGKVDE
YGVIMLRYFKEARKADDIKQODNFKPDGVEKLGENKPTRKMNHQF TAFVEGIDFKVLPSGKFEKT

SEQ ID NO: 332

MEFKKVLGLDIGINSIGCALLSLPKSIQDYGKGGRLEWLTSRVIPLDADYMKAF IDGKNGLPQV
ITPAGKRROQKRGSRRLKHRYKLRRSRLIRVFKTLNWLPEDFPLDNPKRIKETISTEGKESFRIS
DYVPISDESYREFYREFGYPENEIEQVIEEINFRRKTKGKNKNPMIKLLPEDWVVYYLRKKALT
KPTTKEELIRIIYLEFNQRRGFKSSRKDLTETAILDYDEFAKRLAEKEKYSAENYETKEVSITKV
KEVVELKTDGRKGKKRFKVILEDSRIEPYETERKEKPDWEGKEYTFLVTQKLEKGKFKQNKPDL
PKEEDWALCTTALDNRMGSKHPGEFFFDELLKAFKEKRGYKIRQYPVNRWRYKKELEF IWTKQC
QLNPELNNLNINKEILRKLATVLYPSQSKFFGPKIKEFENSDVLHIISEDITIYYQRDLKSQKSL
ISECRYEKRKGIDGEIYGLKCIPKSSPLYQEFRIWQDIHNIKVIRKESEVNGKKKINIDETQLY
INENIKEKLFELFNSKDSLSEKDILELISLNIINSGIKISKKEEETTHRINLEFANRKELKGNET
KSRYRKVFKKLGEDGEYILNHPSKLNRLWHSDYSNDYADKEKTEKSILSSLGWKNRNGKWEKSK
NYDVENLPLEVAKATANLPPLKKEYGSYSALATRKMLVVMRDGKYWQHPDQITAKDQENTSLMLFE
DEKNLIQLTNNQRKVLNKYLLTLAEVQKRSTLIKQKLNETEHNPYKLELVSDODLEKQVLKSFLE
KKNESDYLKGLKTYQAGYLIYGKHSEKDVPIVNSPDELGEY IRKKLPNNSLRNPIVEQVIRETT
FIVRDVWKSFGIIDEIHIELGRELKNNSEERKKTSESQEKNFQEKERARKLLKELLNSSNFEHY
DENGNKIFSSFTVNPNPDSPLDIEKFRIWKNQSGLTDEELNKKLKDEKIPTEIEVKKYILWLTQ
KCRSPYTGKITIPLSKLEDSNVYEIEHITPRSKMKNDSTNNLVICELGVNKAKGDRLAANFISES
NGKCKFGEVEYTLLKYGDYLOQYCKDTFKYQKAKYKNLLATEPPEDFTERQINDTRY IGRKLAEL
LTPVVKDSKNIIFTIGSITSELKITWGLNGVWKDILRPRFKRLESIINKKLIFQDEDDPNKYHFE
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DLSINPQLDKEGLKRLDHRHHALDATITAATTREHVRYLNSLNAADNDEEKREYFLSLCNHKIR
DFKLPWENFTSEVKSKLLSCVVSYKESKPILSDPENKYLKWEYKNGKWOKVEATQIKNDRWKAV
RRSMFKEPIGTVWIKKIKEVSLKEAIKIQATWEEVKNDPVRKKKEKYIYDDYAQKVIAKIVQEL
GLSSSMRKODDEKLNKFINEAKVSAGVNKNLNTTNKTIYNLEGRFYEKIKVAEYVLYKAKRMPL
NKKEYTIEKLSLOKMENDLPNF ILEKSILDNYPEILKELESDNKYIIEPHKKNNPVNRLLLEHIL
EYHNNPKEAFSTEGLEKLNKKAINKIGKPIKYITRLDGDINEEEIFRGAVEFETDKGSNVYFVMY
ENNQTKDREFLKPNPSTISVLKATEHKNKIDFFAPNRLGESRITLSPGDLVYVPTNDQYVLIKDN
SSNETIINWDDNEFISNRIYQVKKETGNSCYFLKNDIASLILSYSASNGVGEFGSQNISEYSVD
DPPIRIKDVCIKIRVDRLGNVRPL

SEQ ID NO: 333
MKHILGLDLGTINSIGWALIERNIEEKYGKIIGMGSRIVPMGAELSKFEQGQAQTKNADRRTNRG
ARRLNKRYKQRRNKLIYILQKLDMLPSQIKLKEDF SDPNKIDKITILPISKKQEQLTAFDLVSL
RVKALTEKVGLEDLGKIIYKYNQLRGYAGGSLEPEKEDIFDEEQSKDKKNKSEFIAFSKIVELGE
POEETFKNKKLNRRAITVETEEGNFEGSTFLENIKVGDSLELLINISASKSGDTITIKLPNKTN
WRKKMENIENQLKEKSKEMGREFYISEFLLELLKENRWAKIRNNTILRARYESEFEATWNEQVK
HYPFLENLDKKTLIEIVSFIFPGEKESQKKYRELGLEKGLKYIIKNQVVEYQRELKDOQSHLISD
CRYEPNEKATAKSHPVEFQEYKVWEQINKLIVNTKIEAGTNRKGEKKYKYIDRPIPTALKEWIFE
ELONKKEITFSAIFKKLKAEFDLREGIDFLNGMSPKDKLKGNETKLOLOKSLGELWDVLGLDST
NROQIELWNILYNEKGNEYDLTSDRTSKVLEFINKYGNNIVDDNAEETATIRISKIKFARAYSSLS
LKAVERTILPLVRAGKYFNNDEFSQQLOSKILKLLNENVEDPFAKAAQTYLDNNQSVLSEGGVGNS
TATILVYDKHTAKEYSHDELYKSYKEINLLKOGDLRNPLVEQI INEALVLIRDIWKNYGIKPNE
IRVELARDLKNSAKERATTIHKRNKDNQTINNKIKETLVKNKKELSLANTIEKVKLWEAQRHLSPY
TGQPIPLSDLEFDKEKYDVDHITIPISRYFDDSETNKVISEKSVNQEKANRTAMEYFEVGSLKYST
FTKEQFTAHVNEYFSGVKRKNLLATSIPEDPVQROIKDTQYIATIRVKEELNKIVGNENVKTTTG
SITDYLRNHWGLTDKFKLLLKERYEALLESEKFLEAEYDNYKKDFDSRKKEYEEKEVLFEEQEL
TREEFIKEYKENYIRYKKNKLITIKGWSKRIDHRHHAIDALIVACTEPAHIKRLNDLNKVLQDWL
VEHKSEFMPNFEGSNSELLEEILSLPENERTEIFTQIEKFRAIEMPWKGFPEQVEQKLKETITIIS
HKPKDKLLLQYNKAGDRQIKLRGQLHEGTLYGISQGKEAYRIPLTKEFGGSKFATEKNIQKIVSP
FLSGFIANHLKEYNNKKEEAFSAEGIMDLNNKLAQYRNEKGELKPHTPISTVKIYYKDPSKNKK
KKDEEDLSLQKLDREKAFNEKLYVKTGDNYLFAVLEGEIKTKKTSQIKRLYDIISFEFDATNFLK
EEFRNAPDKKTFDKDLLFROQYFEERNKAKLLETLKQGDEVYLPNENEEVILDKESPLYNQYWGD
LKERGKNIYVVQKFSKKQIYFTIKHTIADITIKKDVEFGSOQNCYETVEGRSIKENCFKLEIDRLGN
IVKVIKR

SEQ ID NO: 334

MHVEIDFPHFSRGDSHLAMNKNEILRGSSVLYRLGLDLGSNSLGWEVTHLEKRGDRHEPVALGP
GGVRIFPDGRDPQSGTSNAVDRRMARGARKRRDREFVERRKELTAALIKYNLLPDDARERRALEV
LDPYALRKTALTDTLPAHHVGRALFHLNQRRGFQSNRKTDSKQOSEDGATIKQAASRLATDKGNET
LGVFFADMHLRKSYEDRQTATRAELVRLGKDHLTGNARKKIWAKVRKRLEGDEVLPRADAPHGV
RARATITGTKASYDYYPTRDMLRDEFNAIWAGQSAHHATITDEARTEIEHITFYQRPLKPAIVG
KCTLDPATRPFKEDPEGYRAPWSHPLAQRFRILSEARNLEIRDTGKGSRRLTKEQSDLVVAALL
ANREVKFDKLRTLLKLPAEARFNLESDRRAALDGDQTAARLSDKKGENKAWRGFPPERQIATIVA
RLEETEDENELIAWLEKECALDGAAAARVANTTLPDGHCRLGLRATKKIVPIMODGLDEDGVAG
AGYHIAAKRAGYDHAKLPTGEQLGRLPYYGOWLQODAVVGSGDARDQKEKQYGOQFPNPTVHIGLG
QLRRVVNDLIDKYGPPTEISIEFTRALKLSEQQKAERQREQRRNOQDKNKARAEELAKFGRPANP
RNLLKMRLWEELAHDPLDRKCVYTGEQISIERLLSDEVDIDHILPVAMTLDDSPANKIICMRYA
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NRHKRKQTPSEAFGSSPTLOQGHRYNWDDIAARATGLPRNKRWREDANAREEFDKRGGF LARQLN
ETGWLARLAKQYLGAVTDPNQIWVVPGRLTSMLRGKWGLNGLLPSDNYAGVQDKAEEFLASTDD
MEF SGVKNRADHRHHATIDGLVTALTDRSLLWKMANAYDEEHEKFVIEPPWPTMRDDLKAALEKM
VVSHKPDHGIEGKLHEDSAYGEFVKPLDATGLKEEEAGNLVYRKAIESLNENEVDRIRDIQLRTT
VRDHVNVEKTKGVALADALRQLOAPSDDYPOQFKHGLRHEVRILKKEKGDYLVPIANRASGVAYKA
YSAGENFCVEVFETAGGKWDGEAVRREDANKKNAGPKIAHAPQWRDANEGAKLVMRTIHKGDLTIR
LDHEGRARIMVVHRLDAAAGRFKLADHNETGNLDKRHATNNDIDPEFRWLMASYNTLKKLAAVPV
RVDELGRVWRVMPN

SEQ ID NO: 335
METTLGIDLGINSIGLALVDQEEHQILYSGVRIFPEGINKDTIGLGEKEESRNATRRAKRQOMRR
QYFRKKLRKAKLLELLIAYDMCPLKPEDVRRWKNWDKQOQKSTVRQFPDTPAFREWLKONPYELR
KOAVTEDVTRPELGRILYOMIQRRGFLSSRKGKEEGKIFTGKDRMVGIDETRKNLQKQTLGAYL
YDIAPKNGEKYRFRTERVRARYTLRDMYIREFETIIWQRQAGHLGLAHEQATRKKNIFLEGSATN
VRNSKLITHLQAKYGRGHVLIEDTRITVTFQLPLKEVLGGKIEIEEEQLKFKSNESVLEWQRPL
RSOKSLLSKCVFEGRNFYDPVHOQKWI IAGPTPAPLSHPEFEEFRAYQFTINNIIYGKNEHLTATQ
REAVFELMCTESKDENFEKIPKHLKLFEKENFDDTTKVPACTTISQLRKLFPHPVWEEKREETW
HCEYFYDDNTLLFEKLOKDYALQTNDLEKIKKIRLSESYGNVSLKAIRRINPYLKKGYAYSTAV
LLGGIRNSFGKRFEYFKEYEPEIEKAVCRILKEKNAEGEVIRKIKDYLVHNREGFAKNDRAFQK
LYHHSQAITTQAQKERLPETGNLRNPIVQQGLNELRRTVNKLLATCREKYGPSFKFDHIHVEMG
RELRSSKTEREKQSRQIRENEKKNEAAKVKLAEYGLKAYRDNIQKYLLYKETEEKGGTVCCPYT
GKTLNISHTLGSDNSVQIEHITPYSISLDDSLANKTLCDATFNREKGELTPYDFYQKDPSPEKW
GASSWEEIEDRAFRLLPYAKAQRFIRRKPQESNEFISROQLNDTRYISKKAVEYLSATCSDVKAF
PGOLTAELRHLWGLNNILQSAPDITFPLPVSATENHREYYVITNEQNEVIRLFPKOGETPRTEK
GELLLTGEVERKVFRCKGMOQEFQTDVSDGKYWRRIKLSSSVIWSPLEFAPKPISADGQIVLKGRI
EKGVEVCNQLKQKLKTGLPDGSYWISLPVISQTFKEGESVNNSKLTSQQOVQLFGRVREGIFRCH
NYQCPASGADGNFWCTLDTDTAQPAFTPTIKNAPPGVGGGQITILTGDVDDKGIFHADDDLHYELP
ASLPKGKYYGIFTIVESCDPTLIPIELSAPKTSKGENLIEGNIWVDEHTGEVREFDPKKNREDQRH
HAIDAIVIALSSQSLFQRLSTYNARRENKKRGLDSTEHFPSPWPGFAQDVROSVVPLLVSYKQON
PKTLCKISKTLYKDGKKIHSCGNAVRGQLHKETVYGOQRTAPGATEKSYHIRKDIRELKTSKHIG
KVVDITIROMLLKHLOQENYHIDITQEFNIPSNAFFKEGVYRIFLPNKHGEPVPIKKIRMKEELG
NAERLKDNINQYVNPRNNHHVMIYQODADGNLKEEIVSEWSVIERQNQGOQPIYQLPREGRNIVST
LOINDTFLIGLKEEEPEVYRNDLSTLSKHLYRVOKLSGMYYTFREHLASTLNNEREEFRIQSLE
AWKRANPVKVQIDEIGRITFLNGPLC

SEQ ID NO: 336

MESSQILSPIGIDLGGKFTGVCLSHLEAFAELPNHANTKYSVILIDHNNEFQLSQAQRRATRHRV
RNKKRNQFVKRVALQLFQHILSRDLNAKEETALCHYLNNRGYTYVDTDLDEYIKDETTINLLKE
LLPSESEHNF IDWFLOKMOSSEFRKILVSKVEEKKDDKELKNAVKNIKNEFITGFEKNSVEGHRH
RKVYFENIKSDITKDNQLDSIKKKIPSVCLSNLLGHLSNLOWKNLHRYLAKNPKQFDEQTEGNE
FLRMLKNFRHLKGSQESLAVRNLIQOLEQSQDYISILEKTPPEITIPPYEARTNTGMEKDQSLL
LNPEKLNNLYPNWRNLIPGIIDAHPFLEKDLEHTKLRDRKRIISPSKQDEKRDSYILORYLDLN
KKIDKFKIKKQLSFLGOGKQLPANLIETQKEMETHENSSLVSVLIQIASAYNKEREDAAQGIWE
DNAFSLCELSNINPPRKOQKILPLLVGAILSEDF INNKDKWAKFKIFWNTHKIGRTSLKSKCKEI
EEARKNSGNAFKIDYEEALNHPEHSNNKALTIKITQTIPDITIQATQSHLGHNDSQALIYHNPESL
SQLYTILETKRDGFHKNCVAVTCENYWRSQKTEIDPETISYASRLPADSVRPFDGVLARMMORLA
YEITAMAKWEQIKHIPDNSSLLIPIYLEQNRFEFEESFKKIKGSSSDKTLEQATEKQNIQWEEKE
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QRITNASMNICPYKGASIGGQGEIDHIYPRSLSKKHFGVIFNSEVNLIYCSSQGNREKKEEHYL
LEHLSPLYLKHQFGTDNVSDIKNFISQONVANIKKYISFHLLTPEQOKAARHALFLDYDDEAFKT
ITKFLMSQOKARVNGTQKFLGKQIMEFLSTLADSKQLOLEFSTIKQITAEEVHEDHRELLSKQEPK
LVKSROOSFPSHAIDATLTMSIGLKEFPQF SQELDNSWE INHLMPDEVHLNPVRSKEKYNKPN I
SSTPLEKDSLYAERF IPVWVKGETFAIGE SEKDLFEIKPSNKEKLEFTLLKTYSTKNPGESLQEL
QAKSKAKWLYFPINKTLALEFLHHYFHKEIVIPDDTTVCHEINSLRYYTKKESTITVKILKEPMP
VLSVKFESSKKNVLGSFKHTIALPATKDWERLENHPNFLALKANPAPNPKEFNEF IRKYFLSDN
NPNSDIPNNGHNIKPQKHKAVRKVESLPVIPGNAGTMMRIRRKDNKGQPLYQLQTIDDTPSMGT
QINEDRLVKQEVLMDAYKTRNLSTIDGINNSEGQAYATFDNWLTLPVSTFKPET IKLEMKPHSK
TRRYIRITQSLADFIKTIDEALMIKPSDSIDDPLNMPNE IVCKNKLEGNELKPRDGKMKIVSTG
KIVIYEFESDSTPOWIQTLYVTQLKKQP

SEQ ID NO: 337
MKKIVGLDLGTINSIGWALINAYINKEHLYGIEACGSRIIPMDAAILGNEDKGNSISQTADRTSY
RGIRRLRERHLLRRERLHRILDLLGFLPKHYSDSLNRYGKFLNDIECKLPWVKDETGSYKE IFQ
ESFKEMLANFTEHHPILIANNKKVPYDWTIYYLRKKALTQKISKEELAWILLNENQKRGYYQLR
GEEEETPNKLVEYYSLKVEKVEDSGERKGKDTWYNVHLENGMIYRRTSNIPLDWEGKTKEFIVT
TDLEADGSPKKDKEGNIKRSFRAPKDDDWTLIKKKTEADIDKIKMIVGAYIYDTLLOKPDOKIR
GKLVRTIERKYYKNELYQILKTQSEFHEELRDKQLYTACLNELYPNNEPRRNSTISTRDFCHLEF I
EDITFYQRPLKSKKSLIDNCPYEENRYIDKESGEIKHASTIKCIAKSHPLYQEFRLWQF IVNLRT
YRKETDVDVTQELLPTEADYVTLFEWLNEKKEIDOQKAFFKYPPFGFKKTTSNYRWNYVEDKPYP
CNETHAQITARLGKAHIPKAFLSKEKEETLWHILYSIEDKQEIEKALHSFANKNNLSEEF IEQF
KNFPPFKKEYGSYSAKAIKKLLPLMRMGKYWSIENIDNGTRIRINKIIDGEYDENIRERVRQKA
INLTDITHFRALPLWLACYLVYDRHSEVKDIVKWKTPKDIDLYLKSFKQHSLRNPIVEQVITET
LRTVRDIWQQOVGHIDEIHIELGREMKNPADKRARMSQOMIKNENTNLRIKALLTEFLNPEFGIE
NVRPYSPSQODLLRIYEEGVLNSILELPEDIGIILGKENQTDTLKRPTRSEILRYKLWLEQKYR
SPYTGEMIPLSKLFTPAYETEHTIIPQSRYFDDSLSNKVICESEINKLKDRSLGYEFIKNHHGEK
VELAFDKPVEVLSVEAYEKLVHESYSHNRSKMKKLLMEDIPDQF IERQLNDSRYISKVVKSLLS
NIVREENEQEATISKNVIPCTGGITDRLKKDWGINDVWNKIVLPRFIRLNELTESTRETSINTNN
TMIPSMPLELQKGENKKRIDHRHHAMDATIT IACANRNIVNYLNNVSASKNTKITRRDLQTLLCH
KDKTDNNGNYKWVIDKPWETFTODTLTALQKITVSFKONLRVINKTTNHYQHYENGKKIVSNQS
KGDSWAIRKSMHKETVHGEVNLRMIKTVSENEALKKPQATVEMDLKKKILAMLELGYDTKRIKN
YFEENKDTWODINPSKIKVYYFTKETKDRYFAVRKPIDTSEFDKKKIKESITDTGIQQIMLRHLE
TKDNDPTLAFSPDGIDEMNRNILILNKGKKHQPIYKVRVYEKAEKF TVGQKGNKRTKEVEAAKG
TINLEFFAIYETEEIDKDTKKVIRKRSYSTIPLNVVIERQKQGLSSAPEDENGNLPKYILSPNDLV
YVPTQEEINKGEVVMPIDRDRIYKMVDSSGITANF IPASTANLIFALPKATAEIYCNGENCIQON
EYGIGSPOQSKNQKAITGEMVKEICFPIKVDRLGNIIQVGSCILTN

SEQ ID NO: 338

MSRSLTEFSEFDIGYASIGWAVIASASHDDADPSVCGCGTVLEPKDDCQAFKRREYRRLRRNIRSR
RVRIERIGRLLVQAQITTPEMKETSGHPAPFYLASEALKGHRTLAPIELWHVLRWYAHNRGYDN
NASWSNSLSEDGGNGEDTERVKHAQDLMDKHGTATMAETICRELKLEEGKADAPMEVSTPAYKN
LNTAFPRLIVEKEVRRILELSAPLIPGLTAEITELTAQHHPLTTEQRGVLLOHGIKLARRYRGS
LLFGOLTIPRFDNRIISRCPVTWAQVYEAELKKGNSEQSARERAEKLSKVPTANCPEFYEYRMAR
ILCNIRADGEPLSAEIRRELMNQARQEGKLTKASLEKAISSRLGKETETNVSNYFTLHPDSEEA
LYLNPAVEVLORSGIGQILSPSVYRIAANRLRRGKSVTIPNYLLNLLKSRGESGEALEKKIEKES
KKKEADYADTPLKPKYATGRAPYARTVLKKVVEEILDGEDPTRPARGEAHPDGELKAHDGCLYC
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LLDTDSSVNQHOQKERRLDTMTNNHLVRHRML ILDRLLKDLIQDEFADGQKDRISRVCVEVGKELT
TESAMDSKKIQRELTLROQKSHTDAVNRLKRKLPGKALSANLIRKCRIAMDMNWTCPFTGATYGD
HELENLELEHIVPHSFRQSNALSSLVLTWPGVNRMKGOQRTGYDEVEQEQENPVPDKPNLHICSL
NNYRELVEKLDDKKGHEDDRRRKKKRKALLMVRGLSHKHQSONHEAMKETGMTEGMMTQSSHLM
KLACKSIKTSLPDAHIDMIPGAVTAEVRKAWDVEFGVFKELCPEAADPDSGKILKENLRSLTHLH
HALDACVLGLIPYITPAHHNGLLRRVLAMRRIPEKLIPQVRPVANQRHYVLNDDGRMMLRDLSA
SLKENIREQLMEQRVIQHVPADMGGALLKETMORVLSVDGSGEDAMVSLSKKKDGKKEKNQVKA
SKLVGVFPEGPSKLKALKAATETIDGNYGVALDPKPVVIRHIKVEKRIMALKEQNGGKPVRILKK
GMLTHLTSSKDPKHAGVWRIESIQDSKGGVKLDLQRAHCAVPKNKTHECNWREVDLISLLKKYQ
MKRYPTSYTGTPR

SEQ ID NO: 339
MTQKVLGLDLGTNSIGSAVRNLDLSDDLOWQLEFFSSDIFRSSVNKESNGREYSLAAQRSAHRR
SRGLNEVRRRRLWATLNLLTITKHGFCPMSSESLMRWCTYDKRKGLFREYPIDDKDENAWILLDEN
GDGRPDYSSPYQLRRELVTRQFDFEQPTERYKLGRALYHTIAQHRGEFKSSKGETLSQQETNSKPS
STDEIPDVAGAMKASEEKLSKGLSTYMKEHNLLTVGAAFAQLEDEGVRVRNNNDYRATRSQFQH
ETETIFKFQQGLSVESELYERLISEKKNVGTIFYKRPLRSQRGNVGKCTLERSKPRCAIGHPLF
EKFRAWTLINNIKVRMSVDTLDEQLPMKLRLDLYNECFLAFVRTEFKFEDIRKYLEKRLGIHES
YNDKTINYKDSTSVAGCPITARFRKMLGEEWESFRVEGOQKERQAHSKNNISFHRVSYSIEDIWH
FCYDAEEPEAVLAFAQETLRLERKKAEELVRIWSAMPOGYAMLSQKATIRNINKILMLGLKYSDA
VILAKVPELVDVSDEELLSTAKDYYLVEAQVNYDKRINSIVNGLIAKYKSVSEEYRFADHNYEY
LLDESDEKDITIRQIENSLGARRWSLMDANEQTDILOKVRDRYQDFFRSHERKEFVESPKLGESEFE
NYLTKKFPMVEREQWKKLYHPSQITIYRPVSVGKDRSVLRLGNPDIGAIKNPTVLRVLNTLRRR
VNQLLDDGVISPDETRVVVETARELNDANRKWALDTYNRIRHDENEKIKKILEEFYPKRDGIST
DDIDKARYVIDQREVDYFTGSKTYNKDIKKYKFWLEQGGQCMYTGRTINLSNLEDPNAFDIEHT
IPESLSEFDSSDMNLTLCDAHYNREIKKNHIPTDMPNYDKAITIDGKEYPAITSQLOQRWVERVER
LNRNVEYWKGOARRAQNKDRKDQCMREMHLWKMELEYWKKKLERFTVTEVTIDGFKNSQLVDTRV
ITRHAVLYLKSIFPHVDVQRGDVTAKFRKILGIQSVDEKKDRSLHSHHAIDATTLTITIPVSAKR
DRMLELFAKTIEEINKMLSFSGSEDRTGLIQELEGLKNKLOMEVKVCRIGHNVSEIGTFINDNTI I
VNHHIKNQALTPVRRRLRKKGYIVGGVDNPRWOTGDALRGETIHKASYYGAITQFAKDDEGKVLM
KEGRPQVNPTIKFVIRRELKYKKSAADSGFASWDDLGKATVDKELFALMKGOQFPAETSFKDACE
QGIYMIKKGKNGMPDIKLHHIRHVRCEAPQSGLKIKEQTYKSEKEYKRYFYAAVGDLYAMCCYT
NGKIREFRIYSLYDVSCHRKSDIEDIPEFITDKKGNRLMLDYKLRTGDMILLYKDNPAELYDLD
NVNLSRRLYKINRFESQSNLVLMTHHLSTSKERGRSLGKTVDYQNLPESTRSSVKSLNELIMGE
NRDEVIKNGKIIFNHR

SEQ ID NO: 340

MLVSPISVDLGGKNTGFESETDSLDNSQSGTVIYDESFVLSQVGRRSKRHSKRNNLRNKLVKRL
FLLILQEHHGLSIDVLPDEIRGLENKRGYTYAGFELDEKKKDALESDTLKEFLSEKLQSIDRDS
DVEDFLNQIASNAESFKDYKKGFEAVFASATHSPNKKLELKDELKSEYGENAKELLAGLRVTKE
ILDEFDKQENQGNLPRAKYFEELGEYIATNEKVKSFFDSNSLKLTDMTKLIGNISNYQLKELRR
YENDKEMEKGDIWIPNKLHKITERFVRSWHPKNDADRQRRAELMKDLKSKEIMELLTTTEPVMT
IPPYDDMNNRGAVKCQTLRLNEEYLDKHLPNWRDIAKRLNHGKFNDDLADSTVKGYSEDSTLLH
RLLDTSKEIDIYELRGKKPNELLVKTLGOSDANRLYGFAQNYYELTIRQKVRAGIWVPVKNKDDS
LNLEDNSNMLKRCNHNPPHKKNQITHNLVAGILGVKLDEAKFAEFEKELWSAKVGNKKLSAYCKN
IEELRKTHGNTFKIDIEELRKKDPAELSKEEKAKLRLTDDVILNEWSQKIANFFDIDDKHRQRFE
NNLESMAQLHTVIDTPRSGE SSTCKRCTAENRFRSETAFYNDETGEFHKKATATCQRLPADTOR
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PFSGKIERYIDKLGYELAKIKAKELEGMEAKEIKVPIILEQNAFEYEESLRKSKTGSNDRVINS
KKDRDGKKLAKAKENAEDRLKDKDKRIKAFSSGICPYCGDTIGDDGEIDHILPRSHTLKIYGTV
FNPEGNLIYVHQKCNQAKADSIYKLSDIKAGVSAQWIEEQVANIKGYKTEFSVLSAEQQKAFRYA
LEFLONDNEAYKKVVDWLRTDQSARVNGTQKYLAKKIQEKLTKMLPNKHLSFEFTILADATEVSEL
RROYARONPLLAKAEKQAPSSHAIDAVMAFVARYQKVFKDGTPPNADEVAKLAMLDSWNPASNE
PLTKGLSTNQKIEKMIKSGDYGOKNMREVEGKSIFGENATIGERYKPIVVOQEGGYYIGYPATVKK
GYELKNCKVVTSKNDIAKLEKIIKNQDLISLKENQYIKIFSINKQTISELSNRYFNMNYKNLVE
RDKEIVGLLEF IVENCRYYTKKVDVKFAPKYTIHETKYPEFYDDWRRFDEAWRYLQENQNKTSSKD
REVIDKSSLNEYYQPDKNEYKLDVDTQPIWDDECRWYFLDRYKTANDKKSIRIKARKTESLLAE
SGVQGKVFRAKRKIPTGYAYQALPMDNNVIAGDYANILLEANSKTLSLVPKSGISIEKQLDKKL
DVIKKTDVRGLAIDNNSEFENADFDTHGIRLIVENTSVKVGNEFPISAIDKSAKRMIFRALFEKEK
GKRKKKTTISFKESGPVQDYLKVFLKKIVKIQLRTDGSISNIVVRKNAADFTLSFRSEHIQKLL
K

SEQ ID NO: 341
MAYRLGLDIGITSVGWAVVALEKDESGLKPVRIQDLGVRIFDKAEDSKTGASLALPRREARSAR
RRTRRRRHRLWRVKRLLEQHGILSMEQIEALYAQRTSSPDVYALRVAGLDRCLIAEETARVLIH
TAHRRGFQSNRKSEIKDSDAGKLLKAVQENENLMOSKGYRTVAEMLVSEATKTDAEGKLVHGKK
HGYVSNVRNKAGEYRHTVSRQAIVDEVRKIFAAQRALGNDVMSEELEDSYLKILCSQRNEDDGP
GGDSPYGHGSVSPDGVRQOSIYERMVGSCTFETGEKRAPRSSYSFERFQLLTKVVNLRIYRQQED
GGRYPCELTQTERARVIDCAYEQTKITYGKLRKLLDMKDTESFAGLTYGLNRSRNKTEDTVEVE
MKEYHEVRKALQRAGVEFIQDLSTETLDQIGWILSVWKSDDNRRKKLSTLGLSDNVIEELLPLNG
SKEGHLSLKAIRKILPFLEDGYSYDVACELAGYQFOGKTEYVKQRLLPPLGEGEVTNPVVRRAL
SQATIKVVNAVIRKHGSPESTHIELARELSKNLDERRKIEKAQKENQKNNEQIKDETRETLGSAH
VIGRDIVKYKLEFKQOQQOEFCMYSGEKLDVTRLFEPGYAEVDHITIPYGISEDDSYDNKVLVKTEQN
ROKGNRTPLEYLRDKPEQKAKFITALVESIPLSQKKKNHLLMDKRATIDLEQEGFRERNLSDTRYT
TRALMNHIQAWLLEDETASTRSKRVVCVNGAVTAYMRARWGLTKDRDAGDKHHAADAVVVACIG
DSLIQRVTKYDKFKRNALADRNRYVQQVSKSEGITQYVDKETGEVEFTWESFDERKFLPNEPLEP
WPFFRDELLARLSDDPSKNIRATIGLLTYSETEQIDPIFVSRMPTRKVIGAAHKETIRSPRIVKV
DDNKGTEIQVVVSKVALTELKLTKDGEIKDYFRPEDDPRLYNTLRERLVQFGGDAKAAFKEPVY
KISKDGSVRTPVRKVKIQEKLTLGVPVHGGRGIAENGGMVRIDVFAKGGKYYFVPIYVADVLKR
ELPNRLATAHKPYSEWRVVDDSYQFKEFSLYPNDAVMIKPSREVDITYKDRKEPVGCRIMYEFVSA
NIASASISLRTHDNSGELEGLGIQGLEVFEKYVVGPLGDTHPVYKERRMPFRVERKMN

SEQ ID NO: 342

MPVLSPLSPNAAQGRRRWSLALDIGEGSIGWAVAEVDAEGRVLOLTGTGVTILEFPSAWSNENGTY
VAHGAADRAVRGQQORHDSRRRRLAGLARLCAPVLERSPEDLKDLTRTPPKADPRAIFFLRADA
ARRPLDGPELFRVLHHMAAHRGIRLAELQEVDPPPESDADDAAPAATEDEDGTRRAAADERAFR
RLMAEHMHRHGTQPTCGEIMAGRLRETPAGAQPVTRARDGLRVGGGVAVPTRALIEQEFDATIRA
IQAPRHPDLPWDSLRRLVLDQAPIAVPPATPCLFLEELRRRGETFQGRTITREATIDRGLTVDPL
IQALRIRETVGNLRLHERITEPDGRQRYVPRAMPELGLSHGELTAPERDTLVRALMHDPDGLAA
KDGRIPYTRLRKLIGYDNSPVCFAQERDTSGGGITVNPTDPLMARWIDGWVDLPLKARSLYVRD
VVARGADSAALARLLAEGAHGVPPVAAAAVPAATAAILESDIMOQPGRYSVCPWAAEATLDAWAN
APTEGFYDVTIRGLFGFAPGEIVLEDLRRARGALLAHLPRTMAAARTPNRAAQORGPLPAYESVT
PSOLITSLRRAHKGRAADWSAADPEERNPEFLRTWTGNAATDHILNQVRKTANEVITKYGNRRGW
DPLPSRITVELAREAKHGVIRRNEIAKENRENEGRRKKESAALDTFCODNTVSWQAGGLPKERA
ALRLRLAQRQEFFCPYCAERPKLRATDLF SPAETEIDHVIERRMGGDGPDNLVLAHKDCNNAKG

171



10

15

20

25

30

35

40

45

WO 2015/134812 PCT/US2015/019064

KKTPHEHAGDLLDSPALAALWQGWRKENADRLKGKGHKARTPREDKDEMDRVGWRFEEDARAKA
EENQERRGRRMLHDTARATRLARLYLAAAVMPEDPAEIGAPPVETPPSPEDPTGYTAIYRTISR
VOPVNGSVTHMLROQRLLORDKNRDYQTHHAEDACLLLLAGPAVVQAFNTEAAQHGADAPDDRPV
DLMPTSDAYHQQRRARALGRVPLATVDAALADIVMPESDRODPETGRVHWRLTRAGRGLKRRID
DLTRNCVILSRPRRPSETGTPGALHNATHYGRREITVDGRTDTVVTQRMNARDLVALLDNAKTIV
PAARLDAAAPGDTILKEICTEIADRHDRVVDPEGTHARRWISARLAALVPAHAEAVARDIAELA
DLDALADADRTPEQEARRSALRQSPYLGRAISAKKADGRARAREQEILTRALLDPHWGPRGLRH
LIMREARAPSLVRIRANKTDAFGRPVPDAAVWVKTDGNAVSQLWRLTSVVTDDGRRIPLPKPIE
KRIEISNLEYARLNGLDEGAGVTGNNAPPRPLRQDIDRLTPLWRDHGTAPGGYLGTAVGELEDK
ARSALRGKAMRQTLTDAGITAEAGWRLDSEGAVCDLEVAKGDTVKKDGKTYKVGVITQGIFGMP
VDAAGSAPRTPEDCEKFEEQYGIKPWKAKGIPLA

SEQ ID NO: 343
MNYTEKEKLEFMKYILALDIGIASVGWAILDKESETVIEAGSNIFPEASAADNQLRRDMRGAKRN
NRRLKTRINDF IKLWENNNLSIPOQFKSTEIVGLKVRAITEEITLDELYLILYSYLKHRGISYLE
DALDDTVSGSSAYANGLKLNAKELETHYPCEIQQERLNTIGKYRGOSQIINENGEVLDLSNVET
IGAYRKEIQRVFEIQKKYHPELTDEFCDGYML IFNRKRKYYEGPGNEKSRTDYGRFTTKLDANG
NYITEDNIFEKLIGKCSVYPDELRAAAASYTAQEYNVLNDLNNLTINGRKLEENEKHEIVERIK
SSNTINMRKIISDCMGENIDDFAGARIDKSGKEIFHKFEVYNKMRKALLEIGIDISNYSREELD
EIGYIMTINTDKEAMMEAFQKSWIDLSDDVKQCLINMRKTNGALENKWQSEFSLKIMNELIPEMY
AQPKEQMTLLTEMGVIKGTIQEEFAGLKYIPVDVVSEDIFNPVVRRSVRISFKILNAVLKKYKAL
DTIVIEMPRDRNSEEQKKRINDSQKLNEKEMEYTEKKLAVIYGIKLSPSDESSQKQLSLKLKLW
NEQDGICLYSGKTIDPNDIINNPOQLFEIDHITPRSISEDDARSNKVLVYRSENQKKGNQTPYYY
LTHSHSEWSFEQYKATVMNLSKKKEYATSRKKIONLLYSEDITKMDVLKGE INRNINDTSYASR
LVLNTIQONFFMANEADTKVKVIKGSYTHQMRCNLKLDKNRDESYSHHAVDAMLIGYSELGYEAY
HKLOGEF IDFETGEILRKDMWDENMSDEVYADYLYGKKWANIRNEVVKAEKNVKYWHYVMRKSN
RGLCNQTIRGTREYDGKQYKINKLDIRTKEGIKVFAKLAF SKKDSDRERLLVYLNDRRTEDDLC
KIYEDYSDAANPEFVQYEKETGDI IRKYSKKHNGPRIDKLKYKDGEVGACIDISHKYGFEKGSKK
VILESLVPYRMDVYYKEENHSYYLVGVKQSDIKFEKGRNVIDEEAYARILVNEKMIQPGQSRAD
LENLGFKFKLSEYKNDITEYEKDGKIYTERLVSRTMPKORNYIETKPIDKAKFEKQNLVGLGKT
KFIKKYRYDILGNKYSCSEEKFTSFEC

SEQ ID NO: 344

MLRLYCANNLVLNNVONLWKYLLLLIFDKKITFLFKIKVILIRRYMENNNKEKIVIGEFDLGVAS
VGWSIVNAETKEVIDLGVRLEF SEPEKADYRRAKRTTRRLLRRKKFKREKFHKLILKNAEIFGLQ
SRNEILNVYKDOQSSKYRNILKLKINALKEEIKPSELVWILRDYLONRGYFYKNEKLTDEFVSNS
FPSKKLHEHYEKYGFFRGSVKLDNKLDNKKDKAKEKDEEEESDAKKESEELTFSNKQWINE IVK
VEFENQSYLTESFKEEYLKLENYVRPEFNKGPGSKNSRTAYGVESTDIDPETNKEFKDYSNIWDKTT
GKCSLFEEETRAPKNLPSALIFNLONEICTIKNEFTEFKNWWLNAEQKSETLKFVETELENWKD
KKYSDKKENKNLOQDKIKKYLLNFALENEFNLNEETLKNRDLENDTVLGLKGVKYYEKSNATADAA
LEFSSLKPLYVEFIKFLKEKKLDLNYLLGLENTEILYFLDSIYLATSYSSDLKERNEWFKKLLKE
LYPKIKNNNLEITENVEDIFEITDQEKFESEFSKTHSLSREAFNHITPLLLSNNEGKNYESLKHS
NEELKKRTEKAELKAQONQKYLKDNFLKEALVPLSVKTSVLQATKIFNQIIKNFGKKYEISQVV
IEMARELTKPNLEKLLNNATNSNIKILKEKLDQTEKFDDF TKKKEIDKIENSVVERNKLEFLWEE
QDRKDPYTQLDIKINEIEDETEIDHVIPYSKSADDSWENKLLVKKSTNQLKKNKTVWEYYQONES
DPEAKWNKEVAWAKRIYLVOKSDKESKDNSEKNS IFKNKKPNLKFKNITKKLEDPYKDLGFLAR
NLNDTRYATKVERDQLNNYSKHHSKDDENKLEFKVVCMNGSITSEFLRKSMWRKNEEQVYRENEFWK
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KDRDQFFHHAVDASITAIFSLLTKTLYNKLRVYESYDVQRREDGVYLINKETGEVKKADKDYWK
DOHNFLKIRENATETIKNVLNNVDFONQVRYSRKANTKLNTQLENETLYGVKEFENNFYKLEKVN
LFSRKDLRKFILEDLNEESEKNKKNENGSRKRILTEKYIVDEILQILENEEFKDSKSDINALNK
YMDSLPSKFSEFFSQDEF INKCKKENSLILTFDATKHNDPKKVIKIKNLKFFREDATLKNKQAVH
KDSKNQIKSEFYESYKCVGEF IWLKNKNDLEESIFVPINSRVIHFGDKDKDIFDEDSYNKEKLLNE
INLKRPENKKENSINEIEFVKEVKPGALLLNFENQQIYYISTLESSSLRAKIKLLNKMDKGKAV
SMKKITNPDEYKITEHVNPLGINLNWTKKLENNN

SEQ ID NO: 345
MLMSKHVLGLDLGVGSIGWCLIALDAQGDPAETILGMGSRVVPLNNATKATEAFNAGAAFTASQE
RTARRTMRRGFARYQLRRYRLRRELEKVGMLPDAALIQLPLLELWELRERAATAGRRLTLPELG
RVLCHINQKRGYRHVKSDAAATIVGDEGEKKKDSNSAYLAGIRANDEKLQAEHKTVGQYFAEQLR
ONQOSESPTGGISYRIKDQIFSROQCYIDEYDQIMAVQRVHYPDILTDEF IRMLRDEVIFMORPLK
SCKHLVSLCEFEKQERVMRVOODDGKGGWOQLVERRVKFGPKVAPKSSPLEQLCCIYEAVNNIRL
TRPNGSPCDITPEERAKIVAHLQSSASLSFAALKKLLKEKALIADQLTSKSGLKGNSTRVALAS
ALOQPYPQYHHLLDMELETRMMTVQLTDEETGEVTEREVAVVTDSYVRKPLYRLWHILYSIEERE
AMRRALITQLGMKEEDLDGGLLDOLYRLDEFVKPGYGNKSAKF ICKLLPQLQOGLGYSEACAAVG
YRHSNSPTSEEITERTLLEKIPLLOQRNELRQPLVEKILNOQMINLVNALKAEYGIDEVRVELARE
LKMSREERERMARNNKDREERNKGVAAKIRECGLYPTKPRIQKYMLWKEAGRQCLYCGRSIEEE
QCLREGGMEVEHTIIPKSVLYDDSYGNKTCACRRCNKEKGNRTALEY TRAKGREAEYMKRINDLL
KEKKISYSKHOQRLRWLKEDIPSDFLERQLRLTQYISROAMATILOQGIRRVSASEGGVTARLRSL
WGYGKILHTLNLDRYDSMGETERVSREGEATEELHITNWSKRMDHRHEHATDALVVACTRQOSYIQ
RLNRLSSEFGREDKKKEDQEAQEQQATETGRLSNLERWLTQRPHESVRTVSDKVAEILISYRPG
QRVVTRGRNIYRKKMADGREVSCVQRGVLVPRGELMEASFYGKILSQGRVRIVKRYPLHDLKGE
VVDPHLRELITTYNQELKSREKGAPIPPLCLDKDKKQEVRSVRCYAKTLSLDKAIPMCEFDEKGE
PTAFVKSASNHHLALYRTPKGKLVESIVTFWDAVDRARYGIPLVITHPREVMEQVLOQRGDIPEQ
VLSLLPPSDWVEVDSLQODEMVVIGLSDEELQRALEAQNYRKISEHLYRVOQKMSSSYYVEFRYHL
ETSVADDKNTSGRIPKFHRVQSLKAYEERNIRKVRVDLLGRISLL

SEQ ID NO: 346

MSDLVLGLDIGIGSVGVGILNKVTGEITHKNSRIFPAAQAENNLVRRTNRQGRRLARRKKHRRV
RLNRLFEESGLITDFTKISINLNPYQLRVKGLTDELSNEELFTALKNMVKHRGISYLDDASDDG
NSSVGDYAQIVKENSKQLETKTPGQIQLERYQTYGOLRGDF TVEKDGKKHRLINVEPTSAYRSE
ALRILOTQOEFNPQITDEFINRYLETILTGKRKYYHGPGNEKSRTDYGRYRTSGETLDNIFGILT
GKCTFYPDEFRAAKASYTAQEFNLLNDLNNLTVPTETKKLSKEQKNQTI INYVKNEKAMGPAKLE
KYTAKLLSCDVADIKGYRIDKSGKAEIHTFEAYRKMKTLETLDIEQMDRETLDKLAYVLTLNTE
REGIQEALEHEFADGSESQKQVDELVQFRKANSSIFGKGWHNEF SVKLMMELTPELYETSEEQMT
ILTRLGKQKTTSSSNKTKYIDEKLLTEEIYNPVVAKSVROQATIKIVNAATKEYGDEDNIVIEMAR
ETNEDDEKKATQKTIQKANKDEKDAAMLKAANQYNGKAELPHSVFHGHKQLATKIRLWHQQGERC
LYTGKTISIHDLINNSNQFEVDHILPLSITEDDSLANKVLVYATANQEKGORTPYQALDSMDDA
WSFRELKAFVRESKTLSNKKKEYLLTEEDISKFDVRKKFIERNLVDTRYASRVVLNALQEHEFRA
HKIDTKVSVVRGQFTSQLRRHWGIEKTRDTYHHHAVDALTITAASSQLNLWKKQKNTLVSYSEDQ
LLDIETGELISDDEYKESVFKAPYQHFVDTLKSKEFEDSILESYQVDSKENRKISDATIYATRQ
AKVGKDKADETYVLGKIKDIYTQODGYDAFMKIYKKDKSKFLMYRHDPQTFEKVIEPILENYPNK
QINEKGKEVPCNPFLKYKEEHGYIRKYSKKGNGPEIKSLKYYDSKLGNHIDITPKDSNNKVVLQ
SVSPWRADVYFNKTTGKYETILGLKYADLQFEKGTGTYKISQEKYNDIKKKEGVDSDSEFKFTLY
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KNDLLLVKDTETKEQQLFRFLSRTMPKQKHYVELKPYDKQKFEGGEALTKVLGNVANSGQCKKG
LGKSNISIYKVRTDVLGNQHITKNEGDKPKLDF

SEQ ID NO: 347

MNAEHGKEGLLIMEENFQYRIGLDIGITSVGWAVLONNSQDEPVRITDLGVRIFDVAENPKNGD
ALAAPRRDARTTRRRLRRRRHRLERIKFLLOQENGLIEMDSFMERYYKGNLPDVYQLRYEGLDRK
LKDEELAQVLIHTAKHRGFRSTRKAETKEKEGGAVLKATTENQKIMOEKGYRTVGEMLYLDEAF
HTECLWNEKGYVLTPRNRPDDYKHTILRSMLVEEVHAIFAAQRAHGNQKATEGLEEAYVEIMTS
QRSFDMGPGLOPDGKPSPYAMEGEFGDRVGKCTFEKDEYRAPKATYTAELFVALQKINHTKLIDE
FGTGRFFSEEERKTIIGLLLSSKELKYGTIRKKLNIDPSLKENSLNYSAKKEGETEEERVLDTE
KAKFASMEWTYEYSKCLKDRTEEMPVGEKADLEDRIGEILTAYKNDDSRSSRLKELGLSGEEID
GLLDLSPAKYQRVSLKAMRKMOPYLEDGLIYDKACEAAGYDFRALNDGNKKHLLKGEEINATIVN
DITNPVVKRSVSQTIKVINAITQKYGSPQAVNIELAREMSKNEFQDRTNLEKEMKKRQOENERAK
QOITELGKONPTGODILKYRLWNDQGGYCLYSGKKIPLEELFDGGYDIDHILPYSITFDDSYRN
KVLVTAQENRQKGNRTPYEYFGADEKRWEDYEASVRLLVRDYKKQOKLLKKNFTEEERKEFKER
NLNDTKYITRVVYNMIRONLELEPENHPEKKKQOVWAVNGAVTSYLRKRWGLMQKDRSTDRHHAM
DAVVIACCTDGMIHKISRYMOGRELAYSRNFKFPDEETGE ILNRDNF TREQWDEKEFGVKVPLPW
NSFRDELDIRLLNEDPKNFLLTHADVOQRELDYPGWMYGEEESPIEEGRYINYIRPLFVSRMPNH
KVTGSAHDATIRSARDYETRGVVITKVPLTDLKLNKDNETEGYYDKDSDRLLYQALVROQLLLHG
NDGKKAFAEDFHKPKADGTEGPVVRKVKIEKKQTSGVMVRGGTGIAANGEMVRIDVEFRENGKYY
FVPVYTADVVRKVLPNRAATHTKPYSEWRVMDDANEFVESLYSRDLTHVKSKKDIKTNLVNGGLL
LOKEIFAYYTGADIATASTAGEFANDSNEFKFRGLGIQSLEIFEKCQVDILGNISVVRHENRQEFH

SEQ ID NO: 348
MRVLGLDAGIASLGWALIETEESNRGELSQGTIIGAGTWMEDAPEEKTQAGAKLKSEQRRTEFRG
OQRRVVRRRRORMNEVRRILHSHGLLPSSDRDALKQPGLDPWRIRAEALDRLLGPVELAVALGHI
ARHRGFKSNSKGAKTNDPADDT SKMKRAVNETREKLARFGSAAKMLVEDESFVLROQTPTKNGAS
ETIVRRFRNREGDYSRSLLRDDLAAEMRALFTAQARFQSATATADLQTAFTKAAFFOQRPLODSEK
LVGPCPFEVDEKRAPKRGYSFELFREFLSRLNHVTLRDGKQERTLTRDELALAAADFGAAAKVSE
TALRKKLKLPETTVEVGVKADEESKLDVVARSGKAAEGTARLRSVIVDALGELAWGALLCSPEK
LDKIAEVISFRSDIGRISEGLAQAGCNAPLVDALTAAASDGRFDPFTGAGHISSKAARNILSGL
ROGMTYDKACCAADYDHTASRERGAFDVGGHGREALKRILOEERISRELVGSPTARKALIESIK
QVKAIVERYGVPDRIHVELARDVGKSIEEREEITRGIEKRNROQKDKLRGLFEKEVGRPPODGAR
GKEELLRFELWSEQMGRCLYTDDYISPSQLVATDDAVQVDHILPWSRFADDSYANKTLCMAKAN
ODKKGRTPYEWFKAEKTDTEWDAF IVRVEALADMKGEFKKRNYKLRNAEEAAAKFRNRNLNDTRW
ACRLLAEALKQLYPKGEKDKDGKERRRVF SRPGALTDRLRRAWGLOQWMKKSTKGDRIPDDRHHA
LDATVIAATTESLLQRATREVOQEIEDKGLHYDLVKNVITPPWPGFREQAVEAVEKVEVARAERRR
ARGKAHDATIRHIAVREGEQRVYERRKVAELKLADLDRVKDAERNARLIEKLRNWIEAGSPKDD
PPLSPKGDPIFKVRLVTKSKVNIALDTGNPKRPGTVDRGEMARVDVFRKASKKGKYEYYLVPIY
PHDIATMKTPPIRAVQAYKPEDEWPEMDSSYEFCWSLVPMTYLQVISSKGEIFEGYYRGMNRSV
GAIQLSAHSNSSDVVQGIGARTLTEFKKENVDREFGRKHEVERELRTWRGETWRGKAY I

SEQ ID NO: 349

MGNYYLGLDVGIGSIGWAVINIEKKRIEDEFNVRIFKSGEIQEKNRNSRASQQCRRSRGLRRLYR
RKSHRKLRLKNYLSIIGLTTSEKIDYYYETADNNVIQLRNKGLSEKLTPEETAACLIHICNNRG
YKDEYEVNVEDIEDPDERNEYKEEHDSIVLISNLMNEGGYCTPAEMICNCREFDEPNSVYRKEH
NSAASKNHYLITRHMLVKEVDLILENQSKYYGILDDKTIAKIKDITIFAQRDFEIGPGKNEREFRR
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FTGYLDSIGKCQFFKDQERGSRETVIADIYAFVNVLSQYTYTNNRGESVEFDTSFANDLINSALK
NGSMDKRELKATAKSYHIDISDKNSDTSLTKCFKYIKVVKPLFEKYGYDWDKLIENYTDTDNNV
LNRIGIVLSQAQTPKRRREKLKALNIGLDDGLINELTKLKLSGTANVSYKYMQGSIEAFCEGDL
YGKYQAKFNKEIPDIDENAKPQKLPPFKNEDDCEFFKNPVVEFRSINETRKLINATIDKYGYPAA
VNIETADELNKTFEDRAIDTKRNNDNQKENDRIVKEITECIKCDEVHARHLIEKYKLWEAQEGK
CLYSGETITKEDMLRDKDKLFEVDHIVPYSLILDNTINNKALVYAEENQKKGOQRTPLMYMNEAQ
AADYRVRVNTMFKSKKCSKKKYQYLMLPDLNDQELLGGWRSRNLNDTRYTICKYLVNYLRKNLRF
DRSYESSDEDDLKIRDHYRVEFPVKSRETSMEFRRWWLNEKTWGRYDKAELKKLTYLDHAADATITT
ANCRPEYVVLAGEKLKLNKMYHQAGKRITPEYEQSKKACIDNLYKLFRMDRRTAEKLLSGHGRL
TPIIPNLSEEVDKRLWDKNIYEQFWKDDKDKKSCEELYRENVASLYKGDPKFASSLSMPVISLK
PDHKYRGTITGEEAIRVKEIDGKLIKLKRKSISEITAESINSIYTDDKILIDSLKTIFEQADYK
DVGDYLKKTNQHFFTTSSGKRVNKVIVIEKVPSRWLRKEIDDNNE SLLNDSSYYCIELYKDSKG
DNNLOQGIAMSDIVHDRKTKKLYLKPDENYPDDYYTHVMYIFPGDYLRIKSTSKKSGEQLKFEGY
FISVKNVNENSFRFISDNKPCAKDKRVSITKKDIVIKLAVDLMGKVQGENNGKGISCGEPLSLL
KEKN

SEQ ID NO: 350
MLSRQLLGASHLARPVSYSYNVQDNDVHCSYGERCEFMRGKRYRIGIDVGLNSVGLAAVEVSDEN
SPVRLLNAQSVIHDGGVDPQKNKEATTRKNMSGVARRTRRMRRRKRERLHKLDMLLGKFGYPVI
EPESLDKPFEEWHVRAELATRYIEDDELRRESISTALRHMARHRGWRNPYRQVDSLISDNPYSK
QYGELKEKAKAYNDDATAAEEESTPAQLVVAMLDAGYAEAPRLRWRTGSKKPDAEGYLPVRLMQ
EDNANELKQIFRVOQRVPADEWKPLEFRSVEYAVSPKGSAEQRVGODPLAPEQARALKASLAFQEY
RIANVITNLRIKDASAELRKLTVDEKQSIYDQLVSPSSEDITWSDLCDEFLGEFKRSQLKGVGSLT
EDGEERISSRPPRLTSVQRIYESDNKIRKPLVAWWKSASDNEHEAMIRLLSNTVDIDKVREDVA
YASATEFIDGLDDDALTKLDSVDLPSGRAAYSVETLOKLTROMLTTDDDLHEARKTLENVTDSW
RPPADPIGEPLGNPSVDRVLKNVNRYLMNCQORWGNPVSVNIEHVRSSESSVAFARKDKREYEK
NNEKRSIFRSSLSEQLRADEQMEKVRESDLRRLEATIQRONGQCLYCGRTITFRTCEMDHIVPRK
GVGSTNTRTNFAAVCAECNRMKSNTPFAIWARSEDAQTRGVSLAEAKKRVTME TENPKSYAPRE
VKAFKQAVIARLQQTEDDAATIDNRSTIESVAWMADELHRRIDWYEFNAKQYVNSASTIDDAEAETMK
TTVSVFQGRVTASARRAAGIEGKIHFTGOQQSKTRLDRRHHAVDASVIAMMNTAAAQTLMERESL
RESQRLIGLMPGERSWKEYPYEGTSRYESFHLWLDNMDVLLELLNDALDNDRIAVMQOSQRYVLG
NSTAHDATIHPLEKVPLGSAMSADLTIRRASTPALWCALTRLPDYDEKEGLPEDSHRETIRVHDTR
YSADDEMGFFASQAAQTIAVQEGSADIGSATIHHARVYRCWKTNAKGVRKYFYGMIRVFQTDLLRA
CHDDLEFTVPLPPQSISMRYGEPRVVQALQSGNAQYLGSLVVGDEIEMDFSSLDVDGQIGEYLQF
FSOFSGGNLAWKHWVVDGFENQTQLRIRPRYLAAEGLAKAFSDDVVPDGVOQKIVTKQGWLPPVN
TASKTAVRIVRRNAFGEPRLSSAHHMPCSWQWRHE

SEQ ID NO: 351

MYSIGLDLGISSVGWSVIDERTGNVIDLGVRLEFSAKNSEKNLERRTNRGGRRLIRRKTNRLKDA
KKILAAVGFYEDKSLKNSCPYQLRVKGLTEPLSRGEIYKVTLHILKKRGISYLDEVDTEAAKES
ODYKEQVRKNAQLLTKYTPGQIQLORLKENNRVKTGINAQGNYQLNVFKVSAYANELATILKTQ
QAFYPNELTDDWIALFVQPGIAEEAGLIYRKRPYYHGPGNEANNSPYGRWSDEFQKTGEPATNIFE
DKLIGKDFQGELRASGLSLSAQQYNLLNDLTNLKIDGEVPLSSEQKEYILTELMTKEFTRFGVN
DVVKLLGVKKERLSGWRLDKKGKPEIHTLKGYRNWRKIFAEAGIDLATLPTETIDCLAKVLTLN
TEREGIENTLAFELPELSESVKLLVLDRYKELSQSISTOSWHREFSLKTLHLLTIPELMNATSEQN
TLLEQFQLKSDVRKRYSEYKKLPTKDVLAEIYNPTVNKTVSQAFKVIDALLVKYGKEQTIRYTITT
EMPRDDNEEDEKKRIKELHAKNSQRKNDSQSYFMOKSGWSQEKFQTTIQKNRRFLAKLLYYYEQ
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DGICAYTGLPISPELLVSDSTEIDHIIPISISLDDSINNKVLVLSKANQVKGQQTPYDAWMDGS
FKKINGKE SNWDDYQKWVESRHEF SHKKENNLLETRNIFDSEQVEKFLARNLNDTRYASRLVLNT
LOSFFTNQETKVRVVNGSF THTLRKKWGADLDKTRETHHHHAVDATLCAVTSEVKVSRYHYAVK
EETGEKVMREIDFETGE IVNEMSYWEFKKSKKYERKTYQVKWPNFREQLKPVNLHPRIKE SHQV
DRKANRKLSDATIYSVREKTEVKTLKSGKQKITTDEYTIGKIKDIYTLDGWEAFKKKODKLLMK
DLDEKTYERLLSTAETTPDFQEVEEKNGKVKRVKRSPFAVYCEENDIPAIQKYAKKNNGPLIRS
LKYYDGKLNKHINITKDSQGRPVEKTKNGRKVTLQSLKPYRYDIYQODLETKAYYTVQLYYSDLR
FVEGKYGITEKEYMKKVAEQTKGQVVRFCESLOQKNDGLETEWKDSQRYDVREFYNFQSANSTINEFK
GLEQEMMPAENQFKQOKPYNNGAINLNIAKYGKEGKKLRKENTDILGKKHYLFYEKEPKNTIIK

SEQ ID NO: 352
MYFYKNKENKLNKKVVLGLDLGIASVGWCLTDISQKEDNKFPITLHGVRLFETVDDSDDKLLNE
TRRKKRGQRRRNRRLFTRKRDFIKYLIDNNIIELEFDKNPKILVRNF IEKYINPEFSKNLELKYK
SVINLPIGEFHNLRKAATINEKYKLDKSELIVLLYFYLSLRGAFFDNPEDTKSKEMNKNEIETFDK
NESIKNAEFPIDKITIEFYKISGKIRSTINLKFGHODYLKETIKQVFEKQNIDFMNYEKFAMEEKS
FFEFSRIRNYSEGPGNEKSEFSKYGLYANENGNPELT INEKGOKIYTKIFKTLWESKIGKCSYDKKL
YRAPKNSEFSAKVEDITNKLTDWKHKNEYISERLKRKILLSRELNKDSKSAVEKILKEENIKFEN
LSETAYNKDDNKINLPIINAYHSLTTIFKKHLINFENYLISNENDLSKLMSEFYKQQOSEKLEFVPN
EKGSYEINONNNVLHIFDAISNILNKESTIQDRIRILEGYFEFSNLKKDVKSSEIYSEIAKLRE
FSGTSSLSFGAYYKFIPNLISEGSKNYSTISYEEKALONQKNNESHSNLFEKTWVEDLIASPTV
KRSLROTMNLLKEIFKYSEKNNLETEKIVVEVTRSSNNKHERKKIEGINKYRKEKYEELKKVYD
LPNENTTLLKKLWLLROQOGYDAYSLRKIEANDVINKPWNYDIDHIVPRSISEFDDSEFSNLVIVN
KLDNAKKSNDLSAKQF TEKIYGIEKLKEAKENWGNWYLRNANGKAFNDKGKEF IKLYTIDNLDEF
DNSDFINRNLSDTSYITNALVNHLTESNSKYKYSVVSVNGKQTSNLRNQIAFVGIKNNKETERE
WKRPEGFKSINSNDEFLIREEGKNDVKDDVLIKDRSENGHHAEDAYFITITISQYFRSFKRIERLN
VNYRKETRELDDLEKNNIKFKEKASFDNFLLINALDELNEKLNQMRESRMVITKKNTQLENETL
YSGKYDKGKNT IKKVEKLNLLDNRTDKIKKIEEFFDEDKLKENELTKLHIFNHDKNLYETLKIT
WNEVKIEIKNKNLNEKNYFKYFVNKKLQEGKISEFNEWVPILDNDFKITIRKIRYIKFSSEEKETD
ETTFSOSNFLKIDOQRONFSEFHNTLYWVQIWVYKNQKDQYCEFISIDARNSKFEKDEIKINYEKLK
TOQKEKLOQITINEEPILKINKGDLFENEEKELFYIVGRDEKPQKLEIKYILGKKIKDQKQOTOKPVK
KYFPNWKKVNLTYMGETIFKK

SEQ ID NO: 353

MDNKNYRIGIDVGLNSIGFCAVEVDQHDTPLGFLNLSVYRHDAGIDPNGKKTNTTRLAMSGVAR
RTRRLFRKRKRRLAALDRFIEAQGWTLPDHADYKDPYTPWLVRAELAQTPIRDENDLHEKLATA
VRHIARHRGWRSPWVPVRSLHVEQPPSDQYLALKERVEAKTLLOMPEGATPAEMVVALDLSVDV
NLRPKNREKTDTRPENKKPGFLGGKLMQSDNANELRKIAKTIQGLDDALLRELIELVFAADSPKG
ASGELVGYDVLPGQHGKRRAEKAHPAFQRYRTIASTVSNLRIRHLGSGADERLDVETQKRVFEYL
LNAKPTADITWSDVAEEIGVERNLLMGTATQTADGERASAKPPVDVTNVAFATCKIKPLKEWWL
NADYEARCVMVSALSHAEKLTEGTAAEVEVAEFLONLSDEDNEKLDSFSLPIGRAAYSVDSLER
LTKRMIENGEDLFEARVNEFGVSEDWRPPAEPTIGARVGNPAVDRVLKAVNRYLMAAEAEWGAPL
SVNIEHVREGF ISKRQAVETIDRENQKRYQRNQAVRSQIADHINATSGVRGSDVTRYLATQRONG
ECLYCGTAITFVNSEMDHIVPRAGLGSTNTRDNLVATCERCNKSKSNKPFAVWAAECGIPGVSV
AEALKRVDEWIADGFASSKEHRELQKGVKDRLKRKVSDPEIDNRSME SVAWMARELAHRVQYYFE
DEKHTGTKVRVFRGSLTSAARKASGFESRVNE IGGNGKTRLDRREHAMDAATVAMLRNSVAKTL
VLRGNIRASERAIGAAETWKSFRGENVADROIFESWSENMRVLVEKENLALYNDEVSIFSSLRL
QLGNGKAHDDTITKLOMHKVGDAWSLTEIDRASTPALWCALTRQPDEFTWKDGLPANEDRTIIVN
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GTHYGPLDKVGIFGKAAASLLVRGGSVDIGSATHHARIYRIAGKKPTYGMVRVEFAPDLLRYRNE
DLENVELPPQOSVSMRYAEPKVREATREGKAEYLGWLVVGDELLLDLSSETSGQTIAELQQDFPGT
THWTVAGFFSPSRLRLRPVYLAQEGLGEDVSEGSKSITAGQGWRPAVNKVEGSAMPEVIRRDGL
GRKRRESYSGLPVSWQG

SEQ ID NO: 354
MRLGLDIGTSSIGWWLYETDGAGSDARITGVVDGGVRIFSDGRDPKSGASLAVDRRAARAMRRR
RDRYLRRRATLMKVLAETGLMPADPAEAKALEALDPFALRAAGLDEPLPLPHLGRALFHLNQRR
GFKSNRKTDRGDNESGKIKDATARLDMEMMANGARTYGEFLEKRROKATDPRHVPSVRTRLSTIA
NRGGPDGKEEAGYDFYPDRRHLEEEFHKLWAAQGAHHPELTETLRDLLFEKIFFQRPLKEPEVG
LCLFSGHHGVPPKDPRLPKAHPLTQRRVLYETVNQLRVTADGREARPLTREERDQVIHALDNKK
PTKSLSSMVLKLPALAKVLKLRDGERFTLETGVRDATACDPLRASPAHPDRFGPRWSILDADAQ
WEVISRIRRVQSDAEHAALVDWLTEAHGLDRAHAEATAHAPLPDGYGRLGLTATTRILYQLTAD
VVTYADAVKACGWHHSDGRTGECFDRLPYYGEVLERHVIPGSYHPDDDDITREGRITNPTVHIG
LNQLRRLVNRITIETHGKPHQIVVELARDLKKSEEQKRADIKRIRDTTEAAKKRSEKLEELEIED
NGRNRMLLRLWEDLNPDDAMRRFCPYTGTRISAAMIFDGSCDVDHILPYSRTLDDSFPNRTLCL
REANROKRNQTPWOQAWGDTPHWHATAANLKNLPENKRWRFAPDAMTREFEGENGELDRALKDTQY
LARISRSYLDTLF TKGGHVWVVPGRFTEMLRRHWGLNSLLSDAGRGAVKAKNRTDHRHHATIDAA
VIAATDPGLLNRISRAAGQGEAAGQSAELTIARDTPPPWEGFRDDLRVRLDRITVSHRADHGRID
HAARKQGRDSTAGOQLHQETAYSIVDDIHVASRTDLLSLKPAQLLDEPGRSGQVRDPQLRKALRV
ATGGKTGKDFENALRYFASKPGPYQATRRVRITKPLQAQARVPVPAQDPTIKAYQGGSNHLFEIW
RLPDGEIEAQVITSFEAHTLEGEKRPHPAAKRLLRVEHKGDMVALERDGRRVVGHVQKMDIANGL
FIVPHNEANADTRNNDKSDPFKWIQIGARPATIASGIRRVSVDEIGRLRDGGTRPT

SEQ ID NO: 355
MLHCIAVIRVPPSEEPGFFETHADSCALCHHGCMTYAANDKAIRYRVGIDVGLRSIGFCAVEVD
DEDHPIRILNSVVHVHDAGTGGPGETESLRKRSGVAARARRRGRAEKQRLKKLDVLLEELGWGV
SSNELLDSHAPWHIRKRLVSEYIEDETERRQCLSVAMAHTIARHRGWRNSE SKVDTLLLEQAPSD
RMOGLKERVEDRTGLQFSEEVTQGELVATLLEHDGDVT IRGEFVRKGGKATKVHGVLEGKYMQSD
LVAELRQICRTQRVSETTFEKLVLSIFHSKEPAPSAARQRERVGLDELQLALDPAAKQPRAERA
HPAFQKFKVVATLANMRIREQSAGERSLTSEELNRVARYLLNHTESESPTWDDVARKLEVPRHR
LRGSSRASLETGGGLTYPPVDDTTVRVMSAEVDWLADWWDCANDE SRGHMIDATSNGCGSEPDD
VEDEEVNELISSATAEDMLKLELLAKKLPSGRVAYSLKTLREVTAATLETGDDLSQATITRLYGV
DPGWVPTPAPIEAPVGNPSVDRVLKQVARWLKFASKRWGVPQTVNIEHTREGLKSASLLEEERE
RWERFEARRETRQKEMYKRLGISGPFRRSDQVRYEILDLODCACLYCGNEINFQTFEVDHIIPR
VDASSDSRRTNLAAVCHSCNSAKGGLAFGOWVKRGDCPSGVSLENATKRVRSWSKDRLGLTEKA
MGKRKSEVISRLKTEMPYEEFDGRSMESVAWMAIELKKRIEGYFNSDRPEGCAAVQVNAYSGRL
TACARRAAHVDKRVRLIRLKGDDGHHKNREDRRNHAMDALVIALMTPATARTIAVREDRREAQQ
LTRAFESWKNFLGSEERMODRWESWIGDVEYACDRLNELIDADKIPVTENLRLRNSGKLHADQP
ESLKKARRGSKRPRPQRYVLGDALPADVINRVTDPGLWTALVRAPGFDSQLGLPADLNRGLKLR
GKRISADFPIDYFPTDSPALAVQGGYVGLEFHHARLYRITIGPKEKVKYALLRVCAIDLCGIDCD
DLFEVELKPSSISMRTADAKLKEAMGNGSAKQIGWLVLGDEIQIDPTKFPKQOSIGKFLKECGPV
SSWRVSALDTPSKITLKPRLLSNEPLLKTSRVGGHESDLVVAECVEKIMKKTGWVVEINALCQS
GLIRVIRRNALGEVRTSPKSGLPISLNLR

SEQ ID NO: 356

177



10

15

20

25

30

35

40

45

WO 2015/134812 PCT/US2015/019064

MRYRVGLDLGTASVGAAVESMDEQGNPMELIWHYERLF SEPLVPDMGQLKPKKAARRLARQORR
QIDRRASRLRRIATIVSRRLGIAPGRNDSGVHGNDVPTLRAMAVNERIELGQLRAVLLRMGKKRG
YGGTFKAVRKVGEAGEVASGASRLEEEMVALASVONKDSVTVGEYLAARVEHGLPSKLKVAANN
EYYAPEYALFRQYLGLPAIKGRPDCLPNMYALRHQIEHEFERIWATQSQFHDVMKDHGVKEETR
NATFFOQRPLKSPADKVGRCSLOQTNLPRAPRAQIAAQONFRIEKQMADLRWGMGRRAEMLNDHQKA
VIRELLNQOKELSFRKIYKELERAGCPGPEGKGLNMDRAALGGRDDLSGNTTLAAWRKLGLEDR
WOELDEVTQIQVINFLADLGSPEQLDTDDWSCREMGKNGRPRNEF SDEFVAFMNELRMTDGEDRL
SKMGFEGGRSSYSIKALKALTEWMIAPHWRETPETHRVDEEAATRECYPESLATPAQGGRQSKL
EPPPLTGNEVVDVALRQVRHTINMMIDDLGSVPAQIVVEMAREMKGGVTRRNDIEKQNKRFASE
RKKAAQSTEENGKTPTPARILRYQLWIEQGHQCPYCESNISLEQALSGAYTNFEHILPRTLTQT
GRKRSELVLAHRECNDEKGNRTPYQAFGHDDRRWRIVEQRANALPKKSSRKTRLLLLKDFEGEA
LTDESIDEFADRQLHESSWLAKVTTOWLSSLGSDVYVSRGSLTAELRRRWGLDTVIPOQVRFESG
MPVVDEEGAEITPEEFEKFRLOWEGHRVTREMRTDRRPDKRIDHRHHLVDAIVTALTSRSLYQQ
YAKAWKVADEKQRHGRVDVKVELPMPILTIRDIALEAVRSVRISHKPDRYPDGRFFEATAYGIA
QRLDERSGEKVDWLVSRKSLTDLAPEKKSIDVDKVRANISRIVGEATIRLHISNIFEKRVSKGMT
POOALREPIEFQGNILRKVRCEFYSKADDCVRIEHSSRRGHHYKMLLNDGFAYMEVPCKEGILYG
VPNLVRPSEAVGIKRAPESGDEF IRFYKGDTVKNIKTGRVYTIKQILGDGGGKLILTPVTETKPA
DLLSAKWGRLKVGGRNIHLLRLCAE

SEQ ID NO: 357

MIGEHVRGGCLEDDHWTPNWGAFRLPNTVRTF TKAENPKDGSSLAEPRROQARGLRRRLRRKTOR
LEDLRRLLAKEGVLSLSDLETLFRETPAKDPYQLRAEGLDRPLSFPEWVRVLYHITKHRGFQSN
RRNPVEDGQERSRQEEEGKLLSGVGENERLLREGGYRTAGEMLARDPKFQDHRRNRAGDYSHTL
SRSLLLEEARRLFQSQRTLGNPHASSNLEEAFLHLVAFONPFASGEDIRNKAGHCSLEPDQIRA
PRRSASAETFMLLOKTGNLRLTIHRRTGEERPLTDKEREQTHLLAWKQEKVTHKTLRRHLEIPEE
WLETGLPYHRSGDKAEEKLFVHLAGIHETRKALDKGPDPAVWDTLRSRRDLLDSTADTLTEYKN
EDEILPRLESLGLSPENARALAPLSFSGTAHLSLSALGKLLPHLEEGKSYTQARADAGYAAPPP
DRHPKLPPLEEADWRNPVVFRALTQTRKVVNALVRRYGPPWCIHLETARELSQPAKVRRRIETE
QOANEKKKQQAEREFLDIVGTAPGPGDLLKMRLWREQGGFCPYCEEYLNPTRLAEPGYAEMDHT
LPYSRSLDNGWHNRVLVHGKDNRDKGNRTPFEAFGGDTARWDRLVAWVQASHLSAPKKRNLLRE
DFGEEAERELKDRNLTDTRFITKTAATLLRDRLTFHPEAPKDPVMTLNGRLTAFLRKOWGLHKN
RKNGDLHHALDAAVLAVASRSFVYRLSSHNAAWGELPRGREAENGF SLPYPAFRSEVLARLCPT
REEILLRLDQGGVGYDEAFRNGLRPVEVSRAPSRRLRGKAHMETLRSPKWKDHPEGPRTASRIP
LKDLNLEKLERMVGKDRDRKLYEALRERLAAFGGNGKKAFVAPFRKPCRSGEGPLVRSLRIFDS
GYSGVELRDGGEVYAVADHESMVRVDVYAKKNREYLVPVYVADVARGIVKNRATVAHKSEEEWD
LVDGSEFDFRFSLFPGDLVEIEKKDGAYLGYYKSCHRGDGRLLLDRHDRMPRESDCGTFYVSTRK
DVLSMSKYQVDPLGEIRLVGSEKPPEFVL

SEQ ID NO: 358

MEKKRKVTLGFDLGIASVGWAIVDSETNQVYKLGSRLEDAPDTNLERRTQRGTRRLLRRRKYRN
QKEFYNLVKRTEVFGLSSREAIENRFRELSIKYPNITELKTKALSQEVCPDEIAWILHDYLKNRG
YEYDEKETKEDFDQOQTVESMPSYKLNEFYKKYGYFKGALSQPTESEMKDNKDLKEAFFFDE SNK
EWLKEINYFENVQKNILSETFIEEFKKIFSFTRDISKGPGSDNMPSPYGIFGEFGDNGQGGRYE
HIWDKNIGKCSIFTNEQRAPKYLPSALIFNFLNELANIRLYSTDKKNIQPLWKLSSVDKLNILL
NLENLPISEKKKKLTSTNINDIVKKESIKSIMISVEDIDMIKDEWAGKEPNVYGVGLSGLNIEE
SAKENKFKFQDLKILNVLINLLDNVGIKFEFKDRNDITKNLELLDNLYLEFLIYQKESNNKDSST
DLEFTAKNESLNIENLKLKLKEFLLGAGNEFENHNSKTHSLSKKAIDEILPKLLDNNEGWNLEAT
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KNYDEEIKSQIEDNSSLMAKQDKKYLNDNELKDAILPPNVKVTEFQQAILIFNKITQKFSKDFET
DKVVIELAREMTQDOQENDALKGIAKAQKSKKSLVEERLEANNIDKSVENDKYEKLIYKIFLWIS
QDFKDPYTGAQISVNEIVNNKVEIDHITPYSLCEDDSSANKVLVHKQSNQEKSNSLPYEYIKQG
HSGWNWDEFTKYVKRVEVNNVDSILSKKERLKKSENLLTASYDGYDKLGFLARNLNDTRYATIL
FRDOLNNYAEHHLIDNKKMEFKVIAMNGAVTSEFIRKNMSYDNKLRLKDRSDEF SHHAYDAATITALFE
SNKTKTLYNLIDPSLNGIISKRSEGYWVIEDRYTGEIKELKKEDWTSIKNNVOQARKIAKETEEY
LIDLDDEVEFFSRKTKRKTNROQLYNETIYGIATKTDEDGITNYYKKEKFSILDDKDIYLRLLRER
EKFVINQSNPEVIDQITEITESYGKENNIPSRDEAINIKYTKNKINYNLYLKQYMRSLTKSLDOQ
FSEEFINOMIANKTEVLYNPTKNTTRKIKFLRLVNDVKINDIRKNQVINKENGKNNEPKAFYEN
INSLGAIVFKNSANNFKTLSINTQITATIFGDKNWDIEDFKTYNMEKIEKYKEIYGIDKTYNFHSFE
IFPGTILLDKONKEFYYISSIQTVRDITIEIKFLNKIEFKDENKNOQDTSKTPKRLMEFGIKSTMNN
YEQVDISPFGINKKIFE

SEQ ID NO: 359
MGYRIGLDVGITSTGYAVLKTDKNGLPYKILTLDSVIYPRAENPOTGASLAEPRRIKRGLRRRT
RRTKFRKORTQOQLFIHSGLLSKPEIEQILATPQAKYSVYELRVAGLDRRLTNSELFRVLYFFIG
HRGFKSNRKAELNPENEADKKOMGOLLNSIEEIRKATAEKGYRTVGELYLKDPKYNDHKRNKGY
IDGYLSTPNROQMLVDEIKQILDKQRELGNEKLTDEFYATYLLGDENRAGIFQAQRDEFDEGPGAG
PYAGDQIKKMVGKDIFEPTEDRAAKATYTFQYFNLLOQKMTSLNYONTTGDTWHTLNGLDRQATIT
DAVFAKAEKPTKTYKPTDFGELRKLLKLPDDARENLVNYGSLOTQKETETVEKKTREVDEFKAYH
DLVKVLPEEMWQOSRQLLDHIGTALTLYSSDKRRRRYFAEELNLPAELTEKLLPLNFSKFGHLST
KSMONITIPYLEMGOQVYSEATTNTGYDFRKKQISKDTIREEITNPVVRRAVTKTIKIVEQITRRY
GKPDGINIELARELGRNFKERGDIQKRODKNRQTNDKIAAELTELGIPVNGONTIIRYKLEHKEQN
GVDPYTGDQIPFERAFSEGYEVDHIIPYSISWDDSYTNKVLTSAKCNREKGNRIPMVYLANNEQ
RLNALTNIADNIIRNSRKROKLLKQKLSDEELKDWKQRNINDTREITRVLYNYFRQATEFNPEL
EKKQRVLPLNGEVTSKIRSRWGFLKVREDGDLHHAIDATVIAAITPKETIQQOVTKYSQHQEVKNN
QALWHDAEIKDAEYAAEAQRMDADLEFNKIFNGFPLPWPEFLDELLARISDNPVEMMKSRSWNTY
TPIEIAKLKPVEVVRLANHKISGPAHLDTIRSAKLEDEKGIVLSRVSITKLKINKKGQVATGDG
IYDPENSNNGDKVVYSAIRQALEAHNGSGELAFPDGYLEYVDHGTKKLVRKVRVAKKVSLPVRL
KNKAAADNGSMVRIDVENTGKKEVEVPIYIKDTVEQVLPNKATARGKSLWYQITESDQFCESLY
PGDMVHIESKTGIKPKYSNKENNTSVVPIKNEYGYFDGADIATASTILVRAHDSSYTARSIGIAG
LLKFEKYQVDYFGRYHKVHEKKRQLEFVKRDE

SEQ ID NO: 360

MOKNINTKONHIYIKQAQKTIKEKLGDKPYRIGLDLGVGSIGFAIVSMEENDGNVLLPKEITIMVG
SRIFKASAGAADRKLSRGOQRNNHRHTRERMRYLWKVLAEQKLALPVPADLDRKENSSEGETSAK
RFLGDVLOQKDIYELRVKSLDERLSLOELGYVLYHIAGHRGSSAIRTFENDSEEAQKENTENKKT
AGNIKRLMAKKNYRTYGEYLYKEFFENKEKHKREKISNAANNHKFSPTRDLVIKEAEATLKKQA
GKDGFHKELTEEYIEKLTKAIGYESEKLIPESGFCPYLKDEKRLPASHKLNEERRLWETLNNAR
YSDPIVDIVTIGEITGYYEKQFTKEQKQKLEDYLLTGSELTPAQTKKLLGLKNTNFEDI ILQGRD
KKAQKIKGYKLIKLESMPFWARLSEAQQDSFLYDWNSCPDEKLLTEKLSNEYHLTEEEIDNAEFN
EIVLSSSYAPLGKSAMLITILEKIKNDLSYTEAVEEALKEGKLTKEKQATKDRLPYYGAVLQEST
QKITAKGFSPOFKDKGYKTPHTNKYELEYGRIANPVVHQTLNELRKLVNETIIDILGKKPCEIGL
ETARELKKSAEDRSKLSREQNDNESNRNRIYEIYIRPOQOVITITRRENPRNYILKFELLEEQKS
QCPFCGGQISPNDIINNQADIEHLFPIAESEDNGRNNLVISHSACNADKAKRSPWAAFASAAKD
SKYDYNRILSNVKENIPHKAWRFNQGAFEKF TENKPMAARFKTDNSYISKVAHKYLACLFEKPN
ITCVKGSLTAQLRMAWGLQGLMIPFAKQLITEKESESEFNKDVNSNKKIRLDNRHEALDAIVIAY
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ASRGYGNLLNKMAGKDYKINYSERNWLSKILLPPNNIVWENIDADLESFESSVKTALKNAF ISV
KHDHSDNGELVKGTMYKIFYSERGYTLTTYKKLSALKLTDPOKKKTPKDFLETALLKFKGRESE
MEKNEKIKSAIENNKRLEDVIQODNLEKAKKLLEEENEKSKAEGKKEKNINDASIYQKATSLSGDK
YVOLSKKEPGKFFAISKPTPTTTGYGYDTGDSLCVDLYYDNKGKLCGETITRKIDAQQKNPLKYK
EQGFTLFERIYGGDILEVDEDIHSDKNSEFRNNTGSAPENRVEIKVGTEFTEITNNNIQIWEGNIT
KSTGGODDSEFTINSMQOQYNPRKLILSSCGEFIKYRSPILKNKEG

SEQ ID NO: 361
MAAFKPNPINYILGLDIGIASVGWAMVEIDEDENPICLIDLGVRVFERAEVPKTGDSLAMARRL
ARSVRRLTRRRAHRLLRARRLLKREGVLQAADFDENGLIKSLPNTPWQLRAAALDRKLTPLEWS
AVLLHLIKHRGYLSQRKNEGETADKELGALLKGVADNAHALQTGDFRTPAELALNKFEKESGHT
RNORGDYSHTFSRKDLOQAELILLFEKQKEFGNPHVSGGLKEGIETLLMTQRPALSGDAVQKMLG
HCTFEPAEPKAAKNTYTAERFIWLTKLNNLRILEQGSERPLTDTERATLMDEPYRKSKLTYAQA
RKLLGLEDTAFFKGLRYGKDNAEASTLMEMKAYHATISRALEKEGLKDKKSPLNLSPELQDEIGT
AFSLFKTDEDITGRLKDRIQPETILEALLKHISFDKFVQISLKALRRIVPLMEQGKRYDEACAET
YGDHYGKKNTEEKIYLPPIPADEIRNPVVLRALSQARKVINGVVRRYGSPARIHIETAREVGKS
FKDRKEIEKRQEENRKDREKAAAKFREYFPNEVGEPKSKDILKLRLYEQOQHGKCLYSGKEINLG
RLNEKGYVEIDHALPFSRTWDDSENNKVLVLGSENONKGNQTPYEYFNGKDNSREWQEFKARVE
TSREPRSKKQRILLOKEFDEDGFKERNLNDTRYVNRFLCQFVADRMRLTGKGKKRVFASNGQITN
LLRGFWGLRKVRAENDRHHALDAVVVACSTVAMQOQKITREVRYKEMNAFDGKTIDKETGEVLHQ
KTHFPOPWEFFAQEVMIRVEGKPDGKPEFEEADTPEKLRTLLAEKLSSRPEAVHEYVTPLEVSR
APNRKMSGQGHMETVKSAKRLDEGVSVLRVPLTQLKLKDLEKMVNREREPKLYEALKARLEAHK
DDPAKAFAEPFYKYDKAGNRTQOQVKAVRVEQVQKTGVWVRNHNGIADNATMVRVDVFEKGDKYY
LVPIYSWOVAKGILPDRAVVQGKDEEDWQLIDDSENFKE SLEHPNDLVEVITKKARMEFGYFASCH
RGTGNINIRIHDLDHKIGKNGILEGIGVKTALSFQKYQIDELGKEIRPCRLKKRPPVR

SEQ ID NO: 362
MOTTNLSYILGLDLGIASVGWAVVEINENEDPIGLIDVGVRIFERAEVPKTGESLALSRRLARS
TRRLIRRRAHRLLLAKRFLKREGILSTIDLEKGLPNQAWELRVAGLERRLSATEWGAVLLHLIK
HRGYLSKRKNESQTNNKELGALLSGVAQNHQLLOSDDYRTPAELALKKFAKEEGHIRNQRGAYT
HTEFNRLDLLAELNLLFAQQOHQFGNPHCKEHIQQYMTELLMWQKPALSGEATLKMLGKCTHEKNE
FKAAKHTYSAERFVWLTKLNNLRILEDGAERALNEEERQLLINHPYEKSKLTYAQVRKLLGLSE
QATFKHLRYSKENAESATFMELKAWHATRKALENQGLKDTWQDLAKKPDLLDETIGTAFSLYKTD
EDIQOYLTNKVPNSVINALLVSLNFDKFIELSLKSLRKILPLMEQGKRYDQACREIYGHHYGEA
NOQKTSQLLPATIPAQEIRNPVVLRTLSQARKVINATIRQYGSPARVHIETGRELGKSFKERREIQ
KOOEDNRTKRESAVQKFKELEFSDESSEPKSKDILKFRLYEQQHGKCLYSGKE INTHRLNEKGYV
ETIDHALPFSRTWDDSENNKVLVLASENQNKGNQTPYEWLQGKINSERWKNEVALVLGSQCSAAK
KORLLTQVIDDNKF IDRNLNDTRYTIARFLSNYIQENLLLVGKNKKNVETPNGQITALLRSRWGL
IKARENNNRHHALDAIVVACATPSMOQQKITRFIRFKEVHPYKIENRYEMVDQESGEITISPHEFPE
PWAYFROQEVNIRVEDNHPDTVLKEMLPDRPOQANHOQFVOPLEFVSRAPTRKMSGQGHMET IKSAKR
LAEGISVLRIPLTQLKPNLLENMVNKEREPALYAGLKARLAEFNQDPAKAFATPEFYKQOGGQQOVK
ATIRVEQVQKSGVLVRENNGVADNASIVRTDVEF IKNNKFFLVPIYTWOVAKGILPNKAIVAHKNE
DEWEEMDEGAKFKFSLFPNDLVELKTKKEYFFGYYIGLDRATGNISLKEHDGEISKGKDGVYRV
GVKLALSFEKYQVDELGKNRQICRPQQROPVR

SEQ ID NO: 363
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MGIRFAFDLGINSIGWAVWRTGPGVFGEDTAASLDGSGVLIFKDGRNPKDGQSLATMRRVPROS
RKRRDREVLRRRDLLAALRKAGLFPVDVEEGRRLAATDPYHLRAKALDESLTPHEMGRVIFHLN
QRRGFRSNRKADRODREKGKIAEGSKRLAETLAATNCRTLGEFLWSRHRGTPRTRSPTRIRMEG
EGAKALYAFYPTREMVRAEFERLWTAQSRFAPDLLTPERHEETAGILFROQRDLAPPKIGCCTFE
PSERRLPRALPSVEARGIYERLAHLRITTGPVSDRGLTRPERDVLASALLAGKSLTFKAVRKTL
KILPHALVNFEEAGEKGLDGALTAKLLSKPDHYGAAWHGLSFAEKDTFVGKLLDEADEERLIRR
LVTENRLSEDAARRCASIPLADGYGRLGRTANTEILAALVEETDETGTVVTYAEAVRRAGERTG
RNWHHSDERDGVILDRLPYYGEILQRHVVPGSGEPEEKNEAARWGRLANPTVHIGLNQLRKVVN
RLIAAHGRPDQIVVELARELKLNREQKERLDRENRKNREENERRTAILAEHGQRDTAENKIRLR
LFEEQARANAGIALCPYTGRAIGIAELFTSEVEIDHILPVSLTLDDSLANRVLCRREANREKRR
QTPFOAFGATPAWNDIVARAAKLPPNKRWRFDPAALERFEREGGFLGROQLNETKYLSRLAKIYL
GKICDPDRVYVTPGTLTGLLRARWGLNSILSDSNFKNRSDHRHHAVDAVVIGVLTRGMIQRIAH
DAARAEDQODLDRVFRDVPVPFEDFRDHVRERVSTITVAVKPEHGKGGALHEDTSYGLVPDTDPN
AALGNLVVRKPIRSLTAGEVDRVRDRALRARLGALAAPFRDESGRVRDAKGLAQALEAFGAENG
IRRVRILKPDASVVTIADRRTGVPYRAVAPGENHHVDIVQOMRDGSWRGFAASVEFEVNRPGWRPE
WEVKKLGGKLVMRLHKGDMVELSDKDGQRRVKVVQQOIETISANRVRLSPHNDGGKLQDRHADADD
PFRWDLATIPLLKDRGCVAVRVDPIGVVTLRRSNV

SEQ ID NO: 364
MMEVEFMGRLVLGLDIGITSVGFGIIDLDESEIVDYGVRLFKEGTAAENETRRTKRGGRRLKRRR
VIRREDMLHLLKQAGIISTSFHPLNNPYDVRVKGLNERLNGEELATALLHLCKHRGSSVETIED
DEAKAKEAGETKKVLSMNDQLLKSGKYVCEIQKERLRTNGHIRGHENNFKTRAYVDEAFQILSH
OQDLSNELKSATIITIISRKRMYYDGPGGPLSPTPYGRYTYFGQKEPIDLIEKMRGKCSLEPNEPR
APKLAYSAELFNLLNDLNNLSIEGEKLTSEQKAMILKIVHEKGKITPKQLAKEVGVSLEQIRGE
RIDTKGSPLLSELTGYKMIREVLEKSNDEHLEDHVEYDETAETLTKTKDIEGRKKQISELSSDL
NEESVHQLAGLTKFTAYHSLSFKALRLINEEMLKTELNOMOSITLEGLKONNELSVKGMKNIQA
DDTAILSPVAKRAQRETFKVVNRLREIYGEFDSIVVEMAREKNSEEQRKATRERQKFFEMRNKQ
VADIIGDDRKINAKLREKLVLYQEQDGKTAYSLEPIDLKLLIDDPNAYEVDHIIPISISLDDST
TNKVLVTHRENQEKGNLTPISAFVKGREFTKGSLAQYKAYCLKLKEKNIKTNKGYRKKVEQYLLN
ENDIYKYDIQKEFINRNLVDTSYASRVVLNTLTTYFKONEIPTKVE TVKGSLTNAFRRKINLKK
DRDEDYGHHAIDALITASMPKMRLLSTIFSRYKIEDIYDESTGEVFESSGDDSMYYDDRYFAFTA
SLKAIKVRKEFSHKIDTKPNRSVADETIYSTRVIDGKEKVVKKYKDIYDPKFTALAEDILNNAYQ
EKYLMALHDPQTFDQIVKVVNYYFEEMSKSEKYFTKDKKGRIKISGMNPLSLYRDEHGMLKKYS
KKGDGPATITQOMKYFDGVLGNHIDISAHYQVRDKKVVLOOQTISPYRTDFYYSKENGYKEVTIRYKD
VRWSEKKKKYVIDQODYAMKKAEKKIDDTYEFQFSMHRDELIGITKAEGEALIYPDETWHNENE
FFHAGETPEILKFTATNNDKSNKIEVKPITHCYCKMRLMPTISKKIVRIDKYATDVVGNLYKVKK
NTLKFEFEFD

SEQ ID NO: 365

MKKILGVDLGITSFGYAILQETGKDLYRCLDNSVVMRNNPYDEKSGESSQSIRSTQKSMRRLIE
KRKKRIRCVAQTMERYGILDYSETMKINDPKNNPIKNRWOQLRAVDAWKRPLSPQELFATIFAHMA
KHRGYKSTIATEDLIYELELELGLNDPEKESEKKADERRQVYNALRELEELRKKYGGETIAQTTIH
RAVEAGDLRSYRNHDDYEKMIRREDIEEEIEKVLLRQAELGALGLPEEQVSELIDELKACITDOQ
EMPTIDESLEFGKCTFYKDELAAPAYSYLYDLYRLYKKLADLNIDGYEVTQEDREKVIEWVEKKT
AQGKNLKKITHKDLRKILGLAPEQKIFGVEDERIVKGKKEPRTFVPFFFLADIAKFKELFASTIQ
KHPDALQIFRELAEILQRSKTPQEALDRLRALMAGKGIDTDDRELLELFKNKRSGTRELSHRYT
LEALPLFLEGYDEKEVORILGFDDREDYSRYPKSLRHLHLREGNLFEKEENP INNHAVKSLASW
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ALGLIADLSWRYGPFDEIILETTRDALPEKIRKEIDKAMREREKALDKITIGKYKKEFPSIDKRL
ARKIQLWERQKGLDLYSGKVINLSQLLDGSADIEHIVPQSLGGLSTDYNTIVTLKSVNAAKGNR
LPGDWLAGNPDYRERIGMLSEKGLIDWKKRKNLLAQSLDEIYTENTHSKGIRATSYLEALVAQV
LKRYYPFPDPELRKNGIGVRMIPGKVTSKTRSLLGIKSKSRETNFHHAEDALILSTLTRGWONR
LHRMLRDNYGKSEAELKELWKKYMPHIEGLTLADYIDEAFRRFMSKGEESLEYRDMEDTIRSTS
YWVDKKPLSASSHKETVYSSRHEVPTLRKNILEAFDSLNVIKDRHKLTTEEFMKRYDKE IRQKL
WLHRIGNTNDESYRAVEERATQIAQILTRYQLMDAQONDKEIDEKFQOALKELITSPIEVIGKLL
RKMREFVYDKLNAMQIDRGLVETDKNMLGIHISKGPNEKLTIFRRMDVNNAHELQKERSGILCYLN
EMLEFIFNKKGLIHYGCLRSYLEKGQGSKYIALFNPRFPANPKAQPSKETSDSKIKQVGIGSATG
ITKAHLDLDGHVRSYEVFGTLPEGSIEWFKEESGYGRVEDDPHH

SEQ ID NO: 366

MRPIEPWILGLDIGTDSLGWAVE SCEEKGPPTAKELLGGGVRLEDSGRDAKDHTSRQAERGAFR
RARRQTRTWPWRRDRLIALFQAAGLTPPAAETRQIALALRREAVSRPLAPDALWAALLHLAHHR
GFRSNRIDKRERAAAKALAKAKPAKATAKATAPAKEADDEAGEFWEGAEAALRQRMAASGAPTVG
ALLADDLDRGQPVRMRYNQSDRDGVVAPTRALIAEELAEIVARQSSAYPGLDWPAVTRLVLDOR
PLRSKGAGPCAFLPGEDRALRALPTVODFITROTLANLRLPSTSADEPRPLTDEEHAKALALLS
TARFVEWPALRRALGLKRGVKFTAETERNGAKQAARGTAGNLTEAILAPLIPGWSGWDLDRKDR
VESDLWAARQDRSALLALIGDPRGPTRVTEDETAEAVADATQIVLPTGRASLSAKAARATIAQAM
APGIGYDEAVTLALGLHHSHRPROERLARLPYYAAALPDVGLDGDPVGPPPAEDDGAAAEAYYG
RIGNISVHIALNETRKIVNALLHRHGPILRLVMVETTRELKAGADERKRMIAEQAERERENAET
DVELRKSDRWMANARERROQRVRLARRONNLCPYTSTPIGHADLLGDAYDIDHVIPLARGGRDSL
DNMVLCQSDANKTKGDKTPWEAFHDKPGWIAQRDDFLARLDPQTAKALAWRFADDAGERVARKS
AEDEDQGFLPROQLTDTGYIARVALRYLSLVTNEPNAVVATNGRLTGLLRLAWDITPGPAPRDLL
PTPRDALRDDTAARRFLDGLTPPPLAKAVEGAVQARLAALGRSRVADAGLADALGLTLASLGGG
GKNRADHRHHFIDAAMIAVTTRGLINQINQASGAGRILDLRKWPRTNFEPPYPTFRAEVMKQWD
HIHPSIRPAHRDGGSLHAATVEGVRNRPDARVLVOQRKPVEKLFLDANAKPLPADKIAEIIDGEFA
SPRMAKRFKALLARYQAAHPEVPPALAALAVARDPAFGPRGMTANTVIAGRSDGDGEDAGLITP
FRANPKAAVRTMGNAVYEVWETQVKGRPRWTHRVLTRFDRTQPAPPPPPENARLVMRLRRGDLV
YWPLESGDRLFLVKKMAVDGRLALWPARLATGKATALYAQLSCPNINLNGDQGYCVQSAEGIRK
EKIRTTSCTALGRLRLSKKAT

SEQ ID NO: 367

MKYTLGLDVGIASVGWAVIDKDNNKIIDLGVRCEFDKAEESKTGESLATARRIARGMRRRISRRS
QRLRLVKKLEFVQYEITKDSSEFNRIFDTSRDGWKDPWELRYNALSRILKPYELVQVLTHITKRR
GFKSNRKEDLSTTKEGVVITSIKNNSEMLRTKNYRTIGEMIFMETPENSNKRNKVDEYIHTIAR
EDLLNEIKYIFSIQRKLGSPEFVTEKLEHDEFLNIWEFQRPFASGDSILSKVGKCTLLKEELRAPT
SCYTSEYFGLLOSINNLVLVEDNNTLTLNNDQRAKITEYAHFKNEIKYSEIRKLLDIEPETLFK
AHNLTHKNPSGNNESKKEFYEMKSYHKLKSTLPTDIWGKLHSNKESLDNLEYCLTVYKNDNEIKD
YLOANNLDYLIEYTAKLPTENKFKHLSLVAMKRITITPFMEKGYKYSDACNMAELDEFTGSSKLEKC
NKLTVEPITENVINPVVIRALTQARKVINAITQOKYGLPYMVNIELAREAGMTRQDRDNLKKEHE
NNRKAREKISDLIRONGRVASGLDILKWRLWEDQGGRCAYSGKPIPVCDLLNDSLTQIDHIYPY
SRSMDDSYMNKVLVLTDENQNKRSYTPYEVWGSTEKWEDFEARTIYSMHLPQSKEKRLLNRNEIT
KDLDSFISRNLNDTRYISRELKNYIESYLQFSNDSPKSCVVCVNGQCTAQLRSRWGLNKNREES
DLHHALDAAVIACADRKITKEITNYYNERENHNYKVKYPLPWHSFROQDLMETLAGVE ISRAPRR
KITGPAHDETIRSPKHENKGLTSVKIPLTTVILEKLETMVKNTKGGI SDKAVYNVLKNRLIEHN
NKPLKAFAEKIYKPLKNGTNGATIIRSIRVETPSYTGVERNEGKGISDNSLMVRVDVEKKKDKYY
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LVPIYVAHMIKKELPSKAIVPLKPESQWELIDSTHEFLESLYONDYLVIKTKKGITEGYYRSCH
RGTGSLSLMPHFANNKNVKIDIGVRTAISIEKYNVDILGNKSIVKGEPRRGMEKYNSFKSN

SEQ ID NO: 368

MIRTLGIDIGIASIGWAVIEGEYTDKGLENKEIVASGVRVETKAENPKNKESLALPRTLARSAR
RRNARKKGRIQQVKHYLSKALGLDLECEFVQGEKLATLFQTSKDFLSPWELRERALYRVLDKEEL
ARVILHIAKRRGYDDITYGVEDNDSGKIKKATAENSKRIKEEQCKTIGEMMYKLYFQKSLNVRN
KKESYNRCVGRSELREELKTIFQIQQELKSPWVNEELIYKLLGNPDAQSKQEREGLIFYQRPLK
GFGDKIGKCSHIKKGENSPYRACKHAPSAEEFVALTKSINFLKNLTNRHGLCESQEDMCVYLGK
ILOEAQKNEKGLTYSKLKLLLDLPSDFEFLGLDYSGKNPEKAVEFLSLPSTEFKLNKITQDRKTQD
KIANILGANKDWEAILKELESLOLSKEQIQTIKDAKLNFSKHINLSLEALYHLLPLMREGKRYD
EGVEILQERGIFSKPQPKNRQLLPPLSELAKEESYFDIPNPVLRRALSEFRKVVNALLEKYGGFE
HYFHIELTRDVCKAKSARMOQLEKINKKNKSENDAASQLLEVLGLPNTYNNRLKCKLWKQQEEYC
LYSGEKITIDHLKDQRALQIDHAFPLSRSLDDSQSNKVLCLTSSNQEKSNKTPYEWLGSDEKKW
DMYVGRVYSSNESPSKKRKLTQKNFKERNEEDFLARNLVDTGY IGRVTKEYIKHSLSFLPLPDG
KKEHIRITSGSMTSTMRSFWGVQEKNRDHHLHHAQDATITACIEPSMIQKYTTYLKDKETHRLK
SHOKAQILREGDHKLSLRWPMSNEFKDKIQESTIONTIIPSHHVSHKVTGELHQETVRTKEFYYQAF
GGEEGVKKALKFGKIREINQGIVDNGAMVRVDIFKSKDKGKEYAVPIYTYDFATGKLPNKAIVQ
GKKNGITKDWLEMDENYEFCFSLFKNDCIKIQTKEMOEAVLATIYKSTNSAKATIELEHLSKYAL
KNEDEEKMFTDTDKEKNKTMTRESCGIQGLKVEFQKVKLSVLGEVLEHKPRNRONTIALKTTPKHV

SEQ ID NO: 369
MKYSIGLDIGIASVGWSVINKDKERIEDMGVRIFQKAENPKDGSSLASSRREKRGSRRRNRRKK
HRLDRIKNILCESGLVKKNEIEKIYKNAYLKSPWELRAKSLEAKISNKETIAQILLHTAKRRGFK
SFRKTDRNADDTGKLLSGIQENKKIMEEKGYLTIGDMVAKDPKENTHVRNKAGSYLESEFSRKLL
EDEVRKIQAKQKELGNTHF TDDVLEKYIEVENSQRNFDEGPSKPSPYYSEIGQIAKMIGNCTFEFE
SSEKRTAKNTWSGERFVEFLOKLNNFRIVGLSGKRPLTEEERDIVEKEVYLKKEVRYEKLRKILY
LKEEERFGDLNYSKDEKQDKKTEKTKFISLIGNYTIKKLNLSEKLKSEIEEDKSKLDKITIEILT
FNKSDKTIESNLKKLELSREDIEILLSEEFSGTLNLSLKATIKKILPYLEKGLSYNEACEKADYD
YKNNGIKFKRGELLPVVDKDLIANPVVLRAISQTRKVVNAITIRKYGTPHTIHVEVARDLAKSYD
DROTITIKENKKRELENEKTKKF ISEEFGIKNVKGKLLLKYRLYQEQEGRCAYSRKELSLSEVIL
DESMTDIDHIIPYSRSMDDSYSNKVLVLSGENRKKSNLLPKEYFDROGRDWDTEFVLNVKAMKTIH
PRKKSNLLKEKFTREDNKDWKSRALNDTRYISREVANYLENALEYRDDSPKKRVEFMIPGQLTAQ
LRARWRLNKVRENGDLHHALDAAVVAVTDQKAINNISNISRYKELKNCKDVIPSIEYHADEETG
EVYFEEVKDTRFPMPWSGFDLELQKRLESENPREEFYNLLSDKRYLGWENYEEGEF IEKLRPVEV
SRMPNRGVKGQAHQETIRSSKKISNQIAVSKKPLNSIKLKDLEKMQGRDTDRKLYEALKNRLEE
YDDKPEKAFAEPFYKPTNSGKRGPLVRGIKVEEKONVGVYVNGGQASNGSMVRIDVERKNGKEY
TVPIYVHQTLLKELPNRAINGKPYKDWDLIDGSFEFLYSFYPNDLIEIEFGKSKSTKNDNKLTK
TEIPEVNLSEVLGYYRGMDTSTGAATIDTODGKIQMRIGIKTVKNIKKYQVDVLGNVYKVKREK
ROTF

SEQ ID NO: 370

MSKKVSRRYEEQAQEICQRLGSRPYSIGLDLGVGSIGVAVAAYDPIKKQPSDLVEVSSRIFIPS
TGAAERRQKRGORNSLRHRANRLKFLWKLLAERNLMLSYSEQDVPDPARLRFEDAVVRANPYEL
RLKGLNEQLTLSELGYALYHIANHRGSSSVRTFLDEEKSSDDKKLEEQQAMTEQLAKEKGISTE
IEVLTAFNTNGLIGYRNSESVKSKGVPVPTRDITISNEIDVLLOTQKOQFYQETLSDEYCDRIVSA
ILFENEKIVPEAGCCPYFPDEKKLPRCHFLNEERRLWEATNNARIKMPMOEGAAKRYQSASESD
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EQRHILFHIARSGTDITPKLVQKEFPALKTSIIVLOQGKEKAIQKTIAGFRFRRLEEKSEFWKRLSE
EQKDDFFSAWTINTPDDKRLSKYLMKHLLLTENEVVDALKTVSLIGDYGPIGKTATQLLMKHLED
GLTYTEALERGMETGEFQELSVWEQQSLLPYYGQILTGSTQALMGKYWHSAFKEKRDSEGFFKP
NTNSDEEKYGRIANPVVHQTLNELRKLMNELTITILGAKPQEITVELARELKVGAEKREDITIKQQ
TKQEKEAVLAYSKYCEPNNLDKRYIERFRLLEDQAFVCPYCLEHISVADIAAGRADVDHIFPRD
DTADNSYGNKVVAHRQCNDIKGKRTPYAAFSNTSAWGPIMHYLDETPGMWRKRRKFETNEEEYA
KYLOSKGFVSRFESDNSYIAKAAKEYLRCLENPNNVTAVGSLKGMETSTILRKAWNLQGIDDLLG
SRHWSKDADTSPTMRKNRDDNREHHGLDATIVALYCSRSLVOMINTMSEQGKRAVETITEAMIPTIPGY
ASEPNLSFEAQRELFRKKILEFMDLHAFVSMKTDNDANGALLKDTVYSILGADTQGEDLVEVVK
KKIKDIGVKIGDYEEVASATIRGRITDKQPKWYPMEMKDKIEQLQSKNEAALQKYKESLVQAAAV
LEESNRKLIESGKKPIQLSEKTISKKALELVGGYYYLISNNKRTKTEVVKEPSNEVKGEFAFDTG
SNLCLDFYHDAQGKLCGEITRKIQAMNPSYKPAYMKQGYSLYVRLYQGDVCELRASDLTEAESN
LAKTTHVRLPNAKPGRTEFVIIITFTEMGSGYQIYFSNLAKSKKGODTSFTLTTIKNYDVRKVQL
SSAGLVRYVSPLLVDKIEKDEVALCGE

SEQ ID NO: 371
MNQKFILGLDIGITSVGYGLIDYETKNITIDAGVRLFPEANVENNEGRRSKRGSRRLKRRRIHRL
ERVKKLLEDYNLLDQSQIPQSTNPYAIRVKGLSEALSKDELVIALLHTAKRRGIHKIDVIDSND
DVGNELSTKEQLNKNSKLLKDKEFVCQIQLERMNEGQVRGEKNRFKTADITKEITQLLNVQKNEH
QLDENFINKYIELVEMRREYFEGPGKGSPYGWEGDPKAWYETLMGHCTYFPDELRSVKYAYSAD
LENALNDLNNLVIQRDGLSKLEYHEKYHITENVEKQKKKPTLKQIANEINVNPEDIKGYRITKS
GKPQFTEFKLYHDLKSVLEDQSILENEDVLDQIAEILTIYQDKDSIKSKLTELDILLNEEDKEN
TAQLTGYTGTHRLSLKCIRLVLEEQWYSSRNOMEIFTHLNIKPKKINLTAANKIPKAMIDEFIL
SPVVKRTFGQAINLINKIIEKYGVPEDITIELARENNSKDKQKE INEMOKKNENTRKRINEIIG
KYGNONAKRLVEKIRLHDEQEGKCLYSLESIPLEDLLNNPNHYEVDHITPRSVSEDNSYHNKVL
VKOSENSKKSNLTPYQYEFNSGKSKLSYNQFKOQHILNLSKSQDRISKKKKEYLLEERDINKEFEVQ
KEFINRNLVDTRYATRELTNYLKAYEFSANNMNVKVKTINGSEFTDYLRKVWKEFKKERNHGYKHHA
EDALTIIANADFLFKENKKLKAVNSVLEKPEIESKQLDIQVDSEDNYSEMFITPKQVODIKDEFRN
FKYSHRVDKKPNRQLINDTLYSTRKKDNSTYIVQTIKDIYAKDNTTLKKQFDKSPEKFLMYQHD
PRTFEKLEVIMKQYANEKNPLAKYHEETGEYLTKYSKKNNGPIVKSLKYIGNKLGSHLDVTHQF
KSSTKKLVKLSIKPYREDVYLTDKGYKFITISYLDVLKKDNYYYIPEQKYDKLKLGKAIDKNAK
FIASFYKNDLIKLDGEIYKIIGVNSDTRNMIELDLPDIRYKEYCELNNIKGEPRIKKTIGKKVN
SIEKLTTDVLGNVETNTQYTKPQLLFKRGN

SEQ ID NO: 372

MIMKLEKWRLGLDLGINSIGWSVESLDKDNSVODLIDMGVRIFSDGRDPKTKEPLAVARRTARS
QRKLIYRRKLRRKOQVFKFLOQEQGLFPKTKEECMTLKSLNPYELRTIKALDEKLEPYELGRALFNL
AVRRGFKSNRKDGSREEVSEKKSPDEIKTQADMOTHLEKATKENGCRTITEFLYKNQGENGGIR
FAPGRMTYYPTRKMYEEEFNLIRSKQEKYYPOVDWDDIYKATFYQRPLKPQORGYCIYENDKER
TFKAMPCSQKLRILODIGNLAYYEGGSKKRVELNDNQDKVLYELLNSKDKVTFDOMRKALCLAD
SNSENLEENRDFLIGNPTAVKMRSKNREFGKLWDETPLEEQDLITETIITADEDDAVYEVIKKYD
LTOQEQRDFIVKNTILQSGTSMLCKEVSEKLVKRLEEIADLKYHEAVESLGYKFADQTVEKYDLL
PYYGKVLPGSTMEIDLSAPETNPEKHYGKISNPTVHVALNQTRVVVNALIKEYGKPSQIATELS
RDLKNNVEKKAETARKONQRAKENTIAINDTISALYHTAFPGKSEFYPNRNDRMKYRLWSELGLGN
KCIYCGKGISGAELFTKEIEIEHILPFSRTLLDAESNLTVAHSSCNAFKAERSPFEAFGTNPSG
YSWOETITQRANQLKNTSKKNKFEF SPNAMDSFEKDSSEFTARQLSDNQYTAKAALRYLKCLVENPSD
VWITTNGSMTKLLRDKWEMDSILCRKF TEKEVALLGLKPEQTIGNYKKNRFDHRHHATDAVVIGLT
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DRSMVOKLATKNSHKGNRIEIPEFPILRSDLIEKVKNIVVSFKPDHGAEGKLSKETLLGKIKLH
GKETFVCRENIVSLSEKNLDDIVDEIKSKVKDYVAKHKGOKIEAVLSDE SKENGIKKVRCVNRV
QTPIEITSGKISRYLSPEDYFAAVIWEIPGEKKTFKAQYIRRNEVEKNSKGLNVVKPAVLENGK
PHPAAKQVCLLHKDDYLEF SDKGKMYFCRIAGYAATNNKLDIRPVYAVSYCADWINSTNETMLT
GYWKPTPTONWVSVNVLEDKQKARLVTVSPIGRVEFRK

SEQ ID NO: 373
MSSKAIDSLEQLDLFKPOQEYTLGLDLGIKSIGWATILSGERIANAGVYLFETAEELNSTGNKLIS
KAAERGRKRRIRRMLDRKARRGRHIRYLLEREGLPTDELEEVVVHQSNRTLWDVRAEAVERKLT
KOELAAVLFHLVRHRGYFPNTKKLPPDDESDSADEEQGKINRATSRLREELKASDCKTIGQFLA
ONRDROQRNREGDYSNLMARKLVFEEALQILAFQRKQGHELSKDFEKTYLDVLMGORSGRSPKLG
NCSLIPSELRAPSSAPSTEWFKFLONLGNLQTISNAYREEWSIDAPRRAQTIIDACSQRSTSSYWQ
IRRDFQIPDEYREFNLVNYERRDPDVDLOQEYLOQQERKTLANFRNWKQLEKITGTGHPIQTLDEA
ARLITLIKDDEKLSDQLADLLPEASDKATITQLCELDFTTAAKISLEAMYRILPHMNQGMGFEFEFDA
COQESLPEIGVPPAGDRVPPFDEMYNPVVNRVLSQSRKLINAVIDEYGMPAKIRVELARDLGKG
RELRERIKLDQLDKSKONDQRAEDFRAEFQQAPRGDOQSLRYRLWKEQNCTCPYSGRMIPVNSVL
SEDTQIDHILPISQSEDNSLSNKVLCFTEENAQKSNRTPFEYLDAADFQRLEAISGNWPEAKRN
KLLHKSFGKVAEEWKSRALNDTRYLTSALADHLRHHLPDSKIQTVNGRITGYLRKQWGLEKDRD
KHTHHAVDAIVVACTTPAIVQQVTILYHQDIRRYKKLGEKRPTPWPETEFRODVLDVEEEIFITRQ
PKKVSGGIQTKDTLRKHRSKPDRQRVALTKVKLADLERLVEKDASNRNLYEHLKQCLEESGDQP
TKAFKAPFYMPSGPEAKQRPILSKVTLLREKPEPPKQLTELSGGRRYDSMAQGRLDIYRYKPGG
KRKDEYRVVLORMIDLMRGEENVHVEFQKGVPYDQGPEIEQNYTFLESLYFDDLVEFQRSADSEV
IRGYYRTENIANGQLKISTYLEGRQDFDFFGANRLAHFAKVQVNLLGKVIK

SEQ ID NO: 374
MRSLRYRLALDLGSTSLGWALFRLDACNRPTAVIKAGVRIFSDGRNPKDGSSLAVTRRAARAMR
RRRDRLLKRKTRMOQAKLVEHGFFPADAGKRKALEQLNPYALRAKGLOEALLPGEFARALFHINQ
RRGFKSNRKTDKKDNDSGVLKKAIGQLROOMAEQGSRTVGEYLWTRLOQOGQGVRARYREKPYTT
EEGKKRIDKSYDLYIDRAMIEQEFDALWAAQAAFNPTLFHEAARADLKDTLLHQRPLRPVKPGR
CTLLPEEERAPLALPSTQRFRIHQEVNHLRLLDENLREVALTLAQRDAVVTALETKAKLSFEQT
RKLLKLSGSVQFNLEDAKRTELKGNATSAALARKELFGAAWSGFDEALOQDEIVWQLVTEEGEGA
LIAWLQTHTGVDEARAQATIVDVSLPEGYGNLSRKALARIVPALRAAVITYDKAVOAAGEDHHSQ
LGFEYDASEVEDLVHPETGEIRSVFKQLPYYGKALQRHVAFGSGKPEDPDEKRYGKIANPTVHI
GLNQVRMVVNALTRRYGRPTEVVIELARDLKQSREQKVEAQRRQADNQRRNARTRRSTAEVLGI
GEERVRGSDIQKWICWEELSFDAADRRCPYSGVQISAAMLLSDEVEVEHILPESKTLDDSLNNR
TVAMRQANRIKRNRTPWDARAEFEAQGWSYEDILQRAERMPLRKRYRFAPDGYERWLGDDKDE L
ARALNDTRYLSRVAAEYLRLVCPGTRVIPGQLTALLRGKEFGLNDVLGLDGEKNRNDHRHHAVDA
CVIGVTDOQGLMQRFATASAQARGDGLTRLVDGMPMPWPTYRDHVERAVRHIWVSHRPDHGFEGA
MMEETSYGIRKDGSIKQRRKADGSAGREISNLIRTHEATQPLRHGVSADGQPLAYKGYVGGSNY
CIEITVNDKGKWEGEVISTFRAYGVVRAGGMGRLRNPHEGONGRKLIMRLVIGDSVRLEVDGAE
RTMRIVKISGSNGQIFMAPTHEANVDARNTDKQODAFTYTSKYAGSLOKAKTRRVTISPIGEVRD
PGFKG

SEQ ID NO: 375

MARPAFRAPRREHVNGWTPDPHRISKPFFILVSWHLLSRVVIDSSSGCFPGTSRDHTDKEAEWE
CAVQPYRLSFDLGTNSIGWGLLNLDRQGKPREIRALGSRIFSDGRDPQDKASLAVARRLAROMR
RRRDRYLTRRTRLMGALVRFGLMPADPAARKRLEVAVDPYLARERATRERLEPFEIGRALFHLN
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OQRRGYKPVRTATKPDEEAGKVKEAVERLEAATAAAGAPTLGAWFAWRKTRGETLRARLAGKGKE
AAYPFYPARRMLEAEFDTLWAEQARHHPDLLTAEARETILRHRIFHQRPLKPPPVGRCTLYPDDG
RAPRALPSAQRLRLFQELASLRVIHLDLSERPLTPAERDRIVAFVQGRPPKAGRKPGKVQKSVP
FEKLRGLLELPPGTGF SLESDKRPELLGDETGARIAPAFGPGWTALPLEEQDALVELLLTEAEP
ERATAALTARWALDEATAAKLAGATLPDFHGRYGRRAVAELLPVLERETRGDPDGRVRPIRLDE
AVKLLRGGKDHSDF SREGALLDALPYYGAVLERHVAFGTGNPADPEEKRVGRVANPTVHIALNQ
LRHLVNAILARHGRPEEIVIELARDLKRSAEDRRREDKRQADNQKRNEERKRLILSLGERPTPR
NLLKLRLWEEQGPVENRRCPYSGETISMRMLLSEQVDIDHILPFSVSLDDSAANKVVCLREANR
IKRNRSPWEAFGHDSERWAGILARAEALPKNKRWRFAPDALEKLEGEGGLRARHLNDTRHL SRL
AVEYLRCVCPKVRVSPGRLTALLRRRWGIDATLAEADGPPPEVPAETLDPSPAEKNRADHRHHA
LDAVVIGCIDRSMVQRVQLAAASAEREAAAREDNIRRVLEGFKEEPWDGFRAELERRARTIVVS
HRPEHGIGGALHKETAYGPVDPPEEGENLVVRKPIDGLSKDEINSVRDPRLRRALIDRLATRRR
DANDPATALAKAAEDLAAQPASRGIRRVRVLKKESNPIRVEHGGNPSGPRSGGPFHKLLLAGEV
HHVDVALRADGRRWVGHWVTLFEAHGGRGADGAAAPPRLGDGERFLMRLHKGDCLKLEHKGRVR
VMOQVVKLEPSSNSVVVVEPHQVKTDRSKHVKISCDQLRARGARRVTVDPLGRVRVHAPGARVGT
GGDAGRTAMEPAEDIS

SEQ ID NO: 376
MKRTSLRAYRLGVDLGANSLGWEVVWLDDHGQPEGLGPGGVRIFPDGRNPQSKQSNAAGRRLAR
SARRRRDRYLQRRGKLMGLLVKHGLMPADEPARKRLECLDPYGLRAKALDEVLPLHHVGRALFH
LNQRRGLFANRATEQGDKDASATKAAAGRLOTSMOQACGARTLGEFLNRRHQLRATVRARSPVGG
DVOQARYEFYPTRAMVDAEFEATWAAQAPHHPTMTAEAHDTIREATFSQRAMKRPSIGKCSLDPA
TSQDDVDGFRCAWSHPLAQRFRIWODVRNLAVVETGPTSSRLGKEDQDKVARALLQTDQLSEFDE
IRGLLGLPSDARFNLESDRRDHLKGDATGATILSARRHFGPAWHDRSLDRQIDIVALLESALDEA
AITASLGTTHSLDEAAAQRALSALLPDGYCRLGLRAIKRVLPLMEAGRTYAEAASAAGYDHALL
PGGKLSPTGYLPYYGQWLONDVVGSDDERDTNERRWGRLPNPTVHIGIGQLRRVVNEL IRWHGP
PAEITVELTRDLKLSPRRLAELEREQAENQRKNDKRTSLLRKLGLPASTHNLLKLRLWDEQGDV
ASECPYTGEAIGLERLVSDDVDIDHLIPEFSISWDDSAANKVVCMRYANREKGNRTPFEAFGHRQ
GRPYDWADIAERAARLPRGKRWRFGPGARAQFEELGDFQARLLNETSWLARVAKQYLAAVTHPH
RIHVLPGRLTALLRATWELNDLLPGSDDRAAKSRKDHRHHAIDALVAALTDQALLRRMANAHDD
TRRKIEVLLPWPTFRIDLETRLKAMLVSHKPDHGLQARLHEDTAYGTVEHPETEDGANLVYRKT
FVDISEKEIDRIRDRRLRDLVRAHVAGERQQGKTLKAAVLSFAQRRDIAGHPNGIRHVRLTKST
KPDYLVPIRDKAGRIYKSYNAGENAFVDILOQAESGRWIARATTVEFQANQANESHDAPAAQPIMR
VEFKGDMLRIDHAGAEKFVKIVRLSPSNNLLYLVEHHQAGVFQTRHDDPEDSFRWLFASEFDKLRE
WNAELVRIDTLGQPWRRKRGLETGSEDATRIGWTRPKKWP

SEQ ID NO: 377

MERIFGEFDIGTTSIGESVIDYSSTQSAGNIQRLGVRIFPEARDPDGTPLNQQRROKRMMRROLR
RRRIRRKALNETLHEAGFLPAYGSADWPVVMADEPYELRRRGLEEGLSAYEFGRATIYHLAQHRH
FKGRELEESDTPDPDVDDEKEAANERAATLKALKNEQTTLGAWLARRPPSDRKRGIHAHRNVVA
EEFERLWEVQSKFHPALKSEEMRARISDT IFAQRPVEFWRKNTLGECREFMPGEPLCPKGSWLSQQ
RRMLEKLNNLATAGGNARPLDAEERDATILSKLQQOASMSWPGVRSALKALYKQRGEPGAEKSLK
FNLELGGESKLLGNALEAKLADMFGPDWPAHPRKOQETRHAVHERLWAADYGETPDKKRVIILSE
KDRKAHREAAANSEVADFGITGEQAAQLOALKLPTGWEPYSIPALNLFLAELEKGERFGALVNG
PDWEGWRRTNFPHRNQPTGEILDKLPSPASKEERERISQLRNPTVVRTONELRKVVNNLIGLYG
KPDRIRIEVGRDVGKSKREREEIQSGIRRNEKQRKKATEDLIKNGIANPSRDDVEKWILWKEGQ
ERCPYTGDQIGEFNALFREGRYEVEHIWPRSRSEDNSPRNKTLCRKDVNIEKGNRMPFEAF GHDE
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DRWSAIQIRLOGMVSAKGGTGMSPGKVKRFLAKTMPEDFAARQLNDTRYAAKQTILAQLKRLWPD
MGPEAPVKVEAVTIGQVTAQLRKLWTLNNILADDGEKTRADHRHHATIDALTVACTHPGMTNKLSR
YWOLRDDPRAEKPALTPPWDTIRADAEKAVSEIVVSHRVRKKVSGPLHKETTYGDTGTDIKTKS
GTYRQFVTRKKIESLSKGELDEIRDPRIKEIVAAHVAGRGGDPKKAFPPYPCVSPGGPETIRKVR
LTSKOQLNLMAQTGNGYADLGSNHHIATYRLPDGKADFEIVSLEDASRRLAQRNPIVORTRADG
ASFVMSLAAGEAIMIPEGSKKGIWIVOGVWASGQVVLERDTDADHSTTTRPMPNPILKDDAKKYV
SIDPIGRVRPSND

SEQ ID NO: 378
MNKRILGLDTGTNSLGWAVVDWDEHAQSYELIKYGDVIFQEGVKIEKGIESSKAAERSGYKAIR
KOYFRRRLRKIQVLKVLVKYHLCPYLSDDDLROWHLOKQYPKSDELMLWQRTSDEEGKNPYYDR
HRCLHEKLDLTVEADRYTLGRALYHLTQRRGFLSNRLDTSADNKEDGVVKSGISQLSTEMEEAG
CEYLGDYFYKLYDAQGNKVRIRQRYTDRNKHYQHEFDAICEKQELSSELIEDLQRATFFQLPLK
SQRHGVGRCTFERGKPRCADSHPDYEEFRMLCEFVNNIQVKGPHDLELRPLTYEEREKIEPLEFFR
KSKPNFDFEDIAKALAGKKNYAWIHDKEERAYKFNYRMTQGVPGCPTIAQLKSIFGDDWKTGIA
ETYTLIQKKNGSKSLQEMVDDVWNVLYSEFSSVEKLKEFAHHKLOLDEESAEKFAKIKLSHSFAA
LSLKAIRKFLPFLRKGMYYTHASFFANIPTIVGKEIWNKEQNRKYIMENVGELVENYQPKHREV
QGTIEMLIKDFLANNFELPAGATDKLYHPSMIETYPNAQRNEFGILQLGSPRTNAIRNPMAMRS
LHILRRVVNQLLKESTIIDENTEVHVEYARELNDANKRRATADROQKEQDKQHKKYGDE IRKLYKE
ETGKDIEPTQTDVLKFQLWEEQNHHCLYTGEQIGITDFIGSNPKEDIEHTIPQSVGGDSTQOMNL
TLCDNRENREVKKAKLPTELANHEEILTRIEPWKNKYEQLVKERDKQRTFAGMDKAVKDIRIQK
REHKLOMEIDYWRGKYERFTMTEVPEGEF SRROGTGIGLISRYAGLYLKSLFHQADSRNKSNVYVV
KGVATAEFRKMWGLQSEYEKKCRDNHSHHCMDATITIACIGKREYDLMAEYYRMEETFKQGRGSK
PKFSKPWATFTEDVLNIYKNLLVVHDTPNNMPKHTKKYVQTSTIGKVLAQGDTARGSLHLDTYYG
ATERDGEIRYVVRRPLSSFTKPEELENIVDETVKRTIKEATADKNFKQATAEPIYMNEEKGILT
KKVRCFAKSVKQPINIRQHRDLSKKEYKQQYHVMNENNYLLATYEGLVKNKVVREFEIVSYIEA
AKYYKRSQDRNIFSSIVPTHSTKYGLPLKTKLLMGOQLVLMEFEENPDE IQVDNTKDLVKRLYKVV
GIEKDGRIKFKYHQEARKEGLPIFSTPYKNNDDYAPIFROSINNINILVDGIDETIDILGKVTL
KE

SEQ ID NO: 379

MNYKMGLDIGIASVGWAVINLDLKRIEDLGVRIFDKAEHPONGESLALPRRTIARSARRRLRRRK
HRLERIRRLLVSENVLTKEEMNLLEKQKKQIDVWQLRVDALERKLNNDELARVLLHLAKRRGFK
SNRKSERNSKESSEFLKNIEENQSILAQYRSVGEMIVKDSKFAYHKRNKLDSYSNMIARDDLER
ETKLIFEKQREFNNPVCTERLEEKYLNIWSSQRPFASKEDIEKKVGFCTFEPKEKRAPKATYTE
QSFIVWEHINKLRLVSPDETRALTEIERNLLYKQAF SKNKMTYYDIRKLLNLSDDIHFKGLLYD
PKSSLKQIENIRFLELDSYHKIRKCIENVYGKDGIRMENETDIDTFGYALTIFKDDEDIVAYLQ
NEYITKNGKRVSNLANKVYDKSLIDELLNLSEFSKFAHLSMKAIRNILPYMEQGETIYSKACELAG
YNFTGPKKKEKALLLPVIPNIANPVVMRALTQSRKVVNATIKKYGSPVSIHIELARDLSHSFEDE
RKKIQKDQTENRKKNETATIKQLIEYELTKNPTGLDIVKFKLWSEQQGRCMYSLKPIELERLLEP
GYVEVDHILPYSRSLDDSYANKVLVLTKENREKGNHTPVEYLGLGSERWKKFEKFVLANKQEFSK
KKKONLLRLRYEETEEKEFKERNLNDTRYISKFFANF IKEHLKFADGDGGQKVYTINGKITAHL
RSRWDFNKNREESDLHHAVDAVIVACATQGMIKKITEFYKAREQNKESAKKKEPTFPOPWPHFEA
DELKARLSKFPQESIEAFALGNYDRKKLESLRPVEVSRMPKRSVTGAAHQETLRRCVGIDEQSG
KIQTAVKTKLSDIKLDKDGHFPMYQKESDPRTYEAIRQRLLEENNDPKKAFQEPLYKPKKNGEP
GPVIRTVKIIDTKNKVVHLDGSKTVAYNSNIVRTDVFEKDGKYYCVPVYTMDIMKGTLPNKATE
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ANKPYSEWKEMTEEYTFQFSLEPNDLVRIVLPREKTIKTSTNEEITITKDIFAYYKTIDSATGGL
ELISHDRNFSLRGVGSKTLKRFEKYQVDVLGNIHKVKGEKRVGLAAPTNQKKGKTVDSLQSVSD

SEQ ID NO: 380
MRRLGLDLGTINSIGWCLLDLGDDGEPVSIFRTGARIFSDGRDPKSLGSLKATRREARLTRRRRD
REIQROKNLINALVKYGLMPADE IQROQALAYKDPYPTIRKKALDEATIDPYEMGRATFHINQRRGE
KSNRKSADNEAGVVKQSIADLEMKLGEAGARTIGEFLADRQATNDTVRARRLSGTNALYEFYPD
RYMLEQEFDTLWAKQAAFNPSLYIEAARERLKEIVEFFOQRKLKPQEVGRCIFLSDEDRISKALPS
FORFRIYQELSNLAWIDHDGVAHRITASLALRDHLFDELEHKKKLTFKAMRAILRKQGVVDYPV
GEFNLESDNRDHLIGNLTSCIMRDAKKMIGSAWDRLDEEEQDSFILMLODDQKGDDEVRSILTQQ
YGLSDDVAEDCLDVRLPDGHGSLSKKATDRILPVLRDOGLIYYDAVKEAGLGEANLYDPYAALS
DKLDYYGKALAGHVMGASGKFEDSDEKRYGTISNPTVHTIALNQVRAVVNELIRLHGKPDEVVIE
IGRDLPMGADGKRELERFQKEGRAKNERARDELKKLGHIDSRESRQKFQLWEQLAKEPVDRCCP
FTGKMMSISDLESDKVEIEHLLPEFSLTLDDSMANKTVCEFRQANRDKGNRAPEFDAFGNSPAGYDW
QEILGRSONLPYAKRWRFLPDAMKRFEADGGEFLERQLNDTRYISRYTTEYISTIIPKNKIWVVT
GRLTSLLRGFWGLNSILRGHNTDDGTPAKKSRDDHRHHATIDATIVVGMT SRGLLOKVSKAARRSE
DLDLTRLFEGRIDPWDGFRDEVKKHIDAIIVSHRPRKKSQGALHNDTAYGIVEHAENGASTVVH
RVPITSLGKQSDIEKVRDPLIKSALLNETAGLSGKSFENAVOQKWCADNSIKSLRIVETVSIIPT
TDKEGVAYKGYKGDGNAYMDIYQDPTSSKWKGE IVSREFDANQKGE IPSWQSQFPTARLTIMRLRI
NDLLKLODGEIEEIYRVORLSGSKILMAPHTEANVDARDRDKNDTFKLTSKSPGKLQSASARKV
HISPTGLIREG

SEQ ID NO: 381
MKNILGLDLGLSSIGWSVIRENSEEQELVAMGSRVVSLTAAELSSEFTOGNGVSINSQRTOQKRTQ
RKGYDRYQLRRTLLRNKLDTLGMLPDDSLSYLPKLQLWGLRAKAVTOQRIELNELGRVLLHLNQK
RGYKSIKSDESGDKKITDYVKTVKTRYDELKEMRLTIGELFFRRLTENAFFRCKEQVYPROQAYV
EEFDCIMNCQRKFYPDILTDETIRCIRDEITYYQRPLKSCKYLVSRCEFEKREFYLNAAGKKTEA
GPKVSPRTSPLEQVCRLWESINNIVVKDRRNEIVFISAEQRAALFDEFLNTHEKLKGSDLLKLLG
LSKTYGYRLGEQFKTGIQGNKTRVEIERALGNYPDKKRLLQFNLQEESSSMVNTETGEITPMIS
LSFEQEPLYRLWHVLYSIDDREQLOQSVLROQKFGIDDDEVLERLSAIDLVKAGEGNKSSKATIRRI
LPFLOLGMNYAEACEAAGYNHSNNYTKAENEARALLDRLPATKKNELRQPVVEKILNOMVNVVN
ALMEKYGRFDEIRVELARELKQSKEERSNTYKSINKNQRENEQTAKRIVEYGVPTRSRIQKYKM
WEESKHCCIYCGQPVDVGDFLRGFDVEVEHITPKSLYEFDDSFANKVCSCRSCNKEKNNRTAYDY
MKSKGEKALSDYVERVNTMYTNNQISKTKWONLLTPVDKISIDF IDROQLRESQYTARKAKEILT
SICYNVTATSGSVTISFLRHVWGWDTVLHDLNFDRYKKVGLTEVIEVNHRGSVIRREQTIKDWSKR
FDHRHHATDALTIACTKQAYIQRLNNLRAEEGPDEFNKMSLERYIQSQPHFSVAQVREAVDRILV
SFRAGKRAVTPGKRYIRKNRKRISVQSVLIPRGALSEESVYGVIHVWEKDEQGHVIQKQORAVMK
YPITSINREMLDKEKVVDKRIHRILSGRLAQYNDNPKEAFAKPVYIDKECRIPIRTVRCFAKPA
INTLVPLKKDDKGNPVAWVNPGNNHHVAIYRDEDGKYKERTVTFWEAVDRCRVGIPAIVTQPDT
IWDNILQRNDISENVLESLPDVKWQFVLSLOONEME ILGMNEEDYRYAMDQODYALLNKYLYRV
QKLSKSDYSFRYHTETSVEDKYDGKPNLKLSMOMGKLKRVSIKSLLGLNPHKVHISVLGEIKET
S

SEQ ID NO: 382

MAEKQHRWGLDIGTINSIGWAVIALIEGRPAGLVATGSRIFSDGRNPKDGSSLAVERRGPROMRR
RRDRYLRRRDRFMOQALINVGLMPGDAAARKALVTENPYVLROQRGLDQALTLPEFGRALFHLNQR
RGFQOSNRKTDRATAKESGKVKNATIAAFRAGMGNARTVGEALARRLEDGRPVRARMVGQGKDEHY
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ELYTAREWIAQEFDALWASQQRFHAEVLADAARDRLRAILLFQRKLLPVPVGKCEFLEPNQPRVA
AALPSAQRFRLMQELNHLRVMTLADKRERPLSFQERNDLLAQLVARPKCGFDMLRKIVEGANKE
AYRFTIESERRKELKGCDTAAKLAKVNALGTRWQALSLDEQDRLVCLLLDGENDAVLADALREH
YGLTDAQIDTLLGLSFEDGHMRLGRSALLRVLDALESGRDEQGLPLSYDKAVVAAGYPAHTADL
ENGERDALPYYGELLWRYTQDAPTAKNDAERKFGKIANPTVHIGLNQLRKLVNALIQRYGKPAQ
IVVELARNLKAGLEEKERIKKQOTANLERNERIROKLODAGVPDNRENRLRMRLFEELGQGNGL
GTPCIYSGRQISLORLFSNDVQVDHILPFSKTLDDSEFANKVLAQHDANRYKGNRGPFEAFGANR
DGYAWDDIRARAAVLPRNKRNRFAETAMODWLHNETDFLARQLTDTAYLSRVARQYLTATICSKD
DVYVSPGRLTAMLRAKWGLNRVLDGVMEEQGRPAVKNRDDHRHHATIDAVVIGATDRAMLOQVAT
LAARAREQDAERLIGDMPTPWPNFLEDVRAAVARCVVSHKPDHGPEGGLHNDTAYGIVAGPFED
GRYRVRHRVSLEDLKPGDLSNVRCDAPLQAELEPIFEQDDARAREVALTALAERYROQRKVWLEE
LMSVLPIRPRGEDGKTLPDSAPYKAYKGDSNYCYELF INERGRWDGELISTFRANQAAYRRERN
DPARFRRYTAGGRPLLMRLCINDYIAVGTAAERT IFRVVKMSENKITLAEHFEGGTLKQRDADK
DDPFKYLTKSPGALRDLGARRIFVDLIGRVLDPGIKGD

SEQ ID NO: 383
MIERILGVDLGISSLGWAIVEYDKDDEAANRIIDCGVRLEFTAAETPKKKESPNKARREARGIRR
VLNRRRVRMNMIKKLEFLRAGLIQDVDLDGEGGMEFYSKANRADVWELRHDGLYRLLKGDELARVL
ITHTIAKHRGYKF IGDDEADEE SGKVKKAGVVLRONFEAAGCRTVGEWLWRERGANGKKRNKHGDY
EISITHRDLLVEEVEAIFVAQQEMRSTIATDALKAAYRETAFFVRPMORIEKMVGHCTYFPEERR
APKSAPTAEKFIAISKFEFSTVIIDNEGWEQKITERKTLEELLDFAVSREKVEFRHLRKFLDLSD
NEITFKGLHYKGKPKTAKKREATLFDPNEPTELEFDKVEAEKKAWISLRGAAKLREALGNEFYGR
FVALGKHADEATKILTYYKDEGOKRRELTKLPLEAEMVERLVKIGEF SDEFLKLSLKAIRDILPAM
ESGARYDEAVLMLGVPHKEKSATILPPLNKTDIDILNPTVIRAFAQFRKVANALVRKYGAFDRVH
FELAREINTKGEIEDIKESQRKNEKERKEAADWIAETSEFQVPLTRKNILKKRLYTIQQDGRCAYT
GDVIELERLFDEGYCEIDHILPRSRSADDSFANKVLCLARANQOQKTDRTPYEWEFGHDAARWNAF
ETRTSAPSNRVRTGKGKIDRLLKKNEDENSEMAFKDRNLNDTRYMARATKTYCEQYWVEKNSHT
KAPVOQVRSGKLTSVLRYQWGLESKDRESHTHHAVDATITAFSTOGMVQKLSEYYRFKETHREKE
RPKLAVPLANFRDAVEEATRIENTETVKEGVEVKRLLISRPPRARVTGQAHEQTAKPYPRIKQV
KNKKKWRLAPIDEEKFESFKADRVASANQKNEFYETSTIPRVDVYHKKGKFHLVPIYLHEMVLNE
LPNLSLGTNPEAMDENFFKFSIFKDDLISIQTQGTPKKPAKTI IMGYFKNMHGANMVLSSTINNSP
CEGFTCTPVSMDKKHKDKCKLCPEENRIAGRCLOGFLDYWSQEGLRPPRKEFECDQGVKFALDV
KKYQIDPLGYYYEVKQEKRLGTIPOQMRSAKKLVKK

SEQ ID NO: 384

MNNSIKSKPEVTIGLDLGVGSVGWATIVDNETNITHHLGSRLESQAKTAEDRRSFRGVRRLIRRR
KYKLKREVNLIWKYNSYFGEFKNKEDILNNYQEQQKLHNTVLNLKSEALNAKIDPKALSWILHDY
LKNRGHFYEDNRDEFNVYPTKELAKYFDKYGYYKGIIDSKEDNDNKLEEELTKYKE SNKHWLEEV
KKVLSNQTGLPEKFKEEYESLEFSYVRNYSEGPGSINSVSPYGIYHLDEKEGKVVQKYNNIWDKT
IGKCNIFPDEYRAPKNSPIAMIFNEINELSTIRSYSIYLTGWE INQEFKKAYLNKLLDLLTIKTN
GEKPIDARQFKKLREETIAESIGKETLKDVENEEKLEKEDHKWKLKGLKLNTNGKIQYNDLSSL
AKFVHKLKQHLKLDFLLEDQYATLDKINFLOSLEVYLGKHLRYSNRVDSANLKEFSDSNKLFER
ILOKQKDGLFKLFEQTDKDDEKILAQTHSLSTKAMLLAITRMTINLDNDEDNQKNNDKGWNFEAT
KNFDOQKFIDITKKNNNLSLKONKRYLDDREINDAILSPGVKRILREATKVENAILKQFSEEYDV
TKVVIELARELSEEKELENTKNYKKLIKKNGDKISEGLKALGISEDEIKDILKSPTKSYKEFLLW
LOODHIDPYSLKEIAFDDIFTKTEKFEIDHIIPYSISEDDSSSNKLLVLAESNQAKSNQTPYEF
ISSGNAGIKWEDYEAYCRKEFKDGDSSLLDSTOQRSKKFAKMMKTDTSSKYDIGEFLARNLNDTRYA
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TIVEFRDALEDYANNHLVEDKPMEKVVCINGSVTSFLRKNEFDDSSYAKKDRDKNIHHAVDASTIIS
IFSNETKTLENQLTQFADYKLFKNTDGSWKKIDPKTGVVTEVIDENWKQIRVRNQVSEIAKVIE
KYIQODSNIERKARYSRKIENKTNISLENDTVYSAKKVGYEDQTIKRKNLKTLDIHESAKENKNSK
VKRQFVYRKLVNVSLLNNDKLADLFAEKEDILMYRANPWVINLAEQIFNEYTENKKIKSQNVEE
KYMLDLTKEFPEKF SEFLVKSMLRNKTATIIYDDKKNIVHRIKRLKMLSSELKENKLSNVITIRSK
NQSGTKLSYQDTINSLALMIMRSIDPTAKKQYIRVPLNTLNLHLGDHDFDLHNMDAYLKKPKEV
KYLKANEIGDEYKPWRVLTSGTLLIHKKDKKLMYISSEFOQNLNDVIEIKNLIETEYKENDDSDSK
KKKKANRFLMTLSTILNDYILLDAKDNEFDILGLSKNRIDEILNSKLGLDKIVK

SEQ ID NO: 385
MGGSEVGTVPVIWRLGVDVGERSIGLAAVSYEEDKPKEILAAVSWIHDGGVGDERSGASRLALR
GMARRARRLRRFRRARLRDLDMLLSELGWTPLPDKNVSPVDAWLARKRLAEEYVVDETERRRLL
GYAVSHMARHRGWRNPWTTIKDLKNLPOPSDSWERTRESLEARYSVSLEPGTVGQWAGYLLQRA
PGIRLNPTQQSAGRRAELSNATAFETRLRQEDVLWELRCIADVQGLPEDVVSNVIDAVECQKRP
SVPAERIGRDPLDPSQLRASRACLEFQEYRIVAAVANLRIRDGSGSRPLSLEERNAVIEALLAQ
TERSLTWSDIALEILKLPNESDLTSVPEEDGPSSLAYSQFAPFDETSARIAEFTAKNRRKIPTE
AQWWQEQDRTSRSDLVAALADNSIAGEEEQELLVHLPDAELEALEGLALPSGRVAYSRLTLSGL
TRVMRDDGVDVHNARKTCFGVDDNWRPPLPALHEATGHPVVDRNLATILRKFLSSATMRWGPPQS
IVVELARGASESRERQAEEEAARRAHRKANDRIRAELRASGLSDPSPADLVRARLLELYDCHCM
YCGAPISWENSELDHIVPRTDGGSNRHENLATITCGACNKEKGRRPFASWAETSNRVQLRDVIDR
VOKLKYSGNMYWTRDEF SRYKKSVVARLKRRTSDPEVIQSTESTGYAAVALRDRLLSYGEKNGV
AQVAVFRGGVTAEARRWLDISIERLEFSRVAIFAQSTSTKRLDRRHHAVDAVVLTTLTPGVAKTL
ADARSRRVSAEFWRRPSDVNRHSTEEPQSPAYROQWKESCSGLGDLLISTAARDSTAVAAPLRLR
PTGALHEETLRAFSEHTVGAAWKGAELRRIVEPEVYAAFLALTDPGGRFLKVSPSEDVLPADEN
RHIVLSDRVLGPRDRVKLEFPDDRGSIRVRGGAAY TASFHHARVFRWGSSHSPSFALLRVSLADL
AVAGLLRDGVDVFTAELPPWTPAWRYASTALVKAVESGDAKQVGWLVPGDELDFGPEGVTTAAG
DLSMFLKYFPERHWVVTGFEDDKRINLKPAFLSAEQAEVLRTERSDRPDTLTEAGEILAQFFPR
CWRATVAKVLCHPGLTVIRRTALGOQPRWRRGHLPYSWRPWSADPWSGGTP

SEQ ID NO: 386

MHNKKNITIGFDLGIASIGWAITIDSTTSKILDWGTRTFEERKTANERRAFRSTRRNIRRKAYRN
QREINLTILKYKDLFELKNISDIQRANKKDTENYEKITISFFTEIYKKCAAKHSNILEVKVKALDS
KIEKLDLIWILHDYLENRGFFYDLEEENVADKYEGIEHPSILLYDFFKKNGFFKSNSSIPKDLG
GYSESNLOWVNETIKKLFEVOEINPEFSEKFLNLEFTSVRDYAKGPGSEHSASEYGIFQKDEKGKV
FKKYDNIWDKTIGKCSFFVEENRSPVNYPSYEIFNLLNQLINLSTDLKTTNKKIWQLSSNDRNE
LLDELLKVKEKAKIISISLKKNEIKKITLKDFGFEKSDIDDOQDTIEGRKITKEEPTTKLEVTKH
LLATIYSHSSDSNWININNILEFLPYLDAICITILDREKSRGOQDEVLKKLTEKNIFEVLKIDREK
QLDFVKSIFSNTKEFNFKKIGNF SLKAIREFLPKMFEQNKNSEYLKWKDEETRRKWEEQKSKLGK
TDKKTKYLNPRIFQDEITSPGTKNTFEQAVLVLNQI IKKYSKENIIDAITITESPREKNDKKTIE
ETKKRNKKGKGKTLEKLFQILNLENKGYKLSDLETKPAKLLDRLRFYHQODGIDLYTLDKINID
QLINGSQKYEIEHITIPYSMSYDNSQANKILTEKAENLKKGKLIASEYTIKRNGDEFYNKYYEKAK
ELFINKYKKNKKLDSYVDLDEDSAKNRFRELTLODYDEFQVEFLARNLNDTRYSTKLEYHALVE
HFENNEFFTYIDENSSKHKVKISTIKGHVTIKYFRAKPVOQKNNGPNENLNNNKPEKIEKNRENNE
HHAVDAATIVATIIGNKNPQIANLLTLADNKTDKKFLLHDENYKENIETGELVKIPKFEVDKLAKV
EDLKKIIQEKYEEAKKHTATKFSRKTRTILNGGLSDETLYGFKYDEKEDKYFKITKKKLVTSKN
EELKKYFENPFGKKADGKSEYTVLMAQSHLSEFNKLKE IFEKYNGE SNKTGNAFVEYMNDLALK
EPTLKAETESAKSVEKLLYYNFKPSDQF TYHDNINNKSEFKREYKNIRITEYKSIPIKFKILSKH
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DGGKSFKDTLFSLYSLVYKVYENGKESYKSIPVTSQMRNEFGIDEFDFLDENLYNKEKLDIYKSD
FAKPIPVNCKPVEVLKKGSILKKKSLDIDDFKETKETEEGNYYFISTISKREFNRDTAYGLKPLK
LSVVKPVAEPSTNPIFKEYIPITHLDELGNEYPVKIKEHTDDEKLMCTIK

Nucleic Acids Encoding Cas9 Molecules

Nucleic acids encoding the Cas9 molecules or Cas9 polypeptides, e.g., an eaCas9
molecule or eaCas9 polypeptides are provided herein.

Exemplary nucleic acids encoding Cas9 molecules or Cas9 polypeptides are described in
Cong et al., SCIENCE 2013, 399(6121):819-823; Wang et al., CELL 2013, 153(4):910-918; Mali et
al., SCIENCE 2013, 399(6121):823-826; Jinek et al., SCIENCE 2012, 337(6096):816-821. Another
exemplary nucleic acid encoding a Cas9 molecule or Cas9 polypeptide is shown in Fig. 8.

In an embodiment, a nucleic acid encoding a Cas9 molecule or Cas9 polypeptide can be a
synthetic nucleic acid sequence. For example, the synthetic nucleic acid molecule can be
chemically modified, e.g., as described in Section VIII. In an embodiment, the Cas9 mRNA has
one or more (e.g., all of the following properties: it is capped, polyadenylated, substituted with 5-
methylcytidine and/or pseudouridine.

In addition, or alternatively, the synthetic nucleic acid sequence can be codon optimized,
e.g., at least one non-common codon or less-common codon has been replaced by a common
codon. For example, the synthetic nucleic acid can direct the synthesis of an optimized
messenger mRNA, e.g., optimized for expression in a mammalian expression system, €.£.,
described herein.

In addition, or alternatively, a nucleic acid encoding a Cas9 molecule or Cas9
polypeptide may comprise a nuclear localization sequence (NLS). Nuclear localization
sequences are known in the art.

Provided below is an exemplary codon optimized nucleic acid sequence encoding a Cas9

molecule of S. pyogenes.

ATGGATAAAA
GIGGGCCGTG
TGCTGGGTAA
TTGCTIGTTICG
CGCCAGGAGG
AAATCTTCAG
CTGGAAGAAT

AGTACAGCAT
ATTACGGACG
CACGGACAGA
ACTCAGGCGA
CGGTATACCA
TAACGAGATG
CCTITCTIGT

CGGGCTGGAC
AGTACAAGGT
CACTCTATAA
GACAGCCGAA
GGAGAAAGAA
GCAAAGGTTG
TGAGGAAGAC

ATCGGTACAA
ACCCTICCAAA
AGAAAAATCT
GCCACAAGGT
CCGCATATGC
ACGATAGCTT
AAGAAGCACG

191

ACTCAGTIGGG
AAATTTAAAG
TATTGGAGCC
TGAAGCGGAC
TACCTGCAAG
TTTCCATCGC
AACGGCACCC
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CATCTTTGGC
CTATCTACCA
CTICAGACTTA
TTTCTTGATC
TGTTCATCCA
ATAAATGCTT
AAAATCTAGA
AAAATGGATT
AATTTCAAAA
CAAGGACACA
ATCAGTACGC
CIGITGAGCG
TAGCGCATCT
TGCTGAAGGC
TTCTTTGACC
CAGTCAGGAG
ACGGCACAGA
AAGCAGCGGA
CGAACTGCAC
AAGATAACCG
TACGTGGGAC
GAAGTCAGAG
AGGGTGCATC
AACCTCCCTA
CITTACCGTIC
TGAGGAAGCC
CIGITGTICA
CTACTTITAAG
AAGACCGCTT
ATAAAGGACA
AGACATCGIC
AGCGCTTIGAA
CTGAAGCGCA
CAATGGAATT
AATCTGATGG
TCTCTTACCT
AGACTCCCTT
AAAAGGGCAT
ATGGGCAGAC
CCAGACCACA
TCGAGGAGGG
GTAGAAAACA
GAACGGCAGA
CCGACTATGA
TCCATTGATA
TGATAATGTG
GACAGCTGCT

AATATTGTCG
CCTCAGGAAG
TTTATTTGGC
GAGGGCGACC
ACTTGTGCAG
CAGGAGTCGA
AGACTTGAGA
GITTIGGCAAC
GTAACTTCGA
TACGATGACG
CGATCICITT
ATATCTTGAG
ATGATCAAGC
TCTTGTGAGG
AGAGCAAAAA
GAATTCTATA
GGAGTIGCTG
CCTITGACAA
GCAATCCTIGA
CGAGAAAATA
CICICGCCCG
GAGACTATTA
TGCCCAGTICT
ATGAGAAGGT
TACAATGAAC
GGCATTICCTT
AGACCAACAG
AAGATCGAAT
CAATGCGICA
AAGACTTICCT
CTICACCCIGA
AACCTATGCC
GGAGATACAC
AGGGATAAAC
CITCGCCAAT
TCAAGGAGGA
CATGAACACA
CCTTICAAACT
ATAAGCCAGA
CAGAAGGGCC
CATCAAAGAG
CACAGCTGCA
GACATGTACG
CGTAGACCAT
ACAAAGTCTT
CCTAGCGAGG
TAATGCAAAG

ACGAAGTGGC
AAGCTGGTGG
ACTCGCCCAC
TGAACCCGGA
ACCTACAATC
CGCTAAAGCA
ATCTGATTGC
CTIGATCGCCC
CCTGGCCGAA
ACCTCGACAA
TTGGCAGCAA
AGTGAACACC
GGTACGACGA
CAACAGCTCC
CGGCTACGCT
AATTCATCAA
GTICAAACTTA
CGGGTCTATC
GGAGGCAGGA
GAAAAGATTC
GGGCAATTCA
CACCTTIGGAA
TTCATCGAGC
GCTGCCCAAA
TGACTAAAGT
AGTGGAGAAC
GAAGGTGACT
GITTITGACAG
TTGGGGACTT
GGACAACGAA
CCCIGITCGA
CACCTICTICG
AGGATGGGGA
AGAGTGGCAA
AGGAACTTCA
CATTCAAAAG
TCGCGAATTT
GTCAAGGTIGG
AAATATTIGIG
AGAAAAATAG
CTIGGGATCTIC
GAACGAAAAA
TCGACCAAGA
ATCGTIGCCCC
GACAAGAAGC
AGGTGGTGAA
CTICATTACAC

ATATCACGAA
ACTCTACCGA
ATGATTAAAT
CAACAGTGAC
AACTGTTICGA
ATCCIGICCG
TCAGTTGCCC
TCAGTICTCGG
GACGCTAAGC
TCTGCTGGCC
AGAACCIGIC
GAAATTACTA
GCATCATCAG
CCGAAAAATA
GGCTATATAG
GCCCATTCTIC
ACAGGGAGGA
CCCCACCAGA
GGATTTTTAT
TTACATTCAG
CGGITIGCCT
CITCGAAGAA
GGATGACAAA
CATTICICTIGC
CAAGTACGTC
AGAAGAAGGC
GTGAAGCAAC
TGTGGAAATT
ACCATGATCT
GAAAATGAGG
AGACAGGGAA
ACGATAAAGT
AGATTGTCAA
GACCATACTG
TGCAACTGAT
GCTCAGGTGA
GGCAGGTTCC
TGGATGAATT
ATCGAGATGG
TAGAGAGCGG
AGATTCTICAA
TTGTACTTGT
ACTTGATATT
AGTCCTTICCT
GACAAGAACA
AAAAATGAAG
AACGGAAGTT
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AAGTACCCGA
TAAGGCGGAC
TTAGAGGACA
GTICGATAAGC
AGAAAACCCT
CGCGCCTICIC
GGGGAAAAGA
ACTGACCCCA
TCCAGCTGTC
CAGATTGGGG
CGACGCCATC
AAGCACCCCT
GATCTGACCC
CAAGGAAATC
ATGGTGGGGC
GAGAAAATGG
CCTGCTIGCGG
TTCATCTGGG
CCTITICITA
GATCCCGTAC
GGATGACAAG
GIGGTGGACA
TTTTGACAAG
TCTACGAGTA
ACCGAGGGAA
GATTGTAGAC
TTAAAGAAGA
TCAGGGGTTG
TCTCAAGATC
ATATTCTICGA
ATGATAGAAG
TATGAAGCAG
GGAAGCTGAT
GATTTCCICA
TCACGATGAC
GCGGGCAGGG
CCCGCTATTA
GGTCAAGGTA
CCCGCGAAAA
ATGAAGAGGA
AGAACACCCC
ACTATCIGCA
AATAGACTGT
GAAGGACGAC
GGGGTAAAAG
AACTACTGGC
CGATAATCTIG
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ACGAAAGCAG
TAAGCGGCAG
TTTTGGACAG
CGAGAGGTICA
GAAAGACTTC
CTCACGATGC
TACCCAAAGC
TGTGAGGAAA
CTAAGTACTT
ACCCIGGCCA
TGAAACAGGT
GGAAGGTGCT
CAGACCGGAG
CAAGCTCATC
TTGACTCACC
AAAGGAAAGT
TATCATGGAA
CTAAGGGTTA
TACTCTICTICT
CGGAGAGCTG
ATTTTCTICTA
GATAACGAGC
TGAAATAATC
ATGCTAATTT
CCTATTAGGG
TCTCGGAGCC
AACGGTATAC
TCAATTACTG
CGACTAG

AGAGAGGTGG
CIGGTGGAAA
CCGGATGAAC
AAGTTATCAC
CAGTITCTACA
GTACCTGAAC
TGGAATCCGA
ATGATAGCCA
CTTTTATTCT
ACGGAGAGAT
GAAATCGICT
GAGTATGCCA
GATTITTICCAA
GCCCGCAAGA
CACCGTAGCC
CTAAGAAGCT
AGATCATCCT
CAAGGAGGTC
TCGAGCTGGA
CAAAAGGGAA
TCTCGCTTCC
AGAAGCAGCT
GAACAAATAA
GGACAAAGTA
AACAAGCCGA
CCCGCCGCCT
CAGTACCAAA
GCCIGTACGA

(SEQ ID NO: 22)

CITGTCTGAG
CTAGGCAGAT
ACAAAATACG
GCTGAAAAGC
AAGTTCGCGA
GCTGTIGICG
GITCGTATAC
AGTCCGAGCA
AACATCATGA
CAGAAAGCGG
GGGATAAGGG
CAGGTAAATA
GGAAAGCATT
AAGATTGGGA
TATTCTGTIGC
GAAGTCCGTG
TTGAAAAGAA
AAGAAAGACC
AAATGGCAGG
ACGAGCTTGC
CACTATGAAA
GITCGICGAA
GCGAGTTCAG
CIGICIGCTT
GAATATAATT
TCAAATACTT
GAGGTCCTICG
AACACGGATC

TTGGACAAGG
CACAAAGCAC
ACGAAAATGA
AAGCTGGTGT
GATTAATAAC
GGACCGCCTT
GGGGATTACA
GGAGATTGGA
ATTTTTTTAA
CCCCTTATAG
CAGGGATTTC
TCGTGAAAAA
TTGCCTAAAA
CCCTAAGAAA
TGGTGGTAGC
AAGGAACTCT
CCCTATCGAT
TCATCATTAA
AAGAGAATGT
TCTGCCCTCC
AGCTGAAAGG
CAGCACAAGC
CAAAAGGGTT
ATAACAAGCA
CACCTCTTITA
TGATACGACT
ATGCCACCCT
GACCTCTICIC

PCT/US2015/019064

CAGGGTITTAT
GTIGGCGCAGA
TAAACTGATA
CCGATTITICG
TACCATCATG
GATAAAGAAG
AAGTGTACGA
AAGGCCACAG
GACGGAAATT
AGACAAATGG
GCTACTIGTIGA
AACCGAAGTA
GAAACTCAGA
TACGGGGGAT
TAAGGTGGAA
TGGGAATCAC
TTCCTGGAGG
ACTGCCAAAA
TGGCCAGCGC
AAATATGTTA
GICICCCGAA
ACTATCTIGGA
ATCCTIGGCGG
CCGGGATAAG
CACTCACGAA
ATCGACCGGA
CATCCACCAG
AACTGGGCGG

Provided below is the corresponding amino acid sequence of a S. pyogenes Cas9
molecule.

MDKKYSIGLDIGINSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLEDSGETAEATRL
KRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAY
HEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTY
NQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEGNLIALSLGLTPNFKSNE
DLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSAS
MIKRYDEHHQDLTLLKALVROQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFTIKPILEKMD
GTEELLVKLNREDLLRKQRTEFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTEFRI
PYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSEF IERMTNFDKNLPNEKVLPKHS
LLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKATIVDLLEFKTNRKVTVKQLKEDYFKKIECED
SVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYA
HLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNEFMQLTHDDSLTE
KEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQ
TTORKGOQKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINR
LSDYDVDHIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWROLLNAKLTITQORK
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FDNLTKAERGGLSELDKAGF IKRQLVETROQITKHEVAQILDSRMNTKYDENDKLIREVKVITLKS
KLVSDFRKDFQFYKVRE INNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK
SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGE IVWDKGRDFATVRKVLS
MPOVNIVKKTEVQTGGE SKESILPKRNSDKLTARKKDWDPKKYGGEFDSPTVAYSVLVVAKVEKG
KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLI IKLPKYSLFELENGRKRMLAS
AGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRV
ILADANLDKVLSAYNKHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLD
ATLTHQSTITGLYETRIDLSQLGGD*

(SEQ ID NO: 23)

Provided below is an exemplary codon optimized nucleic acid sequence encoding a Cas9
molecule of N. meningitidis.

ATGGCCGCCTTCAAGCCCAACCCCATCAACTACATCCTGGGCCTGGACATCGGCATCGCCAGCG
TGGGCTGGGCCATGGTGGAGATCGACGAGGACGAGAACCCCATCTGCCTGATCGACCTGGGTGT
GCGCGIGITCGAGCGCGCTGAGGTGCCCAAGACTGGTGACAGTCTGGCTATGGCTCGCCGGCTT
GCTCGCTCTGTTICGGCGCCTITACTCGCCGGCGCGCTCACCGCCTTCTGCGCGCTCGCCGCCTGC
TGAAGCGCGAGGGTGTGCTGCAGGCTGCCGACTTCGACGAGAACGGCCTGATCAAGAGCCTGCC
CAACACTCCITGGCAGCTGCGCGCTGCCGCTCTGGACCGCAAGCTGACTCCTCTGGAGTGGAGC
GCCGTGCTGCTGCACCTGATCAAGCACCGCGGCTACCTGAGCCAGCGCAAGAACGAGGGCGAGA
CCGCCGACAAGGAGCTGGGTGCTCTGCTGAAGGGCGTGGCCGACAACGCCCACGCCCTGCAGAC
TGGTGACTTCCGCACTCCTGCTGAGCTGGCCCTGAACAAGTTCGAGAAGGAGAGCGGCCACATC
CGCAACCAGCGCGGCGACTACAGCCACACCTTICAGCCGCAAGGACCTGCAGGCCGAGCTGATCC
TGCTGTTCGAGAAGCAGAAGGAGTTCGGCAACCCCCACGTGAGCGGCGGCCTGAAGGAGGGCAT
CGAGACCCTGCTGATGACCCAGCGCCCCGCCCTGAGCGGCGACGCCGTGCAGAAGATGCTGGGC
CACTGCACCITCGAGCCAGCCGAGCCCAAGGCCGCCAAGAACACCTACACCGCCGAGCGCTTICA
TCTGGCTGACCAAGCTGAACAACCTGCGCATCCTGGAGCAGGGCAGCGAGCGCCCCCTGACCGA
CACCGAGCGCGCCACCCTGATGGACGAGCCCTACCGCAAGAGCAAGCTGACCTACGCCCAGGLCC
CGCAAGCTGCTGGGTCTGGAGGACACCGCCTICTITCAAGGGCCTGCGCTACGGCAAGGACAACG
CCGAGGCCAGCACCCTGATGGAGATGAAGGCCTACCACGCCATCAGCCGCGCCCTGGAGAAGGA
GGGCCTGAAGGACAAGAAGAGTCCTCTGAACCTGAGCCCCGAGCTGCAGGACGAGATCGGCACC
GCCITCAGCCTGTTCAAGACCGACGAGGACATCACCGGCCGCCTGAAGGACCGCATCCAGLCCCG
AGATCCTGGAGGCCCTGCTGAAGCACATCAGCTITCGACAAGTTICGTGCAGATCAGCCTGAAGGC
CCTGCGCCGCATCGTGCCCCTGATGGAGCAGGGCAAGCGCTACGACGAGGCCTGCGCCGAGATC
TACGGCGACCACTACGGCAAGAAGAACACCGAGGAGAAGATCTACCTGCCTCCTATCCCCGCCG
ACGAGATCCGCAACCCCGIGGTGCTGCGCGCCCTGAGCCAGGCCCGCAAGGTGATCAACGGLGT
GGTGCGCCGCTACGGCAGCCCCGCCCGCATCCACATCGAGACCGCCCGCGAGGTGGGCAAGAGC
TTCAAGGACCGCAAGGAGATCGAGAAGCGCCAGGAGGAGAACCGCAAGGACCGCGAGAAGGLCCG
CCGCCAAGTTCCGCGAGTACTTICCCCAACTTCGTGGGCGAGCCCAAGAGCAAGGACATCCTGAA
GCTGCGCCTGTACGAGCAGCAGCACGGCAAGTGCCTGTACAGCGGCAAGGAGATCAACCTGGGC
CGCCTGAACGAGAAGGGCTACGTGGAGATCGACCACGCCCTGCCCTTCAGCCGCACCTGGGACG
ACAGCTTCAACAACAAGGTIGCTGGTIGCTGGGCAGCGAGAACCAGAACAAGGGCAACCAGACCCC
CTACGAGTACTTCAACGGCAAGGACAACAGCCGCGAGTGGCAGGAGTTCAAGGCCCGCGTGGAG
ACCAGCCGCTTICCCCCGCAGCAAGAAGCAGCGCATCCTGCTGCAGAAGTTCGACGAGGACGGCT
TCAAGGAGCGCAACCTGAACGACACCCGCTACGTGAACCGCTTCCTGTGCCAGTTCGTGGCCGA
CCGCATGCGCCTGACCGGCAAGGGCAAGAAGCGCGTGTITCGCCAGCAACGGCCAGATCACCAAC
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CIGCTGCGCGGCTICTGGGGCCTGCGCAAGGTGCGCGCCGAGAACGACCGCCACCACGLCCCTIGG
ACGCCGTIGGTGGTIGGCCTGCAGCACCGTGGCCATGCAGCAGAAGATCACCCGCTTICGTGCGCTA
CAAGGAGATGAACGCCTICGACGGTAAAACCATCGACAAGGAGACCGGCGAGGTGCTGCACCAG
AAGACCCACTTICCCCCAGCCCTGGGAGTICTITCGCCCAGGAGGTGATGATCCGCGTGTTCGGCA
AGCCCGACGGCAAGCCCGAGTITCGAGGAGGCCGACACCCCCGAGAAGCTGCGCACCCTGLCTIGGL
CGAGAAGCTGAGCAGCCGCCCTGAGGCCGTGCACGAGTACGTGACTCCTCTGTTCGTGAGCCGC
GCCCCCAACCGCAAGATGAGCGGTCAGGGTCACATGGAGACCGTGAAGAGCGCCAAGCGCCTIGG
ACGAGGGCGTGAGCGTGCTIGCGCGTIGCCCCTGACCCAGCTGAAGCTGAAGGACCTGGAGAAGAT
GGTGAACCGCGAGCGCGAGCCCAAGCTGTACGAGGCCCTGAAGGCCCGCCTGGAGGCCCACAAG
GACGACCCCGCCAAGGCCTTCGCCGAGCCCTTICTACAAGTACGACAAGGCCGGCAACCGCACCC
AGCAGGTGAAGGCCGTGCGCGTGGAGCAGGTGCAGAAGACCGGCGTGTGGGTGCGCAACCACAA
CGGCATCGCCGACAACGCCACCATGGTGCGCGTGGACGTGTTICGAGAAGGGCGACAAGTACTAC
CIGGTGCCCATCTACAGCTGGCAGGTGGCCAAGGGCATCCTGCCCGACCGCGCCGTIGGTGCAGG
GCAAGGACGAGGAGGACTGGCAGCTGATCGACGACAGCTTICAACTTCAAGTTCAGCCTGCACCC
CAACGACCTGGTIGGAGGTGATCACCAAGAAGGCCCGCATGTTICGGCTACTTCGCCAGCTGCCAC
CGCGGCACCGGCAACATCAACATCCGCATCCACGACCTGGACCACAAGATCGGCAAGAACGGCA
TCCTGGAGGGCATCGGCGTGAAGACCGCCCTGAGCTTCCAGAAGTACCAGATCGACGAGCTGGG
CAAGGAGATCCGCCCCTGCCGCCTGAAGAAGCGCCCTCCTIGTIGCGCTAA

(SEQ ID NO: 24)

Provided below is the corresponding amino acid sequence of a N. meningitidis Cas9
molecule.

MAAFKPNPINYILGLDIGIASVGWAMVEIDEDENPICLIDLGVRVFERAEVPKTGDSLAMARRL
ARSVRRLTRRRAHRLLRARRLLKREGVLQAADFDENGLIKSLPNTPWQLRAAALDRKLTPLEWS
AVLLHLIKHRGYLSQRKNEGETADKELGALLKGVADNAHALQTGDFRTPAELALNKFEKESGHT
RNORGDYSHTFSRKDLOQAELILLFEKQKEFGNPHVSGGLKEGIETLLMTQRPALSGDAVQKMLG
HCTFEPAEPKAAKNTYTAERFIWLTKLNNLRILEQGSERPLTDTERATLMDEPYRKSKLTYAQA
RKLLGLEDTAFFKGLRYGKDNAEASTLMEMKAYHATISRALEKEGLKDKKSPLNLSPELQDEIGT
AFSLFKTDEDITGRLKDRIQPETILEALLKHISFDKFVQISLKALRRIVPLMEQGKRYDEACAET
YGDHYGKKNTEEKIYLPPIPADEIRNPVVLRALSQARKVINGVVRRYGSPARIHIETAREVGKS
FKDRKEIEKRQEENRKDREKAAAKFREYFPNEVGEPKSKDILKLRLYEQOQHGKCLYSGKEINLG
RLNEKGYVEIDHALPFSRTWDDSENNKVLVLGSENONKGNQTPYEYFNGKDNSREWQEFKARVE
TSREPRSKKQRILLOKEFDEDGFKERNLNDTRYVNRFLCQFVADRMRLTGKGKKRVFASNGQITN
LLRGFWGLRKVRAENDRHHALDAVVVACSTVAMQOQKITREVRYKEMNAFDGKTIDKETGEVLHQ
KTHFPOPWEFFAQEVMIRVEGKPDGKPEFEEADTPEKLRTLLAEKLSSRPEAVHEYVTPLEVSR
APNRKMSGQGHMETVKSAKRLDEGVSVLRVPLTQLKLKDLEKMVNREREPKLYEALKARLEAHK
DDPAKAFAEPFYKYDKAGNRTQOQVKAVRVEQVQKTGVWVRNHNGIADNATMVRVDVFEKGDKYY
LVPIYSWOVAKGILPDRAVVQGKDEEDWQLIDDSENFKE SLEHPNDLVEVITKKARMEFGYFASCH
RGTGNINIRIHDLDHKIGKNGILEGIGVKTALSFQKYQIDELGKEIRPCRLKKRPPVR*

(SEQ ID NO: 25)

Provided below is an amino acid sequence of a §. aureus Cas9 molecule.

MKRNYILGLDIGITSVGYGIIDYETRDVIDAGVRLFKEANVENNEGRRSKRGARRLKRRRRHRT
QRVKKLLFDYNLLTDHSELSGINPYEARVKGLSQKLSEEEFSAALLHLAKRRGVHNVNEVEEDT
GNELSTKEQISRNSKALEEKYVAELQLERLKKDGEVRGSINRFKTSDYVKEAKQLLKVQKAYHQ
LDOSFIDTYIDLLETRRTYYEGPGEGSPFGWKDIKEWYEMLMGHCTYFPEELRSVKYAYNADLY
NALNDLNNLVITRDENEKLEYYEKFQITENVEFKQKKKPTLKQIAKEILVNEEDIKGYRVTSTGK
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PEFTNLKVYHDIKDITARKEITENAELLDQTAKILTIYQSSEDIQEELTNLNSELTQEETIEQTS
NLKGYTGTHNLSLKAINLILDELWHTNDNQIATFNRLKLVPKKVDLSQQKEIPTTLVDDFILSP
VVKRSFIQSIKVINAITKKYGLPNDITIIELAREKNSKDAQKMINEMOKRNROQTNERIEEITIRTT
GKENAKYLIEKIKLHDMQEGKCLYSLEAIPLEDLLNNPENYEVDHIIPRSVSEDNSENNKVLVK
QEENSKKGNRTPFQYLSSSDSKISYETFKKHILNLAKGKGRISKTKKEYLLEERDINRESVQKD
FINRNLVDTRYATRGLMNLLRSYFRVNNLDVKVKSINGGF TSFLRRKWKFKKERNKGYKHHAED
ALTIANADF IFKEWKKLDKAKKVMENQMFEEKQAESMPEIETEQEYKEIFITPHQIKHIKDEKD
YKYSHRVDKKPNRELINDTLYSTRKDDKGNTLIVNNLNGLYDKDNDKLKKLINKSPEKLLMYHH
DPOTYQKLKLIMEQYGDEKNPLYKYYEETGNYLTKYSKKDNGPVIKKIKYYGNKLNAHLDITDD
YPNSRNKVVKLSLKPYREDVYLDNGVYKEVTVKNLDVIKKENYYEVNSKCYEEAKKLKKISNQA
EFIASFYNNDLIKINGELYRVIGVNNDLLNRIEVNMIDITYREYLENMNDKRPPRITIKTIASKT
QSTIKKYSTDILGNLYEVKSKKHPQIIKKG*

(SEQ ID NO: 26)

Provided below is an exemplary codon optimized nucleic acid sequence encoding a Cas9
molecule of §. aureus Cas9.

ATGAAAAGGAACTACATTCTGGGGCTGGACATCGGGATTACAAGCGTGGGGTATGGGATTATTIG
ACTATGAAACAAGGGACGTIGATCGACGCAGGCGTCAGACTGTTCAAGGAGGCCAACGTGGAAAA
CAATGAGGGACGGAGAAGCAAGAGGGGAGCCAGGCGCCTGAAACGACGGAGAAGGCACAGAATC
CAGAGGGTGAAGAAACTGCTIGITCGATTACAACCTGCTGACCGACCATTCTGAGCTGAGTGGAA
TTAATCCTTATGAAGCCAGGGTGAAAGGCCTGAGTCAGAAGCTGTCAGAGGAAGAGTTTTCCGC
AGCTCTGCTIGCACCTIGGCTAAGCGCCGAGGAGTGCATAACGTCAATGAGGTGGAAGAGGACACC
GGCAACGAGCTGTCTACAAAGGAACAGATCTCACGCAATAGCAAAGCTCTGGAAGAGAAGTATG
TCGCAGAGCTGCAGCTGGAACGGCTGAAGAAAGATGGCGAGGTGAGAGGGTCAATTAATAGGTT
CAAGACAAGCGACTACGTICAAAGAAGCCAAGCAGCTIGCTGAAAGTGCAGAAGGCTTACCACCAG
CTIGGATCAGAGCTICATCGATACTTATATCGACCTGCTGGAGACTCGGAGAACCTACTATGAGG
GACCAGGAGAAGGGAGCCCCTTICGGATGGAAAGACATCAAGGAATGGTACGAGATGCTGATGGG
ACATTGCACCTATTITCCAGAAGAGCTGAGAAGCGTCAAGTACGCTTATAACGCAGATCTGTAC
AACGCCCTGAATGACCTGAACAACCTGGTCATCACCAGGGATGAAAACGAGAAACTGGAATACT
ATGAGAAGTTCCAGATCATCGAAAACGTGTTTAAGCAGAAGAAAAAGCCTACACTGAAACAGAT
TGCTAAGGAGATCCTGGTCAACGAAGAGGACATCAAGGGCTACCGGGTGACAAGCACTGGAAAA
CCAGAGTTICACCAATCTGAAAGTGTATCACGATATTAAGGACATCACAGCACGGAAAGAAATCA
TTGAGAACGCCGAACTGCTGGATCAGATTGCTAAGATCCTGACTATCTACCAGAGCTCCGAGGA
CATCCAGGAAGAGCTGACTAACCTGAACAGCGAGCTGACCCAGGAAGAGATCGAACAGATTAGT
AATCTGAAGGGGTACACCGGAACACACAACCTGTCCCTGAAAGCTATCAATCTGATTICTGGATG
AGCTGTGGCATACAAACGACAATCAGATTIGCAATCTTITAACCGGCTGAAGCTGGTCCCAAAAAA
GGTGGACCTGAGTCAGCAGAAAGAGATCCCAACCACACTGGTGGACGATTTCATTCTGTCACCC
GIGGTCAAGCGGAGCTITCATCCAGAGCATCAAAGTGATCAACGCCATCATCAAGAAGTACGGCC
TGCCCAATGATATCATTATCGAGCTGGCTAGGGAGAAGAACAGCAAGGACGCACAGAAGATGAT
CAATGAGATGCAGAAACGAAACCGGCAGACCAATGAACGCATTGAAGAGATTATCCGAACTACC
GGGAAAGAGAACGCAAAGTACCTGATTGAAAAAATCAAGCTGCACGATATGCAGGAGGGAAAGT
GICIGTATTCTCTGGAGGCCATCCCCCTGGAGGACCTGCTGAACAATCCATTCAACTACGAGGT
CGATCATATTATCCCCAGAAGCGTIGICCTICGACAATTCCTTTAACAACAAGGTGCTGGTCAAG
CAGGAAGAGAACTCTAAAAAGGGCAATAGGACTCCITICCAGTACCTGTCTAGTITCAGATTCCA
AGATCTCTTACGAAACCTTITAAAAAGCACATTCTGAATCTGGCCAAAGGAAAGGGCCGCATCAG
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CAAGACCAAAAAGGAGTACCTGCTGGAAGAGCGGGACATCAACAGATTICTICCGTICCAGAAGGAT
TTTATTAACCGGAATCTGGTGGACACAAGATACGCTACTCGCGGCCTGATGAATCTGCTGCGAT
CCTATITCCGGGTGAACAATCTGGATGTGAAAGTCAAGTCCATCAACGGCGGGTTCACATCTTT
TCTGAGGCGCAAATGGAAGTTTAAAAAGGAGCGCAACAAAGGGTACAAGCACCATGCCGAAGAT
GCTCTGATTATCGCAAATGCCGACTTICATCTITAAGGAGTGGAAAAAGCTGGACAAAGCCAAGA
AAGTGATGGAGAACCAGATGTITCGAAGAGAAGCAGGCCGAATCTATGCCCGAAATCGAGACAGA
ACAGGAGTACAAGGAGATTITICATCACTCCTICACCAGATCAAGCATATCAAGGATTTCAAGGAC
TACAAGTACTCTCACCGGGTGGATAAAAAGCCCAACAGAGAGCTGATCAATGACACCCTGTATA
GTACAAGAAAAGACGATAAGGGGAATACCCTGATTGTGAACAATCTGAACGGACTGTACGACAA
AGATAATGACAAGCTGAAAAAGCTGATCAACAAAAGTCCCGAGAAGCTGCTGATGTACCACCAT
GATCCTICAGACATATCAGAAACTGAAGCTGATTATGGAGCAGTACGGCGACGAGAAGAACCCAC
TGTATAAGTACTATGAAGAGACTGGGAACTACCTGACCAAGTATAGCAAAAAGGATAATGGCCC
CGTGATCAAGAAGATCAAGTACTATGGGAACAAGCTGAATGCCCATCTGGACATCACAGACGAT
TACCCTAACAGTCGCAACAAGGTGGTCAAGCTGTCACTGAAGCCATACAGATTCGATGTCTATC
TGGACAACGGCGTGTATAAATTTGTGACTGTCAAGAATCTGGATGTCATCAAAAAGGAGAACTA
CTATGAAGTGAATAGCAAGTGCTACGAAGAGGCTAAAAAGCTGAAAAAGATTAGCAACCAGGCA
GAGTITCATCGCCTCCITITACAACAACGACCTGATTAAGATCAATGGCGAACTGTATAGGGTCA
TCGGGGTGAACAATGATCTGCTGAACCGCATTGAAGTGAATATGATTGACATCACTTACCGAGA
GTATCTGGAAAACATGAATGATAAGCGCCCCCCTCGAATTATCAAAACAATTGCCTCTAAGACT
CAGAGTATCAAAAAGTACTCAACCGACATICTGGGAAACCTGTATGAGGTGAAGAGCAAAAAGC
ACCCTCAGATTATCAAAAAGGGC

(SEQ ID NO: 39)

If any of the above Cas9 sequences are fused with a peptide or polypeptide at the C-

terminus, it is understood that the stop codon will be removed.

Other Cas Molecules and Cas Polypeptides

Various types of Cas molecules or Cas polypeptides can be used to practice the
inventions disclosed herein. In some embodiments, Cas molecules of Type II Cas systems are
used. In other embodiments, Cas molecules of other Cas systems are used. For example, Type I
or Type III Cas molecules may be used. Exemplary Cas molecules (and Cas systems) are
described, e.g., in Haft ef al., PLOS COMPUTATIONAL B10LOGY 2005, 1(6): €60 and Makarova et
al., NATURE REVIEW MICROBIOLOGY 2011, 9:467-477, the contents of both references are
incorporated herein by reference in their entirety. Exemplary Cas molecules (and Cas systems)

are also shown in Table 12.

Table 12: Cas Systems
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Gene System type Name from Structure of Families (and Representatives
name* or subtype Haft et al.} encoded protein | superfamily) of

(PDB encoded**
accessions)! protein®
casl * Typel casl 3GOD, 3LFX COGI1518 SERP2463, SPy1047
* Type II and 2YZS and ygbT
* Type IlI
cas2 * Typel cas2 2IVY, 2I8E and COG1343 and SERP2462, SPy1048,
* Type II 3EXC COG3512 SPy1723 (N-terminal
* Type III domain) and ygbF
cas3' * Type I'* cas3 NA COG1203 APE1232 and ygcB
cas3" * Subtype I-A | NA NA COG2254 APE1231 and BH0336
* Subtype I-B
cas4 * Subtype I-A | cas4 and csal NA COG1468 APE1239 and BH0340
* Subtype I-B
* Subtype I-C
* Subtype I-D
* Subtype II-
B
casd * Subtype I-A | casda, casdd, 3KG4 COG1688 APE1234, BH0337,
* Subtype I-B casle, casdh, (RAMP) devS§ and ygcl
* Subtype I-C | casdp, cas5t
* Subtype I-E | and cmx5
casb * Subtype I-A | cas6 and cmx6 314H COG1583 and PF1131 and slt7014
* Subtype I-B COG5551
* Subtype I-D (RAMP)
* Subtype III-
Ae Subtype
111-B
cas6e * Subtype I-E | cse3 1WI9 (RAMP) ygcH
cas6f * Subtype I-F csy4 2X1I (RAMP) y1727
cas7 * Subtype I-A | csa2, csd2, NA COG1857 and devR and ygcJ
* Subtype I-B | cse4, csh2, COG3649
* Subtype I-C | cspl and cst2 (RAMP)
* Subtype I-E
cas8al | «Subtype I- emxl, estl, NA BHO0338-like LA3191% and
AH csx8, csxl3 PG2018™
and CXXC-
CXXC
cas8a2 * Subtype I- csa4 and csx9 NA PHO0918 AF0070, AF1873,
A¥ MJ0385, PF0637,
PH0918 and SS0O1401
cas8b * Subtype I- cshl and NA BHO0338-like MTH1090 and
B TM1802 TM1802
cas8c * Subtype I- csdl and csp2 NA BHO0338-like BHO0338
Cii
cas9 « Type I1* csnl and esx12 | NA COG3513 FTN_0757 and

SPy1046
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Table 12: Cas Systems
Gene System type Name from Structure of Families (and Representatives
name’ or subtype Haft et al.’ encoded protein | superfamily) of
(PDB encoded
accessions)! protein*”*
casl0 « Type III* cmr2, esml NA COG1353 MTH326, Rv2823c"
and csx]1 and TM1794%
caslOd | «Subtype I- csc3 NA COG1353 slr7011
Dii
csyl * Subtype I- csyl NA y1724-like y1724
Fii
csy2 * Subtype I-F csy2 NA (RAMP) y1725
csy3 * Subtype I-F csy3 NA (RAMP) y1726
csel * Subtype I- csel NA YgcL-like ygcL
Eii
cse2 * Subtype I-E | cse2 27CA YgcK-like ygcK
escl * Subtype I-D | cscl NA alr1563-like alr1563
(RAMP)
csc2 * Subtype I-D | cscl and csc2 NA COG1337 slr7012
(RAMP)
csad * Subtype I-A | csad NA AF1870 AF1870, MJ0380,
PF0643 and SSO1398
csn2 * Subtype II- csn2 NA SPy1049-like SPy1049
A
csm2 * Subtype III- | csm2 NA COG1421 MTH1081 and
A¥ SERP2460
csm3 * Subtype III- | csc2 and csm3 NA COG1337 MTH1080 and
A (RAMP) SERP2459
csmé * Subtype III- | csm4 NA COG1567 MTH1079 and
A (RAMP) SERP2458
csmd * Subtype III- | csmd NA COG1332 MTH1078 and
A (RAMP) SERP2457
csmo * Subtype III- | APE2256 and 2WTE COG1517 APE2256 and
A csmb 5501445
cmrl * Subtype III- | cmrl NA COG1367 PF1130
B (RAMP)
cmr3 * Subtype III- | cmr3 NA COG1769 PF1128
B (RAMP)
cmrd * Subtype III- | cmrd NA COG1336 PF1126
B (RAMP)
cmrd * Subtype III- | cmrd 270P and 20EB COG3337 MTH324 and PF1125
Bii
cmrb * Subtype III- | cmr6 NA COG1604 PF1124
B (RAMP)
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Table 12: Cas Systems
Gene System type Name from Structure of Families (and Representatives
name’ or subtype Haft et al.} encoded protein | superfamily) of
(PDB encoded
accessions)! protein*”*
csbl * Subtype I-U | GSU0053 NA (RAMP) Balac_1306 and
GSU0053

csb2 * Subtype I- NA NA (RAMP) Balac_1305 and

U GSU0054
csh3 * Subtype I-U | NA NA (RAMP) Balac_1303%
csx17 * Subtype I-U | NA NA NA Btus_2683
csx14 * Subtype I-U | NA NA NA GSU0052
csx10 * Subtype I-U | csx10 NA (RAMP) Caur_2274
csx16 * Subtype III- VVA1548 NA NA VVA1548

8}
csaX * Subtype III- | csaX NA NA 5501438

8}
csx3 * Subtype III- | csx3 NA NA AF1864

8}
esxl * Subtype III- | csa3, csxl, 1XMX and 2171 COG1517 and MI1666, NEO113,

8§ csx2, DXTHG, COG4006 PF1127 and TM1812

NEO113 and
TIGR02710

csxls * Unknown NA NA TTE2665 TTE2665
csfl * Type U csfl NA NA AFE_1038
csf2 * Type U csf2 NA (RAMP) AFE_1039
csf3 * Type U csf3 NA (RAMP) AFE_1040
csf4 * Type U csf4 NA NA AFE_1037

IV. Functional Analysis of Candidate Molecules

Candidate Cas9 molecules, candidate gRNA molecules, candidate Cas9 molecule/gRNA

molecule complexes, can be evaluated by art-known methods or as described herein. For

example, exemplary methods for evaluating the endonuclease activity of Cas9 molecule are

described, e.g., in Jinek et al., SCIENCE 2012, 337(6096):816-821.

Binding and Cleavage Assay: Testing the endonuclease activity of Cas9 molecule

The ability of a Cas9 molecule/gRNA molecule complex to bind to and cleave a target

nucleic acid can be evaluated in a plasmid cleavage assay. In this assay, synthetic or in vitro-

transcribed gRNA molecule is pre-annealed prior to the reaction by heating to 95°C and slowly

cooling down to room temperature. Native or restriction digest-linearized plasmid DNA (300 ng
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(~8 nM)) is incubated for 60 min at 37°C with purified Cas9 protein molecule (50-500 nM) and
gRNA (50-500 nM, 1:1) in a Cas9 plasmid cleavage buffer (20 mM HEPES pH 7.5, 150 mM
KCL 0.5 mM DTT, 0.1 mM EDTA) with or without 10 mM MgCl,. The reactions are stopped
with 5X DNA loading buffer (30% glycerol, 1.2% SDS, 250 mM EDTA), resolved by a 0.8 or
1% agarose gel electrophoresis and visualized by ethidium bromide staining. The resulting
cleavage products indicate whether the Cas9 molecule cleaves both DNA strands, or only one of
the two strands. For example, linear DNA products indicate the cleavage of both DNA strands.
Nicked open circular products indicate that only one of the two strands is cleaved.

Alternatively, the ability of a Cas9 molecule/gRNA molecule complex to bind to and
cleave a target nucleic acid can be evaluated in an oligonucleotide DNA cleavage assay. In this
assay, DNA oligonucleotides (10 pmol) are radiolabeled by incubating with 5 units T4
polynucleotide kinase and ~3—-6 pmol (~20-40 mCi) [y-32P]-ATP in 1X T4 polynucleotide
kinase reaction buffer at 37°C for 30 min, in a 50 pL reaction. After heat inactivation (65°C for
20 min), reactions are purified through a column to remove unincorporated label. Duplex
substrates (100 nM) are generated by annealing labeled oligonucleotides with equimolar amounts
of unlabeled complementary oligonucleotide at 95°C for 3 min, followed by slow cooling to
room temperature. For cleavage assays, gRNA molecules are annealed by heating to 95°C for 30
s, followed by slow cooling to room temperature. Cas9 (500 nM final concentration) is pre-
incubated with the annealed gRNA molecules (500 nM) in cleavage assay buffer (20 mM
HEPES pH 7.5, 100 mM KCl, 5 mM MgCl2, 1 mM DTT, 5% glycerol) in a total volume of 9 pl.
Reactions are initiated by the addition of 1 ul target DNA (10 nM) and incubated for 1 h at 37°C.
Reactions are quenched by the addition of 20 pl of loading dye (5 mM EDTA, 0.025% SDS, 5%
glycerol in formamide) and heated to 95°C for 5 min. Cleavage products are resolved on 12%
denaturing polyacrylamide gels containing 7 M urea and visualized by phosphorimaging. The
resulting cleavage products indicate that whether the complementary strand, the non-
complementary strand, or both, are cleaved.

One or both of these assays can be used to evaluate the suitability of a candidate gRNA

molecule or candidate Cas9 molecule.

Binding Assay: Testing the binding of Cas9 molecule to target DNA
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Exemplary methods for evaluating the binding of Cas9 molecule to target DNA are
described, e.g., in Jinek et al., SCIENCE 2012; 337(6096):816-821.

For example, in an electrophoretic mobility shift assay, target DNA duplexes are formed
by mixing of each strand (10 nmol) in deionized water, heating to 95°C for 3 min and slow
cooling to room temperature. All DNAs are purified on 8% native gels containing 1X TBE.
DNA bands are visualized by UV shadowing, excised, and eluted by soaking gel pieces in
DEPC-treated H,O. Eluted DNA is ethanol precipitated and dissolved in DEPC-treated H,O.
DNA samples are 5° end labeled with [y-32P]-ATP using T4 polynucleotide kinase for 30 min at
37°C. Polynucleotide kinase is heat denatured at 65°C for 20 min, and unincorporated radiolabel
is removed using a column. Binding assays are performed in buffer containing 20 mM HEPES
pH 7.5, 100 mM KCI, 5 mM MgCl,, ] mM DTT and 10% glycerol in a total volume of 10 pl.
Cas9 protein molecule is programmed with equimolar amounts of pre-annealed gRNA molecule
and titrated from 100 pM to 1 uM. Radiolabeled DNA is added to a final concentration of 20
pM. Samples are incubated for 1 h at 37°C and resolved at 4°C on an 8% native polyacrylamide
gel containing 1X TBE and 5 mM MgCl,. Gels are dried and DNA visualized by
phosphorimaging.

Differential Scanning Flourimetry (DSF)

The thermostability of Cas9-gRNA ribonucleoprotein (RNP) complexes can be measured
via DSF. This technique measures the thermostability of a protein, which can increase under
favorable conditions such as the addition of a binding RNA molecule, e.g., a gRNA.

The assay is performed using two different protocols, one to test the best stoichiometric
ratio of gRNA:Cas9 protein and another to determine the best solution conditions for RNP
formation.

To determine the best solution to form RNP complexes, a 2uM solution of Cas9 in
water+10x SYPRO Orange® (Life Techonologies cat#S-6650) and dispensed into a 384 well
plate. An equimolar amount of gRNA diluted in solutions with varied pH and salt is then added.
After incubating at room temperature for 10’and brief centrifugation to remove any bubbles,a
Bio-Rad CFX384™ Real-Time System C1000 Touch™ Thermal Cycler with the Bio-Rad CFX
Manager software is used to run a gradient from 20°C to 90°C with a 1° increase in temperature

every 10seconds.
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The second assay consists of mixing various concentrations of gRNA with 2uM Cas9 in
optimal buffer from assay 1 above and incubating at RT for 10” in a 384 well plate. An equal
volume of optimal buffer + 10x SYPRO Orange® (Life Techonologies cat#S-6650) is added and
the plate sealed with Microseal® B adhesive (MSB-1001). Following brief centrifugation to
remove any bubbles, a Bio-Rad CFX384™ Real-Time System C1000 Touch™ Thermal Cycler
with the Bio-Rad CFX Manager software is used to run a gradient from 20°C to 90°C with a 1°

increase in temperature every 10seconds.

V. Genome Editing Approaches
Mutations in the USH2A gene may be corrected using one of the approaches discussed
herein. In an embodiment, a mutation in the USH2A gene is corrected by homology directed

repair (HDR) using an exogenously provided template nucleic acid (see Section V.1).

V.1 HDR Repair and Template Nucleic Acids

The donor template or template nucleic acid provides for alteration of the target
sequence. While not wishing to be bound by theory, it is believed that alteration of the target
sequence occurs by homology-directed repair (HDR) with the donor template. While not wishing
to be bound by theory, it is believed that plasmid donors serve as templates for homologous
recombination and it is believed that single stranded donor templates provide for alteration of the
target sequence potentially by alternate methods of homology directed repair (e.g., single strand
annealing) between the target sequence and the donor template. Donor template-eftected
alteration of a target sequence depends on cleavage by a Cas9 molecule. Cleavage by Cas9 can
comprise a double strand break or two single strand breaks.

Double strand break mediated correction

In an embodiment, double strand cleavage is effected by a Cas9 molecule having
cleavage activity associated with an HNH-like domain and cleavage activity associated with
anRuvC-like domain, e.g., an N-terminal RuvC-like domain, e.g., a wildtype Cas9. Such
embodiments require only a single gRNA.

Single strand break mediated correction

In other embodiments, two single strand breaks, or nicks, are effected by a Cas9 molecule

having nickase activity, e.g., cleavage activity associated with an HNH-like domain or cleavage
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activity associated with an N-terminal RuvC-like domain. Such embodiments require two
gRNAs, one for placement of each single strand break. In an embodiment, the Cas9 molecule
having nickase activity cleaves the strand to which the gRNA hybridizes but not the strand that is
complementary to the strand to which the gRNA hybridizes. In an embodiment, the Cas9
molecule having nickase activity does not cleave the strand to which the gRNA hybridizes but
rather cleaves the strand that is complementary to the strand to which the gRNA hybridizes.

In an embodiment, the nickase has HNH activity, e.g., a Cas9 molecule having the RuvC
activity inactivated, e.g., a Cas9 molecule having a mutation at D10, e.g., the D10A mutation.
D10A inactivates RuvC therefore the Cas9 nickase has (only) HNH activity and will cut on the
strand to which the gRNA hybridizes (the complementary strand, which does not have the NGG
PAM on it). In other embodiments, a Cas9 molecule having an H840, e.g., an H840A, mutation
can be used as a nickase. H840A inactivates HNH therefore the Cas9 nickase has (only) RuvC
activity and cuts on the non-complementary strand (the strand that has the NGG PAM and whose
sequence is identical to the gRNA). In other embodiments, a Cas9 molecule having an H863,
e.g., an H863A, mutation can be used as a nickase. H863A inactivates HNH therefore the Cas9
nickase has (only) RuvC activity and cuts on the non-complementary strand (the strand that has
the NGG PAM and whose sequence is identical to the gRNA).

In an embodiment, in which a nickase and two gRNAs are used to position two single
strand nicks, one nick is on the + strand and one nick is on the — strand of the target nuclic acid.
The PAMs can be outwardly facing. The gRNAs can be selected such that the gRNAs are
separated by, from 0-50, 0-100, or 0-200 nucleotides. In an embodiment, there is no overlap
between the target sequences that are complementary to the targeting domains of the two
gRNAs. In an embodiment, the gRNAs do not overlap and are separated by as much as 50, 100,
or 200 nucleotides. In an embodiment, the use of two gRNAs can increase specificity, e.g., by
decreasing off-target binding (Ran er al., Cell 2013; 154(6):1380-1389).

In an embodiment, a single nick can be used to induce HDR. In an embodiment, using a
single nick to induce HDR is less efficient and has a lower on-target activity than is seen with a
double nickase approach.

Placement of double strand or single strand breaks relative to the target position

The double strand break or single strand break in one of the strands should be sufficiently

close to the target sequence or signature such that correction occurs. In an embodiment, the
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distance is not more than 50, 100, 200, 300, 350 or 400 nucleotides. While not wishing to be
bound by theory, it is believed that the break should be sufficiently close to the target sequence
such that the break is within the region that is subject to exonuclease-mediated removal during
end resection. If the distance between the target sequence and a break is too great, the mutation
may not be included in the end resection and, therefore, may not be corrected, as donor sequence
may only be used to correct sequence within the end resection region.

In an embodiment, a gRNA, e.g., a unimolecular (or chimeric) or modular gRNA
molecule, is configured to position one double-strand break in close proximity to a nucleotide of
the target position. In an embodiment, the cleavage site is between 0-40 bp away from the target
position (e.g., less than 40, 35, 30, 25, 20, 15, 10,9, 8,7, 6, 5,4, 3, 2 or 1 bp from the target
position).

In an embodiment, two gRNAs, e.g., independently, unimolecular (or chimeric) or
modular gRNA, are configured to position two single-strand breaks. In an embodiment, the
gRNAs are configured to position cuts at the same position, or within a few nucleotides of one
another, on different strands, essentially mimicking a double strand break. In an embodiment,
the two nicks are between 0-40 bp away from the target position (e.g., less than 40, 35, 30, 25,
20, 15, 10,9, 8,7, 6,5, 4, 3,2 or 1 bp from the target position) respectively, and the two single
strand breaks are within 25-55 bp of each other (e.g., between 25 to 50, 25 to 45, 25 to 40, 25 to
35, 25 to 30, 50 to 55, 45 to 55, 40 to 55, 35 to 55, 30 to 55, 30 to 50, 35 to 50, 40 to 50, 45 to
50, 35 to 45, or 40 to 45 bp) and no more than 100 bp away from each other (e.g., no more than
90, 80, 70, 60, 50, 40, 30, 20 or 10 bp). In an embodiment, the gRNAs are configured to place a
single strand break on either side of the target position. In an embodiment, the gRNAs are
configured to place a single strand break on the same side (either 5’ or 3”) of the target position.

Regardless of whether a break is a double strand or a single strand break, the gRNA
should be configured to avoid unwanted target chromosome elements, such as repeated elements,
e.g., an Alu repeat, in the target domain. In addition, a break, whether a double strand or a single
strand break, should be sufficiently distant from any sequence that should not be altered. For
example, cleavage sites positioned within introns should be sufficiently distant from any
intron/exon border, or naturally occurring splice signal, to avoid alteration of the exonic

sequence or unwanted splicing events.
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Length of the homology arms

The homology arm should extend at least as far as the region in which end resection may
occur, €.g., in order to allow the resected single stranded overhang to find a complementary
region within the donor template. The overall length could be limited by parameters such as
plasmid size or viral packaging limits. In an embodiment, a homology arm does not extend into
repeated elements, e.g., Alu repeats.

Exemplary homology arm lengths include a least 50, 100, 250, 500, 750 or 1000
nucleotides.

Target position, as used herein, refers to a site on a target nucleic acid (e.g., the
chromosome) that is modified by a Cas9 molecule-dependent process. For exampe, the target
position can be a modified Cas9 molecule cleavage of the target nucleic acid and template
nucleic acid directed modification, e.g., correction, of the target position. In an embodiment, a
target position can be a site between two nucleotides, e.g., adjacent nucleotides, on the target
nucleic acid into which one or more nucleotides is added. The target position may comprise one
or more nucleotides that are altered, e.g., corrected, by a template nucleic acid. In an
embodiment, the target position is within a target sequence (e.g., the sequence to which the
gRNA binds). In an embodiment, a target position is upstream or down stream of a target
sequence (e.g., the sequence to which the gRNA binds).

A template nucleic acid, as that term is used herein, refers to a nucleic acid sequence
which can be used in conjunction with a Cas9 molecule and a gRNA molecule to alter the
structure of a target position. In an embodiment, the target nucleic acid is modified to have the
some or all of the sequence of the template nucleic acid, typically at or near cleavage site(s).
Target position, as used herein, refers to a nucleotide or nucleotides that are altered by the
template nucleic acid, e.g., by altering, e.g., by recombination, e.g., homologous recombination
or by homology directed repair. In an embodiment, the template nucleic acid is single stranded.
In an alternate embodiment, the template nucleic acid is double stranded. In an embodiment, the
template nucleic acid is DNA, e.g., double stranded DNA. In an alternate embodiment, the
template nucleic acid is singe stranded DNA. In an embodiment, the template nucleic acid is
encoded on the same vector backbone, e.g. AAV genome, plasmid DNA, as the Cas9 and gRNA.
In an embodiment, the template nucleic is excised from this backbone in vivo, e.g. is flanked by

gRNA recognition sequences.
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In an embodiment, the template nucleic acid alters the structure of the target position by
participating in a homology directed repair event. In an embodiment, the template nucleic acid
alters the sequence of the target position. In an embodiment, the template nucleic acid results in
the incorporation of a modified, or non-naturally occurring base into the target nucleic acid.

Typically, the template sequence undergoes a breakage mediated or catalyzed
recombination with the target sequence. In an embodiment, the template nucleic acid includes
sequence that corresponds to a site on the target sequence that is cleaved by an eaCas9 mediated
cleavage event. In an embodiment, the template nucleic acid includes sequence that corresponds
to both, a first site on the target sequence that is cleaved in a first Cas9 mediated event, and a
second site on the target sequence that is cleaved in a second Cas9 mediated event.

In an embodiment, the template nucleic acid can include sequence which results in an
alteration in the coding sequence of a translated sequence, €.g., one which results in the
substitution of one amino acid for another in a protein product, e.g., transforming a mutant allele
into a wild type allele, transforming a wild type allele into a mutant allele, and/or introducing a
stop codon, insertion of an amino acid residue, deletion of an amino acid residue, or a nonsense
mutation.

In other embodiments, the template nucleic acid can include sequence which results in an
alteration in a non-coding sequence, e.g., an alteration in an exon or in a 5’ or 3’ non-translated
or non-transcribed region. Such alterations include an alteration in a control element, e.g., a
promoter, enhancer, and an alteration in a cis-acting or trans-acting control element.

A template nucleic acid having homology with a target position in the USH2A gene from
can be used to alter the structure of a target sequence. The template sequence can be used to
alter an unwanted structure, e.g., an unwanted or mutant nucleotide.

A template nucleic acid comprises the following components:

[5’ homology arm]-[replacement sequence]-[3” homology arm].

The homology arms provide for recombination into the chromosome, thus replacing the
undesired element, e.g., a mutation or signature, with the replacement sequence. In an
embodiment, the homology arms flank the most distal cleavage sites.

In an embodiment, the 3’ end of the 5° homology arm is the position next to the 5* end of

the replacement sequence. In an embodiment, the 5* homology arm can extend at least 10, 20,
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30, 40, 50, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1500, or 2000 nucleotides 5° from
the 5° end of the replacement sequence.

In an embodiment, the 5° end of the 3’ homology arm is the position next to the 3" end of
the replacement sequence. In an embodiment, the 3’ homology arm can extend at least 10, 20,
30, 40, 50, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1500, or 2000 nucleotides 3’ from
the 3’ end of the replacement sequence.

Exemplary Template Nucleic Acids

Exemplary template nucleic acids (also referred to herein as donor constructs) to
correction a mutation, e.g., a deletion of guanine at nucleotide position 2299 (2299delG) in the
USH2A gene, are provided.

Suitable sequence for the 5° homology arm can be selected from (e.g., includes a portion
of) or include the following sequence:
AAAACATTTTTCTTCATTCGTAAAATGTATATGTGTACTCCTTTAAATAGAAGTAATA
TAAAAAACAGAATTTACTTAGTGTTTAAAGAGGTATGTTCTGAGTCACACAAGATGA
CAAGCAATGTGATTGCTTTATGAGCCAAGGAGAGCATGATTTATATTAATTGAAAAT
GATAAAATAGAGGAGCATACAAAAGGATTAAACCAAAAATTGCCCTGGATAAGTTT
TATTTATATTAATTACTTAAATGTGTGGATTCAGAAATAAGTGTATATGCTGTTTTCA
CAAAAATAGTTATCAGCTGACATTTTTTTCTTTTTTCCCAGCTTCACGAAGGTATAAT
TAAATAAAAATTGTATATATTTATGGCAGACAACATGATGTTTTGATATATGTACAC
ATTATAAAATGATTAATTCCAGCTAATTAATGTATCCATCACCTCATGTACTTATCAT
GTTTTTGGGGTGAGAACATTTAAGATCTAATCTCTTAGCAATTTTCAAGTATACAAT
ACATTATTATTAAGTATAGTCACCATGCTGTACAATAGAGCTCCAGAACTTATTCAT
TCTGTCTAGCTGAAACTTTGTACTCAGCTTAACCTTTTATTAAACATCTTTAGAGATT
TCTTATCTTTAGAAAAACAACTAATTTGTTATATGTAATTCTACTATAATTTTAAATG
AGCACATTTGTTAAAATAGTTTTTAAGATTTGTTAAAGAGAAAAAGAGCTCCAGCAT
ATGTAACAGAAACAACATTTGCATTAAGCATTTTTCTTTGCATTAAGTAATAATTAA
AAATTTATGAAGTTCATCGCAAACAGTTGTATATTAAAGCTAAATTAAATATTGTCA
TTGAATTTTGAGAGTAAGATTGGCCCCCTATGGCATTGCTTGTGAGAAAACACTCAA
TATTTTGTGTTCGTATCATCTGCAGTAGCATTGTTTGTGTCTCGTCTATCTTGAATGA
AATCATTTTCCCATCCTCACCTTTTAAATATATTTTATCTTTAGGGCTTAGGTGTGAT
CATTGCAATTTTGGATTTAAATTTCTCCGAAGCTTTAATGATGTTGGATGTGAGCCCT
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GCCAGTGTAACCTCCATGGCTCAGTGAACAAATTCTGCAATCCTCACTCTGGGCAGT
GT
(SEQ ID NO: 387) (5’H arm for 2299delG correction)

Suitable sequence for the 3° homology arm can be selected from (e.g., includes a portion
of) or include the following sequence:
AGTGCAAAAAAGAAGCCAAAGGACTTCAGTGTGACACCTGCAGAGAAAACTTTTAT
GGGTTAGATGTCACCAATTGTAAGGCCTGTGACTGTGACACAGCTGGATCCCTCCCT
GGGACTGTCTGTAATGCTAAGACAGGGCAGTGCATCTGCAAGCCCAATGTTGAAGG
GAGACAGTGCAATAAATGTTTGGAGGGAAACTTCTACCTACGGCAAAATAATTCTTT
CCTCTGTCTGCCTTGCAACTGTGATAAGACTGGGACAATAAATGGCTCTCTGCTGTG
TAACAAATCAACAGGACAATGTCCTTGCAAATTAGGGGTAACAGGTCTTCGCTGTAA
TCAGTGTGAGCCTCACAGGTACAATTTGACCATTGACAATTTTCAACACTGCCAGAT
GTGTGAGTGTGATTCCTTGGGGACATTACCTGGGACCATTTGTGACCCAATCAGTGG
CCAGTGCCTGTGTGTGCCTAATCGTCAAGGAAGAAGGTGTAATCAGTGTCAACCAG
GTAAGAAAGAAATGTATTACATTTTCAGTGCACAATGACATTCCTTTTGTTAACTTA
GGTAACTTCTCCCTGTTTCTGGTTTGTGGCTTCTACAAATTTTATTTCCAAAATCATT
ACTGTATTTATATCATTATCCAACACATATATAACTATTTAACTTATTCAAAATTATC
TGCATATTTATGTTACTATTTTGAGAGGATACTTTAGATAAAACTCAGCCGATCGGA
TTTATTTCATAATTGAGACTCAATTTCTACACTTGAAGTAAATCTCCTTTTTAACAGT
TTTTTAAAAATCAGATCAACAAGAGTCAATTTTATTTTCCAGAGAAAGGAAAATTTG
AGTTGAATATCCATACAATGCCAAATATTCAAATGATGAACTAAATCTCTGAATAAA
GCTGGCTAAATGTTTTTGCTGAAGAGGCTATATGTTCTAGTTTTATATAGAAATACCT
AGAATTGTTTCCACATGCCATCAAATTAATAAAATAGGCCACTGTTTAATCTCATTA
TATACAAACTTATCTTTCCATCTCTTTCCCAATTGGGAGAGGGATAGACCCCATCTAT
GGCTCTCCTTACATTTAAGATTTTAACTAAAATACTATACCTTCTTTACAATAAATTC
ATTATGA

(SEQ ID NO: 388) (3’H arm for 2299delG correction)

In an embodiment, the replacement sequence comprises or consists of a guanine (G)
residue.

In an embodiment, to correct a deletion of guanine at nucleotide position 2299

(2299delG) in the USH2A gene, the homology arms, e.g., the 5” and 3’ homology arms, may
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each comprise about 1000 base pairs (bp) of sequence flanking the most distal gRNAs (e.g.,
1150bp of sequence on either side of the mutation). The 5° homology arm is shown as bold
sequence, the inserted base to correct the guanine deletion is shown as non-bold and boxed
sequence, and the 3’ homology arm is shown as underlined sequence.
AAAACATTTTTCTTCATTCGTAAAATGTATATGTGTACTCCTTTAAATAGAAGTA
ATATAAAAAACAGAATTTACTTAGTGTTTAAAGAGGTATGTTCTGAGTCACACA
AGATGACAAGCAATGTGATTGCTTTATGAGCCAAGGAGAGCATGATTTATATTA
ATTGAAAATGATAAAATAGAGGAGCATACAAAAGGATTAAACCAAAAATTGCCC
TGGATAAGTTTTATTTATATTAATTACTTAAATGTGTGGATTCAGAAATAAGTGT
ATATGCTGTTTTCACAAAAATAGTTATCAGCTGACATTTTTTTCTTTTTTCCCAG
CTTCACGAAGGTATAATTAAATAAAAATTGTATATATTTATGGCAGACAACATG
ATGTTTTGATATATGTACACATTATAAAATGATTAATTCCAGCTAATTAATGTAT
CCATCACCTCATGTACTTATCATGTTTTTGGGGTGAGAACATTTAAGATCTAAT
CTCTTAGCAATTTTCAAGTATACAATACATTATTATTAAGTATAGTCACCATGCT
GTACAATAGAGCTCCAGAACTTATTCATTCTGTCTAGCTGAAACTTTGTACTCA
GCTTAACCTTTTATTAAACATCTTTAGAGATTTCTTATCTTTAGAAAAACAACTA
ATTTGTTATATGTAATTCTACTATAATTTTAAATGAGCACATTTGTTAAAATAGT
TTTTAAGATTTGTTAAAGAGAAAAAGAGCTCCAGCATATGTAACAGAAACAACA
TTTGCATTAAGCATTTTTCTTTGCATTAAGTAATAATTAAAAATTTATGAAGTTC
ATCGCAAACAGTTGTATATTAAAGCTAAATTAAATATTGTCATTGAATTTTGAG
AGTAAGATTGGCCCCCTATGGCATTGCTTGTGAGAAAACACTCAATATTTTGTG
TTCGTATCATCTGCAGTAGCATTGTTTGTGTCTCGTCTATCTTGAATGAAATCA
TTTTCCCATCCTCACCTTTTAAATATATTTTATCTTTAGGGCTTAGGTGTGATCA
TTGCAATTTTGGATTTAAATTTCTCCGAAGCTTTAATGATGTTGGATGTGAGCC
CTGCCAGTGTAACCTCCATGGCTCAGTGAACAAATTCTGCAATCCTCACTCTGG
GCAGTGT@%GTGCAAAAAAGAAGCCAAAGGACTTCAGTGTGACACCTGCAGAGAA
AACTTTTATGGGTTAGATGTCACCAATTGTAAGGCCTGTGACTGTGACACAGCTGGA
TCCCTCCCTGGGACTGTCTGTAATGCTAAGACAGGGCAGTGCATCTGCAAGCCCAAT
GTTGAAGGGAGACAGTGCAATAAATGTTTGGAGGGAAACTTCTACCTACGGCAAAA
TAATTCTTTCCTCTGTCTGCCTTGCAACTGTGATAAGACTGGGACAATAAATGGCTCT
CTGCTGTGTAACAAATCAACAGGACAATGTCCTTGCAAATTAGGGGTAACAGGTCTT
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CGCTGTAATCAGTGTGAGCCTCACAGGTACAATTTGACCATTGACAATTTTCAACAC
TGCCAGATGTGTGAGTGTGATTCCTTGGGGACATTACCTGGGACCATTTGTGACCCA
ATCAGTGGCCAGTGCCTGTGTGTGCCTAATCGTCAAGGAAGAAGGTGTAATCAGTGT
CAACCAGGTAAGAAAGAAATGTATTACATTTTCAGTGCACAATGACATTCCTTTTGT
TAACTTAGGTAACTTCTCCCTGTTTCTGGTTTGTGGCTTCTACAAATTTTATTTCCAA
AATCATTACTGTATTTATATCATTATCCAACACATATATAACTATTTAACTTATTCAA
AATTATCTGCATATTTATGTTACTATTTTGAGAGGATACTTTAGATAAAACTCAGCCG
ATCGGATTTATTTCATAATTGAGACTCAATTTCTACACTTGAAGTAAATCTCCTTTTT
AACAGTTTTTTAAAAATCAGATCAACAAGAGTCAATTTTATTTTCCAGAGAAAGGAA
AATTTGAGTTGAATATCCATACAATGCCAAATATTCAAATGATGAACTAAATCTCTG
AATAAAGCTGGCTAAATGTTTTTGCTGAAGAGGCTATATGTTCTAGTTTTATATAGA
AATACCTAGAATTGTTTCCACATGCCATCAAATTAATAAAATAGGCCACTGTTTAAT
CTCATTATATACAAACTTATCTTTCCATCTCTTTCCCAATTGGGAGAGGGATAGACCC
CATCTATGGCTCTCCTTACATTTAAGATTTTAACTAAAATACTATACCTTCTTTACAA
TAAATTCATTATGA (Template Construct 1; SEQ ID NO: 389)

As described below in Table 13, shorter homology arms, e.g., 5° and/or 3° homology
arms may be used.

It is contemplated herein that one or both homology arms may be shortened to avoid
including certain sequence repeat elements, e.g., Alu repeats, LINE elements. For example, a 5’
homology arm may be shortened to avoid a sequence repeat element. In other embodiments, a 3’
homology arm may be shortened to avoid a sequence repeat element. In some embodiments,
both the 5° and the 3’ homology arms may be shortened to avoid including certain sequence
repeat elements.

In an embodiment, to correct a deletion of guanine at nucleotide position 2299
(2299delG) in the USH2A gene (i.e., insert the missing guanine at position 2299), the 5’
homology arm may be shortened less than 600 nucleotides, e.g., approximately 550 nucleotides,
1.g., 552 nucleotides, to avoid inclusion of a LINE repeat element in the 5’ homology arm. An
exemplary 5° homology arm is shown as bold sequence, the inserted base to correct the guanine
deletion is shown as non-bold and boxed sequence, and an exemplary 3’ homology arm is shown

as underlined sequence.
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AGCTTAACCTTTTATTAAACATCTTTAGAGATTTCTTATCTTTAGAAAAACAACT
AATTTGTTATATGTAATTCTACTATAATTTTAAATGAGCACATTTGTTAAAATAG
TTTTTAAGATTTGTTAAAGAGAAAAAGAGCTCCAGCATATGTAACAGAAACAAC
ATTTGCATTAAGCATTTTTCTTTGCATTAAGTAATAATTAAAAATTTATGAAGTT
CATCGCAAACAGTTGTATATTAAAGCTAAATTAAATATTGTCATTGAATTTTGA
GAGTAAGATTGGCCCCCTATGGCATTGCTTGTGAGAAAACACTCAATATTTTGT
GTTCGTATCATCTGCAGTAGCATTGTTTGTGTCTCGTCTATCTTGAATGAAATC
ATTTTCCCATCCTCACCTTTTAAATATATTTTATCTTTAGGGCTTAGGTGTGATC
ATTGCAATTTTGGATTTAAATTTCTCCGAAGCTTTAATGATGTTGGATGTGAGC
CCTGCCAGTGTAACCTCCATGGCTCAGTGAACAAATTCTGCAATCCTCACTCTG
GGCAGTGT@AGTGCAAAAAAGAAGCCAAAGGACTTCAGTGTGACACCTGCAGAGA
AAACTTTTATGGGTTAGATGTCACCAATTGTAAGGCCTGTGACTGTGACACAGCTGG
ATCCCTCCCTGGGACTGTCTGTAATGCTAAGACAGGGCAGTGCATCTGCAAGCCCAA
TGCTTGAAGGGAGACAGTGCAATAAATGTTTGGAGGGAAACTTCTACCTACGGCAAA
ATAATTCTTTCCTCTGTCTGCCTTGCAACTGTGATAAGACTGGGACAATAAATGGCT
CTCTGCTGTGTAACAAATCAACAGGACAATGTCCTTGCAAATTAGGGGTAACAGGTC
TTCGCTGTAATCAGTGTGAGCCTCACAGGTACAATTTGACCATTGACAATTTTCAAC
ACTGCCAGATGTGTGAGTGTGATTCCTTGGGGACATTACCTGGGACCATTTGTGACC
CAATCAGTGGCCAGTGCCTGTGTGTGCCTAATCGTCAAGGAAGAAGGTGTAATCAGT
GTCAACCAGGTAAGAAAGAAATGTATTACATTTTCAGTGCACAATGACATTCCTTTT
GTTAACTTAGGTAACTTCTCCCTGTTTCTGGTTTGTGGCTTCTACAAATTTTATTTCCA
AAATCATTACTGTATTTATATCATTATCCAACACATATATAACTATTTAACTTATTCA

AAATTATCTGCATATTTATGTTACTATTTTGAGAGGATACTTTAGATAAAACTCAGCC

GATCGGATTTATTTCATAATTGAGACTCAATTTCTACACTTGAAGTAAATCTCCTTTT

TAACAGTTTTTTAAAAATCAGATCAACAAGAGTCAATTTTATTTTCCAGAGAAAGGA

AAATTTGAGTTGAATATCCATACAATGCCAAATATTCAAATGATGAACTAAATCTCT

GAATAAAGCTGGCTAAATGTTTTTGCTGAAGAGGCTATATGTTCTAGTTTTATATAG

AAATACCTAGAATTGTTTCCACATGCCATCAAATTAATAAAATAGGCCACTGTTTAA

TCTCATTATATACAAACTTATCTTTCCATCTCTTTCCCAATTGGGAGAGGGATAGACC

CCATCTATGGCTCTCCTTACATTTAAGATTTTAACTAAAATACTATACCTTCTTTACA

ATAAATTCATTATGA (Template Construct 2; SEQ ID NO: 390)
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It is contemplated herein that, in an embodiment, template nucleic acids for correcting a
mutation may designed for use as a single-stranded oligonucleotide (ssODN). When using a
ssODN, 5” and 3° homology arms may range up to about 200 base pairs (bp) in length, e.g., at
least 25, 50, 75, 100, 125, 150, 175, or 200 bp in length. Longer homology arms are also
contemplated for ssODNs as improvements in oligonucleotide synthesis continue to be made.

In an embodiment, an ssODN may be used to correct a deletion of guanine at nucleotide
position 2299 (2299delG) in the USH2A gene (i.e., insert the missing guanine at position 2299).
For example, the ssODN may include 50 bp 5° and 3* homology arms as shown below. The 5’
homology arm is shown as bold sequence, the inserted base to correct the guanine deletion is
shown as non-bold and boxed sequence, and the 3° homology arm is shown as underlined
sequence.
ACCTCCATGGCTCAGTGAACAAATTCTGCAATCCTCACTCTGGGCAGTGT@Aﬂ
GCAAAAAAGAAGCCAAAGGACTTCAGTGTGACACCTGCAGAGAAAAC (Template
Construct 3; SEQ ID NO: 391)

The table below provides exemplary template nucleotides. In an embodiment, the
template nucleotide includes the 5 homology arm and the 3’ homology arm of a row from this
Table 13. In other embodiments, a 5° homology arm from the first column can be combined
with a 3’ homology arm from this Table. In each embodiment, the combination of the 5* and 3’
homology arms include the replacement sequence, a guanine residue to correct the guanine
deletion at position 2299 of USH2A.

It is contemplated herein that, in an embodiment, Cas9 could potentially cleave donor
constructs either prior to or following homology directed repair (e.g., homologous
recombination), resulting in a possible non-homologous-end-joining event and further DNA
sequence mutation at the chromosomal locus of interest. Therefore, to avoid cleavage of the
donor sequence before and/or after Cas9-mediated homology directed repair, alternate versions
of the donor sequence may be used where silent mutations are introduced. These silent
mutations may disrupt Cas9 binding and cleavage, but not disrupt the amino acid sequence of the
repaired gene. For example, mutations may include those made to a donor sequence to repair the
USH2A gene, the mutant form which can cause Usher Syndrome. If gRNA USH2A-179 with
the 20-base target sequence GTTAGATGTCACCAATTGTA is used with a donor construct to
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correct the 2299G deletion and the donor construct contains the sequence
ACTTTTATGGGTTAGATGTCACCAATTGTAAGGCCTGTGACTG, the donor sequence
may be changed to ACTTTTATGGGTTAGATGTCACCAATTGTAAAGCCTGTGACTG,

where the bold A has been changed from a G at that position so that codon 793 still codes for the
amino acid lysine, but the PAM sequence AGG has been modified to AAG to reduce or

eliminate Cas9 cleavage at that locus.
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5’ homology arm (the number of
nucleotides from SEQ ID NO: 5°’H,
beginning at the 3’ end of SEQ ID
NO: 5’H)

Replacement

Sequence=G

3’ homology arm (the number of
nucleotides from SEQ ID NO: 3’H,
beginning at the 5° end of SEQ ID
NO: 3’H)

10 or more 10 or more
20 or more 20 or more
50 or more 50 or more
100 or more 100 or more
150 or more 150 or more

200 or more

200 or more

250 or more

250 or more

300 or more

300 or more

350 or more

350 or more

400 or more

400 or more

450 or more

450 or more

500 or more

500 or more

550 or more

550 or more

600 or more

600 or more

650 or more

650 or more

700 or more

700 or more

750 or more

750 or more

800 or more

800 or more

850 or more

850 or more

900 or more

900 or more

1000 or more

1000 or more

1100 or more

1100 or more

1200 or more

1200 or more

1300 or more

1300 or more

1400 or more

1400 or more
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1500 or more

1500 or more

1600 or more

1600 or more

1700 or more

1700 or more

1800 or more

1800 or more

1900 or more

1900 or more

1200 or more

1200 or more

At least 50 but not long enough to

include a repeated element.

At least 50 but not long enough to

include a repeated element.

At least 100 but not long enough to

include a repeated element.

At least 100 but not long enough to

include a repeated element.

At least 150 but not long enough to

include a repeated element.

At least 150 but not long enough to

include a repeated element.

5 to 100 nucleotides

5 to 100 nucleotides

10 to 150 nucleotides

10 to 150 nucleotides

20 to 150 nucleotides

20 to 150 nucleotides

Template Construct No. 1

Template Construct No. 2

Template Construct No. 3

In an embodiment, a single or dual nickase eaCasO is used to cleave the target DNA near
the site of the mutation, or signature, to be modified, e.g., replaced. While not wishing to be
bound by theory, in an embodiment, it is believed that the Cas9 mediated break induces HDR

with the template nucleic acid to replace the target DNA sequence with the template sequence.

V.2 NHE] Approaches for Gene Targeting

As described herein, nuclease-induced non-homologous end-joining (NHEJ) can be used
to target gene-specific knockouts. Nuclease-induced NHEJ can also be used to remove (e.g.,
delete) sequences in a gene of interest.

While not wishing to be bound by theory, it is believed that, in an embodiment, the
genomic alterations associated with the methods described herein rely on nuclease-induced

NHEJ and the error-prone nature of the NHEJ repair pathway. NHEJ repairs a double-strand
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break in the DNA by joining together the two ends; however, generally, the original sequence is
restored only if two compatible ends, exactly as they were formed by the double-strand break,
are perfectly ligated. The DNA ends of the double-strand break are frequently the subject of
enzymatic processing, resulting in the addition or removal of nucleotides, at one or both strands,
prior to rejoining of the ends. This results in the presence of insertion and/or deletion (indel)
mutations in the DNA sequence at the site of the NHEJ repair. Two-thirds of these mutations
typically alter the reading frame and, therefore, produce a non-functional protein. Additionally,
mutations that maintain the reading frame, but which insert or delete a significant amount of
sequence, can destroy functionality of the protein. This is locus dependent as mutations in
critical functional domains are likely less tolerable than mutations in non-critical regions of the
protein.

The indel mutations generated by NHEJ are unpredictable in nature; however, at a given
break site certain indel sequences are favored and are over represented in the population, likely
due to small regions of microhomology. The lengths of deletions can vary widely; most
commonly in the 1-50 bp range, but they can reach greater than 100-200 bp. Insertions tend to
be shorter and often include short duplications of the sequence immediately surrounding the
break site. However, it is possible to obtain large insertions, and in these cases, the inserted
sequence has often been traced to other regions of the genome or to plasmid DNA present in the
cells.

Because NHEJ is a mutagenic process, it can also be used to delete small sequence motifs
(e.g., motifs less than or equal to 50 nucleotides in length) as long as the generation of a specific
final sequence is not required. If a double-strand break is targeted near to a target sequence, the
deletion mutations caused by the NHEJ repair often span, and therefore remove, the unwanted
nucleotides. For the deletion of larger DNA segments, introducing two double-strand breaks,
one on each side of the sequence, can result in NHEJ between the ends with removal of the entire
intervening sequence. In this way, DNA segments as large as several hundred kilobases can be
deleted. Both of these approaches can be used to delete specific DNA sequences; however, the
error-prone nature of NHEJ may still produce indel mutations at the site of repair.

Both double strand cleaving eaCas9 molecules and single strand, or nickase, eaCas9
molecules can be used in the methods and compositions described herein to generate NHEJ-

mediated indels. NHEJ-mediated indels targeted to the the gene, e.g., a coding region, e.g., an
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early coding region of a gene, of interest can be used to knockout (i.e., eliminate expression of) a
gene of interest. For example, early coding region of a gene of interest includes sequence
immediately following a start codon, within a first exon of the coding sequence, or within 500 bp
of the start codon (e.g., less than 500, 450, 400, 350, 300, 250, 200, 150, 100 or 50 bp).

Placement of double strand or single strand breaks relative to the target position

In an embodiment, in which a gRNA and Cas9 nuclease generate a double strand break
for the purpose of inducing NHEJ-mediated indels, a gRNA, e.g., a unimolecular (or chimeric)
or modular gRNA molecule, is configured to position one double-strand break in close proximity
to a nucleotide of the target position. In an embodiment, the cleavage site is between 0-30 bp
away from the target position (e.g., less than 30, 25, 20, 15, 10,9, 8,7, 6, 5,4, 3,2 or 1 bp from
the target position).

In an embodiment, in which two gRNAs complexing with Cas9 nickases induce two
single strand breaks for the purpose of inducing NHEJ-mediated indels, two gRNAs, e.g.,
independently, unimolecular (or chimeric) or modular gRNA, are configured to position two
single-strand breaks to provide for NHEJ repair a nucleotide of the target position. In an
embodiment, the gRNAs are configured to position cuts at the same position, or within a few
nucleotides of one another, on different strands, essentially mimicking a double strand break. In
an embodiment, the closer nick is between 0-30 bp away from the target position (e.g., less than
30, 25, 20, 15, 10,9, 8,7, 6, 5,4, 3,2 or 1 bp from the target position), and the two nicks are
within 25-55 bp of each other (e.g., between 25 to 50, 25 to 45, 25 to 40, 25 to 35, 25 to 30, 50 to
55, 45 to 55, 40 to 55, 35 to 55, 30 to 55, 30 to 50, 35 to 50, 40 to 50, 45 to 50, 35 to 45, or 40 to
45 bp) and no more than 100 bp away from each other (e.g., no more than 90, 80, 70, 60, 50,
40, 30, 20 or 10 bp). In an embodiment, the gRNAs are configured to place a single strand break
on either side of a nucleotide of the target position.

Both double strand cleaving eaCas9 molecules and single strand, or nickase, eaCas9
molecules can be used in the methods and compositions described herein to generate breaks both
sides of a target position. Double strand or paired single strand breaks may be generated on both
sides of a target position to remove the nucleic acid sequence between the two cuts (e.g., the
region between the two breaks in deleted). In one embodiment, two gRNAs, e.g.,
independently, unimolecular (or chimeric) or modular gRNA, are configured to position a

double-strand break on both sides of a target position. In an alternate embodiment, three gRNAs,
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e.g., independently, unimolecular (or chimeric) or modular gRNA, are configured to position a
double strand break (i.e., one gRNA complexes with a cas9 nuclease) and two single strand
breaks or paired single strand breaks (i.e., two gRNAs complex with Cas9 nickases) on either
side of the target position. In another embodiment, four gRNAs, e.g., independently,
unimolecular (or chimeric) or modular gRNA, are configured to generate two pairs of single
strand breaks (i.e., two pairs of two gRNAs complex with Cas9 nickases) on either side of the
target position. The double strand break(s) or the closer of the two single strand nicks in a pair
will ideally be within 0-500 bp of the target position (e.g., no more than 450, 400, 350, 300, 250,
200, 150, 100, 50 or 25 bp from the target position). When nickases are used, the two nicks in a
pair are within 25-55 bp of each other (e.g., between 25 to 50, 25 to 45, 25 to 40, 25 to 35, 25 to
30, 50 to 55, 45 to 55, 40 to 55, 35 to 55, 30 to 55, 30 to 50, 35 to 50, 40 to 50, 45 to 50, 35 to
45, or 40 to 45 bp) and no more than 100 bp away from each other (e.g., no more than 90, 80, 70,
60, 50, 40, 30, 20 or 10 bp).

V.3 Single-Strand Annealing

Single strand annealing (SSA) is another DNA repair process that repairs a double-strand
break between two repeat sequences present in a target nucleic acid. Repeat sequences utilized
by the SSA pathway are generally greater than 30 nucleotides in length. Resection at the break
ends occurs to reveal repeat sequences on both strands of the target nucleic acid. After resection,
single strand overhangs containing the repeat sequences are coated with RPA protein to prevent
the repeats sequences from inappropriate annealing, e.g., to themselves. RADS52 binds to and
each of the repeat sequences on the overhangs and aligns the sequences to enable the annealing
of the complementary repeat sequences. After annealing, the single-strand flaps of the overhangs
are cleaved. New DNA synthesis fills in any gaps, and ligation restores the DNA duplex. Asa
result of the processing, the DNA sequence between the two repeats is deleted. The length of the
deletion can depend on many factors including the location of the two repeats utilized, and the
pathway or processivity of the resection.

In contrast to HDR pathways, SSA does not require a template nucleic acid to alter or

correct a target nucleic acid sequence. Instead, the complementary repeat sequence is utilized.
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V. 4 Other DNA Repair Pathways
SSBR (single strand break repair)

Single-stranded breaks (SSB) in the genome are repaired by the SSBR pathway, which is
a distinct mechanism from the DSB repair mechanisms discussed above. The SSBR pathway
has four major stages: SSB detection, DNA end processing, DNA gap filling, and DNA ligation.
A more detailed explanation is given in Caldecott, Nature Reviews Genetics 9, 619-631 (August
2008), and a summary is given here.

In the first stage, when a SSB forms, PARP1 and/or PARP2 recognize the break and
recruit repair machinery. The binding and activity of PARP1 at DNA breaks is transient and it
seems to accelerate SSBr by promoting the focal accumulation or stability of SSBr protein
complexes at the lesion. Arguably the most important of these SSBr proteins is XRCC1, which
functions as a molecular scaffold that interacts with, stabilizes, and stimulates multiple
enzymatic components of the SSBr process including the protein responsible for cleaning the
DNA 3’ and 5’ ends. For instance, XRCCI interacts with several proteins (DNA polymerase
beta, PNK, and three nucleases, APE1, APTX, and APLF) that promote end processing. APE1
has endonuclease activity. APLF exhibits endonuclease and 3’ to 5° exonuclease activities.
APTX has endonuclease and 3’ to 5° exonuclease activity.

This end processing is an important stage of SSBR since the 3’- and/or 5’-termini of
most, if not all, SSBs are ‘damaged’. End processing generally involves restoring a damaged 3’-
end to a hydroxylated state and and/or a damaged 5’ end to a phosphate moiety, so that the ends
become ligation-competent. Enzymes that can process damaged 3’ termini include PNKP,
APEI, and TDP1. Enzymes that can process damaged 5’ termini include PNKP, DNA
polymerase beta, and APTX. LIG3 (DNA ligase III) can also participate in end processing.
Once the ends are cleaned, gap filling can occur.

At the DNA gap filling stage, the proteins typically present are PARP1, DNA polymerase
beta, XRCC1, FENI1 (flap endonculease 1), DNA polymerase delta/epsilon, PCNA, and LIGI.
There are two ways of gap filling, the short patch repair and the long patch repair. Short patch
repair involves the insertion of a single nucleotide that is missing. At some SSBs, “gap filling”
might continue displacing two or more nucleotides (displacement of up to 12 bases have been

reported). FEN1 is an endonuclease that removes the displaced 5’-residues. Multiple DNA
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polymerases, including Pol B, are involved in the repair of SSBs, with the choice of DNA
polymerase influenced by the source and type of SSB.

In the fourth stage, a DNA ligase such as LIG1 (Ligase I) or LIG3 (Ligase III) catalyzes
joining of the ends. Short patch repair uses Ligase III and long patch repair uses Ligase I.

Sometimes, SSBR is replication-coupled. This pathway can involve one or more of CtIP,
MRN, ERCCI1, and FEN1. Additional factors that may promote SSBR include: aPARP,
PARPI1, PARP2, PARG, XRCC1, DNA polymerase b, DNA polymerase d, DNA polymerase e,
PCNA, LIG1, PNK, PNKP, APE1, APTX, APLF, TDPI, LIG3, FEN1, CtIP, MRN, and ERCCI1.

MMR (mismatch repair)

Cells contain three excision repair pathways: MMR, BER, and NER. The excision repair
pathways hace a common feature in that they typically recognize a lesion on one strand of the
DNA, then exo/endonucleaseases remove the lesion and leave a 1-30 nucleotide gap that is sub-
sequentially filled in by DNA polymerase and finally sealed with ligase. A more complete
picture is given in Li, Cell Research (2008) 18:85-98, and a summary is provided here.

Mismatch repair (MMR) operates on mispaired DNA bases.

The MSH2/6 or MSH2/3 complexes both have ATPases activity that plays an important
role in mismatch recognition and the initiation of repair. MSH2/6 preferentially recognizes base-
base mismatches and identifies mispairs of 1 or 2 nucleotides, while MSH2/3 preferentially
recognizes larger ID mispairs.

hMLHI1 heterodimerizes with hPMS2 to form hMutL a which possesses an ATPase
activity and is important for multiple steps of MMR. It possesses a PCNA/replication factor C
(RFC)-dependent endonuclease activity which plays an important role in 3’ nick-directed
MMR involving EXOI. (EXOI is a participant in both HR and MMR.) It regulates termination
of mismatch-provoked excision. Ligase 1 is the relevant ligase for this pathway. Additional
factors that may promote MMR include: EXO1, MSH2, MSH3, MSH6, MLH1, PMS2, MLH3,
DNA Pol d, RPA, HMGBI1, RFC, and DNA ligase 1.

Base excision repair (BER)

The base excision repair (BER) pathway is active throughout the cell cycle; it is

responsible primarily for removing small, non-helix-distorting base lesions from the genome. In
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contrast, the related Nucleotide Excision Repair pathway (discussed in the next section) repairs
bulky helix-distorting lesions. A more detailed explanation is given in Caldecott, Nature
Reviews Genetics 9, 619-631 (August 2008), and a summary is given here.

Upon DNA base damage, base excision repair (BER) is initiated and the process can be
simplified into five major steps: (a) removal of the damaged DNA base; (b) incision of the
subsequent a basic site; (c) clean-up of the DNA ends; (d) insertion of the correct nucleotide into
the repair gap; and (e) ligation of the remaining nick in the DNA backbone. These last steps are
similar to the SSBR.

In the first step, a damage-specific DNA glycosylase excises the damaged base through
cleavage of the N-glycosidic bond linking the base to the sugar phosphate backbone. Then AP
endonuclease-1 (APE1) or bifunctional DNA glycosylases with an associated lyase activity
incised the phosphodiester backbone to create a DNA single strand break (SSB). The third step
of BER involves cleaning-up of the DNA ends. The fourth step in BER is conducted by Pol 3
that adds a new complementary nucleotide into the repair gap and in the final step
XRCCl1/Ligase III seals the remaining nick in the DNA backbone. This completes the short-
patch BER pathway in which the majority (~80%) of damaged DNA bases are repaired.
However, if the 5’ -ends in step 3 are resistant to end processing activity, following one
nucleotide insertion by Pol [ there is then a polymerase switch to the replicative DNA
polymerases, Pol ¢/¢, which then add ~2—8 more nucleotides into the DNA repair gap. This
creates a5’ -flap structure, which is recognized and excised by flap endonuclease-1 (FEN-1) in
association with the processivity factor proliferating cell nuclear antigen (PCNA). DNA ligase |
then seals the remaining nick in the DNA backbone and completes long-patch BER. Additional
factors that may promote the BER pathway include: DNA glycosylase, APE1, Polb, Pold, Pole,
XRCCI, Ligase III, FEN-1, PCNA, RECQL4, WRN, MYH, PNKP, and APTX.

Nucleotide excision repair (NER)

Nucleotide excision repair (NER) is an important excision mechanism that removes
bulky helix-distorting lesions from DNA. Additional details about NER are given in Marteijn et
al., Nature Reviews Molecular Cell Biology 15, 465-481 (2014), and a summary is given here.
NER a broad pathway encompassing two smaller pathways: global genomic NER (GG-NER)
and transcription coupled repair NER (TC-NER). GG-NER and TC-NER use different factors
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for recognizing DNA damage. However, they utilize the same machinery for lesion incision,
repair, and ligation.

Once damage is recognized, the cell removes a short single-stranded DNA segment that
contains the lesion. Endonucleases XPF/ERCC1 and XPG (encoded by ERCCS) remove the
lesion by cutting the damaged strand on either side of the lesion, resulting in a single-strand gap
of 22-30 nucleotides. Next, the cell performs DNA gap filling synthesis and ligation. Involved
in this process are: PCNA, RFC, DNA Pol 6, DNA Pol ¢ or DNA Pol k, and DNA ligase I or
XRCCl1/Ligase III. Replicating cells tend to use DNA pol € and DNA ligase I, while non-
replicating cells tend to use DNA Pol 6, DNA Pol k, and the XRCC1/ Ligase III complex to
perform the ligation step.

NER can involve the following factors: XPA-G, POLH, XPF, ERCC1, XPA-G, and
LIG1. Transcription-coupled NER (TC-NER) can involve the following factors: CSA, CSB,
XPB, XPD, XPG, ERCC1, and TTDA. Additional factors that may promote the NER repair
pathway include XPA-G, POLH, XPF, ERCCI1, XPA-G, LIG1, CSA, CSB, XPA, XPB, XPC,
XPD, XPF, XPG, TTDA, UVSSA, USP7, CETN2, RAD23B, UV-DDB, CAK subcomplex,
RPA, and PCNA.

Interstrand Crosslink (ICL)

A dedicated pathway called the ICL repair pathway repairs interstrand crosslinks.
Interstrand crosslinks, or covalent crosslinks between bases in different DNA strand, can occur
during replication or transcription. ICL repair involves the coordination of multiple repair
processes, in particular, nucleolytic activity, translesion synthesis (TLS), and HDR. Nucleases
are recruited to excise the ICL on either side of the crosslinked bases, while TLS and HDR are
coordinated to repair the cut strands. ICL repair can involve the following factors:
endonucleases, e.g., XPF and RADS1C, endonucleases such as RADS51, translesion polymerases,

e.g., DNA polymerase zeta and Rev1), and the Fanconi anemia (FA) proteins, e.g., Fanc].

Other pathways

Several other DNA repair pathways exist in mammals.
Translesion synthesis (TLS) is a pathway for repairing a single stranded break left after a

defective replication event and involves translesion polymerases, e.g., DNA pol( and Revl..
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Error-free postreplication repair (PRR) is another pathway for repairing a single stranded

break left after a defective replication event.

V.5 Examples of gRNAs in Genome Editing Methods

gRNAs as described herein can be used with a Cas9 molecule that cleaves both or a
single strand and a template nucleic acid to alter the sequence of a target nucleic acid, e.g., at a
target position or a target genetic signature. gRNAs useful in these method are described below.

In an embodiment, the gRNA, e.g., a chimeric gRNA, is configured such that it
comprises one or more of the following properties;

a) it can position, e.g., when targeting a Cas9 molecule that makes double strand breaks,
a double strand break (i) within 50, 100, 150 or 200 nucleotides of a target position, or (i)
sufficiently close that the target position is within the region of end resection;

b) it has a targeting domain of at least 17 nucleotides, e.g., a targeting domain of (1) 17,
(i1) 18, or (iii) 20 nucleotides; and

c) the tail domain is (i) at least 10, 15, 20, 25, 30, 35 or 40 nucleotides in length or (ii) the
tail domain comprises 15, 20, 25, 30, 35, 40 nucleotides or all of the corresponding portions of a
naturally occurring tail domain, e.g., a naturally occurring S. pyogenes or S. thermophilus tail
domain.

In an embodiment, the gRNA is configured such that it comprises properties: a and b(i).

In an embodiment, the gRNA is configured such that it comprises properties: a and b(ii).

In an embodiment, the gRNA is configured such that it comprises properties: a and b(iii).

In an embodiment, the gRNA is configured such that it comprises properties: a and c.

In an embodiment, the gRNA is configured such that in comprises properties: a, b, and c.

In an embodiment, the gRNA is configured such that in comprises properties: a(i), b(i),
and c(1).

In an embodiment, the gRNA is configured such that in comprises properties: a(i), b(i),
and c(ii).

In an embodiment, the gRNA is configured such that in comprises properties: a(i), b(iii),
and c(1).

In an embodiment, the gRNA is configured such that in comprises properties: a(i), b(iii),

and c(ii).
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In an embodiment, the gRNA, e.g., a chimeric gRNA, is configured such that it
comprises one or more of the following properties;

a) it can position, e.g., when targeting a Cas9 molecule that makes single strand breaks, a
single strand break (i) within 50, 100, 150 or 200 nucleotides of a target position, or (ii)
sufficiently close that the target position is within the region of end resection;

b) it has a targeting domain of at least 17 nucleotides, e.g., a targeting domain of (1) 17,
(i1) 18, or (iii) 20 nucleotides; and

c) the tail domain is (i) at least 10, 15, 20, 25, 30, 35 or 40 nucleotides in length, or (ii)
the tail domain comprises 15, 20, 25, 30, 35, 40 nucleotides or all of the corresponding portions
of a naturally occurring tail domain, e.g., a naturally occurring S. pyogenes or S. thermophilus
tail domain.

In an embodiment, the gRNA is configured such that it comprises properties: a and b(i).

In an embodiment, the gRNA is configured such that it comprises properties: a and b(ii).

In an embodiment, the gRNA is configured such that it comprises properties: a and b(iii).

In an embodiment, the gRNA is configured such that it comprises properties: a and c.

In an embodiment, the gRNA is configured such that in comprises properties: a, b, and c.

In an embodiment, the gRNA is configured such that in comprises properties: a(i), b(i),
and c(1).

In an embodiment, the gRNA is configured such that in comprises properties: a(i), b(i),
and c(ii).

In an embodiment, the gRNA is configured such that in comprises properties: a(i), b(iii),
and c(1).

In an embodiment, the gRNA is configured such that in comprises properties: a(i), b(iii),
and c(ii).

In an embodiment, the gRNA is used with a Cas9 nickase molecule havingHNH activity,
e.g., a Cas9 molecule having the RuvC activity inactivated, e.g., a Cas9 molecule having a
mutation at D10, e.g., the D10A mutation.

In an embodiment, the gRNA is used with a Cas9 nickase molecule having RuvC
activity, e.g., a Cas9 molecule having the HNH activity inactivated, e.g., a Cas9 molecule having

a mutation at H840, e.g., a H840A.
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In an embodiment, a pair of gRNAs, e.g., a pair of chimeric gRNAs, comprising a first
and a second gRNA, is configured such that they comprises one or more of the following
properties;

a) one or both of the gRNAs can position, e.g., when targeting a Cas9 molecule that
makes single strand breaks, a single strand break within (i) 50, 100, 150 or 200 nucleotides of a
target position, or (ii) sufficiently close that the target position is within the region of end
resection;

b) one or both have a targeting domain of at least 17 nucleotides, e.g., a targeting domain
of (i) 17 or (i1) 18 nucleotides; and

¢) the tail domain of one or both is (i) at least 10, 15, 20, 25, 30, 35 or 40 nucleotides in
length of (ii) comprises, 15, 20, 25, 30, 35, 40, or all of the corresponding portions of a
naturally occurring tail domain, e.g., a naturally occurring S. pyogenes, S. aureus or S.
thermophilus tail domain.

d) the gRNAs are configured such that, when hybridized to target nucleic acid, they are
separated by 0-50, 0-100, 0-200, at least 10, at least 20, at least 30 or at least 50 nucleotides;

e) the breaks made by the first gRNA and second gRNA are on different strands; and

t) the PAMs are facing outwards.

In an embodiment, one or both of the gRNAs is configured such that it comprises
properties: a and b(i).

In an embodiment, one or both of the gRNAs is configured such that it comprises
properties: a and b(ii).

In an embodiment, one or both of the gRNAs is configured such that it comprises
properties: a and b(iii).

In an embodiment, one or both of the gRNAs configured such that it comprises
properties: a and c.

In an embodiment, one or both of the gRNAs is configured such that in comprises
properties: a, b, and c.

In an embodiment, one or both of the gRNAs is configured such that in comprises
properties: a(i), b(i), and c(i).

In an embodiment, one or both of the gRNAs is configured such that in comprises

properties: a(i), b(i), and c(ii).
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In an embodiment, one or both of the gRNAs is configured such that in comprises
properties: a(i), b(i), ¢, and d.

In an embodiment, one or both of the gRNAs is configured such that in comprises
properties: a(i), b(i), c, and e.

In an embodiment, one or both of the gRNAs is configured such that in comprises
properties: a(i), b(i), c, d, and e.

In an embodiment, one or both of the gRNAs is configured such that in comprises
properties: a(i), b(iii), and c(i).

In an embodiment, one or both of the gRNAs is configured such that in comprises
properties: a(i), b(iii), and c(ii).

In an embodiment, one or both of the gRNAs is configured such that in comprises
properties: a(i), b(iii), ¢, and d.

In an embodiment, one or both of the gRNAs is configured such that in comprises
properties: a(i), b(iii), ¢, and e.

In an embodiment, one or both of the gRNAs is configured such that in comprises
properties: a(i), b(iii), ¢, d, and e.

In an embodiment, the gRNAs are used with a Cas9 nickase molecule havingHNH
activity, e.g., a Cas9 molecule having the RuvC activity inactivated, e.g., a Cas9 molecule having
a mutation at D10, e.g., the D10A mutation.

In an embodiment, the gRNAs are used with a Cas9 nickase molecule having RuvC
activity, e.g., a Cas9 molecule having the HNH activity inactivated, e.g., a Cas9 molecule having
a mutation at H840, e.g., a H840A.

In an embodiment, the gRNAs are used with a Cas9 nickase molecule having RuvC
activity, e.g., a Cas9 molecule having the HNH activity inactivated, e.g., a Cas9 molecule having

a mutation at H863, e.g., a HE63A.
VI Target Cells

Cas9 molecules and gRNA molecules, e.g., a Cas9 molecule/gRNA molecule complex,

can be used to manipulate a cell, e.g., to edit a target nucleic acid, in a wide variety of cells.
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In some embodiments, a cell is manipulated by editing (e.g., correcting) one or more
target genes, e.g., as described herein. In some embodiments, the expression of one or more
target genes (e.g., one or more target genes described herein) is modulated, e.g., in vivo.

In an embodiment, the target cell is a retinal cell, e.g., a cell of the retinal pigment
epithelium or a photoreceptor cell. In an embodiment, the target cell is a cone photoreceptor cell
or cone cell, a rod photoreceptor cell or rod cell, or a macular cone photoreceptor cell. Cone
photoreceptor cells in the macula are the first to demonstrate cell death in Usher Syndrome and
in cone-rod dystrophies in general (this is the opposite of rod-cone dystrophies). In an
exemplary embodiment, cone photoreceptors in the macular are targeted, i.e., cone
photoreceptors in the macular are the target cells. In an embodiment, the target cell is a cochlear
cell, e.g. an inner hair cell or an outer hair cell.

In an embodiment, the target cell is removed from the subject, the mutation corrected ex
vivo, and the cell returned to the subject. In an embodiment, a photoreceptor cell is removed
from the subject, the mutation corrected ex vivo, and the photoreceptor cell returned to the
subject. In an embodiment, a cone photoreceptor cell is removed from the subject, the mutation
corrected ex vivo, and the cone photoreceptor cell returned to the subject. In an embodiment, an
inner or outer hair cell is removed from the subject, the mutation corrected ex vivo, and the inner
or outer hair cell returned to the subject.

In an embodiment, the cells are induced pluripotent stem cells (iPS) cells or cells derived
from iPS cells, e.g., iPS cells from the subject, modified to alter the gene and differentiated into
retinal progenitor cells or retinal cells, e.g., retinal photoreceptors, and injected into the eye of
the subject, e.g., subretinally, e.g., in the submacular region of the retina.

In an embodiment, the cells are induced pluripotent stem cells (iPS) cells or cells derived
from iPS cells, e.g., iPS cells from the subject, modified to alter the gene and differentiated into
cochlear cells, e.g., inner or outer hair cells, and injected into the cochlea of the subject.

In an embodiment, the cells are targeted in vivo, e.g., by delivery of the components, e.g.,
a Cas9 molecule and gRNA molecules, or a Cas9 molecule, gRNA molecules and donor
template, to the target cells. In an embodiment, the target cells are retinal pigment epithelium or
photoreceptor cells. In an embodiment, the target cells are inner or outer hair cells of the

cochlea. In an embodiment, AAV is used to transduce the target cells.
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VII. Delivery, Formulations and Routes of Administration

The components, e.g., a Cas9 molecule, gRNA molecule or template construct molecule,

or all three, can be delivered, formulated, or administered in a variety of forms, see, e.g., Tables

14 and 15. When a Cas9 or gRNA component is delivered encoded in DNA the DNA will

typically include a control region, e.g., comprising a promoter, to effect expression. Useful

promoters for Cas9 molecule sequences include CMV, EF-1a, MSCV, PGK, CAG control

promoters. Useful promoters for gRNAs include H1, EF-1a and U6 promoters. Promoters with

similar or dissimilar strengths can be selected to tune the expression of components. Sequences

encoding a Cas9 molecule can comprise a nuclear localization signal (NLS), e.g., an SV40 NLS.

In an embodiment, a promoter for a Cas9 molecule or a gRNA molecule can be, independently,

inducible, tissue specific, or cell specific.

Table 14 provides examples of how the components can be formulated, delivered, or

administered.

Table 14

Elements

Cas9

Molecule(s)

gRNA

Molecule(s)

Donor
Template

Nucleic Acid

Comments

DNA

DNA

DNA

In this embodiment, a Cas9 molecule, typically
an eaCas9 molecule, and a gRNA are transcribed
from DNA. In this embodiment, they are
encoded on separate molecules. In this
embodiment, the donor template is provided as a
separate DNA molecule.

DNA

DNA

In this embodiment, a Cas9 molecule, typically
an eaCas9 molecule, and a gRNA are transcribed
from DNA. In this embodiment, they are
encoded on separate molecules. In this
embodiment, the donor template is provided on
the same DNA molecule that encodes the gRNA.

DNA

DNA

In this embodiment, a Cas9 molecule, typically
an eaCas9 molecule, and a gRNA are transcribed
from DNA, here from a single molecule. In this
embodiment, the donor template is provided as a
separate DNA molecule.

DNA

| DNA

| DNA

In this embodiment, a Cas9 molecule, typically
an eaCas9 molecule, and a gRNA are transcribed
from DNA. In this embodiment, they are
encoded on separate molecules. In this
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embodiment, the donor template is provided on
the same DNA molecule that encodes the Cas9.

DNA

RNA

DNA

In this embodiment, a Cas9 molecule, typically
an eaCas9 molecule, is transcribed from DNA,
and a gRNA is provided as in vitro transcribed or
synthesized RNA. In this embodiment, the donor
template is provided as a separate DNA molecule.

DNA

| RNA

| DNA

In this embodiment, a Cas9 molecule, typically
an eaCas9 molecule, is transcribed from DNA,
and a gRNA is provided as in vitro transcribed or
synthesized RNA. In this embodiment, the donor
template is provided on the same DNA molecule
that encodes the Cas9.

mRNA

RNA

DNA

In this embodiment, a Cas9 molecule, typically
an eaCas9 molecule, is translated from in vitro
transcribed mRNA, and a gRNA is provided as in
vitro transcribed or synthesized RNA. In this
embodiment, the donor template is provided as a
DNA molecule.

mRNA

DNA

DNA

In this embodiment, a Cas9 molecule, typically
an eaCas9 molecule, is translated from in vitro
transcribed mRNA, and a gRNA is transcribed
from DNA. In this embodiment, the donor
template is provided as a separate DNA molecule.

mRNA

DNA

In this embodiment, a Cas9 molecule, typically
an eaCas9 molecule, is translated from in vitro
transcribed mRNA, and a gRNA is transcribed
from DNA. In this embodiment, the donor
template is provided on the same DNA molecule
that encodes the gRNA.

Protein

DNA

DNA

In this embodiment, a Cas9 molecule, typically
an eaCas9 molecule, is provided as a protein, and
a gRNA is transcribed from DNA. In this
embodiment, the donor template is provided as a
separate DNA molecule.

Protein

DNA

In this embodiment, a Cas9 molecule, typically
an eaCas9 molecule, is provided as a protein, and
a gRNA is transcribed from DNA. In this
embodiment, the donor template is provided on
the same DNA molecule that encodes the gRNA.

Protein

RNA

DNA

In this embodiment, an eaCas9 molecule is
provided as a protein, and a gRNA is provided as
transcribed or synthesized RNA. In this
embodiment, the donor template is provided as a
DNA molecule.

230




WO 2015/134812 PCT/US2015/019064

Elements
Cas9 gRNA Donor Comments
Molecule(s) | Molecule(s) Template
Nucleic Acid
DNA DNA DNA In this embodiment, a Cas9 molecule, typically

an eaCas9 molecule, and a gRNA are
transcribed from DNA. In this embodiment,
they are encoded on separate molecules. In this
embodiment, the donor template is provided as
a separate DNA molecule.

DNA DNA In this embodiment, a Cas9 molecule, typically
an eaCas9 molecule, and a gRNA are
transcribed from DNA. In this embodiment,
they are encoded on separate molecules. In this
embodiment, the donor template is provided on

the same DNA molecule that encodes the
gRNA.

DNA DNA In this embodiment, a Cas9 molecule, typically
an eaCas9 molecule, and a gRNA are
transcribed from DNA, here from a single
molecule. In this embodiment, the donor
template is provided as a separate DNA
molecule.

DNA | DNA | DNA In this embodiment, a Cas9 molecule, typically
an eaCas9 molecule, and a gRNA are
transcribed from DNA. In this embodiment,
they are encoded on separate molecules. In this
embodiment, the donor template is provided on
the same DNA molecule that encodes the Cas9.

DNA RNA DNA In this embodiment, a Cas9 molecule, typically
an eaCas9 molecule, is transcribed from DNA,
and a gRNA is provided as in vitro transcribed
or synthesized RNA. In this embodiment, the
donor template is provided as a separate DNA
molecule.

DNA | RNA | DNA In this embodiment, a Cas9 molecule, typically
an eaCas9 molecule, is transcribed from DNA,
and a gRNA is provided as in vitro transcribed
or synthesized RNA. In this embodiment, the
donor template is provided on the same DNA
molecule that encodes the Cas9.

mRNA RNA DNA In this embodiment, a Cas9 molecule, typically
an eaCas9 molecule, is translated from in vitro

transcribed mRNA, and a gRNA is provided as
in vitro transcribed or synthesized RNA. In this
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embodiment, the donor template is provided as
a DNA molecule.

mRNA DNA

DNA

In this embodiment, a Cas9 molecule, typically
an eaCas9 molecule, is translated from in vitro
transcribed mRNA, and a gRNA is transcribed
from DNA. In this embodiment, the donor
template is provided as a separate DNA
molecule.

mRNA DNA

In this embodiment, a Cas9 molecule, typically
an eaCas9 molecule, is translated from in vitro
transcribed mRNA, and a gRNA is transcribed
from DNA. In this embodiment, the donor
template is provided on the same DNA
molecule that encodes the gRNA.

Protein DNA

DNA

In this embodiment, a Cas9 molecule, typically
an eaCas9 molecule, is provided as a protein,
and a gRNA is transcribed from DNA. In this
embodiment, the donor template is provided as
a separate DNA molecule.

Protein DNA

In this embodiment, a Cas9 molecule, typically
an eaCas9 molecule, is provided as a protein,
and a gRNA is transcribed from DNA. In this
embodiment, the donor template is provided on
the same DNA molecule that encodes the
gRNA.

Protein RNA

DNA

In this embodiment, an eaCas9 molecule is
provided as a protein, and a gRNA is provided
as transcribed or synthesized RNA. In this
embodiment, the donor template is provided as
a DNA molecule.

Table 15 summarizes various delivery methods for the components of a Cas system, e.g.,

the Cas9 molecule component and the gRNA molecule component, as described herein.

Table 15
Delivery | Duration
into Non- | of Genome Type of
Delivery Vector/Mode . e qs . . Molecule
Dividing | Expression | Integration .
Delivered
Cells
Physical (eg, electroporation, | YES Transient NO Nucleic Acids

particle gun, Calcium
Phosphate transfection)

and Proteins
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Viral Retrovirus NO Stable YES RNA
Lentivirus YES Stable YES/NO with | RNA
modifications
Adenovirus YES Transient NO DNA
Adeno- YES Stable NO DNA
Associated
Virus (AAV)
Vaccinia Virus | YES Very NO DNA
Transient
Herpes Simplex | YES Stable NO DNA
Virus
Non-Viral | Cationic YES Transient | Depends on Nucleic Acids
Liposomes what is and Proteins
delivered
Polymeric YES Transient Depends on Nucleic Acids
Nanoparticles what is and Proteins
delivered
Biological | Attenuated YES Transient NO Nucleic Acids
Non-Viral | Bacteria
Delivery Engineered YES Transient NO Nucleic Acids
Vehicles Bacteriophages
Mammalian YES Transient NO Nucleic Acids
Virus-like
Particles
Biological YES Transient NO Nucleic Acids
liposomes:
Erythrocyte
Ghosts and
Exosomes

DNA-based Delivery of a Cas9 molecule and or one or more gRNA molecules

Nucleic acids encoding Cas9 molecules (e.g., eaCas9 molecules) and/or gRNA
molecules, can be administered to subjects or delivered into cells by art-known methods or as
described herein. For example, Cas9-encoding and/or gRNA-encoding DNA can be delivered,
e.g., by vectors (e.g., viral or non-viral vectors), non-vector based methods (e.g., using naked
DNA or DNA complexes), or a combination thereof.

DNA encoding Cas9 molecules (e.g., eaCas9 molecules) and/or gRNA molecules can be

conjugated to molecules (e.g., N-acetylgalactosamine) promoting uptake by the target cells (e.g.,
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hepatocytes). Donor template molecules can be conjugated to molecules (e.g., N-
acetylgalactosamine) promoting uptake by the target cells (e.g., hepatocytes).

In some embodiments, the Cas9- and/or gRNA-encoding DNA is delivered by a vector
(e.g., viral vector/virus or plasmid).

Vectors can comprise a sequence that encodes a Cas9 molecule and/or a gRNA molecule.

A vectors can also comprise a sequence encoding a signal peptide (e.g., for nuclear
localization, nucleolar localization, mitochondrial localization), fused, e.g., to a Cas9 molecule
sequence. For example, the vectors can comprise a nuclear localization sequence (e.g., from
SV40) fused to the sequence encoding the Cas9 molecule.

One or more regulatory/control elements, e.g., promoters, enhancers, introns,
polyadenylation signals, Kozak consensus sequences, and internal ribosome entry sites (IRES),
can be included in the vectors. In some embodiments, the promoter is recognized by RNA
polymerase II (e.g., a CMV promoter). In other embodiments, the promoter is recognized by
RNA polymerase III (e.g., a U6 promoter). In some embodiments, the promoter is a regulated
promoter (e.g., inducible promoter). In other embodiments, the promoter is a constitutive
promoter. In some embodiments, the promoter is a tissue specific promoter. In some
embodiments, the promoter is a viral promoter. In other embodiments, the promoter is a non-
viral promoter.

In some embodiments, the vector is a viral vector (e.g., for generation of recombinant
viruses). In some embodiments, the virus is a DNA virus (e.g., dsDNA or ssDNA virus). In
other embodiments, the virus is an RNA virus (e.g., an ssRNA virus). In some embodiments, the
virus infects dividing cells. In other embodiments, the virus infects non-dividing cells.
Exemplary viral vectors/viruses include, e.g., retroviruses, lentiviruses, adenovirus, adeno-
associated virus (AAV), vaccinia viruses, poxviruses, and herpes simplex viruses.

In some embodiments, the virus infects both dividing and non-dividing cells. In some
embodiments, the virus can integrate into the host genome. In some embodiments, the virus is
engineered to have reduced immunity, e.g., in human. In some embodiments, the virus is
replication-competent. In other embodiments, the virus is replication-defective, e.g., having one
or more coding regions for the genes necessary for additional rounds of virion replication and/or
packaging replaced with other genes or deleted. In some embodiments, the virus causes transient

expression of the Cas9 molecule and/or the gRNA molecule. In other embodiments, the virus
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causes long-lasting, e.g., at least 1 week, 2 weeks, 1 month, 2 months, 3 months, 6 months, 9
months, 1 year, 2 years, or permanent expression, of the Cas9 molecule and/or the gRNA
molecule. The packaging capacity of the viruses may vary, e.g., from at least about 4 kb to at
least about 30 kb, e.g., at least about 5 kb, 10 kb, 15 kb, 20 kb, 25 kb, 30 kb, 35 kb, 40 kb, 45 kb,
or 50 kb.

Exemplary viral vectors/viruses include, e.g., retroviruses, lentiviruses, adenovirus,
adeno-associated virus (AAV), vaccinia viruses, poxviruses, and herpes simplex viruses.

In some embodiments, the Cas9- and/or gRNA-encoding DNA is delivered by a
recombinant retrovirus. In some embodiments, the retrovirus (e.g., Moloney murine leukemia
virus) comprises a reverse transcriptase, €.g., that allows integration into the host genome. In
some embodiments, the retrovirus is replication-competent. In other embodiments, the retrovirus
is replication-defective, e.g., having one of more coding regions for the genes necessary for
additional rounds of virion replication and packaging replaced with other genes, or deleted.

In some embodiments, the Cas9- and/or gRNA-encoding DNA is delivered by a
recombinant lentivirus. For example, the lentivirus is replication-defective, e.g., does not
comprise one or more genes required for viral replication.

In some embodiments, the Cas9- and/or gRNA-encoding DNA is delivered by a
recombinant adenovirus. In some embodiments, the adenovirus is engineered to have reduced
immunity in human.

In some embodiments, the Cas9- and/or gRNA-encoding DNA is delivered by a
recombinant AAV. In some embodiments, the AAV can incorporate its genome into that of the
host cell. In some embodiments, the AAV is a self-complementary adeno-associated virus
(scAAV), e.g., ascAAV that packages both strands which anneal together to form double
stranded DNA.

In some embodiments, the Cas9- and/or gRNA-encoding DNA is delivered by a hybrid
virus, €.g., a hybrid of one or more of the viruses described herein.

A Packaging cell is used to form a virus particle that is capable of infecting a target cell.
Such a cell includes a 293 cell, which can package adenovirus, and a y2 cell or a PA317 cell,
which can package retrovirus. A viral vector used in gene therapy is usually generated by a
producer cell line that packages a nucleic acid vector into a viral particle. The vector typically

contains the minimal viral sequences required for packaging and subsequent integration into a
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host or target cell (if applicable), with other viral sequences being replaced by an expression
cassette encoding the protein to be expressed, eg. Cas9. For example, an AAV vector used in
gene therapy typically only possesses inverted terminal repeat (ITR) sequences from the AAV
genome which are required for packaging and gene expression in the host or target cell. The
missing viral functions are supplied in frans by the packaging cell line. Henceforth, the viral
DNA is packaged in a cell line, which contains a helper plasmid encoding the other AAV genes,
namely rep and cap, but lacking ITR sequences. The cell line is also infected with adenovirus as
a helper. The helper virus promotes replication of the AAV vector and expression of AAV genes
from the helper plasmid. The helper plasmid is not packaged in significant amounts due to a lack
of ITR sequences. Contamination with adenovirus can be reduced by, e.g., heat treatment to
which adenovirus is more sensitive than AAV.

In an embodiment, the viral vector has the ability of cell type and/or tissue type
recognition. For example, the viral vector can be pseudotyped with a different/alternative viral
envelope glycoprotein; engineered with a cell type-specific receptor (e.g., geneticmodification of
the viral envelope glycoproteins to incorporate targeting ligands such as a peptide ligand, a
single chain antibodie, a growth factor); and/or engineered to have a molecular bridge with dual
specificities with one end recognizing a viral glycoprotein and the other end recognizing a
moiety of the target cell surface (e.g., ligand-receptor, monoclonal antibody, avidin-biotin and
chemical conjugation).

In an embodiment, the viral vector achieves cell type specific expression. For example, a
tissue-specific promoter can be constructed to restrict expression of the transgene (Cas 9 and
gRNA) in only the target cell. The specificity of the vector can also be mediated by microRNA-
dependent control of transgene expression. In an embodiment, the viral vector has increased
efficiency of fusion of the viral vector and a target cell membrane. For example, a fusion protein
such as fusion-competent hemagglutin (HA) can be incorporated to increase viral uptake into
cells. In an embodiment, the viral vector has the ability of nuclear localization. For example,
aviruse that requires the breakdown of the cell wall (during cell division) and therefore will not
infect a non-diving cell can be altered to incorporate a nuclear localization peptide in the matrix
protein of the virus thereby enabling the transduction of non-proliferating cells.

In some embodiments, the Cas9- and/or gRNA-encoding DNA is delivered by a non-
vector based method (e.g., using naked DNA or DNA complexes). For example, the DNA can
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be delivered, e.g., by organically modified silica or silicate (Ormosil), electroporation, gene gun,
sonoporation, magnetofection, lipid-mediated transfection, dendrimers, inorganic nanoparticles,
calcium phosphates, or a combination thereof.

In some embodiments, the Cas9- and/or gRNA-encoding DNA is delivered by a
combination of a vector and a non-vector based method. For example, virosomes combine
liposomes with an inactivated virus (e.g., HIV or influenza virus), which can result in more
efficient gene transfer, e.g., in respiratory epithelial cells than either viral or liposomal methods
alone.

In an embodiment, the delivery vehicle is a non-viral vector. In an embodiment, the non-
viral vector is an inorganic nanoparticle. Exemplary inorganic nanoparticles include, e.g.,
magnetic nanoparticles (e.g., FesMnQ,) or silica. The outer surface of the nanoparticle can be
conjugated with a positively charged polymer (e.g., polyethylenimine, polylysine, polyserine)
which allows for attachment (e.g., conjugation or entrapment) of payload. In an embodiment,
the non-viral vector is an organic nanoparticle (e.g., entrapment of the payload inside the
nanoparticle). Exemplary organic nanoparticles include, e.g., SNALP liposomes that contain
cationic lipids together with neutral helper lipids which are coated with polyethylene glycol
(PEG) and protamine and nucleic acid complex coated with lipid coating.

Exemplary lipids for gene transfer are shown below in Table 16.

Table 16: Lipids Used for Gene Transfer

Lipid Abbreviation Feature
1,2-Dioleoyl-sn-glycero-3-phosphatidylcholine DOPC Helper
1,2-Dioleoyl-sn-glycero-3-phosphatidylethanolamine DOPE Helper
Cholesterol Helper
N-[1-(2,3-Dioleyloxy)prophyl]N, N, N-trimethylammonium DOTMA Cationic
chloride
1,2-Dioleoyloxy-3-trimethylammonium-propane DOTAP Cationic
Dioctadecylamidoglycylspermine DOGS Cationic
N-(3-Aminopropyl)-N,N-dimethyl-2,3-bis(dodecyloxy)-1- GAP-DLRIE Cationic
propanaminium bromide
Cetyltrimethylammonium bromide CTAB Cationic
6-Lauroxyhexyl ornithinate LHON Cationic
1-(2,3-Dioleoyloxypropyl)-2,4,6-trimethylpyridinium 20c Cationic
2,3-Dioleyloxy-N-[2(sperminecarboxamido-ethyl]-V,N-dimethyl- | DOSPA Cationic
1-propanaminium trifluoroacetate
1,2-Dioleyl-3-trimethylammonium-propane DOPA Cationic
N-(2-Hydroxyethyl)-N, N-dimethyl-2,3-bis(tetradecyloxy)- 1- MDRIE Cationic
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propanaminium bromide
Dimyristooxypropyl dimethyl hydroxyethyl ammonium bromide | DMRI Cationic
3B-[N-(N’,N’-Dimethylaminoethane)-carbamoyl]cholesterol DC-Chol Cationic
Bis-guanidium-tren-cholesterol BGTC Cationic
1,3-Diodeoxy-2-(6-carboxy-spermyl)-propylamide DOSPER Cationic
Dimethyloctadecylammonium bromide DDAB Cationic
Dioctadecylamidoglicylspermidin DSL Cationic
rac-[(2,3-Dioctadecyloxypropyl)(2-hydroxyethyl)]- CLIP-1 Cationic
dimethylammonium chloride
rac-[2(2,3-Dihexadecyloxypropyl- CLIP-6 Cationic
oxymethyloxy)ethyl]trimethylammonium bromide
Ethyldimyristoylphosphatidylcholine EDMPC Cationic
1,2-Distearyloxy-N, N-dimethyl-3-aminopropane DSDMA Cationic
1,2-Dimyristoyl-trimethylammonium propane DMTAP Cationic
0,0’-Dimyristyl-N-lysyl aspartate DMKE Cationic
1,2-Distearoyl-sn-glycero-3-ethylphosphocholine DSEPC Cationic
N-Palmitoyl D-erythro-sphingosyl carbamoyl-spermine CCS Cationic
N-t-Butyl-NO-tetradecyl-3-tetradecylaminopropionamidine diC14-amidine | Cationic
Octadecenolyoxy[ethyl-2-heptadecenyl-3 hydroxyethyl] DOTIM Cationic
imidazolinium chloride
N1-Cholesteryloxycarbonyl-3,7-diazanonane-1,9-diamine CDAN Cationic
2-(3-[Bis(3-amino-propyl)-amino]propylamino)-N- RPR209120 Cationic
ditetradecylcarbamoylme-ethyl-acetamide
1,2-dilinoleyloxy-3- dimethylaminopropane DLinDMA Cationic
2,2-dilinoleyl-4-dimethylaminoethyl-[1,3]- dioxolane DLin-KC2- Cationic
DMA
dilinoleyl- methyl-4-dimethylaminobutyrate DLin-MC3- Cationic
DMA

Exemplary polymers for gene transfer are shown below in Table 17.

Table 17: Polymers Used for Gene Transfer

Polymer Abbreviation
Poly(ethylene)glycol PEG
Polyethylenimine PEI
Dithiobis(succinimidylpropionate) DSP
Dimethyl-3,3’-dithiobispropionimidate DTBP
Poly(ethylene imine) biscarbamate PEIC
Poly(L-lysine) PLL
Histidine modified PLL
Poly(N-vinylpyrrolidone) PVP
Poly(propylenimine) PPI
Poly(amidoamine) PAMAM
Poly(amido ethylenimine) SS-PAEI
Triethylenetetramine TETA
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Poly(B-aminoester)

Poly(4-hydroxy-L-proline ester) PHP
Poly(allylamine)

Poly(a-[4-aminobutyl]-L-glycolic acid) PAGA
Poly(D,L-lactic-co-glycolic acid) PLGA
Poly(N-ethyl-4-vinylpyridinium bromide)

Poly(phosphazene)s PPZ
Poly(phosphoester)s PPE
Poly(phosphoramidate)s PPA
Poly(N-2-hydroxypropylmethacrylamide) pHPMA
Poly (2-(dimethylamino)ethyl methacrylate) pDMAEMA
Poly(2-aminoethyl propylene phosphate) PPE-EA
Chitosan

Galactosylated chitosan

N-Dodacylated chitosan

Histone

Collagen

Dextran-spermine D-SPM

In an embodiment, the vehicle has targeting modifications to increase target cell update
of nanoparticles and liposomes, e.g., cell specific antigens, monoclonal antibodies, single chain
antibodies, aptamers, polymers, sugars (e.g., N-acetylgalactosamine (GalNAc)), and cell
penetrating peptides. In an embodiment, the vehicle uses fusogenic and endosome-destabilizing
peptides/polymers. In an embodiment, the vehicle undergoes acid-triggered conformational
changes (e.g., to accelerate endosomal escape of the cargo). In an embodiment, a stimuli-
cleavable polymer is used, e.g., for release in a cellular compartment. For example, disulfide-
based cationic polymers that are cleaved in the reducing cellular environment can be used.

In an embodiment, the delivery vehicle is a biological non-viral delivery vehicle. In an
embodiment, the vehicle is an attenuated bacterium (e.g., naturally or artificially engineered to
be invasive but attenuated to prevent pathogenesis and expressing the transgene (e.g., Listeria
monocytogenes, certain Salmonella strains, Bifidobacterium longum, and modified Escherichia
coli), bacteria having nutritional and tissue-specific tropism to target specific tissues, bacteria
having modified surface proteins to alter target tissue specificity). In an embodiment, the vehicle
is a genetically modified bacteriophage (e.g., engineered phages having large packaging
capacity, less immunogenic, containing mammalian plasmid maintenance sequences and having
incorporated targeting ligands). In an embodiment, the vehicle is a mammalian virus-like

particle. For example, modified viral particles can be generated (e.g., by purification of the
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“empty” particles followed by ex vivo assembly of the virus with the desired cargo). The vehicle
can also be engineered to incorporate targeting ligands to alter target tissue specificity. In an
embodiment, the vehicle is a biological liposome. For example, the biological liposome is a
phospholipid-based particle derived from human cells (e.g., erythrocyte ghosts, which are red
blood cells broken down into spherical structures derived from the subject (e.g., tissue targeting
can be achieved by attachment of various tissue or cell-specific ligands), or secretory exosomes —
subject (i.e., patient) derived membrane-bound nanovescicle (30 -100 nm) of endocytic origin
(e.g., can be produced from various cell types and can therefore be taken up by cells without the
need of for targeting ligands).

In an embodiment, one or more nucleic acid molecules (e.g., DNA molecules) other than
the components of a Cas system, e.g., the Cas9 molecule component and/or the gRNA molecule
component described herein, are delivered. In an embodiment, the nucleic acid molecule is
delivered at the same time as one or more of the components of the Cas system are delivered. In
an embodiment, the nucleic acid molecule is delivered before or after (e.g., less than about 30
minutes, 1 hour, 2 hours, 3 hours, 6 hours, 9 hours, 12 hours, 1 day, 2 days, 3 days, 1 week, 2
weeks, or 4 weeks) one or more of the components of the Cas system are delivered. In an
embodiment, the nucleic acid molecule is delivered by a different means than one or more of the
components of the Cas system, e.g., the Cas9 molecule component and/or the gRNA molecule
component, are delivered. The nucleic acid molecule can be delivered by any of the delivery
methods described herein. For example, the nucleic acid molecule can be delivered by a viral
vector, e.g., an integration-deficient lentivirus, and the Cas9 molecule component and/or the
gRNA molecule component can be delivered by electroporation, e.g., such that the toxicity
caused by nucleic acids (e.g., DNAs) can be reduced. In an embodiment, the nucleic acid
molecule encodes a therapeutic protein, €.g., a protein described herein. In an embodiment, the

nucleic acid molecule encodes an RNA molecule, e.g., an RNA molecule described herein.

Delivery of RNA encoding a Cas9 molecule

RNA encoding Cas9 molecules (e.g., eaCas9 molecules, eiCas9 molecules or eiCas9
fusion proteins) and/or gRNA molecules, can be delivered into cells by art-known methods or as
described herein. For example, Cas9-encoding and/or gRNA-encoding RNA can be delivered,

e.g., by microinjection, electroporation, lipid-mediated transfection, peptide-mediated delivery,
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or a combination thereof. Cas9-encoding and/or gRNA-encoding RNA can be conjugated to
molecules (e.g., GalNAc) promoting uptake by the target cells (e.g., target cells described

herein).

Delivery Cas9 molecule protein

Cas9 molecules (e.g., eaCas9 molecules, eiCas9 molecules or eiCas9 fusion proteins) can
be delivered into cells by art-known methods or as described herein. For example, Cas9 protein
molecules can be delivered, e.g., by microinjection, electroporation, lipid-mediated transfection,
peptide-mediated delivery, or a combination thereof. Delivery can be accompanied by DNA
encoding a gRNA or by a gRNA. Delivery can be accompanied by a donor template. Cas9
protein can be conjugated to molecules (e.g., GalNAc) promoting uptake by the target cells (e.g.,

target cells described herein).

Route of administration

Systemic modes of administration include oral and parenteral routes. Parenteral routes
include, by way of example, intravenous, intrarterial, intramuscular, intradermal, subcutaneous,
intranasal, and intraperitoneal routes. Components administered systemically may be modified
or formulated to target the components to the eye or inner ear.

Local modes of administration include, by way of example, intraocular, intraorbital,
subconjuctival, intravitreal, subretinal, transscleral or introcochlear routes. In an embodiment,
significantly smaller amounts of the components (compared with systemic approaches) may
exert an effect when administered locally (for example, intravitreally) compared to when
administered systemically (for example, intravenously). Local modes of administration can
reduce or eliminate the incidence of potentially toxic side effects that may occur when
therapeutically effective amounts of a component are administered systemically.

In an embodiment, components described herein are delivered subretinally, e.g., by
subretinal injection. Subretinal injections may be made directly into the macular, e.g.,
submacular injection.

In an embodiment, components described herein are delivered by intravitreal injection.
Intravitreal injection has a relatively low risk of retinal detachment. In an embodiment,

nanoparticle or viral, e.g., AAV vector, is delivered intravitreally.
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In an embodiment, components described herein are delivered into the inner ear, e.g., by
intracochlear injection. Intracochlear injections may be made in the vicinity of inner and/or
outer hair cells.

Methods for administration of agents to the eye and inner ear are known in the medical
arts and can be used to administer components described herein. Exemplary methods include
intraocular injection (e.g., retrobulbar, subretinal, submacular, intravitreal and intrachoridal),
iontophoresis, eye drops, intraocular implantation (e.g., intravitreal, sub-Tenons and sub-
conjunctival) and intracochlear injection.

Administration may be provided as a periodic bolus (for example, subretinally,
intravenously, intravitreally or by intracochlear injection) or as continuous infusion from an
internal reservoir (for example, from an implant disposed at an intra- or extra-ocular location
(see, U.S. Pat. Nos. 5,443,505 and 5,766,242)) or from an external reservoir (for example, from
an intravenous bag). Components may be administered locally, for example, by continuous
release from a sustained release drug delivery device immobilized to an inner wall of the eye or
via targeted transscleral controlled release into the choroid (see, for example, PCT/US00/00207,
PCT/US02/14279, Ambati et al. (2000) INVEST. OPHTHALMOL. VIS. SC1.41:1181-1185, and
Ambati et al. (2000) INVEST. OPHTHALMOL. VIS. SCI1.41:1186-1191). A variety of devices
suitable for administering components locally to the inside of the eye are known in the art. See,
for example, U.S. Pat. Nos. 6,251,090, 6,299,895, 6,416,777, 6,413,540, and PCT/US00/28187.

In addition, components may be formulated to permit release over a prolonged period of
time. A release system can include a matrix of a biodegradable material or a material which
releases the incorporated components by diffusion. The components can be homogeneously or
heterogeneously distributed within the release system. A variety of release systems may be
useful, however, the choice of the appropriate system will depend upon rate of release required
by a particular application. Both non-degradable and degradable release systems can be used.
Suitable release systems include polymers and polymeric matrices, non-polymeric matrices, or
inorganic and organic excipients and diluents such as, but not limited to, calcium carbonate and
sugar (for example, trehalose). Release systems may be natural or synthetic. However, synthetic
release systems are preferred because generally they are more reliable, more reproducible and
produce more defined release profiles. The release system material can be selected so that

components having different molecular weights are released by diffusion through or degradation
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of the material.

Representative synthetic, biodegradable polymers include, for example: polyamides such
as poly(amino acids) and poly(peptides); polyesters such as poly(lactic acid), poly(glycolic acid),
poly(lactic-co-glycolic acid), and poly(caprolactone); poly(anhydrides); polyorthoesters;
polycarbonates; and chemical derivatives thereof (substitutions, additions of chemical groups, for
example, alkyl, alkylene, hydroxylations, oxidations, and other modifications routinely made by
those skilled in the art), copolymers and mixtures thereof. Representative synthetic, non-
degradable polymers include, for example: polyethers such as poly(ethylene oxide),
poly(ethylene glycol), and poly(tetramethylene oxide); vinyl polymers-polyacrylates and
polymethacrylates such as methyl, ethyl, other alkyl, hydroxyethyl methacrylate, acrylic and
methacrylic acids, and others such as poly(vinyl alcohol), poly(vinyl pyrolidone), and poly(vinyl
acetate); poly(urethanes); cellulose and its derivatives such as alkyl, hydroxyalkyl, ethers, esters,
nitrocellulose, and various cellulose acetates; polysiloxanes; and any chemical derivatives
thereof (substitutions, additions of chemical groups, for example, alkyl, alkylene, hydroxylations,
oxidations, and other modifications routinely made by those skilled in the art), copolymers and
mixtures thereof.

Poly(lactide-co-glycolide) microsphere can also be used for intraocular injection.
Typically the microspheres are composed of a polymer of lactic acid and glycolic acid, which are
structured to form hollow spheres. The spheres can be approximately 15-30 microns in diameter
and can be loaded with components described herein.

Bi-Modal or Differential Delivery of Components

Separate delivery of the components of a Cas system, e.g., the Cas9 molecule component
and the gRNA molecule component, and more particularly, delivery of the components by
differing modes, can enhance performance, e.g., by improving tissue specificity and safety.

In an embodiment, the Cas9 molecule and the gRNA molecule are delivered by different
modes, or as sometimes referred to herein as differential modes. Different or differential modes,
as used herein, refer modes of delivery that confer different pharmacodynamic or
pharmacokinetic properties on the subject component molecule, e.g., a Cas9 molecule, gRNA
molecule, template nucleic acid, or payload. For example, the modes of delivery can result in
different tissue distribution, different half-life, or different temporal distribution, e.g., in a

selected compartment, tissue, or organ.
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Some modes of delivery, e.g., delivery by a nucleic acid vector that persists in a cell, or in
progeny of a cell, e.g., by autonomous replication or insertion into cellular nucleic acid, result in
more persistent expression of and presence of a component. Examples include viral, e.g., adeno
associated virus or lentivirus, delivery.

By way of example, the components, e.g., a Cas9 molecule and a gRNA molecule, can be
delivered by modes that differ in terms of resulting half-life or persistent of the delivered
component the body, or in a particular compartment, tissue or organ. In an embodiment, a
gRNA molecule can be delivered by such modes. The Cas9 molecule component can be
delivered by a mode which results in less persistence or less exposure to the body or a particular
compartment or tissue or organ.

More generally, in an embodiment, a first mode of delivery is used to deliver a first
component and a second mode of delivery is used to deliver a second component. The first
mode of delivery confers a first pharmacodynamic or pharmacokinetic property. The first
pharmacodynamic property can be, e.g., distribution, persistence, or exposure, of the component,
or of a nucleic acid that encodes the component, in the body, a compartment, tissue or organ.
The second mode of delivery confers a second pharmacodynamic or pharmacokinetic property.
The second pharmacodynamic property can be, e.g., distribution, persistence, or exposure, of the
component, or of a nucleic acid that encodes the component, in the body, a compartment, tissue
or organ.

In an embodiment, the first pharmacodynamic or pharmacokinetic property, €.g.,
distribution, persistence or exposure, is more limited than the second pharmacodynamic or
pharmacokinetic property.

In an embodiment, the first mode of delivery is selected to optimize, e.g., minimize, a
pharmacodynamic or pharmacokinetic property, €.g., distribution, persistence or exposure.

In an embodiment, the second mode of delivery is selected to optimize, e.g., maximize, a
pharmacodynamic or pharmacokinetic property, €.g., distribution, persistence or exposure.

In an embodiment, the first mode of delivery comprises the use of a relatively persistent
element, e.g., a nucleic acid, e.g., a plasmid or viral vector, e.g., an AAV or lentivirus. As such
vectors are relatively persistent product transcribed from them would be relatively persistent.

In an embodiment, the second mode of delivery comprises a relatively transient element,

e.g., an RNA or protein.
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In an embodiment, the first component comprises gRNA, and the delivery mode is
relatively persistent, e.g., the gRNA 1is transcribed from a plasmid or viral vector, e.g., an AAV
or lentivirus. Transcription of these genes would be of little physiological consequence because
the genes do not encode for a protein product, and the gRNAs are incapable of acting in
isolation. The second component, a Cas9 molecule, is delivered in a transient manner, for
example as mRNA or as protein, ensuring that the full Cas9 molecule/gRNA molecule complex
is only present and active for a short period of time.

Furthermore, the components can be delivered in different molecular form or with
different delivery vectors that complement one another to enhance safety and tissue specificity.

Use of differential delivery modes can enhance performance, safety and efficacy. E.g.,
the likelihood of an eventual off-target modification can be reduced. Delivery of immunogenic
components, e.g., Cas9 molecules, by less persistent modes can reduce immunogenicity, as
peptides from the bacterially-derived Cas enzyme are displayed on the surface of the cell by
MHC molecules. A two-part delivery system can alleviate these drawbacks.

Differential delivery modes can be used to deliver components to different, but
overlapping target regions. The formation active complex is minimized outside the overlap of
the target regions. Thus, in an embodiment, a first component, e.g., a gRNA molecule is
delivered by a first delivery mode that results in a first spatial, e.g., tissue, distribution. A second
component, e.g., a Cas9 molecule is delivered by a second delivery mode that results in a second
spatial, e.g., tissue, distribution. In an embodiment the first mode comprises a first element
selected from a liposome, nanoparticle, e.g., polymeric nanoparticle, and a nucleic acid, e.g.,
viral vector. The second mode comprises a second element selected from the group. In an
embodiment, the first mode of delivery comprises a first targeting element, e.g., a cell specific
receptor or an antibody, and the second mode of delivery does not include that element. In
embodiment, the second mode of delivery comprises a second targeting element, e.g., a second
cell specific receptor or second antibody.

When the Cas9 molecule is delivered in a virus delivery vector, a liposome, or polymeric
nanoparticle, there is the potential for delivery to and therapeutic activity in multiple tissues,
when it may be desirable to only target a single tissue. A two-part delivery system can resolve

this challenge and enhance tissue specificity. If the gRNA molecule and the Cas9 molecule are
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packaged in separated delivery vehicles with distinct but overlapping tissue tropism, the fully
functional complex is only be formed in the tissue that is targeted by both vectors.

Ex vivo delivery

In some embodiments, components described in Table 14 are introduced into cells which
are then introduced into the subject. Methods of introducing the components can include, e.g.,

any of the delivery methods described in Table 15.

VIII. Modified Nucleosides, Nucleotides, and Nucleic Acids

Modified nucleosides and modified nucleotides can be present in nucleic acids, e.g.,
particularly gRNA, but also other forms of RNA, e.g., mRNA, RNAI, or siRNA. As described
herein, “nucleoside” is defined as a compound containing a five-carbon sugar molecule (a
pentose or ribose) or derivative thereof, and an organic base, purine or pyrimidine, or a
derivative thereof. As described herein, “nucleotide” is defined as a nucleoside further
comprising a phosphate group.

Modified nucleosides and nucleotides can include one or more of:

(1) alteration, e.g., replacement, of one or both of the non-linking phosphate oxygens
and/or of one or more of the linking phosphate oxygens in the phosphodiester backbone linkage;

(ii) alteration, e.g., replacement, of a constituent of the ribose sugar, e.g., of the 2’
hydroxyl on the ribose sugar;

(ii1) wholesale replacement of the phosphate moiety with “dephospho” linkers;

(iv) modification or replacement of a naturally occurring nucleobase;

(v) replacement or modification of the ribose-phosphate backbone;

(vi) modification of the 3’ end or 5’ end of the oligonucleotide, e.g., removal,
modification or replacement of a terminal phosphate group or conjugation of a moiety; and

(vil) modification of the sugar.

The modifications listed above can be combined to provide modified nucleosides and
nucleotides that can have two, three, four, or more modifications. For example, a modified
nucleoside or nucleotide can have a modified sugar and a modified nucleobase. In an
embodiment, every base of a gRNA is modified, e.g., all bases have a modified phosphate group,

e.g., all are phosphorothioate groups. In an embodiment, all, or substantially all, of the
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phosphate groups of a unimolecular or modular gRNA molecule are replaced with
phosphorothioate groups.

In an embodiment, modified nucleotides, e.g., nucleotides having modifications as
described herein, can be incorporated into a nucleic acid, e.g., a “modified nucleic acid.” In
some embodiments, the modified nucleic acids comprise one, two, three or more modified
nucleotides. In some embodiments, at least 5% (e.g., at least about 5%, at least about 10%, at
least about 15%, at least about 20%, at least about 25%, at least about 30%, at least about 35%,
at least about 40%, at least about 45%, at least about 50%, at least about 55%, at least about
60%, at least about 65%, at least about 70%, at least about 75%, at least about 80%, at least
about 85%, at least about 90%, at least about 95%, or about 100%) of the positions in a modified
nucleic acid are a modified nucleotides.

Unmodified nucleic acids can be prone to degradation by, e.g., cellular nucleases. For
example, nucleases can hydrolyze nucleic acid phosphodiester bonds. Accordingly, in one
aspect the modified nucleic acids described herein can contain one or more modified nucleosides
or nucleotides, e.g., to introduce stability toward nucleases.

In some embodiments, the modified nucleosides, modified nucleotides, and modified
nucleic acids 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, generally
of viral or bacterial origin, which involves the induction of cytokine expression and release,
particularly the interferons, and cell death. In some embodiments, the modified nucleosides,
modified nucleotides, and modified nucleic acids described herein can disrupt binding of a major
groove interacting partner with the nucleic acid. In some embodiments, the modified
nucleosides, modified nucleotides, and modified nucleic acids described herein can exhibit a
reduced innate immune response when introduced into a population of cells, both in vivo and ex
vivo, and also disrupt binding of a major groove interacting partner with the nucleic acid.

Definitions of Chemical Groups

As used herein, “alkyl” is meant to refer to a saturated hydrocarbon group which is
straight-chained or branched. Example alkyl groups include methyl (Me), ethyl (Et), propyl
(e.g., n-propyl and isopropyl), butyl (e.g., n-butyl, isobutyl, t-butyl), pentyl (e.g., n-pentyl,
isopentyl, neopentyl), and the like. An alkyl group can contain from 1 to about 20, from 2 to
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about 20, from 1 to about 12, from 1 to about 8§, from 1 to about 6, from 1 to about 4, or from 1
to about 3 carbon atoms.

As used herein, “aryl” refers to monocyclic or polycyclic (e.g., having 2, 3 or 4 fused
rings) aromatic hydrocarbons such as, for example, phenyl, naphthyl, anthracenyl,
phenanthrenyl, indanyl, indenyl, and the like. In some embodiments, aryl groups have from 6 to
about 20 carbon atoms.

As used herein, “alkenyl” refers to an aliphatic group containing at least one double bond.

As used herein, “alkynyl” refers to a straight or branched hydrocarbon chain containing
2-12 carbon atoms and characterized in having one or more triple bonds. Examples of alkynyl
groups include, but are not limited to, ethynyl, propargyl, and 3-hexynyl.

As used herein, “arylalkyl” or “aralkyl” refers to an alkyl moiety in which an alkyl
hydrogen atom is replaced by an aryl group. Aralkyl includes groups in which more than one
hydrogen atom has been replaced by an aryl group. Examples of “arylalkyl” or “aralkyl” include
benzyl, 2-phenylethyl, 3-phenylpropyl, 9-fluorenyl, benzhydryl, and trityl groups.

As used herein, “cycloalkyl” refers to a cyclic, bicyclic, tricyclic, or polycyclic non-
aromatic hydrocarbon groups having 3 to 12 carbons. Examples of cycloalkyl moieties include,
but are not limited to, cyclopropyl, cyclopentyl, and cyclohexyl.

As used herein, “heterocyclyl” refers to a monovalent radical of a heterocyclic ring
system. Representative heterocyclyls include, without limitation, tetrahydrofuranyl,
tetrahydrothienyl, pyrrolidinyl, pyrrolidonyl, piperidinyl, pyrrolinyl, piperazinyl, dioxanyl,
dioxolanyl, diazepinyl, oxazepinyl, thiazepinyl, and morpholinyl.

As used herein, “heteroaryl” refers to a monovalent radical of a heteroaromatic ring
system. Examples of heteroaryl moieties include, but are not limited to, imidazolyl, oxazolyl,
thiazolyl, triazolyl, pyrrolyl, furanyl, indolyl, thiophenyl pyrazolyl, pyridinyl, pyrazinyl,
pyridazinyl, pyrimidinyl, indolizinyl, purinyl, naphthyridinyl, quinolyl, and pteridinyl.

Phosphate Backbone Modifications

The Phosphate Group
In some embodiments, the phosphate group of a modified nucleotide can be modified by
replacing one or more of the oxygens with a different substituent. Further, the modified

nucleotide, e.g., modified nucleotide present in a modified nucleic acid, can include the
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wholesale replacement of an unmodified phosphate moiety with a modified phosphate as
described herein. In some embodiments, the modification of the phosphate backbone can
include alterations that result in either an uncharged linker or a charged linker with
unsymmetrical charge distribution.

Examples of modified phosphate groups include, phosphorothioate, phosphoroselenates,
borano phosphates, borano phosphate esters, hydrogen phosphonates, phosphoroamidates, alkyl
or aryl phosphonates and phosphotriesters. In some embodiments, one of the non-bridging
phosphate oxygen atoms in the phosphate backbone moiety can be replaced by any of the
following groups: sulfur (S), selenium (Se), BR3 (wherein R can be, e.g., hydrogen, alkyl, or
aryl), C (e.g., an alkyl group, an aryl group, and the like), H, NR, (wherein R can be, e.g.,
hydrogen, alkyl, or aryl), or OR (wherein R can be, e.g., alkyl or aryl). 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;
that is to say that a phosphorous atom in a phosphate group modified in this way is a stereogenic
center. The stereogenic phosphorous atom can possess either the “R” configuration (herein Rp)
or the “S” configuration (herein Sp).

Phosphorodithioates have both non-bridging oxygens replaced by sulfur. The phosphorus
center in the phosphorodithioates is achiral which precludes the formation of oligoribonucleotide
diastereomers. In some embodiments, modifications to one or both non-bridging oxygens can
also include the replacement of the non-bridging oxygens with a group independently selected
from S, Se, B, C, H, N, and OR (R can be, e.g., alkyl or aryl).

The phosphate linker can also be modified by replacement of a bridging oxygen, (i.e., the
oxygen that links the phosphate to the nucleoside), with nitrogen (bridged phosphoroamidates),
sulfur (bridged phosphorothioates) and carbon (bridged methylenephosphonates). The
replacement can occur at either linking oxygen or at both of the linking oxygens.

Replacement of the Phosphate Group

The phosphate group can be replaced by non-phosphorus containing connectors. In some
embodiments, the charge 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, hydroxylamino, siloxane, carbonate, carboxymethyl,

carbamate, amide, thioether, ethylene oxide linker, sulfonate, sulfonamide, thioformacetal,
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formacetal, oxime, methyleneimino, methylenemethylimino, methylenehydrazo,
methylenedimethylhydrazo and methyleneoxymethylimino.

Replacement of the Ribophosphate Backbone

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. In
some embodiments, the nucleobases can be tethered by a surrogate backbone. Examples can
include, without limitation, the morpholino, cyclobutyl, pyrrolidine and peptide nucleic acid
(PNA) nucleoside surrogates.

Sugar Modifications

The modified nucleosides and modified nucleotides can include one or more
modifications to the sugar group. For example, the 2° hydroxyl group (OH) can be modified or
replaced with a number of different “oxy” or “deoxy” substituents. In some embodiments,
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. The 2’-alkoxide can catalyze
degradation by intramolecular nucleophilic attack on the linker phosphorus atom.

Examples of “oxy”-2" hydroxyl group modifications can include alkoxy or aryloxy (OR,
wherein “R” can be, e.g., alkyl, cycloalkyl, aryl, aralkyl, heteroaryl or a sugar);
polyethyleneglycols (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 O to 4, from 0 to 8, from 0 to
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 “oxy”’-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 Cy¢ 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, dialkylamino, heterocyclyl, arylamino, diarylamino, heteroarylamino, or
diheteroarylamino, ethylenediamine, or polyamino) and aminoalkoxy, O(CH,;),-amino, (wherein
amino can be, e.g., NH,; alkylamino, dialkylamino, heterocyclyl, arylamino, diarylamino,
heteroarylamino, or diheteroarylamino, ethylenediamine, or polyamino). In some embodiments,
the “oxy”’-2” hydroxyl group modification can include the methoxyethyl group (MOE),
(OCH,CH,0OCHj3;, e.g., a PEG derivative).
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“Deoxy” modifications can include hydrogen (i.e. deoxyribose sugars, e.g., at the
overhang portions of partially ds RNA); halo (e.g., bromo, chloro, fluoro, or iodo); amino
(wherein amino can be, e.g., NH,; alkylamino, dialkylamino, heterocyclyl, arylamino,
diarylamino, heteroarylamino, 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 optionally substituted
with e.g., an amino as described herein.

The sugar group can also contain one or more carbons that possess the opposite
stereochemical configuration than that of the corresponding carbon in ribose. Thus, a modified
nucleic acid can include nucleotides containing €.g., arabinose, as the sugar. The nucleotide
“monomer” can have an alpha linkage at the 1° position on the sugar, e.g., alpha-nucleosides.
The modified nucleic acids can also include “abasic” sugars, which lack a nucleobase at C-1".
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.

Generally, RNA includes the sugar group ribose, which is a 5-membered ring having an
oxygen. Exemplary modified nucleosides and modified nucleotides can include, without
limitation, replacement of the oxygen in ribose (e.g., with sulfur (S), selenium (Se), or alkylene,
such as, e.g., methylene or ethylene); addition of a double bond (e.g., to replace ribose with
cyclopentenyl or cyclohexenyl); ring contraction of ribose (e.g., to form a 4-membered ring of
cyclobutane or oxetane); ring expansion of ribose (e.g., to form a 6- or 7-membered ring having
an additional carbon or heteroatom, such as for example, anhydrohexitol, altritol, mannitol,
cyclohexanyl, cyclohexenyl, and morpholino that also has a phosphoramidate backbone). In
some embodiments, the modified nucleotides can include multicyclic forms (e.g., tricyclo; and
“unlocked” forms, such as glycol nucleic acid (GNA) (e.g., R-GNA or S-GNA, where ribose is
replaced by glycol units attached to phosphodiester bonds), threose nucleic acid (TNA, where
ribose is replaced with a-L-threofuranosyl-(3’—2")).

Modifications on the Nucleobase

The modified nucleosides and modified nucleotides described herein, which can be

incorporated into a modified nucleic acid, can include a modified nucleobase. Examples of
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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 nucleosides and
modified nucleotides that can be incorporated into modified nucleic acids. The nucleobase of the
nucleotide can be independently selected from a purine, a pyrimidine, a purine or pyrimidine
analog. In some embodiments, the nucleobase can include, for example, naturally-occurring and
synthetic derivatives of a base.

Uracil

In some embodiments, the modified nucleobase is a modified uracil. Exemplary
nucleobases and nucleosides having a modified uracil include without limitation pseudouridine
(y), pyridin-4-one ribonucleoside, 5-aza-uridine, 6-aza-uridine, 2-thio-5-aza-uridine, 2-thio-
uridine (s2U), 4-thio-uridine (s4U), 4-thio-pseudouridine, 2-thio-pseudouridine, 5-hydroxy-
uridine (hoSU), S-aminoallyl-uridine, 5-halo-uridine (e.g., 5-iodo-uridine or 5-bromo-uridine), 3-
methyl-uridine (m’U), 5-methoxy-uridine (mo°U), uridine 5-oxyacetic acid (cmo’U), uridine 5-
oxyacetic acid methyl ester (mcmo’U), 5-carboxymethyl-uridine (cm’U), I-carboxymethyl-
pseudouridine, 5-carboxyhydroxymethyl-uridine (chm’U), 5-carboxyhydroxymethyl-uridine
methyl ester (mchm’U), 5-methoxycarbonylmethyl-uridine (mem’U), 5-
methoxycarbonylmethyl-2-thio-uridine (mem’s2U), 5-aminomethyl-2-thio-uridine (nm’s2U), 5-
methylaminomethyl-uridine (mnm°U), 5-methylaminomethyl-2-thio-uridine (mnm’s2U), 5-
methylaminomethyl-2-seleno-uridine (mnm’se’U), 5-carbamoylmethyl-uridine (nem’U), 5-
carboxymethylaminomethyl-uridine (cmnm’U), S-carboxymethylaminomethyl-2-thio-uridine
(cmnm s2U), S-propynyl-uridine, 1-propynyl-pseudouridine, 5-taurinomethyl-uridine (tem’U),
I-taurinomethyl-pseudouridine, 5—taurinomethy1—2—thio—uridine(rmss2U), I-taurinomethyl-4-
thio-pseudouridine, 5-methyl-uridine (m’U, ie., having the nucleobase deoxythymine), 1-
methyl-pseudouridine (ml\y), 5-methyl-2-thio-uridine (m’s20), I-methyl-4-thio-pseudouridine
(m1s4\|f), 4-thio-1-methyl-pseudouridine, 3-methyl-pseudouridine (m’y), 2-thio-1-methyl-
pseudouridine, 1-methyl-1-deaza-pseudouridine, 2-thio-1-methyl-1-deaza-pseudouridine,
dihydrouridine (D), dihydropseudouridine, 5,6-dihydrouridine, 5-methyl-dihydrouridine (m’D),
2-thio-dihydrouridine, 2-thio-dihydropseudouridine, 2-methoxy-uridine, 2-methoxy-4-thio-
uridine, 4-methoxy-pseudouridine, 4-methoxy-2-thio-pseudouridine, N1-methyl-pseudouridine,
3-(3-amino-3-carboxypropyl)uridine (acp’U), 1-methyl-3-(3-amino-3-

carboxypropyl)pseudouridine (acp’y), 5-(isopentenylaminomethyl)uridine (inm’U), 5-
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(isopentenylaminomethyl)-2-thio-uridine (inm’s2U), o-thio-uridine, 2'-O-methyl-uridine (Um),
5,2'-O-dimethyl-uridine (m’Um), 2'-O-methyl-pseudouridine (ym), 2-thio-2'-O-methyl-uridine
(s2Um), 5-methoxycarbonylmethyl-2'-O-methyl-uridine (mcm *Um), 5-carbamoylmethyl-2'-O-
methyl-uridine (ncm *Um), 5-carboxymethylaminomethyl-2'-O-methyl-uridine (cmnm *Um),
3,2'-O-dimethyl-uridine (m’Um), 5-(isopentenylaminomethyl)-2'-O-methyl-uridine (inm *Um),
1-thio-uridine, deoxythymidine, 2'-F-ara-uridine, 2'-F-uridine, 2'-OH-ara-uridine, 5-(2-
carbomethoxyvinyl) uridine, 5-[3-(1-E-propenylamino)uridine, pyrazolo[3,4-d]pyrimidines,
xanthine, and hypoxanthine.

Cytosine

In some embodiments, the modified nucleobase is a modified cytosine. Exemplary
nucleobases and nucleosides having a modified cytosine include without limitation 5-aza-
cytidine, 6-aza-cytidine, pseudoisocytidine, 3-methyl-cytidine (m’C), N4-acetyl-cytidine (act), 5-
formyl-cytidine (f°C), N4-methyl-cytidine (m*C), 5-methyl-cytidine (m’C), 5-halo-cytidine (e.g.,
5-iodo-cytidine), 5-hydroxymethyl-cytidine (hm’°C), I-methyl-pseudoisocytidine, pyrrolo-
cytidine, pyrrolo-pseudoisocytidine, 2-thio-cytidine (s2C), 2-thio-5-methyl-cytidine, 4-thio-
pseudoisocytidine, 4-thio-1-methyl-pseudoisocytidine, 4-thio-1-methyl-1-deaza-
pseudoisocytidine, 1-methyl-1-deaza-pseudoisocytidine, zebularine, 5-aza-zebularine, 5-methyl-
zebularine, 5-aza-2-thio-zebularine, 2-thio-zebularine, 2-methoxy-cytidine, 2-methoxy-5-methyl-
cytidine, 4-methoxy-pseudoisocytidine, 4-methoxy-1-methyl-pseudoisocytidine, lysidine (k*C),
a-thio-cytidine, 2'-O-methyl-cytidine (Cm), 5,2'-O-dimethyl-cytidine (m°Cm), N4-acetyl-2'-O-
methyl-cytidine (ac*Cm), N4,2'-O-dimethyl-cytidine (m*Cm), 5-formyl-2'-O-methyl-cytidine (f
5Cm), N4,N4,2'-O-trimethyl-cytidine (m42Cm), 1-thio-cytidine, 2'-F-ara-cytidine, 2'-F-cytidine,
and 2'-OH-ara-cytidine.

Adenine

In some embodiments, the modified nucleobase is a modified adenine. Exemplary
nucleobases and nucleosides having a modified adenine include without limitation 2-amino-
purine, 2,6-diaminopurine, 2-amino-6-halo-purine (e.g., 2-amino-6-chloro-purine), 6-halo-purine
(e.g., 6-chloro-purine), 2-amino-6-methyl-purine, 8-azido-adenosine, 7-deaza-adenine, 7-deaza-
8-aza-adenine, 7-deaza-2-amino-purine, 7-deaza-8-aza-2-amino-purine, 7-deaza-2,6-
diaminopurine, 7-deaza-8-aza-2,6-diaminopurine, 1-methyl-adenosine (m'A), 2-methyl-adenine

(m®A), N6-methyl-adenosine (m°A), 2-methylthio-N6-methyl-adenosine (ms2m®A), N6-
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isopentenyl-adenosine (i°A), 2-methylthio-N6-isopentenyl-adenosine (ms*i®A), N6-(cis-
hydroxyisopentenyl)adenosine (i0°A), 2-methylthio-N6-(cis-hydroxyisopentenyl)adenosine
(ms2io®A), N6-glycinylcarbamoyl-adenosine (g6A), N6-threonylcarbamoyl-adenosine (t°A), N6-
methyl-N6-threonylcarbamoyl-adenosine (m°t°A), 2-methylthio-N6-threonylcarbamoyl-
adenosine (ms2g6A), N6,N6-dimethyl-adenosine (m%A), N6-hydroxynorvalylcarbamoyl-
adenosine (hn°A), 2-methylthio-N6-hydroxynorvalylcarbamoyl-adenosine (ms2hn®A), N6-
acetyl-adenosine (ac®A), 7-methyl-adenine, 2-methylthio-adenine, 2-methoxy-adenine, a-thio-
adenosine, 2'-O-methyl-adenosine (Am), N6,2'—O—dimethyl—adenosine (m6Am), N6—Methy1—2'—
deoxyadenosine, N6,N6,2'-O-trimethyl-adenosine (m62Am), 1,2'-O-dimethyl-adenosine (mlAm),
2'-O-ribosyladenosine (phosphate) (Ar(p)), 2-amino-N6-methyl-purine, 1-thio-adenosine, 8-
azido-adenosine, 2'-F-ara-adenosine, 2'-F-adenosine, 2'-OH-ara-adenosine, and N6-(19-amino-
pentaoxanonadecyl)-adenosine.

Guanine

In some embodiments, the modified nucleobase is a modified guanine. Exemplary
nucleobases and nucleosides having a modified guanine include without limitation inosine (I), 1-
methyl-inosine (m'D), wyosine (imG), methylwyosine (mimG), 4-demethyl-wyosine (imG-14),
isowyosine (imG2), wybutosine (yW), peroxywybutosine (0,yW), hydroxywybutosine (OHyW),
undermodified hydroxywybutosine (OHyW*), 7-deaza-guanosine, queuosine (Q),
epoxyqueuosine (0Q), galactosyl-queuosine (galQ), mannosyl-queuosine (manQ), 7-cyano-7-
deaza-guanosine (preQy), 7-aminomethyl-7-deaza-guanosine (preQ;), archaeosine (G"), 7-deaza-
8-aza-guanosine, 6-thio-guanosine, 6-thio-7-deaza-guanosine, 6-thio-7-deaza-8-aza-guanosine,
7-methyl-guanosine (m’G), 6-thio-7-methyl-guanosine, 7-methyl-inosine, 6-methoxy-guanosine,
1-methyl-guanosine (m'G), N2-methyl-guanosine (m*G), N2,N2-dimethyl-guanosine (m”,G),
N2,7-dimethyl-guanosine (m2,7G), N2, N2,7-dimethyl-guanosine (m2,2,7G), 8-ox0-guanosine,
7-methyl-8-oxo0-guanosine, 1-meth thio-guanosine, N2-methyl-6-thio-guanosine, N2,N2-
dimethyl-6-thio-guanosine, a-thio-guanosine, 2'-O-methyl-guanosine (Gm), N2-methyl-2'-O-
methyl-guanosine (m°Gm), N2,N2-dimethyl-2'-O-methyl-guanosine (m”,Gm), 1-methyl-2'-O-
methyl-guanosine (m'Gm), N2,7-dimethyl-2'-O-methyl-guanosine (m?,7Gm), 2'-O-methyl-
inosine (Im), 1,2'-O-dimethyl-inosine (m'Im), 06—pheny1—2’—deoxyinosine, 2'-O-ribosylguanosine
(phosphate) (Gr(p)), 1-thio-guanosine, 06—methy1—guanosine, 06—Methy1—2’—deoxyguanosine, 2'-

F-ara-guanosine, and 2'-F-guanosine.
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Modified gRNAs

In some embodiments, the modified nucleic acids can be modified gRNAs. In some
embodiments, gRNAs can be modified at the 3” end. In this embodiment, the gRNAs can be
modified at the 3’ terminal U ribose. For example, the two terminal hydroxyl groups of the U

ribose can be oxidized to aldehyde groups and a concomitant opening of the ribose ring to afford

U
HO
77
]
@] @]

wherein “U” can be an unmodified or modified uridine.

a modified nucleoside as sown below:

In another embodiment, the 3’ terminal U can be modified with a 2’3’ cyclic phosphate

as shown below:

HO U

H H
O\P/O
o Yo
wherein “U” can be an unmodified or modified uridine.

In some embodiments, the gRNA molecules may contain 3’ nucleotides which can be
stabilized against degradation, e.g., by incorporating one or more of the modified nucleotides
described herein. In this embodiment, e.g., uridines can be replaced with modified uridines, e.g.,
5-(2-amino)propyl uridine, and 5-bromo uridine, or with any of the modified uridines described
herein; adenosines and guanosines can be replaced with modified adenosines and guanosines,
e.g., with modifications at the §-position, e.g., 8-bromo guanosine, or with any of the modified
adenosines or guanosines described herein. In some embodiments, deaza nucleotides, e.g., 7-
deaza-adenosine, can be incorporated into the gRNA. In some embodiments, O- and N-alkylated
nucleotides, e.g., N6-methyl andenosine, can be incorporated into the gRNA. In some
embodiments, sugar-modified ribonucleotides can be incorporated, e.g., wherein the 2° OH-
group is replaced by a group selected from H, -OR, -R (wherein R can be, e.g., alkyl, cycloalkyl,
aryl, aralkyl, heteroaryl or sugar), halo, -SH, -SR (wherein R can be, e.g., alkyl, cycloalkyl, aryl,

aralkyl, heteroaryl or sugar), amino (wherein amino can be, e.g., NH,; alkylamino, dialkylamino,
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heterocyclyl, arylamino, diarylamino, heteroarylamino, diheteroarylamino, or amino acid); or
cyano (-CN). In some embodiments, the phosphate backbone can be modified as described
herein, e.g., with a phosphothioate group. In some embodiments, the nucleotides in the overhang
region of the gRNA can each independently be a modified or unmodified nucleotide including,
but not limited to 2’-sugar modified, such as, 2-F 2’-O-methyl, thymidine (T), 2’-O-
methoxyethyl-5-methyluridine (Teo), 2’-O-methoxyethyladenosine (Aeo ), 2’-O-methoxyethyl-
5-methylcytidine (m5Ceo ), and any combinations thereof.

In an embodiment, one or more or all of the nucleotides in single stranded RNA

molecule, e.g., a gRNA molecule, are deoxynucleotides.

miRNA binding sites

microRNAs (or miRNAs) are naturally occurring cellular 19-25 nucleotide long
noncoding RNAs. They bind to nucleic acid molecules having an appropriate miRNA binding
site, e.g., in the 3° UTR of a mRNA, and down-regulate gene expression. While not wishing to
be bound by theory it is believed that the down regulation is either by reducing nucleic acid
molecule stability or by inhibiting translation. An RNA species disclosed herein, e.g., an mRNA
encoding Cas9 can comprise an miRNA binding site, e.g., in its 3’UTR. The miRNA binding
site can be selected to promote down regulation of expression is a selected cell type. By way of
example, the incorporation of a binding site for miR-122, a microRNA abundant in liver, can

inhibit the expression of the gene of interest in the liver.
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Examples
The following Examples are merely illustrative are are not intended to limit the scope or

content of the invention in any way.

Example 1: Evaluation of candidate guide RNAs

The suitability of candidate gRNAs can be evaluated as described in this example.
Although described for a chimeric gRNA, the approach can also be used to evaluate modular
gRNAs.

Cloning gRNAs into Vectors

For each gRNA, a pair of overlapping oligonucleotides is designed and obtained.
Oligonucleotides are annealed and ligated into a digested vector backbone containing an
upstream U6 promoter and the remaining sequence of a long chimeric gRNA. Plasmid is
sequence-verified and prepped to generate sufficient amounts of transfection-quality DNA.
Alternate promoters maybe used to drive in vivo transcription (e.g., H1 promoter) or for in vitro
transcription (e.g., T7 promoter).

Initial gRNA Screen

Each gRNA to be tested is transfected, along with a plasmid expressing Cas9 and a small
amount of a GFP-expressing plasmid into human cells. In preliminary experiments, these cells
can be immortalized human cell lines such as 293T, K562 or U20S. Alternatively, primary
human cells may be used. In this case, cells may be relevant to the eventual therapeutic cell
target (for example, photoreceptor cells). The use of primary cells similar to the potential
therapeutic target cell population may provide important information on gene targeting rates in
the context of endogenous chromatin and gene expression.

Transfection may be performed using lipid transfection (such as Lipofectamine or
Fugene) or by electroporation. Following transfection, GFP expression can be determined either
by fluorescence microscopy or by flow cytometry to confirm consistent and high levels of
transfection. These preliminary transfections can comprise different gRNAs and different
targeting approaches (17-mers, 20-mers, nuclease, dual-nickase, etc) to determine which

gRNAs/combinations of gRNAs give the greatest activity.
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Efficiency of cleavage with each gRNA may be assessed by measuring NHEJ-induced
indel formation at the target locus by a T7E1-type assay or by sequencing. Alternatively, other
mismatch-sensitive enzymes, such as Cell/Surveyor nuclease, may also be used.

For the T7E1 assay, PCR amplicons are approximately 500-700bp with the intended cut
site placed asymmetrically in the amplicon. Following amplification, purification and size-
verification of PCR products, DNA is denatured and re-hybridized by heating to 95°C and then
slowly cooling. Hybridized PCR products are then digested with T7 Endonuclease I (or other
mismatch-sensitive enzyme) which recognizes and cleaves non-perfectly matched DNA. If
indels are present in the original template DNA, when the amplicons are denatured and re-
annealed, this results in the hybridization of DNA strands harboring different indels and
therefore lead to double-stranded DNA that is not perfectly matched. Digestion products may be
visualized by gel electrophoresis or by capillary electrophoresis. The fraction of DNA that is
cleaved (density of cleavage products divided by the density of cleaved and uncleaved) may be
used to estimate a percent NHEJ using the following equation: %NHEJ = (1-(1-fraction
cleaved)l/z). The T7EI assay is sensitive down to about 2-5% NHEJ.

Sequencing may be used instead of, or in addition to, the T7E1 assay. For Sanger
sequencing, purified PCR amplicons are cloned into a plasmid backbone, transformed,
miniprepped and sequenced with a single primer. For large sequencing numbers, Sanger
sequencing may be used for determining the exact nature of indels after determining the NHEJ
rate by T7E].

Sequencing may also be performed using next generation sequencing techniques. When
using next generation sequencing, amplicons may be 300-500bp with the intended cut site placed
asymmetrically. Following PCR, next generation sequencing adapters and barcodes (for
example Illumina multiplex adapters and indexes) may be added to the ends of the amplicon,
e.g., for use in high throughput sequencing (for example on an Illumina MiSeq). This method

allows for detection of very low NHEJ rates.

Example 2: Assessment of Gene Targeting by HDR
The gRNAs that induce the greatest levels of NHEJ in initial tests can be selected for
further evaluation of gene targeting efficiency. In this case, cells are derived from disease

subjects and, therefore, harbor the relevant mutation.
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Following transfection (usually 2-3 days post-transfection,) genomic DNA may be
isolated from a bulk population of transfected cells and PCR may be used to amplify the target
region. Following PCR, gene targeting efficiency can be determined by several methods.

Determination of gene targeting frequency involves measuring the percentage of alleles
that have undergone homologous directed repair (HDR) with the exogenously provided donor
template or endogenous genomic donor sequence and which therefore have incorporated the
desired correction (e.g., the missing G nucleotide at position 2299). If the desired HDR event
creates or destroys a restriction enzyme site, the frequency of gene targeting may be determined
by a RFLP assay. If no restriction site is created or destroyed, sequencing may be used to
determine gene targeting frequency. If a RFLP assay is used, sequencing may still be used to
verify the desired HDR event and ensure that no other mutations are present. If an exogenously
provided donor template is employed, at least one of the primers is placed in the endogenous
gene sequence outside of the region included in the homology arms, which prevents
amplification of donor template still present in the cells. Therefore, the length of the homology
arms present in the donor template may affect the length of the PCR amplicon. PCR amplicons
can either span the entire donor region (both primers placed outside the homology arms) or they
can span only part of the donor region and a single junction between donor and endogenous
DNA (one internal and one external primer). If the amplicons span less than the entire donor
region, two different PCRs should be used to amplify and sequence both the 5° and the 3’
junction.

If the PCR amplicon is short (less than 600bp) it is possible to use next generation
sequencing. Following PCR, next generation sequencing adapters and barcodes (for example
[lumina multiplex adapters and indexes) may be added to the ends of the amplicon, e.g., for use
in high throughput sequencing (for example on an Illumina MiSeq). This method allows for
detection of very low gene targeting rates.

If the PCR amplicon is too long for next generation sequencing, Sanger sequencing can
be performed. For Sanger sequencing, purified PCR amplicons will be cloned into a plasmid
backbone (for example, TOPO cloned using the LifeTech Zero Blunt® TOPO® cloning kit),

transformed, miniprepped and sequenced.
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The same or similar assays described above can be used to measure the percentage of
alleles that have undergone HDR with endogenous genomic donor sequence and which therefore

have incorporated the desired correction.
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Incorporation by Reference

All publications, patents, and patent applications mentioned herein are hereby
incorporated by reference in their entirety as if each individual publication, patent or patent
application was specifically and individually indicated to be incorporated by reference. In case

of conflict, the present application, including any definitions herein, will control.

Equivalents
Those skilled in the art will recognize, or be able to ascertain using no more than routine
experimentation, many equivalents to the specific embodiments of the invention described

herein. Such equivalents are intended to be encompassed by the following claims.
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Other embodiments are within the following claims.

What is claimed is:

1. A gRNA molecule comprising a targeting domain which is complementary with a target
domain from the USH2A gene.

2. The gRNA molecule of claim 1, wherein said targeting domain is configured to provide a
cleavage event selected from a double strand break and a single strand break, within 200
nucleotides of a target position of a guanine deletion at nucleotide positon 2299 (2299delG) in
the USH2A gene.

3. The gRNA molecule of claim 1 or 2, wherein said targeting domain comprises a
sequence that is the same as, or differs by no more than 3 nucleotides from, a targeting domain
sequence from Table 1.

4. The gRNA molecule of any of claims 1-3, wherein said targeting domain is selected from
those in Table 1.

5. The gRNA molecule of any of claims 1-4, wherein said targeting domain is
GAGUGCAAAAAAGAAGCCAA.

6. The gRNA molecule of any of claims 1-4, wherein said targeting domain is
GUUAGAUGUCACCAAUUGUA.

7. The gRNA molecule of any of claims 1-4, wherein said targeting domain is
GGUGUCACACUGAAGUCCUU.

8. The gRNA molecule of any of claims 1-4, wherein said targeting domain is
GCCAUGGAGGUUACACUGGC.

9. The gRNA molecule of any of claims 1-4, wherein said targeting domain is
GUCACAGGCCUUACAAU.

10. The gRNA molecule of any of claims 1-4, wherein said targeting domain is
GUCACACUGAAGUCCUU.

11. The gRNA molecule of any of claims 1-4, wherein said targeting domain is
UGCAAAAAAGAAGCCAA.

12. The gRNA molecule of any of claims 1-4, wherein said targeting domain is

UGCAGAGAAAACUUUUA.
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13. The gRNA molecule of any of claims 1-4, wherein said targeting domain is
UGUUCACUGAGCCAUGG.

14. The gRNA molecule of any of claims 1-4, wherein said targeting domain is
AUGGAGGUUACACUGGC.

15. The gRNA molecule of claim 1 or 2, wherein said targeting domain comprises a
sequence that is the same as, or differs by no more than 3 nucleotides from, a targeting domain
sequence from Table 2.

16. The gRNA molecule of any of claims 1, 2 or 15, wherein said targeting domain is
selected from Table 2.

17. The gRNA molecule of any of claim 1 or 2, wherein said targeting domain comprises a
sequence that is the same as, or differs by no more than 3 nucleotides from, a targeting domain
sequence from Table 3.

18. The gRNA molecule of claim 1, wherein said targeting domain is selected from Table 3.

19. The gRNA molecule of claim 1 or 2, wherein said targeting domain comprises a
sequence that is the same as, or differs by no more than 3 nucleotides from, a targeting domain
sequence from Tables 4A-4E.

20. The gRNA molecule of any of claims 1, 2 or 19, wherein said targeting domain is
selected from Tables 4A-4E.

21. The gRNA molecule of claim 1 or 2, wherein said targeting domain comprises a
sequence that is the same as, or differs by no more than 3 nucleotides from, a targeting domain
sequence from Tables SA-5F.

22. The gRNA molecule of any of claims 1, 2 or 21, wherein said targeting domain is
selected from Tables SA-5SF.

23. The gRNA molecule of claim 1 or 2, wherein said targeting domain comprises a
sequence that is the same as, or differs by no more than 3 nucleotides from, a targeting domain
sequence from Tables 6A-6D.

24. The gRNA molecule of any of claims 1, 2 or 23, wherein said targeting domain is
selected from Tables 6A-6D.

25. The gRNA molecule of any of claims 1-24, wherein said gRNA is a modular gRNA.

26. The gRNA molecule of any of claims 1-24, wherein said gRNA is a chimeric gRNA.
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27. The gRNA molecule of any of claims 1-26, wherein said targeting domain is 16
nucleotides or more in length.
28. The gRNA molecule of any of claims 1-27, wherein said targeting domain is 16
nucleotides in length.
29. The gRNA molecule of any of claims 1-27, wherein said targeting domain is 17
nucleotides in length.
30. The gRNA molecule of any of claims 1-27, wherein said targeting domain is 18
nucleotides in length.
31. The gRNA molecule of any of claims 1-27, wherein said targeting domain is 19
nucleotides in length.
32. The gRNA molecule of any of claims 1-27, wherein said targeting domain is 20
nucleotides in length.
33. The gRNA molecule of any of claims 1-27, wherein said targeting domain is 21
nucleotides in length.
34. The gRNA molecule of any of claims 1-27, wherein said targeting domain is 22
nucleotides in length.
35. The gRNA molecule of any of claims 1-27, wherein said targeting domain is 23
nucleotides in length.
36. The gRNA molecule of any of claims 1-27, wherein said targeting domain is 24
nucleotides in length.
37. The gRNA molecule of any of claims 1-27, wherein said targeting domain is 25
nucleotides in length.
38. The gRNA molecule of any of claims 1-27, wherein said targeting domain is 26
nucleotides in length.
39. The gRNA molecule of any of claims 1-38, comprising from 5’ to 3’:
a targeting domain;
a first complementarity domain;
a linking domain;
a second complementarity domain;
a proximal domain; and

a tail domain.
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40. The gRNA molecule of any of claims 1-39, comprising:
a linking domain of no more than 25 nucleotides in length;
a proximal and tail domain, that taken together, are at least 20 nucleotides in length;
a targeting domain of 17 or 18 nucleotides in length.

41. The gRNA molecule of any of claims 1-40, comprising:
a linking domain of no more than 25 nucleotides in length;
a proximal and tail domain, that taken together, are at least 30 nucleotides in length;
a targeting domain of 17 or 18 nucleotides in length.

42. The gRNA molecule of any of claims 1-41, comprising:
a linking domain of no more than 25 nucleotides in length;
a proximal and tail domain, that taken together, are at least 30 nucleotides in length;
a targeting domain of 17 nucleotides in length.

43. The gRNA molecule of any of claims 1-42, comprising:
a linking domain of no more than 25 nucleotides in length;
a proximal and tail domain, that taken together, are at least 40 nucleotides in length;
a targeting domain of 17 nucleotides in length.

44. A nucleic acid comprising a sequence encoding (a) a gRNA molecule comprising a
targeting domain that is complementary with a target domain in a USH2A gene.

45. The nucleic acid of claim 44, wherein said gRNA molecule is a gRNA molecule of any
of claims 1-43.

46. The nucleic acid of claim 44 or 45, wherein said targeting domain is configured to
provide a cleavage event selected from a double strand break and a single strand break, within
200 nucleotides of a target position of a guanine deletion at nucleotide positon 2299 (2299delG)
in a USH2A gene.

47. The nucleic acid of any of claims 44-46, wherein said targeting domain comprises a
sequence that is the same as, or differs by no more than 3 nucleotides from, a targeting domain
sequence from Table 1.

48. The nucleic acid of any of claims 44-47, wherein said targeting domain is selected from
those in Table 1.

49. The nucleic acid of any of claims 44-48, wherein said targeting domain 1is:

GAGUGCAAAAAAGAAGCCAA.
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50. The nucleic acid of any of claims 44-49, wherein said targeting domain 1is:
GUUAGAUGUCACCAAUUGUA.

51. The nucleic acid of any of claims 44-49, wherein said targeting domain 1is:
GGUGUCACACUGAAGUCCUU.

52. The nucleic acid of any of claims 44-49, wherein said targeting domain 1is:
GCCAUGGAGGUUACACUGGC.

53. The nucleic acid of any of claims 44-49, wherein said targeting domain 1is:
GUCACAGGCCUUACAAU.

54. The nucleic acid of any of claims 44-49, wherein said targeting domain 1is:
GUCACACUGAAGUCCUU.

55. The nucleic acid of any of claims 44-49, wherein said targeting domain 1is:
UGCAAAAAAGAAGCCAA.

56. The nucleic acid of any of claims 44-49, wherein said targeting domain 1is:
UGCAGAGAAAACUUUUA.

57. The nucleic acid of any of claims 44-49, wherein said targeting domain 1is:
UGUUCACUGAGCCAUGG.

58. The nucleic acid of any of claims 44-49, wherein said targeting domain 1is:
AUGGAGGUUACACUGGC.

59. The nucleic acid of any of claims 44-46, wherein said targeting domain comprises a
sequence that is the same as, or differs by no more than 3 nucleotides from, a targeting domain
sequence from Table 2.

60. The nucleic acid of any of claims 44-46 or 59, wherein said targeting domain is selected
from Table 2.

61. The nucleic acid of any of claims 44-46, wherein said targeting domain comprises a
sequence that is the same as, or differs by no more than nucleotides from, a targeting domain
sequence from Table 3.

62. The nucleic acid of any of claims 44-46 or 61, wherein said targeting domain is selected
from Table 3.

63. The nucleic acid of any of claims 44-46, wherein said targeting domain comprises a

sequence that is the same as, or differs by no more than 3 nucleotides from, a targeting

domain sequence from Tables 4A-4E.
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64.

65.

66.

67.

68.

69.

70
71

The nucleic acid of any of claims 44-46 or 63, wherein said targeting domain is selected
from Tables 4A-4E.

The nucleic acid of any of claims 44-46, wherein said targeting domain comprises a
sequence that is the same as, or differs by no more than 3 nucleotides from, a targeting
domain sequence from Tables SA-5F.

The nucleic acid of any of claims 44-46 or 65, wherein said targeting domain is selected
from Tables SA-5F.

The nucleic acid of any of claims 44-46, wherein said targeting domain comprises a
sequence that is the same as, or differs by no more than 3 nucleotides from, a targeting
domain sequence from Tables 6A-6D.

The nucleic acid of any of claims 44-46 or 67, wherein said targeting domain is selected
from Tables 6A-6D.

The nucleic acid of any of claims 44-68, wherein said gRNA is a modular gRNA.

. The nucleic acid of any of claims 44-68, wherein said gRNA is a chimeric gRNA.

. The nucleic acid of any of claims 44-70, wherein said targeting domain is 16 nucleotides

or more in length.

72

. The nucleic acid of any of claims 44-71, wherein said targeting domain is 16 nucleotides

in length.

73

. The nucleic acid of any of claims 44-71, wherein said targeting domain is 17 nucleotides

in length.

74

. The nucleic acid of any of claims 44-71, wherein said targeting domain is 18 nucleotides

in length.

75

. The nucleic acid of any of claims 44-71, wherein said targeting domain is 19 nucleotides

in length.

76

. The nucleic acid of any of claims 44-71, wherein said targeting domain is 20 nucleotides

in length.

77

. The nucleic acid of any of claims 44-71, wherein said targeting domain is 21 nucleotides

in length.

78

. The nucleic acid of any of claims 44-71, wherein said targeting domain is 22 nucleotides

in length.
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79. The nucleic acid of any of claims 44-71, wherein said targeting domain is 23 nucleotides
in length.
80. The nucleic acid of any of claims 44-71, wherein said targeting domain is 24 nucleotides
in length.
81. The nucleic acid of any of claims 44-71, wherein said targeting domain is 25 nucleotides
in length.
82. The nucleic acid of any of claims 44-71, wherein said targeting domain is 26 nucleotides
in length.
83. The nucleic acid of any of claims 44-82, comprising from 5’ to 3’:
a targeting domain;
a first complementarity domain;
a linking domain;
a second complementarity domain;
a proximal domain; and
a tail domain.
84. The nucleic acid of any of claims 44-83, comprising:
a linking domain of no more than 25 nucleotides in length;
a proximal and tail domain, that taken together, are at least 20 nucleotides in length;
a targeting domain of 17 or 18 nucleotides in length.
85. The nucleic acid of any of claims 44-84, comprising:
a linking domain of no more than 25 nucleotides in length;
a proximal and tail domain, that taken together, are at least 30 nucleotides in length;
a targeting domain of 17 or 18 nucleotides in length.
86. The nucleic acid of any of claims 44-85, comprising:
a linking domain of no more than 25 nucleotides in length;
a proximal and tail domain, that taken together, are at least 30 nucleotides in length;
a targeting domain of 17 nucleotides in length.
87. The nucleic acid of any of claims 44-86, comprising:
a linking domain of no more than 25 nucleotides in length;
a proximal and tail domain, that taken together, are at least 40 nucleotides in length;

a targeting domain of 17 nucleotides in length.
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88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

The nucleic acid of any of claims 44-87, further comprising: (b) a sequence that encodes
a Cas9 molecule.

The nucleic acid of claim 88, wherein said Cas9 molecule comprises a nickase molecule.
The nucleic acid of claim 88 or 89, wherein said Cas9 molecule is an eaCas9.

The nucleic acid of claim 90, wherein said eaCas9 forms a double strand break in a target
nucleic acid.

The nucleic acid of claim 90, wherein said eaCas9 molecule forms a single strand break
in a target nucleic acid.

The nucleic acid of claim 92, wherein said single strand break is formed in the strand of
the target nucleic acid to which the targeting domain of said gRNA is complementary.
The nucleic acid of claim 92, wherein said single strand break is formed in the strand of
the target nucleic acid other than the strand to which to which the targeting domainof said
gRNA is complementary.

The nucleic acid of any of claims 90, 92 or 93, wherein said eaCas9 molecule comprises
HNH-like domain cleavage activity but has no, or no significant, N-terminal RuvC-like
domain cleavage activity.

The nucleic acid of any of claims 90, 92, 93 or 95, wherein said eaCas9 molecule is an
HNH-like domain nickase.

The nucleic acid of any of claims 90, 92, 93, 95 or 96, wherein said eaCas9 molecule
comprises a mutation at D10.

The nucleic acid of any of claims 90, 92 or 94, wherein said eaCas9 molecule comprises
N-terminal RuvC-like domain cleavage activity but has no, or no significant, HNH-like
domain cleavage activity.

The nucleic acid of any of claims 90, 92, 94 or 98, wherein said eaCas9 molecule is an N-
terminal RuvC-like domain nickase.

The nucleic acid of claim 90, 92, 94, 98 or 99, wherein said eaCas9 molecule
comprises a mutation at H840.

The nucleic acid of any of claims 44-100, further comprising: (c) a sequence that
encodes a second gRNA molecule described herein having a targeting domain that is

complementary to a second target domain of the USH2A gene.
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102. The nucleic acid of claim 101, wherein said second gRNA is a gRNA molecule of
any of claims 1-43.

103. The nucleic acid of claim 102, wherein said targeting domain of said second
gRNA is configured to provide a cleavage event selected from a double strand break and
a single strand break, within 200 nucleotides of a guanine deletion at nucleotide positon
2299 (2299delG) in the USH2A gene.

104. The nucleic acid of any of claims 101-103, wherein said targeting domain of said
second gRNA comprises a sequence that is the same as, or differs by no more than 3
nucleotides from, a targeting domain sequence from Table 1.

105. The nucleic acid of any of claims 101-104, wherein said targeting domain of said
second gRNA is selected from those in Table 1.

106. The nucleic acid of any of claims 101-105, wherein said targeting domain of said
second gRNA is GAGUGCAAAAAAGAAGCCAA.

107. The nucleic acid of any of claims 101-105, wherein said targeting domain of said
second gRNA is GUUAGAUGUCACCAAUUGUA.

108. The nucleic acid of any of claims 101-105, wherein said targeting domain of said
second gRNA is GGUGUCACACUGAAGUCCUU.

109. The nucleic acid of any of claims 101-105, wherein said targeting domain of said
second gRNA is GCCAUGGAGGUUACACUGGC.

110. The nucleic acid of any of claims 101-105, wherein said targeting domain of said
second gRNA is GUCACAGGCCUUACAAU.

I11. The nucleic acid of any of claims 101-105, wherein said targeting domain of said
second gRNA is GUCACACUGAAGUCCUU.

112. The nucleic acid of any of claims 101-105, wherein said targeting domain of said
second gRNA is UGCAAAAAAGAAGCCAA.

113. The nucleic acid of any of claims 101-105, wherein said targeting domain of said
second gRNA is UGCAGAGAAAACUUUUA.

114. The nucleic acid of any of claims 101-105, wherein said targeting domain of said
second gRNA is UGUUCACUGAGCCAUGG.

115. The nucleic acid of any of claims 101-105, wherein said targeting domain of said

second gRNA is AUGGAGGUUACACUGGC.
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116. The nucleic acid of any of claims 101-103, wherein said targeting domain of said
second gRNA comprises a sequence that is the same as, or differs by no more than 3
nucleotides from, a targeting domain sequence from Table 2.

117. The nucleic acid of any of claims 101-103 or 116, wherein said targeting domain
of said second gRNA is selected from Table 2.

118. The nucleic acid of any of claims 101-103, wherein said targeting domain of said
second gRNA comprises a sequence that is the same as, or differs by no more than 3
nucleotides from, a targeting domain sequence from Table 3.

119. The nucleic acid of any of claims 101-103 or 118, wherein said targeting domain
of said second gRNA is selected from Table 3.

120. The nucleic acid of any of claims 101-103, wherein said targeting domain of said
gRNA comprises a sequence that is the same as, or differs by no more than 3 nucleotides
from, a targeting domain sequence from Tables 4A-4E.

121. The nucleic acid of any of claims 101-103 or 120, wherein said targeting domain
of said gRNA is selected from Tables 4A-4E.

122. The nucleic acid of any of claims 101-103, wherein said targeting domain of said
gRNA comprises a sequence that is the same as, or differs by no more than 3 nucleotides
from, a targeting domain sequence from Tables SA-5F.

123. The nucleic acid of any of claims 101-103 or 122, wherein said targeting domain
of said gRNA is selected from Tables SA-5SF.

124. The nucleic acid of any of claims 101-103, wherein said targeting domain of said
gRNA comprises a sequence that is the same as, or differs by no more than 3 nucleotides
from, a targeting domain sequence from Tables 6A-6D.

125. The nucleic acid of any of claims 101-103 or 124, wherein said targeting domain
of said gRNA is selected from Tables 6A-6D.

126. The nucleic acid of any of claims 101-125, wherein said second gRNA is a
modular gRNA.

127. The nucleic acid of any of claims 101-125, wherein said second gRNA is a
chimeric gRNA.

128. The nucleic acid of any of claims 101-127, wherein said targeting domain is 16

nucleotides or more in length.
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129. The nucleic acid of any of claims 101-128, wherein said targeting domain is 16
nucleotides in length.

130. The nucleic acid of any of claims 101-128, wherein said targeting domain is 17
nucleotides in length.

131. The nucleic acid of any of claims 101-128, wherein said targeting domain is 18
nucleotides in length.

132. The nucleic acid of any of claims 101-128, wherein said targeting domain is 19
nucleotides in length.

133. The nucleic acid of any of claims 101-128, wherein said targeting domain is 20
nucleotides in length.

134. The nucleic acid of any of claims 101-128, wherein said targeting domain is 21
nucleotides in length.

135. The nucleic acid of any of claims 101-128, wherein said targeting domain is 22
nucleotides in length.

136. The nucleic acid of any of claims 101-128, wherein said targeting domain is 23
nucleotides in length.

137. The nucleic acid of any of claims 101-128, wherein said targeting domain is 24
nucleotides in length.

138. The nucleic acid of any of claims 101-128, wherein said targeting domain is 25
nucleotides in length.

139. The nucleic acid of any of claims 101-128, wherein said targeting domain is 26

nucleotides in length.

140. The nucleic acid of any of claims 101-139, wherein said second gRNA comprises

from 5’ to 3”:

a targeting domain;

a first complementarity domain;

a linking domain;

a second complementarity domain;
a proximal domain; and

a tail domain.

The nucleic acid of any of claims 101-140, wherein said second gRNA comprises:
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a linking domain of no more than 25 nucleotides in length;

a proximal and tail domain, that taken together, are at least 20 nucleotides in
length;

a targeting domain of 17 or 18 nucleotides in length.
142. The nucleic acid of any of claims 101-141, wherein said second gRNA comprises:

a linking domain of no more than 25 nucleotides in length;

a proximal and tail domain, that taken together, are at least 30 nucleotides in
length;

a targeting domain of 17 or 18 nucleotides in length.
143. The nucleic acid of any of claims 101-142, wherein said second gRNA comprises:

a linking domain of no more than 25 nucleotides in length;

a proximal and tail domain, that taken together, are at least 30 nucleotides in
length;

a targeting domain of 17 nucleotides in length.
144. The nucleic acid of any of claims 101-143, wherein said second gRNA comprises:

a linking domain of no more than 25 nucleotides in length;

a proximal and tail domain, that taken together, are at least 40 nucleotides in
length;

a targeting domain of 17 nucleotides in length.

145. The nucleic acid of any of claims 101-144, wherein the targeting domain of said
gRNA molecule and the targeting domain of said second gRNA molecules are complementary to
opposite strands of the target nucleic acid molecule.

146. The nucleic acid of any of claims 101-145, wherein said gRNA molecule and said
second gRNA molecule are configured such that the PAMs are oriented outward.

147. The nucleic acid of any of claims 101-146, wherein said gRNA molecule and
said second gRNA molecule are configured such that they do not overlap and are separated by as
much as 50, 100, or 200 nucleotides.

148. The nucleic acid of any of claims 101-147, wherein said gRNA and second gRNA

are configured such that single strand breaks are formed on each strand of the target nucleic acid.
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149. The nucleic acid of any of claims 101-148, wherein said gRNA and second gRNA
are configured such that single strand breaks are formed on each strand of the target nucleic acid
and the single strand beaks are within 50-100 nucleotides of one another.

150. The nucleic acid of any of claims 101-149, wherein said gRNA molecule and said
second gRNA molecule are configured such that the first and second breaks are 5° to the guanine
deletion at nucleotide position 2299 in the USH2A gene.

151. The nucleic acid of any of claims 101-149, wherein said gRNA molecule and said
second gRNA molecule are configured such that the first and second breaks are 3’ to to the
guanine deletion at nucleotide position 2299 in the USH2A gene.

152. The nucleic acid of any of claims 101-149, wherein said gRNA molecule and said
second gRNA molecule are configured such that the first and second breaks flank the guanine
deletion at nucleotide position 2299 in the USH2A gene.

153. The nucleic acid of any of any of claims 44-152, further comprising: (d) a
template nucleic acid.

154. The nucleic acid of claim 153, wherein the template nucleic acid is a single
stranded nucleic acid.

155. The nucleic acid of claim 153, wherein said template nucleic acid is a double
stranded nucleic acid.

156. The nucleic acid of any of claims 153-155, wherein said template nucleic acid
comprises a nucleotide sequence insertion or change in the target nucleic acid.

157. The nucleic acid of any of claims 153-156, wherein said template nucleic acid
comprises a nucleotide sequence that is used to modify the target position.

158. The nucleic acid of any of claims 153-157, wherein said template nucleic acid
comprises a nucleotide sequence that corresponds to wildtype sequence of the the target position.

159. The nucleic acid of any of claims 153-158114, wherein said template nucleic acid
comprises a guanine to replace the deleted guanine at position 2299 in the USH2A gene.

160. The nucleic acid of any of claims 153-159, wherein said template nucleic acid
comprises a 5° homology arm.

161. The nucleic acid of any of claims 153-160, wherein said template nucleic acid

comprises a 5> homology arm from Table 13.
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162. The nucleic acid of any of claims 153-161, wherein the template nucleic acid
comprises a 3> homology arm.

163. The nucleic acid of any of claim 153-162, wherein the template nucleic acid
comprises a 3> homology arm from Table 13.

164. The nucleic acid of any of claims 88-163, wherein each of (a) and (b) is present

on the same nucleic acid molecule.

165. The nucleic acid of claim 164, wherein said nucleic acid molecule is an AAV
vector.
166. The nucleic acid of any of claims 88-163, wherein: (a) is present on a first nucleic

acid molecule; and (b) is present on a second nucleic acid molecule.

167. The nucleic acid of claim 166, wherein said first and second nucleic acid
molecules are AAV vectors.

168. The nucleic acid of any of claims 164-167, wherein said nucleic acid does not
comprise (c) a sequence that encodes a second gRNA molecule.

169. The nucleic acid of any of claims 101-163, wherein each of (a) and (c) is present

on the same nucleic acid molecule.

170. The nucleic acid of claim 169, wherein said nucleic acid molecule is an AAV
vector.
171. The nucleic acid of any of claims 101-163, wherein (a) is present on a first nucleic

acid molecule; and (c) is present on a second nucleic acid molecule.

172. The nucleic acid of claim 171, wherein said first and second nucleic acid
molecules are AAV vectors.

173. The nucleic acid of any of claims 169-172, wherein said nucleic acid does not

comprise (d) a template nucleic acid.

174. The nucleic acid of any of claims 101-163, wherein each of (a), (b), and (c) are
present on the same nucleic acid molecule.

175. The nucleic acid of claim 174, wherein said nucleic acid molecule is an AAV
vector.

176. The nucleic acid of any of claims 101-163, wherein: one of (a), (b), and (c) is

encoded on a first nucleic acid molecule; and a second and third of (a), (b), and (c) is encoded on

a second nucleic acid molecule.
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177. The nucleic acid of claim 176, wherein said first and second nucleic acid
molecules are AAV vectors.

178. The nucleic acid of any of claims 101-163, wherein: (a) is present on a first
nucleic acid molecule; and (b) and (c) are present on a second nucleic acid molecule.

179. The nucleic acid of claim 178, wherein said first and second nucleic acid
molecules are AAV vectors.

180. The nucleic acid of any of claims 101-163, wherein: (b) is present on a first
nucleic acid molecule; and (a) and (c) are present on a second nucleic acid molecule.

181. The nucleic acid of claim 180, wherein said first and second nucleic acid
molecules are AAV vectors.

182. The nucleic acid of any of claims 101-163, wherein: (c) is present on a first
nucleic acid molecule; and (a) and (b) are present on a second nucleic acid molecule.

183. The nucleic acid of claim 182, wherein said first and second nucleic acid

molecules are AAV vectors.

184. The nucleic acid of any of claims 153-163, wherein each of (a), (b), (c) and (d)
are present on the same nucleic acid molecule.

185. The nucleic acid of claim 184, wherein said nucleic acid molecule is an AAV
vector.

186. The nucleic acid of any of claims 153-163, wherein: one of (a), (b), (c) and (d) is

encoded on a first nucleic acid molecule; and a second, third, and fouth of (a), (b), (c) and (d) is
encoded on a second nucleic acid molecule.

187. The nucleic acid of claim 186, wherein said first and second nucleic acid
molecules are AAV vectors.

188. The nucleic acid of any of claims 153-163, wherein: (a) is present on a first
nucleic acid molecule; and (b), (c), and (d) are present on a second nucleic acid molecule.

189. The nucleic acid of claim 188, wherein said first and second nucleic acid
molecules are AAV vectors.

190. The nucleic acid of any of claims 153-163, wherein: (b) is present on a first
nucleic acid molecule; and (a), (c), and (d) are present on a second nucleic acid molecule.

191. The nucleic acid of claim 190, wherein said first and second nucleic acid

molecules are AAV vectors.
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192. The nucleic acid of any of claims 153-163, wherein: (c) is present on a first
nucleic acid molecule; and (a), (b), and (d) are present on a second nucleic acid molecule.

193. The nucleic acid of claim 192, wherein said first and second nucleic acid
molecules are AAV vectors.

194. The nucleic acid of any of claims 153-163, wherein: (d) is present on a first
nucleic acid molecule; and (a), (b), and (c) are present on a second nucleic acid molecule.

195. The nucleic acid of claim 194, wherein said first and second nucleic acid
molecules are AAV vectors.

196. The nucleic acid of any of claims 153-163, wherein: a first and second of (a), (b),
(c) and (d) is encoded on a first nucleic acid molecule; and a third and fouth of (a), (b), (¢) and
(d) is encoded on a second nucleic acid molecule.

197. The nucleic acid of claim 196, wherein said first and second nucleic acid
molecules are AAV vectors.

198. The nucleic acid of any of claims 153-163, wherein: (a) and (b) are present on a
first nucleic acid molecule; and (c) and (d) are present on a second nucleic acid molecule.

199, The nucleic acid of claim 198, wherein said first and second nucleic acid
molecules are AAV vectors.

200. The nucleic acid of any of claims 153-163, wherein (a) and (c) are present on a
first nucleic acid molecule; and (b) and (d) are present on a second nucleic acid molecule.

201. The nucleic acid of claim 200, wherein said first and second nucleic acid
molecules are AAV vectors.

202. The nucleic acid of any of claims 153-163, wherein (a) and (d) are present on a
first nucleic acid molecule; and (b) and (c) are present on a second nucleic acid molecule.

203. The nucleic acid of claim 202, wherein said first and second nucleic acid
molecules are AAV vectors.

204. The nucleic acid of any of claims 153-163, wherein: (b) and (d) are present on a
first nucleic acid molecule; and (a) and (c) are present on a second nucleic acid molecule.

205. The nucleic acid of claim 204, wherein said first and second nucleic acid

molecules are AAV vectors.
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206. The nucleic acid of any of claims 166, 168, 171, 173, 176, 178, 180, 182, 186,
188, 190, 192, 194, 196, 198, 200, 202 or 204, wherein said first nucleic acid molecule is other
than an AAV vector and said second nucleic acid molecule is an AAV vector.

207. The nucleic acid of any of claims 44-206, wherein said nucleic acid comprises a
promoter operably linked to the sequence that encodes said gRNA molecule of (a).

208. The nucleic acid of any of claims 101-167 or 169-207, wherein said nucleic acid
comprises a second promoter operably linked to the sequence that encodes the second gRNA
molecule of (c).

209. The nucleic acid of claim 208, wherein the promoter and second promoter differ

from one another.

210. The nucleic acid of claim 208, wherein the promoter and second promoter are the
same.
211. The nucleic acid of any of claims 88-210, wherein said nucleic acid comprises a

promoter operably linked to the sequence that encodes the Cas9 molecule of (b).

212. A composition comprising the (a) gRNA molecule of any of claims 1-43.

213. The composition of claim 212, further comprising (b) a Cas9 molecule of any of
claims 88-100.

214. The composition of any of claims 211 or 213, further comprising (c) a second
gRNA molecule of any of claims 1-43 or 101-152.

215. The composition of any of claims 212-214, further comprising: (d) a template
nucleic acid of any of claims 153-163.

216. A method of altering a cell comprising contacting said cell with: (a) a gRNA of
any of claims 1-43; (b) a Cas9 molecule of any of claims 88-100; optionally, (c) a second gRNA
of any of claims 1- 43 or 101-152; and (d) a template nucleic acid of any of claims 153-163.

217. The method of claim 216, comprising contacting said cell with (a), (b), (c), and
(d).

218. The method of claim 216 or 217, wherein said cell is from a subject suffering
from or likely to develop Usher Syndrome or retinitis pigmentosa-39.

219. The method of any of claims 216-218, wherein said cell is from a subject having a
mutation in the USH2A gene, e.g., a deletion of guanine at nucleotide positon 2299 (2299delG).

220. The method of any of claims 216-219, wherein said cell is a photoreceptor cell.
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221. The method of any of claims 216-220, wherein said contacting is performed ex
Vivo.

222. The method of claim 221, wherein said contacted cell is returned to said subject’s
body.

223. The method of any of claims 216-220, wherein said contacting is performed in
Vivo.

224. The method of any of claims 216-223, comprising acquiring knowledge of the

presence of a guanine deletion at nucleotide position 2299 in the USH2A gene in said cell.

225. The method of claim 224, comprising acquiring knowledge of the presence of a
guanine deletion at nucleotide position 2299 in the USH2A gene in said cell by sequencing a
portion of the USH2A gene.

226. The method of any of claims 216-225, comprising, based on the presence of a
guanine deletion at nucleotide position 2299 in the USH2A gene, selecting a template nucleic
acid.

227. The method of any of claims 216-226, comprising correcting the guanine deletion
at nucleotide position 2299 in the USH2A gene.

228. The method of any of claims 216-227, wherein contacting comprises contacting
said cell with a nucleic acid that expresses at least one of (a), (b), and (c).

229. The method of any of claims 216-228, wherein contacting comprises contacting
the cell with a nucleic acid of any of claims 44-211.

230. The method of any of claims 216-229, wherein contacting comprises delivering to
said cell said Cas9 molecule of (b) and a nucleic acid which encodes and (a) and optionally (c).

231. The method of any of claims 216-229, wherein contacting comprises delivering to
said cell said Cas9 molecule of (b), said gRNA of (a) and optionally said second gRNA of (c).

232. The method of any of claims 216-229, wherein contacting comprises delivering
to said cell said gRNA of (a), optionally said second gRNA of (c) and a nucleic acid that encodes
the Cas9 molecule of (b).

233. A method of treating a subject having or likely to develop Usher Syndrome or
retinitis pigmentosa 39, comprising contacting said subject (or a cell from said subject) with: (a)

a gRNA of any of claims 1-43; (b) a Cas9 molecule of any of claims 88-100; optionally, (c) a
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second gRNA of any of claims 1-43 or 101-152; and (d) a template nucleic acid of any of claims
153-163.

234. The method of claim 233, further comprising contacting said subject with (a), (b),
(c), and (d).
235. The method of claim 233 or 234, wherein said subject has a guanine deletion at

nucleotide position 2299 in the USH2A gene.

236. The method of any of claims 233-235, comprising acquiring knowledge of the
presence of a guanine deletion at nucleotide position 2299 in the USH2A gene in said subject.

237. The method of claim 236, comprising acquiring knowledge of the presence of a
guanine deletion at nucleotide position 2299 in the USH2A gene in said subject by sequencing a
portion of the USH2A gene.

238. The method of any of claims 233-237, comprising, based on the presence of a
guanine deletion at nucleotide position 2299 in the USH2A gene in said subject, selecting a
template nucleic acid.

239. The method of any of claims 233-238, comprising correcting the guanine deletion
at nucleotide positon 2299 in the USH2A gene.

240. The method of any of claims 233-239, wherein a cell of said subject is contacted
ex vivo with (a), (b), (d) and optionally (c).

241. The method of claim 240, wherein said cell is returned to the subject’s body.

242, The method of any of claims 233- 241, wherein treatment comprises introducing a

cell into said subject’s body, wherein said cell subject was contacted ex vivo with (a), (b), (d) and

optionally (c).
243. The method of any of claims 233-239, wherein said contacting is performed in
Vivo.
244, The method of claim 243, wherein said contacting comprises subretinal delivery.
245. The method of claim 244, wherein said contacting comprises subretinal injection.
246. The method of any of claims 233-245, wherein contacting comprises contacting

said subject with a nucleic acid that expresses at least one of (a), (b), and (c).
247. The method of any of claims 233-246, wherein contacting comprises contacting

said subject with a nucleic acid of any of claims 44-211.
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248. The method of any of claims 233-247, wherein contacting comprises delivering to
said subject said Cas9 molecule of (b) and a nucleic acid which encodes and (a) and optionally
(©).

249. The method of any of claims 233-247, wherein contacting comprises delivering to
said subject said Cas9 molecule of (b), said gRNA of (a) and optionally said second gRNA of
(©).

250. The method of any of claims 233-247, wherein contacting comprises delivering to
said subject said gRNA of (a), optionally said second gRNA of (c) and a nucleic acid that
encodes the Cas9 molecule of (b).

251. A gRNA molecule of any of claims 1-43 for use in treating Usher Syndrome or
retinitis pigmentosa 39 in a subject.

252. The gRNA molecue of claim 252, wherein the gRNA molecule in used in
combination with (b) a Cas9 molecule of any of claims 88-100.

253. The gRNA molecule of claim 251 or 252, wherein the gRNA molecule is used in
combination with (c) a second gRNA molecule of any of claims 1-43 or 101-152.

254. The gRNA molecule of any of claims 251-253, wherein the gRNA molecule is
used in combination with (d) a template nucleic acid of any of claims 153-163.

255. Use of a gRNA molecule of any of claims 1-43 in the manufacture of a
medicament for treating Usher Syndrome or retinitis pigmentosa 39 in a subject.

256. The use of claim 255, wherein the medicament further comprises (b) a Cas9
molecule of any of claims 88-100.

257. The use of claim 255 or 256, wherein the medicament further comprises (c) a
second gRNA molecule of any of claims 1-43 or 101-152.

258. The use of any of claims 255-257, wherein the the medicament further comprises
(d) a template nucleic acid of any of claims 153-163.

259. A composition of any of claim 212-215 for use in treating Usher Syndrome or
retinitis pigmentosa 39 in a subject.

260. A reaction mixture comprising a gRNA, a nucleic acid, or a composition
described herein, and a cell from a subject having or likely to develop Usher Syndrome or
retinitis pigmentosa-39, or a subject having a mutation in the USH2A gene, e.g., a deletion of

guanine at nucleotide positon 2299 (2299delG).
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261. A kit comprising, (a) gRNA molecule of any of claims 1-43, or nucleic acid that
encodes said gRNA, and one or more of the following: (b) a Cas9 molecule of any of claims 88-
100; (c) a second gRNA molecule of any of claims 1-43 or 101-152; (d) a template nucleic of

any of claims 153-163; and (e) nucleic acid that encodes one or more of (b), (c), or (d).

262. The kit of claim 261, comprising nucleic acid that encodes one or more of (a), (b)
and (c).

263. The kit of claim 261 or 262, further comprising a template nucleic acid that is a
single strand DNA.

264. A non-naturally occurring template nucleic acid of any of claims 153-163.
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Sequence alignment between SpCas9 and NmCaAsQ/ Y
NmCas 9 MAAFKPNSINYILGLPIGIASVGWAMVEIDEEENPIRLID------------~ LGVRVFE
SpCas9 ------ MDKKYSIGLDIGTNSVGWAVI[TDEYKVPSKKFKVLGNTDRHS IKKNLIGALLFD
--------- *Y - GLDIG- - SVGWA**|- —% - - -k koo k(G- k¥
NmCas 9 RAEVPKTGDSLAMARRLARSVRRLTRRRAHRLLRTRRLLKREGVLQAA - - - - —----- - -
SpCas9 SGET------- AEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLV
N A-A-RL-R*-RR---RR--R¥---*- %% F-----cmmmamaaaaaa-
NmCas9 ~  —------------- NFDENGLIKSLPNTPWQLRAAALDRK- - - LTPLEWSAVLLHLIKHR
SpCas9 EEDKKHERHPIFGNIVDEVAYHEKYP-TIYHLRKKLVDSTDKADLRLI - YLALAHMIKFR
---------------- DE----%--P-T **LR---*D--===---L-----L-H*IK-R
NmCas? GYLSQRKNE-----=--------mmmm oo oo - GETA---------- DKEL---
SpCas9 GHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENL
(A K o e N e e e mmmmmmmmmmmmmmmmmm—————- Ge-Pemmmmmmmm e L
NmCas®  ----- GALLKGVAGNAHALQTG---DFRTPAE------ LAL--NKFEKESGHIRNQ-RSD
SpCas9 TAQLPGEKKNGLEFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQ
_____ G,___*G*_GN__AL__G,___*F**__*______L_L__'k_'k'k_'k___*__Q___'k
NmCas? YSHTFSR--------—--- - m oo e oo o e KDLQA
SpCas9 YADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPE
/2 k] - -
NmCas 9 ELILLFEKQKEFGN-PHVSGGLK--------------- EGIETL--------- LMTQRPA
SpCas9 KYKETIFFDQSKNGYAGY IDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF
L O R e € e L LR *G-E-Le=mmmmmn- L--QR--
NmCas9 LSGDAV-QKMLGH-------- CTFEPAEP---------------- KAAKNTYTAERFIWL
SpCas9 DNGSIPHQIHLGELHATILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWM
--G----Q--LG--=======-- I *----REF-W*
NmCas? TKLNNLRILEQGSERPLTD------- TERATLMDEPY------ RKSKLTYAQAR------
SpCas9 TRKSEETITPWNFEEVVDKGASAQSFIERMTNEFDKNLPNEKVLPKHSLLYEYFTVYNELT
TH- k& T E-¥ommemme - ER-T-#D*-=cmamm- K--L-Y----====---
NmCas 9 - - - -KLLGLEDTAFFKGLRY - ------- GKDN- === === === mmmmmm e AEA
SpCas9 KVKYVTEGMRKPAFLSGEQKKATIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVED
....... G¥---AF*-G-¥-cmmeccee - ¥ mcccccecccceccm-es========-F-
NmCas? STLMEMKAYHATSRALEKEGLKDKKSPLNLSPELQDEIGTAFSLFKTDEDITGRLKDRIQ
SpCas9 RFNASLGTYHDLLKIIKDKDFLDNEE----NEDILEDIVLTLTLFEDREMIEERLKTYAH
_____ *_*YH_*_*_**_*_*_D**_______**_**I__***LF*__E_I__RLK___*
NmCas? P--EILEALLKHISFDKFVQISLKALRRIVPLMEQGKRYDEACAE----IYGDHYGKKNT
SpCas9 LFDDKVMKQLKRRRYTGWGRLSRKLI-------- NGIRDKQSGKTILDFLKSDGFANRNF
___'k_'k___LK*__*__*_**S_K_* ________ *G_R__'k'k _______ *__D_*_**N_
NmCas? EEKI------ Y- - - LPPIPADEIRNPVVLRALSQARKVINGVVRRYG-
SpCas9 MQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKVMGR
_*_I ______ Ko e —————— L____A'k____P_*_*_*_Q*_KV**_*V*__G_
NmCas? -SPARTHIETAREVGKSFKDRKEIEKRQEENRKDREKAAAKFREYFPNF - - - -VGEPKSK
SpCas9 HKPENIVIEMARENQTTQKGQKNSRER------- MKRIEEGIKELGSQILKEHPVENTQL
__P_:I_IE_ARE___*_K_*K*__*R _____ :__**____**E___'k'k ______ E____
NmCas? B DILKLRLYEQQHGKCLYSGKEINLGRLNEKGYVEIDHALPFSRTWDDSEFNNKVLVLGSEN
SpCas9 QNEKLYLYYLONGRDMYVDQELDINRLSD- - -YDVDHIVPQSFLKDDS IDNKVLTRSDKN
*¥--KL-LY--Q-G*-*Y--*E*** Rl -%wua-¥*DH-*P-5---DDS**NKVL----*N
NmCas? QNKGNQTPYEYFNGKDNSREWQEFKA-RVET-SRFP-RSKKQRILLQKFDEDGFKERNLN
SpCas9 RGKSDNVPSEEVVKKM-KNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLV

* K-**_-P-F----K----- W***___**_T__*F___*K_*R__L_**D*_GF_*R*L_

Fig. 7A
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B
NmCas?9 DTRYVNRFLCQFVADRMRLTGKGKKRVF------ ASNGQITNLLRGFWGLRKVRAEND
SpCas? ETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINN
*TR-* -k k _Qk* - _RM-—---- K_kkk o _____k_k_*k___*R-_*_*%_KVR--N*-
NmCas?9 HALDAVVVACSTVAMQQKI - - -TRFVRYKEMNAFDGKTID- - - -KETGEVLHQKTHFPQP
SpCas? BHAHDAYINAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYSNI
HHE-AD-*-A- - A% %K oo oo LYk ok kD ok ko o KE koo ok ok ko
NmCas?9 WEFFAQEVMIRVFGKPDGKPE----------~ FEEADTLEKLRTLLAEKLSSRPEAVHEY
SpCas? MNFFKTEITLA-NGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLS----- MPQ-----
kPR -FE* -k Q%o %D oo kkk___k__kR_*[ koo _ P¥o—oo-
NmCas?9 VTPLFVSRAPNRKMSGQGHMETVKSAKRLDEGVSVLRVPLTQLKLKDLEKMVN - -REREP
SpCas9  -—-------mmmmmm - VNIVKKTEVQTGGFSKES- - - -ILPKRNSDKLIARKKDWDP
___________________ Kk YK ko oo m(oGom e mm Lo k% _kKkKk_ __kk_*D
NmCas?9 KLYEALKARLEAHKDDPAKAFAEPFYKYDKAGNRTQQVKAVR - - -VEQVQKTGVWVRNH -
SpCas? KKYGGFD-------- SPTVAYSVLVVAKVEKGK-SKKLKSVKELLGITIMERSSFEKNPI
KeVYookoooooooo_o P -A**___—____ Kk _kkk kKK h o ook ko kKN
NmCasS® ----- NGIAD----------=----------~ NATMVRVDVFEKGDKYYLVPIY-------
SpCas? DFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLA
_____ TN DU PRSI SUPIE ISR 3 ) (oL S SN SRR |
NmCas?9 -SWQVAKGILPDRAVVQGKDEEDWQLIDDS------ FNFKFSLHPNDLVEVI--------
SpCas? SHYEKLKGSPEDNEQKQLFVEQHKHYLDEI IEQISEFSKRVILADANLDKVLSAYNKHRD
sk ko _KG---D----Q---BEX -k %Dk oo Pk Lok *Vk oo
NmCas8 W ----------mmmm - TKKARMFGYFASCHRGTGNINIRIHDLDHKIGKNGILEGIGV
SpCas? KPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTS-TKEVLDATLIHQSI------
________________________ FoVF-¥ooooom e _[Do-*-%%_Tocoo-—
NmCas?9 KTALSFQKYQIDELGKEIRPCRLKKRPPVR (SEQ ID NO:6)
SpCas? -TGLYETRIDLSQLGGD------------~ (SEQ ID NO:7)

Percent Ident

_T_L___*_**_*LG_* _____________

ity Matrix - created by Clustal2.1

Fig. 7B
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Sequence of the NmCas9 ORF with dual NLS and HA tags

atggtgcctaagaagaagagaaaggtggctgccttcaaacctaattcaatcaactacatecteggectegat
atcggcatcgcatcecgteggetgggcgatggtagaaattgacgaagaagaaaaccecatecgectgattygat
ttgggcgtgcgegtatttgagegtgecgaagtaccgaaaacaggegacteccttgecatggcaaggegttty
gcgcgcagtgttegecgectgaccecgecgtegegeccacegectgetteggaccegecgectattgaaacge
gaaggcgtattacaagccgccaattttgacgaaaacggcttgattaaatecttaccgaatacaccatggeaa
cttcgegeagecgcattagaccgcaaactgacgectttagagtggteggecagtettgttgcatttaatcaaa
catcgeggctatttatcgcaacggaaaaacgagggcgaaactgecgataaggagettggegetttgettaaa
ggcgtagccggeaatgeccatgecttacagacaggcgatttecgecacaccggecgaattggctttaaataaa
tttgagaaagaaagcggccatatccgcaatcagegcagegattattegeatacgttcagecgcaaagattta
caggcggagctgattttgetgtttgaaaaacaaaaagaatttggcaatccgecatgtttcaggeggecttaaa
gaaggtattgaaaccctactgatgacgcaacgccctgecctgteeggegatgecgttcaaaaaatgttgggy
cattgcaccttcgaaccggcagagccgaaagecgctaaaaacacctacacagecgaacgtttcatetggetyg
accaagctgaacaacctgcgtattttagagcaaggcagcgageggccattgaccgataccgaacgegecacy
cttatggacgagccatacagaaaatccaaactgacttacgcacaagccegtaagetgctgggtttagaagat
accgcctttttcaaaggcttgegetatggtaaagacaatgeccgaagectcaacattgatggaaatgaaggec
taccatgccatcageccgtgcactggaaaaagaaggattgaaagacaaaaaatccccattaaacctttetece
gaattacaagacgaaatcggcacggcattctccectgttcaaaaccgatgaagacattacaggcegtcetgaaa
gaccgtatacagcccgaaatcttagaagegetgttgaaacacatcagettegataagttegtecaaatttee
ttgaaagcattgcgccgaattgtgcctctaatggaacaaggcaaacgttacgatgaagectgegecgaaatce
tacggagaccattacggcaagaagaatacggaagaaaagatttatctgccgecgatteccgecgacgaaatce
cgcaaccccgtegtettgegegecttatetcaagecacgtaaggtcattaacggegtggtacgecgttacgge
tccccagetegtatccatattgaaactgcaagggaagtaggtaaategtttaaagaccgcaaagaaattgag
aaacgccaagaagaaaaccgcaaagaccgggaaaaagccgccgcecaaattecgagagtatttecccaatttt
gtcggagaacccaaatccaaagatattctgaaactgcgectgtacgagcaacaacacggcaaatgectgtat
tcgggcaaagaaatcaacttaggccgtctgaacgaaaaaggctatgtcgaaategaccatgeectgeegtte
tcgcgcacatgggacgacagtttcaacaataaagtactggtattgggcagecgaaaaccaaaacaaaggcaat
caaaccccttacgaatacttcaacggcaaagacaacagccgcgaatggcaggaatttaaagegegtgtegaa
accagccgttteccgegcagtaaaaaacaacggattctgctgcaaaaattcgatgaagacggctttaaagaa
cgcaatctgaacgacacgcgctacgtcaaccgtttectgtgtcaatttgttgeegacegtatgeggetgaca
ggtaaaggcaagaaacgtgtctttgcatccaacggacaaattaccaatctgttgegeggettttggggatty
cgcaaagtgcgtgcggaaaacgaccgccatcacgecttggacgecgtegtegttgectgetegaccgttgee
atgcagcagaaaattacccgttttgtacgctataaagagatgaacgegtttgacggtaaaaccatagacaaa
gaaacaggagaagtgctgcatcaaaaaacacacttcccacaaccttgggaatttttegcacaagaagtcaty
attcgegtctteggcaaaccggacggcaaacccgaattcgaagaagecgatacectagaaaaactgegeacy
ttgcttgccgaaaaattatcatctegecccgaagecgtacacgaatacgttacgecactgtttgtttcacge
gcgcccaatcggaagatgagegggcaagggcatatggagacegtcaaatcecgecaaacgactggacgaagge
gtcagcgtgttgcgegtaccgetgacacagttaaaactgaaagacttggaaaaaatggtcaatcgggagege
gaacctaagctatacgaagcactgaaagcacggctggaagcacataaagacgatcctgccaaagectttgee
gagccgttttacaaatacgataaagcaggcaaccgcacccaacaggtaaaagecgtacgegtagagcaagta
cagaaaaccggcgtatgggtgcgcaaccataacggtattgecgacaacgcaaccatggtgegegtagatgty
tttgagaaaggcgacaagtattatctggtaccgatttacagttggcaggtagcgaaagggattttgecggat
agggctgttgtacaaggaaaagatgaagaagattggcaacttattgatgatagtttcaactttaaattctea
ttacaccctaatgatttagtcgaggttataacaaaaaaagctagaatgtttggttactttgecagetgecat
cgaggcacaggtaatatcaatatacgcattcatgatcttgatcataaaattggcaaaaatggaatactggaa
ggtatcggcgtcaaaaccgccctttcattccaaaaataccaaattgacgaactgggcaaagaaatcagacca
tgccgtctgaaaaaacgcccgectgtecgtftacccatacgatgttecagattacgegcagctccageageq

[aagaaaaagaagctggatfaa (SEQ ID NO:303)

R: SV40 NLS, G: HA tag, O: synthetic NLS (1); all else NmCas9

Fig. 8



PCT/US2015/019064

WO 2015/134812

26/26

606

§Zf 8lLL

334

(E}

.......... | e

80¢

9901 034

081 ¥6 09

S0 NN
t




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2015/019064

A. CLASSIFICATION OF SUBJECT MATTER

INV. CI2N15/113 A61K31/7088
ADD. A61K48/00

C12N9/22

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

CI2N A61K

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, BIOSIS, EMBASE, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y YANG JUN ET AL: "Current understanding of 1,2,
usher syndrome type II", 25-46,
FRONTIERS IN BIOSCIENCE, 69-103,
vol. 17, January 2012 (2012-01), pages 126-160,
1165-1183, XP008176648, 164-263
the whole document

Y JEFFRY D SANDER ET AL: "CRISPR-Cas 1,2,
systems for editing, regulating and 25-46,
targeting genomes", 69-103,
NATURE BIOTECHNOLOGY, 126-160,
vol. 32, no. 4, 2 March 2014 (2014-03-02), 164-263
pages 347-355, XP055172520,
ISSN: 1087-0156, DOI: 10.1038/nbt.2842
the whole document

- / -

Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

16 June 2015

Date of mailing of the international search report

24/06/2015

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Andres, Serge

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 3




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2015/019064
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A CHRISTEL VACHE ET AL: "Usher syndrome 1-264
type 2 caused by activation of an USH2A
pseudoexon: Implications for diagnosis and
therapy",
HUMAN MUTATION,
vol. 33, no. 1,
16 January 2012 (2012-01-16), pages
104-108, XP055140082,
ISSN: 1059-7794, DOI: 10.1002/humu.21634
the whole document
A BONNET CRYSTEL ET AL: "Usher syndrome 1-264
(sensorineural deafness and retinitis
pigmentosa): pathogenesis, molecular
diagnosis and therapeutic approaches",
CURRENT OPINION IN NEUROLOGY,
vol. 25, no. 1, February 2012 (2012-02),
pages 42-49, XP008176647,
the whole document
A RAN F ANN ET AL: "Double Nicking by 1-264
RNA-Guided CRISPR Cas9 for Enhanced Genome
Editing Specificity",
CELL,
vol. 154, no. 6, September 2013 (2013-09),
pages 1380-1389, XP028716272,
ISSN: 0092-8674, DOI:
10.1016/J.CELL.2013.08.021
cited in the application
the whole document
A WESTON M D ET AL: "Genomic structure and 1-264
identification of novel mutations in
usherin, the gene responsible for Usher
syndrome type Ila",
AMERICAN JOURNAL OF HUMAN GENETICS,
vol. 66, no. 4, 1 April 2000 (2000-04-01),
pages 1199-1210, XP002454426,
ISSN: 0002-9297, DOI: 10.1086/302855
cited in the application
the whole document
A YANG HUI ET AL: "One-Step Generation of 1-264
Mice Carrying Reporter and Conditional
Alleles by CRISPR/Cas-Mediated Genome
Engineering",
CELL,
vol. 154, no. 6, September 2013 (2013-09),
pages 1370-1379, XP028716273,
ISSN: 0092-8674, DOI:
10.1016/J.CELL.2013.08.022
the whole document
_/ -

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 3




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2015/019064

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A YANFANG FU ET AL: "Improving CRISPR-Cas
nuclease specificity using truncated guide
RNAs",

NATURE BIOTECHNOLOGY,

vol. 32, no. 3,

26 January 2014 (2014-01-26), pages
279-284, XP055194360,

ISSN: 1087-0156, DOI: 10.1038/nbt.2808
the whole document

A PATRICK D HSU ET AL: "DNA targeting
specificity of RNA-guided Cas9 nucleases",
NATURE BIOTECHNOLOGY,

vol. 31, no. 9,

1 September 2013 (2013-09-01), pages
827-832, XP002718604,

ISSN: 1546-1696, DOI: 10.1038/NBT.2647
the whole document

T ZHENG ANDREW ET AL: "Personalized
therapeutic strategies for patients with
retinitis pigmentosa.",

EXPERT OPINION ON BIOLOGICAL THERAPY,
vol. 15, no. 3, March 2015 (2015-03),
pages 391-402, XP008176606,

ISSN: 1744-7682

1-264

1-264

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 3 of 3




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - description
	Page 74 - description
	Page 75 - description
	Page 76 - description
	Page 77 - description
	Page 78 - description
	Page 79 - description
	Page 80 - description
	Page 81 - description
	Page 82 - description
	Page 83 - description
	Page 84 - description
	Page 85 - description
	Page 86 - description
	Page 87 - description
	Page 88 - description
	Page 89 - description
	Page 90 - description
	Page 91 - description
	Page 92 - description
	Page 93 - description
	Page 94 - description
	Page 95 - description
	Page 96 - description
	Page 97 - description
	Page 98 - description
	Page 99 - description
	Page 100 - description
	Page 101 - description
	Page 102 - description
	Page 103 - description
	Page 104 - description
	Page 105 - description
	Page 106 - description
	Page 107 - description
	Page 108 - description
	Page 109 - description
	Page 110 - description
	Page 111 - description
	Page 112 - description
	Page 113 - description
	Page 114 - description
	Page 115 - description
	Page 116 - description
	Page 117 - description
	Page 118 - description
	Page 119 - description
	Page 120 - description
	Page 121 - description
	Page 122 - description
	Page 123 - description
	Page 124 - description
	Page 125 - description
	Page 126 - description
	Page 127 - description
	Page 128 - description
	Page 129 - description
	Page 130 - description
	Page 131 - description
	Page 132 - description
	Page 133 - description
	Page 134 - description
	Page 135 - description
	Page 136 - description
	Page 137 - description
	Page 138 - description
	Page 139 - description
	Page 140 - description
	Page 141 - description
	Page 142 - description
	Page 143 - description
	Page 144 - description
	Page 145 - description
	Page 146 - description
	Page 147 - description
	Page 148 - description
	Page 149 - description
	Page 150 - description
	Page 151 - description
	Page 152 - description
	Page 153 - description
	Page 154 - description
	Page 155 - description
	Page 156 - description
	Page 157 - description
	Page 158 - description
	Page 159 - description
	Page 160 - description
	Page 161 - description
	Page 162 - description
	Page 163 - description
	Page 164 - description
	Page 165 - description
	Page 166 - description
	Page 167 - description
	Page 168 - description
	Page 169 - description
	Page 170 - description
	Page 171 - description
	Page 172 - description
	Page 173 - description
	Page 174 - description
	Page 175 - description
	Page 176 - description
	Page 177 - description
	Page 178 - description
	Page 179 - description
	Page 180 - description
	Page 181 - description
	Page 182 - description
	Page 183 - description
	Page 184 - description
	Page 185 - description
	Page 186 - description
	Page 187 - description
	Page 188 - description
	Page 189 - description
	Page 190 - description
	Page 191 - description
	Page 192 - description
	Page 193 - description
	Page 194 - description
	Page 195 - description
	Page 196 - description
	Page 197 - description
	Page 198 - description
	Page 199 - description
	Page 200 - description
	Page 201 - description
	Page 202 - description
	Page 203 - description
	Page 204 - description
	Page 205 - description
	Page 206 - description
	Page 207 - description
	Page 208 - description
	Page 209 - description
	Page 210 - description
	Page 211 - description
	Page 212 - description
	Page 213 - description
	Page 214 - description
	Page 215 - description
	Page 216 - description
	Page 217 - description
	Page 218 - description
	Page 219 - description
	Page 220 - description
	Page 221 - description
	Page 222 - description
	Page 223 - description
	Page 224 - description
	Page 225 - description
	Page 226 - description
	Page 227 - description
	Page 228 - description
	Page 229 - description
	Page 230 - description
	Page 231 - description
	Page 232 - description
	Page 233 - description
	Page 234 - description
	Page 235 - description
	Page 236 - description
	Page 237 - description
	Page 238 - description
	Page 239 - description
	Page 240 - description
	Page 241 - description
	Page 242 - description
	Page 243 - description
	Page 244 - description
	Page 245 - description
	Page 246 - description
	Page 247 - description
	Page 248 - description
	Page 249 - description
	Page 250 - description
	Page 251 - description
	Page 252 - description
	Page 253 - description
	Page 254 - description
	Page 255 - description
	Page 256 - description
	Page 257 - description
	Page 258 - description
	Page 259 - description
	Page 260 - description
	Page 261 - description
	Page 262 - description
	Page 263 - claims
	Page 264 - claims
	Page 265 - claims
	Page 266 - claims
	Page 267 - claims
	Page 268 - claims
	Page 269 - claims
	Page 270 - claims
	Page 271 - claims
	Page 272 - claims
	Page 273 - claims
	Page 274 - claims
	Page 275 - claims
	Page 276 - claims
	Page 277 - claims
	Page 278 - claims
	Page 279 - claims
	Page 280 - claims
	Page 281 - claims
	Page 282 - claims
	Page 283 - claims
	Page 284 - drawings
	Page 285 - drawings
	Page 286 - drawings
	Page 287 - drawings
	Page 288 - drawings
	Page 289 - drawings
	Page 290 - drawings
	Page 291 - drawings
	Page 292 - drawings
	Page 293 - drawings
	Page 294 - drawings
	Page 295 - drawings
	Page 296 - drawings
	Page 297 - drawings
	Page 298 - drawings
	Page 299 - drawings
	Page 300 - drawings
	Page 301 - drawings
	Page 302 - drawings
	Page 303 - drawings
	Page 304 - drawings
	Page 305 - drawings
	Page 306 - drawings
	Page 307 - drawings
	Page 308 - drawings
	Page 309 - drawings
	Page 310 - wo-search-report
	Page 311 - wo-search-report
	Page 312 - wo-search-report

