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10048460091

ABSTRACT 

The invention provides for delivery, engineering and optimization of systems, methods, and 
compositions for manipulation of sequences and/or activities of target sequences. Provided are 
delivery systems and tissues or organ which are targeted as sites for delivery. Also provided are 
vectors and vector systems some of which encode one or more components of a CRISPR 5

complex, as well as methods for the design and use of such vectors. Also provided are methods 
of directing CRISPR complex formation in eukaryotic cells to ensure enhanced specificity for 
target recognition and avoidance of toxicity and to edit or modify a target site in a genomic locus 
of interest to alter or improve the status of a disease or a condition. 
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1006437710 

1 

DELIVERY, USE AND THERAPEUTIC APPLICATIONS OF THE CRISPR-CAS 

SYSTEMS AND COMPOSITIONS FOR GENOME EDITING 

RELATED APPLICATIONS AND INCORPORATION BY REFERENCE 

[0001]  This application is a divisional of Australian patent application 2023219828, which in 

turn is a divisional application of Australian patent application 2021204395, which is a divisional 5 

of Australian patent application 2014361781 and claims priority to US provisional patent 

applications: 61/915,l76; 61/915,192; 61/915,215; 61/915,107, 61/915,145; 61/915,148; and 

61/915,153 each filed December 12, 2013, the entire contents of all of which are incorporated 

herein by reference. 

[0002]  The foregoing applications, and all documents cited therein or during their prosecution 10 

("appln cited documents") and all documents cited or referenced in the appln cited documents, and 

all documents cited or referenced herein ("herein cited documents"), and all documents cited or 

referenced in herein cited documents, together with any manufacturer's instructions, descriptions, 

product specifications, and product sheets for any products mentioned herein or in any document 

incorporated by reference herein, are hereby incorporated herein by reference, and may be 15 

employed in the practice of the invention. More specifically, all referenced documents are 

incorporated by reference to the same extent as if each individual document was specifically and 

individually indicated to be incorporated by reference. 

FIELD OF THE INVENTION 

[0003]  The present invention generally relates to the delivery, engineering, optimization and 20 

therapeutic applications of systems, methods, and compositions used for the control of gene 

expression involving sequence targeting, such as genome perturbation or gene-editing, that relate 

to Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR) and components thereof. 

In particular, the present invention relates to in vitro, ex vivo and/or in vivo systems, methods, and 

compositions for delivery of the CRISPR-Cas system to achieve therapeutic benefits via genome 25 

editing in animals, including mammals. 

STATEMENT AS TO FEDERALLY SPONSORED RESEARCH 

[0004]  This invention was made with government support under the NIH Pioneer Award 

(1DP1MH100706) awarded by the National Institutes of Health and grant 1DP1OD009552 also 

provided by National Insitutes of Health. The government has certain rights in the invention. 30 
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10048460092

2

BACKGROUND OF THE INVENTION 

[0004a] Reference to any prior art in the specification is not an acknowledgement or suggestion that 
this prior art forms part of the common general knowledge in any jurisdiction or that this prior art 
could reasonably be expected to be combined with any other piece of prior art by a skilled person in 
the art  5

[0005]  Recent advances in genome sequencing techniques and analysis methods have significantly 
accelerated the ability to catalog and map genetic factors associated with a diverse range of 
biological functions and diseases. Precise genome targeting technologies are needed to enable 
systematic reverse engineering of causal genetic variations by allowing selective perturbation of 
individual genetic elements, as well as to advance synthetic biology, biotechnological, and medical 10 

applications. Although genome-editing techniques such as designer zinc fingers (ZFN), transcription 
activator-like effectors (TALEs), or homing meganucleases are available for producing targeted 
genome perturbations, there remains a need for new genome engineering technologies that are 
affordable, easy to set up, scalable, and amenable to targeting multiple positions within the 
eukaryotic genome. 15 

SUMMARY OF THE INVENTION 

[0006]  Despite valid therapeutic hypotheses and strong efforts in drug development, there have 
only been a limited number of successes using small molecules to treat diseases with strong genetic 
contributions. Thus, there exists a pressing need for alternative and robust systems for therapeutic 
strategies that are able to modify nucleic acids within disease-affected cells and tissues. Adding the 20 

CRISPR-Cas system to the repertoire of therapeutic genome engineering methods significantly 
simplifies the methodology and accelerates the ability to catalog and map genetic factors associated 
with a diverse range of biological functions and diseases, develop animal models for genetic 
diseases, and develop safe, effective therapeutic alternatives. To utilize the CRISPR-Cas system 
effectively for genome editing without deleterious effects, it is critical to understand aspects of 25 

engineering, optimization and cell-type/tissue/organ specific delivery of these genome engineering 
tools, which are aspects of the claimed invention. Aspects of this invention address this need and 
provide related advantages. 

[0007]  An exemplary CRISPR complex may comprise a CRISPR enzyme (e.g., Cas9) complexed 
with a guide sequence hybridized to a target sequence within the target polynucleotide. The guide 30 

sequence is linked to a tracr mate sequence, which in turn hybridizes to a tracr sequence. Applicants 
have optimized components of the CRISPR-Cas genome engineering system, including using SaCas9 
from Staphylococcus aureus. Various delivery means may be employed for delivering components of 
the CRISPR-Cas system to cells, tissues 
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polynucleotide in a genomic locus, wherin the genomic locus is associated with a mutation,

including muations associated with an aberrant protein expression or with a disease condition or

and prognosis. Aspects of the invention relate to Cas9 enzymes having improved targeting

wild-type Cas9 whereby packaging a nucleic acid coding therefor into a delivery vector is more
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[0008] In the invention, the Cas enzyme can be wildtype Cas9 including any naturally-

occurring bacterial Cas9. Cas9 orthologs typically share the general organization of 3-4 RuvC

domains and a HNH domain. The 5' most RuvC domain cleaves the non-complementary strand,

and the HNH domain cleaves the complementary strand. All notations are in reference to the

guide sequence. The catalytic residue in the 5' RuvC domain is identified through homology

comparison of the Cas9 of interest with other Cas9 orthologs (from S. pyogenes type II CRISPR

locus, S. thermophilus CRISPR locus 1, S. thermophilus CRISPR locus 3, and Franciscilla

novicida type II CRISPR locus), and the conserved Asp residue (D10) is mutated to alanine to

convert Cas9 into a complementary-strand nicking enzyme. Similarly, the conserved His and

Asn residues in the HNH domains are mutated to Alanine to convert Cas9 into a non-

complementary-strand nicking enzyme. In some embodiments, both sets of mutations may be

made, to convert Cas9 into a non-cutting enzyme. Accordingly, the Cas enzyme can be wildtype

Cas9 including any naturally-occurring bacterial Cas9. The CRISPR, Cas or Cas9 enzyme can be

codon optimized for human cells, including specific types of human cells, or a modified version.

protein with or without fusion to a functional domain. The mutations may be artificially

introduced mutations or gain- or loss-of-function mutations. The mutations may include but are

not limited to mutations in one of the catalytic domains (D10 and H840) in the RuvC and HNH

catalytic domains, respectively. Further mutations have been characterized. In one aspect of the

invention, the transcriptional activation domain may be VP64. In other aspects of the invention,

relate to the mutated Cas 9 enzyme being fused to domains which include but are not limited to a

transcriptional activator, repressor, a recombinase, a transposase, a histone remodeler, a

demethylase, a DNA methyltransferase, a cryptochrome, a light inducible/controllable domain or

a chemically inducible/controllable domain. The invention can involve sgRNAs or tracrRNAs or

guide or chimeric guide sequences that allow for enhancing performance of these RNAs in cells.

enzyme. This type II CRISPR enzyme may be any Cas enzyme. A preferred Cas enzyme may

be identified as Cas9 as this can refer to the general class of enzymes that share homology to the

biggest nuclease with multiple nuclease domains from the type II CRISPR system. Most
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enzymes. An example of a codon optimized sequence, in this instance optimized for humans (i.e.

being optimized for expression in humans) is provided herein, see the SaCas9 human codon

animal, the modification may occur ex vivo or in vitro, for instance in a cell culture and in some

5'-NRG or 5'-NNGRR (where N is any Nucleotide) for SpCas9 or SaCas9 enzymes (or derived
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[0010] In one aspect, the invention provides a method of modifying an organism or a non-

human organism by manipulation of a target sequence in a genomic locus of interest, wherein the

genomic locus is associated with a mutation associated with an aberrant protein expression or

with a disease condition or state comprising:

delivering a non-naturally occurring or engineered composition comprising:

A) 1. a CRISPR-Cas system chimeric RNA (chiRNA) polynucleotide

sequence, wherein the polynucleotide sequence comprises:

(a) a guide sequence capable of hybridizing to a target

sequence in a eukaryotic cell,

(b) a tracr mate sequence, and

(c) a tracr sequence, and

II. a polynucleotide sequence encoding a CRISPR enzyme

comprising at least one or more nuclear localization sequences,

wherein (a), (b) and (c) are arranged in a 5' to 3' orientation,

wherein the CRISPR complex comprises the CRISPR enzyme complexed with (1) the guide

sequence that is hybridized to the target sequence, and (2) the tracr mate sequence that is

hybridized to the tracr sequence and the polynucleotide sequence encoding a CRISPR enzyme is

DNA or RNA; and

the method may optionally include also delivering a HDR template, e.g., via a viral

of a normal or less aberrant form of the protein; wherein "normal" is as to wild type, and

"aberrant" can be a protein expression that gives rise to a condition or disease state; and

optionally the method may include isolating or obtaining cells expressing said aberrant

protein from the organism or non-human organism, optionally expanding the cell population,

performing contacting of the viral vector or particle(s) with said cells to obtain a modified cell

modified cells to the organism or non-human organism.

[0011] In one aspect, the invention provides a method of modifying an organism or a non-

human organism by manipulation of a target sequence in a genomic locus of interest, wherein the
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optionally the method may include isolating or obtaining cells expressing said aberrant

protein from the organism or non-human organism, optionally expanding the cell population,

expression, e.g. via particle(s), containing a vector containing the polynucleotide(s) operably

sequence is or can be transcribed into the RNA including the feature at issue. Where the feature
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[0013] In certain embodiments the invention provides a method of modifying an organism,

e.g., mammal including human or a non-human mammal or organism by manipulation of a target

sequence in a genomic locus of interest e.g., wherein the genomic locus of interest is associated

with a mutation associated with an aberrant protein expression or with a disease condition or

state, comprising delivering, e.g., via contacting of a non-naturally occurring or engineered

composition with a cell or cell population wherein the composition comprises one or more

delivery vectors or particles comprising viral, plasmid or nucleic acid molecule vector(s) (e.g.

RNA) operably encoding a composition for expression thereof, wherein the composition

comprises: (A) I. a first regulatory element operably linked to a CRISPR-Cas system chimeric

RNA (chiRNA) polynucleotide sequence, wherein the polynucleotide sequence comprises (a) a

guide sequence capable of hybridizing to a target sequence in a eukaryotic cell, (b) a tracr mate

sequence, and (c) a tracr sequence, and II. a second regulatory element operably linked to an

enzyme-coding sequence encoding a CRISPR enzyme comprising at least one or more nuclear

localization sequences (or optionally at least one or more nuclear localization sequences as some

when transcribed, the tracr mate sequence hybridizes to the tracr sequence and the guide

sequence directs sequence-specific binding of a CRISPR complex to the target sequence, and

wherein the CRISPR complex comprises the CRISPR enzyme complexed with (1) the guide

sequence that is hybridized to the target sequence, and (2) the tracr mate sequence that is

hybridized to the tracr sequence, or (B) a non-naturally occurring or engineered composition

element operably linked to (a) a guide sequence capable of hybridizing to a target sequence in a

eukaryotic cell, and (b) at least one or more tracr mate sequences, II. a second regulatory element

operably linked to an enzyme-coding sequence encoding a CRISPR enzyme, and III. a third

regulatory element operably linked to a tracr sequence, wherein components I, II and III are

located on the same or different vectors of the system, wherein when transcribed, the tracr mate

binding of a CRISPR complex to the target sequence, and wherein the CRISPR complex

comprises the CRISPR enzyme complexed with (1) the guide sequence that is hybridized to the

target sequence, and (2) the tracr mate sequence that is hybridized to the tracr sequence: the
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and III are located on the same vector, while component I is located on another vector. In other

embodiments, each of components I, II and III is located on different vectors. The invention also

reducing accessibility to the target sequence, or by promoting 3D folding. It will be appreciated

preferably be modified ex vivo and then re-introduced. In this case, a biopsy or other tissue or
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advantageous as to ocular cells, retinal cells, vascular cells, epithelial cells, endothelial cells, and

cochlear cells.

[0015] The invention in some embodiments comprehends a method of modifying an

organism or a non-human organism by manipulation of a first and a second target sequence on

opposite strands of a DNA duplex in a genomic locus of interest in a cell or cell population e.g.,

wherein the genomic locus of interest is associated with a mutation associated with an aberrant

protein expression or with a disease condition or state, comprising delivering, e.g., by contacting

the cell or cell population with a delivery vector, e.g., viral vectors or particles comprising a non-

naturally occurring or engineered composition comprising :

I. a first CRISPR-Cas system chimeric RNA (chiRNA) polynucleotide

sequence, wherein the first polynucleotide sequence comprises:

(a) a first guide sequence capable of hybridizing to the first target

sequence,

(b) a first tracr mate sequence, and

second polynucleotide sequence comprises:

(a) a second guide sequence capable of hybridizing to the second target

sequence.

(b) a second tracr mate sequence, and

(c) a second tracr sequence. and

one or more nuclear localization sequences and comprising one or more

mutations, wherein (a), (b) and (c) are arranged in a 5' to 3' orientation; or

IV. expression product(s) of one or more of I. to III., e.g., the the first and the

second tracr mate sequence, the CRISPR enzyme;

wherein when transcribed. the first and the second tracr mate sequence hybridize to the

sequence-specific binding of a first and a second CRISPR complex to the first and second target

sequences respectively, wherein the first CRISPR complex comprises the CRISPR enzyme

complexed with (1) the first guide sequence that is hybridized to the first target sequence, and (2)
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optionally expanding the cell population, performing contacting of the delivery vector or

particle(s) with the cell or cell population to obtain a modified cell population, optionally

target sequence within a coding, non-coding or regulatory element of said genomic locus

expression thereof, wherein the composition comprises:

(A)

I.

(a)

(b) a tracr mate sequence, and
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wherein (a), (b) and (c) are arranged in a 5' to 3' orientation,

wherein components I and II are located on the same or different vectors of the system,

wherein when transcribed, the tracr mate sequence hybridizes to the tracr sequence and the guide

sequence directs sequence-specific binding of a CRISPR complex to the target sequence, and

wherein the CRISPR complex comprises the SaCas9 complexed with (1) the guide sequence that

is hybridized to the target sequence, and (2) the tracr mate sequence that is hybridized to the tracr

sequence.

or

(B) a non-naturally occurring or engineered composition comprising a vector system

comprising one or more vectors comprising

I. a first regulatory element operably linked to

(a) a guide sequence capable of hybridizing to the target sequence. and

(b) at least one or more tracr mate sequences,

II. a second regulatory element operably linked to an enzyme-coding sequence encoding

wherein components I, II and III are located on the same or different vectors of the system,

wherein when transcribed, the tracr mate sequence hybridizes to the tracr sequence and the guide

wherein the CRISPR complex comprises the SaCas9 complexed with (1) the guide sequence that

is hybridized to the target sequence, and (2) the tracr mate sequence that is hybridized to the tracr

CRISPR enzyme, the first and the second guide sequence, the first and the second tracr mate

invention the polynucleotides encoding the sequence encoding the CRISPR enzyme, the first and

microvesicles, or a gene-gun: but, it is advantageous that the delivery is via a viral vector or a

particle. In certain embodiments of the invention, the first and second tracr mate sequence share

100% identity and/or the first and second tracr sequence share 100% identity. In some
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CRISPR enzyme has one or more mutations such that the enzyme is a non-complementary strand

preferably at most 50 base pairs. In embodiments of the invention the 5' overhang is at least 26

base pairs, preferably at least 30 base pairs or more preferably 34-50 base pairs.

and/or 986 of SpCas9 (which may be ascertained for instance by standard sequence comparison

the replacement amino acids is also envisaged. In an aspect the invention provides as to any or

each or all embodiments herein-discussed wherein the CRISPR enzyme comprises at least one or

two or more mutations is as to D10, E762, H840, N854, N863, or D986 according to SpCas9

according to SaCas9, e.g., N580A as to SaCas9, or any corresponding mutation(s) in a Cas9 of

an ortholog to Sp or Sa, or the CRISPR enzyme comprises at least one mutation wherein at least
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[0017] The invention in some embodiments comprehends a method of modifying an

organism or a non-human organism by manipulation of a first and a second target sequence on

opposite strands of a DNA duplex in a genomic locus of interest in a cell or cell population e.g.,

wherein the genomic locus of interest is associated with a mutation associated with an aberrant

protein expression or with a disease condition or state, comprising delivering, e.g., by contacting

the cells or cell population with a delivery vector or particle(s) comprising a non-naturally

occurring or engineered composition comprising :

(a) a first guide sequence capable of hybridizing to the first target

sequence, and

(b) at least one or more tracr mate sequences,

II. a second regulatory element operably linked to

(a) a second guide sequence capable of hybridizing to the second target

sequence, and

encoding a CRISPR enzyme, and

IV. a fourth regulatory element operably linked to a tracr sequence,

second tracr mate sequence, the CRISPR enzyme;

wherein components I, II. III and IV are located on the same or different vectors of the system,

to the first and second target sequences respectively, wherein the first CRISPR complex

the first target sequence, and (2) the tracr mate sequence that is hybridized to the tracr sequence,

sequence that is hybridized to the tracr sequence, wherein the polynucleotide sequence encoding

a CRISPR enzyme is DNA or RNA, and wherein the first guide sequence directs cleavage of one

strand of the DNA duplex near the first target sequence and the second guide sequence directs
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isolating or obtaining a cell or cell population from the organism or non-human organism,

[0018]

located on one, two, three or four different vectors, and all combinations for possible locations of

the components are herein envisaged, for example: components I, II, III and IV can be located on

combinations of locations envisaged, etc. In some methods of the invention any or all of the

RNA. In further embodiments of the invention the first and second tracr mate sequence share

100% identity and/or the first and second tracr sequence share 100% identity. In preferred

of the invention the CRISPR enzyme comprises one or more mutations in a catalytic domain,

consisting of D10A, E762A, H840A, N854A, N863A and D986A; e.g., D10A mutation. In

preferred embodiments, the first CRISPR enzyme has one or more mutations such that the
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second enzyme may be a complementary strand nicking enzyme. In a further embodiment of the

invention, one or more of the viral vectors are delivered via liposomes, nanoparticles, exosomes,

microvesicles, or a gene-gun; but, viral delivery or particle delivery is advantageous

[0019] In preferred methods of the invention the first guide sequence directing cleavage of

one strand of the DNA duplex near the first target sequence and the second guide sequence

directing cleavage of other strand near the second target sequence results in a 5' overhang. In

embodiments of the invention the 5' overhang is at most 200 base pairs, preferably at most 100

overhang is at least 26 base pairs, preferably at least 30 base pairs or more preferably 34-50 base

pairs.

[0020] The invention in some embodiments comprehends a method of modifying a genomic

locus of interest in cell or cell poulation e.g., wherein the genomic locus of interest is associated

state, by introducing into the cell or cell population, e.g., by contacting the cells or cell

molecule respectively in the cell or cell population, whereby the guide RNAs target the DNA

molecule and the Cas protein nicks each of the first strand and the second strand of the DNA

and the two guide RNAs do not naturally occur together and the mthod may optionally include

also delivering a HDR template, e.g., via the delivery vector or particle contacting the cell or cell

aberrant form of the protein: wherein "normal" is as to wild type, and "aberrant" can be a protein

isolating or obtaining cells from the organism or non-human organism, optionally expanding the

administering modified cells to the organism or non-human organism. In preferred methods of

the invention the Cas protein nicking each of the first strand and the second strand of the DNA

molecule results in a 5' overhang. In embodiments of the invention the 5' overhang is at most
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the Cas protein is a Cas9 protein, e.g. SpCas9 or SaCas9. In aspects of the invention the Cas

sequence being excised precisely by allowing the two 5' overhangs to reanneal and ligate or the

increased. In an embodiment of the invention, the gene product is a protein.

[0021] The invention in some embodiments comprehends a method of modifying a genomic

condition or state, by introducing into the cell or cell population, e.g., by contacting the cell or

guide RNAs that target a first strand and a second strand respectively of a

double stranded DNA molecule of the cell or cells within the cell population,

b) a second regulatory element operably linked to a Cas protein, or

wherein components (a) and (b) are located on same or different vectors of the system, whereby

the guide RNAs target the DNA molecule of the cells or cells within the cell population and the
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the delivery vector or particle contacting the cell or cell population containing or contacting the

cell or cell population with another particle containing, the HDR template wherein the HDR

template provides expression of a normal or less aberrant form of the protein; wherein "normal"

is as to wild type, and "aberrant" can be a protein expression that gives rise to a condition or

disease state; and optionally the method may include isolating or obtaining cells from the

organism or non-human organism, optionally expanding said cell population, performing

contacting of the delivery vector or particle(s) with the cells to obtain a modified cell population,

cells to the organism or non-human organism. In aspects of the invention the guide RNAs may

comprise a guide sequence fused to a tracr mate sequence and a tracr sequence. In an

embodiment of the invention the Cas protein is a type II CRISPR-Cas protein. In an aspect of the

invention the Cas protein is codon optimized for expression in a eukaryotic cell, preferably a

type Il CRISPR-Cas protein, e.g. a Cas 9 protein. In a highly preferred embodiment the Cas

E762A, H840A, N854A, N863A and D986A; e.g., the DI0A mutation. Aspects of the invention

relate to the expression of a gene product being decreased or a template polynucleotide being

being excised precisely by allowing the two 5' overhangs to reanneal and ligate or the activity or

function of the gene product being altered or the expression of the gene product being increased.

the system are delivered via liposomes, nanoparticles, exosomes, microvesicles, or a gene-gun;

polynucleotide in a cell or cell population. In some embodiments, the method comprises

comprises a CRISPR enzyme complexed with a guide sequence hybridized to a target sequence

within said target polynucleotide, wherein said guide sequence is linked to a tracr mate sequence

which in turn hybridizes to a tracr sequence. In some embodiments, said cleavage comprises
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embodiments, the method further comprises delivering one or more vectors or expression

modifying takes place in said cell or cell population in a cell culture. In some embodiments, the

modifying. In some embodiments, the method further comprises returning said cell or cell

population and/or cells derived therefrom to said subject.

with an increase in the risk of having or developing a disease. In some embodiments, the method

expression of one or more of: a CRISPR enzyme, a guide sequence linked to a tracr mate

sequence, and a tracr sequence; and (b) allowing a CRISPR complex to bind to a target

the CRISPR complex comprises the CRISPR enzyme complexed with (1) the guide sequence

sequence that is hybridized to the tracr sequence, thereby generating a cell or cell population

comprising a mutated disease gene. In some embodiments, said cleavage comprises cleaving
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homologous recombination with an exogenous template polynucleotide, wherein said repair

results in a mutation comprising an insertion, deletion, or substitution of one or more nucleotides

of said target polynucleotide. In some embodiments, said mutation results in one or more amino

acid changes in a protein expression from a gene comprising the target sequence. In some

embodiments the modified cell or cell population is administered to an animal to thereby

generate an animal model.

[0023] In one aspect, the invention provides for methods of modifying a target

allowing a CRISPR complex to bind to the target polynucleotide to effect cleavage of said target

polynucleotide thereby modifying the target polynucleotide, wherein the CRISPR complex

comprises a CRISPR enzyme complexed with a guide sequence hybridized to a target sequence

within said target polynucleotide, wherein said guide sequence is linked to a tracr mate sequence

method of modifying expression of a polynucleotide in a eukaryotic cell that arises from a cell or

polynucleotide in the cell or cell population; advantageously the CRISPR complex is delivered

via a viral delivery vector or particle(s).

of the expression in a cell or cell population. For example, upon the binding of a CRISPR

complex to a target sequence in a cell, the target polynucleotide is inactivated such that the

[0025] In some embodiments. the functional domain is a transcriptional activation domain,

domain, preferably KRAB. In some embodiments, the transcription repression domain is SID, or

embodiments, the functional domain is an activation domain, which may be the P65 activation

domain.
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editing, especially in a cell or cell population which optionally may then be introduced into an

manufacture of a medicament for ex vivo gene or genome editing or for use in a method

or inhibiting a condition caused by a defect in a target sequence in a genomic locus of interest in

a subject (e.g., mammal or human) or a non-human subject (e.g., mammal) in need thereof

cells to the subject or non-human subject. advantageously the modifying of the cells is through

(viral) or particle also provides a HDR template or another particle or a vector provides the HDR

template, and wherein the condition is susceptible to treatment or inhibition by manipulation of

[0027] Certain RNA of the CRISPR Cas complex is also known and referred to as sgRNA

sgRNA. The CRISPR-Cas9 system has been engineered to target genetic locus or loci in a cell or

cell population. Cas9 protein, advantageously codon-optimized for a eukaryotic cell and

prepared. and are exemplified herein. These were advantageously delivered via a viral delivery

21

20
26

20
21

60
   

   
19

 M
ar

 2
02

6

1
9
 
M
a
r
 
2
0
2
6

2
0
2
6
2
0
2
1
6
0

2
1



(AAV). When delivered via particles, the particles are formed by the Cas9 protein and the

sgRNA being admixed. The sgRNA and Cas9 protein mixture is admixed with a mixture

comprising or consisting essentially of or consisting of surfactant, phospholipid, biodegradable

polymer, lipoprotein and alcohol, whereby particles containing the sgRNA and Cas9 protein are

formed. The invention comprehends so making particles and particles from such a method as

well as uses thereof. More generally, particles were formed using an efficient process. First, Cas9

protein and sgRNA targeting a gene or a control gene LacZ are mixed together at a suitable,

25C, e.g., room temperature, for a suitable time, e.g., 15-45, such as 30 minutes, advantageously

in sterile, nuclease free buffer, e.g., IX PBS. Separately, particle components such as or

comprising: a surfactant, e.g., cationic lipid, e.g., 1,2-dioleoyl-3-trimethylammonium-propane.

(DOTAP); phospholipid, e.g., dimyristoylphosphatidylcholine (DMPC); biodegradable polymer,

e.g., cholesterol were dissolved in an alcohol, advantageously a C1.6 alkyl alcohol, such as

an HDR template. That can be a particle co-administered with sgRNA+Cas9 protein-containing

particle, or i.e., in addition to contacting a cell or cell population with an sgRNA+Cas9 protein-

template; or the HSC is contacted with a particle containing all of the sgRNA, Cas9 and the HDR

template. The HDR template can be administered by a separate vector, whereby in a first

present, whereby a genomic loci is modified by the HDR; for instance, this may result in

obtainable from admixing an sgRNA(s) and Cas9 protein mixture (optionally containing HDR

surfactant, phospholipid, biodegradable polymer, lipoprotein and alcohol (wherein one or more

sgRNA targets agenetic locus or loci associated with a mutation associated with an aberrant
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(a) a guide sequence capable of hybridizing to the target sequence,

wherein (a), (b) and (c) are arranged in a 5' to 3' orientation,

sequence directs sequence-specific binding of a CRISPR complex to the target sequence, and

wherein the CRISPR complex comprises Cas9 complexed with (1) the guide sequence that is

or

(b) at least one or more tracr mate sequences,

II. a polynucleotide sequence encoding Cas9, and

wherein when transcribed, the tracr mate sequence hybridizes to the tracr sequence and the guide

wherein the CRISPR complex comprises the Cas9 complexed with (1) the guide sequence that is

hybridized to the target sequence, and (2) the tracr mate sequence that is hybridized to the tracr
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[0030] In one aspect, the invention provides for methods of modeling a disease associated

with a genomic locus in a eukaryotic organism or a non-human organism comprising

manipulation of a target sequence within a coding, non-coding or regulatory element of said

genomic locus comprising delivering a non-naturally occurring or engineered composition

comprising a viral vector system comprising one or more viral vectors operably encoding a

composition for expression thereof, wherein the composition comprises:

(A) a non-naturally occurring or engineered composition comprising a vector

I. a first regulatory element operably linked to a CRISPR-Cas system RNA

polynucleotide sequence, wherein the polynucleotide sequence comprises

(a) a guide sequence capable of hybridizing to the target sequence,

(b) a tracr mate sequence, and

II. a second regulatory element operably linked to an enzyme-coding

wherein (a), (b) and (c) are arranged in a 5' to 3' orientation,

wherein components I and II are located on the same or different vectors of the system,

wherein when transcribed, the tracr mate sequence hybridizes to the tracr sequence and the guide

sequence directs sequence-specific binding of a CRISPR complex to the target sequence, and

wherein the CRISPR complex comprises the Cas9 complexed with (1) the guide sequence that is

sequence,

or

system comprising one or more vectors comprising

I.

(b) at least one or more tracr mate sequences,

II. a second regulatory element operably linked to an enzyme-coding

sequence encoding Cas9, and
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sequence.

[0031] In one aspect the invention provides methods of treating or inhibiting a condition or a

manipulation of the target sequence and wherein the condition or disease is susceptible to

comprising:

delivering a non-naturally occurring or engineered composition comprising an AAV or

I. a first regulatory element operably linked to a CRISPR-Cas system RNA

(a) a guide sequence capable of hybridizing to the target sequence in a

eukaryotic cell,

(c) a tracr sequence, and

II. a second regulatory element operably linked to an enzyme-coding

sequences,
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wherein components I and II are located on the same or different vectors of the system,

wherein when transcribed, the tracr mate sequence hybridizes to the tracr sequence and the guide

sequence directs sequence-specific binding of a CRISPR complex to the target sequence, and

wherein the CRISPR complex comprises the Cas9 complexed with (1) the guide sequence that is

hybridized to the arget sequence, and (2) the tracr mate sequence that is hybridized to the tracr

sequence,

or

system comprising one or more vectors comprising

1. a first regulatory element operably linked to

(a) a guide sequence capable of hybridizing to an target sequence in a

eukaryotic cell, and

II. a second regulatory element operably linked to an enzyme-coding

III.

wherein components I, II and III are located on the same or different vectors of the system,

wherein when transcribed, the tracr mate sequence hybridizes to the tracr sequence and the guide

sequence directs sequence-specific binding of a CRISPR complex to the target sequence, and

wherein the CRISPR complex comprises Cas9 complexed with (1) the guide sequence that is

hybridized to the target sequence, and (2) the tracr mate sequence that is hybridized to the tracr

sequence.

[0032] In certain embodiments, the invention provides method of preparing the AAV or

for the AAV or lentivirus into AAV-infected or lentivirus-infected cells, and supplying AAV

[0033] In one aspect, the invention provides a composition for use in any of the methods of

organism or a non-human organism) comprising manipulation of a target sequence within a
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modifying an organism or a non-human organism by manipulation of a target sequence in a

genomic locus associated with a disease or in a method of treating or inhibiting a condition or

diesease caused by one or more mutations in a genomic locus in a eukaryotic organism or a non-

[0035]

(a) a guide sequence capable of hybridizing to a target sequence in a

(b) a tracr mate sequence, and

(c) a tracr sequence, and

wherein the CRISPR complex comprises the Cas9 complexed with (1) the guide sequence that is

sequence and the polynucleotide sequence encoding Cas9 is DNA or RNA,

or

(a) a guide sequence capable of hybridizing to an target sequence in a

cukaryotic cell, and

II. a polynucleotide sequence encoding Cas9, preferably SaCas9, and

III.
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wherein when transcribed, the tracr mate sequence hybridizes to the tracr sequence and the guide

sequence directs sequence-specific binding of a CRISPR complex to the target sequence, and

wherein the CRISPR complex comprises SaCas9 complexed with (1) the guide sequence that is

hybridized to the target sequence, and (2) the tracr mate sequence that is hybridized to the tracr

sequence, and the polynucleotide sequence encoding Cas9 is DNA or RNA:

mutations in a genetic locus associated with a disease in a eukaryotic organism or a non-human

[0036] In one aspect, the invention provides a therapeutic genome editing method for

treating or inhibiting a condition or a disease caused by one or more mutations in a genomic

sequence within a coding, non-coding or regulatory element of said genomic locus in a target

disease is susceptible to treatment or inhibition by manipulation of the target sequence

comprising providing treatment comprising:

delivering a non-naturally occurring or engineered composition comprising an AAV or

lentivirus vector system, comprising one or more AAV or lentivirus vectors operably encoding a

composition for expression thereof, wherein the target sequence is manipulated by the

(A) a non-naturally occurring or engineered composition comprising a vector system

I. a first regulatory element operably linked to a CRISPR-Cas system RNA

polynucleotide sequence, wherein the polynucleotide sequence comprises

(a)

(b) a tracr mate sequence, and

(c)
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wherein when transcribed, the tracr mate sequence hybridizes to the tracr sequence and

the guide sequence directs sequence-specific binding of a CRISPR complex to the target

sequence, and

sequence that is hybridized to the arget sequence, and (2) the tracr mate sequence that is

(B) a non-naturally occurring or engineered composition comprising a vector system

1. a first regulatory element operably linked to

(a) a guide sequence capable of hybridizing to an target sequence in a eukaryotic cell,

and

wherein components I, II and III are located on the same or different vectors of the

system,

wherein when transcribed, the tracr mate sequence hybridizes to the tracr sequence and

that is hybridized to the target sequence, and (2) the tracr mate sequence that is hybridized to the

tracr.

[0037] In one aspect, the invention provides a method of individualized or personalized

treatment of a genetic disease in a subject in need of such treatment comprising:
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(a) introducing multiple mutations ex vivo in a tissue, organ or a cell line comprising

Cas9-expressing eukaryotic cell(s) (preferably Sa Cas9), or in vivo in a transgenic non-hurnan

mammal having cells that express Cas9, comprising delivering to cell(s) of the tissue, organ, cell

or mammal the vector as herein-discussed, wherein the specific mutations or precise sequence

substitutions are or have been correlated to the genetic disease;

(c) treating the subject based on results from the testing of treatment(s) of step (b).

invention, the viral vector may be an AAV, e.g., AAVI, AAV2, AAV5, AAV7, AAV8, AAV DJ

or any combination thereof.

[0039]

disease condition, such mutation or disease condition can be, for instance a neuronal disease;

[0040] Accordingly, it is an object of the invention to not encompass within the invention

any previously known product, process of making the product, or method of using the product

such that Applicants reserve the right and hereby disclose a disclaimer of any previously known

product, process, or method. It is further noted that the invention does not intend to encompass

Applicants reserve the right and hereby disclose a disclaimer of any previously described

product, process of making the product, or method of using the product.

[0041] It is noted that in this disclosure and particularly in the claims and/or paragraphs,
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BRIEF DESCRIPTION OF THE DRAWINGS

[0043] The novel features of the invention are set forth with particularity in the appended

claims. A better understanding of the features and advantages of the present invention will be

obtained by reference to the following detailed description that sets forth illustrative

embodiments, in which the principles of the invention are utilized, and the accompanying

[0044] Figure 1A-H shows CRISPR-Cas9 system delivery and targeting of Mecp2 locus in the

vector contains encoding sequence of the GFP-KASH fusion protein for identification of

transduced neurons. (b) Expression of HA-Cas9 and GFP-KASH in the dorsal dentate gyrus

(DG) of mouse hippocampus. Scale bar, 100 µm. (c) Quantification of cells efficiently targeted

by the dual-vector Cas9-CRISPR system. (d) Graphical representation of the mouse Mecp2 locus

green - wild-type sequence; red dashes - deleted bases; red bases: insertion or mutations; red

arrowhead indicates CRISPR-Cas9 cutting site. (e) SURVEYOR assay gel showing

modification of the Mecp2 locus, 2 weeks after AAV delivery in the DG region. (f) Western blot

analysis of MeCP2 protein expression in the targeted brain region and quantification of McCP2

protein levels in dorsal DG (f-test, **p<0.001, n=4 from 3 animals, error bars: s.e.m.). (g) Images

µm. (h) Quantification of MeCP2 positive cells population within all detected cells (DAPI

n=290 and 249 cells from 2 animals, respectively; error bars: s.c.m). (ITR - inverted terminal

repeat; HA - hemagglutinin tag; NLS - nuclear localization signal; spA - synthetic

polyadenylation signal; U6 - PollII promoter; sgRNA - single guide RNA; hSyn - human

synapsin 1 promoter: GFP- green fluorescent protein; KASH - Klarsicht, ANCI, Syne Homology
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nuclear transmembrane domain; bGH pA - bovine growth hormone polyadenylatio signal;

WPRE - Woodchuck Hepatitis virus posttranscriptional regulatory element).

[0045] Figure 2A-B shows analysis of gene expression in Cas9-mediated MeCP2 knockdown

neurons. (a) Strategy for cell nuclei purification of CRISPR-Cas9 targeted cells from the mouse

brain. (b) Hierarchical clustering of differentially expressed genes (7-test, p<0.01, n=19

populations of sorted nuclei from 8 animals) detected by RNAseq. Relative log2(TPM+1)

after CRISPR-mediated MeCP2 knockdown. (a) Cartoon showing in vivo experiment

Scale bar, 20 µm. (b) Cartoon showing recording configuration in layer 2/3 excitatory neurons

numbers of recorded cells; n=2-3 animals; error bars: s.e.m).

[0047] Figure 4A-F shows simultaneous, multiplex gene editing in the mouse brain. (a)

occurrence of modification in multiple loci. (e) Western blot analysis for Dnmt3a and Dnmtl

Western blot quantification of Dnmt3a and Dnmtl protein levels in DG after in vivo CRISPR-
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primary cortical neuron culture expressing HA-SpCas9 using different SpCas9 expression

cassettes. (c) Mecp2 promoter drives HA-SpCas9 (red) expression in neurons (Maplb, NeuN:

arrows) but not in astroglia (GFAP, arrowheads). Co-expressioin of HA-SpCas9 with GFP-

KASH is shown (bottom). Nuclei were labeled with DAPI (blue). Scale bars, 20 µm. (d)

Schematic overview of GFP-labeling. Enhanced green fluorescent protein (GFP) fused to the

membrane is illustrated. (e) Co-infection efficiency calculation, showing populations of cell

(f) Cells were stained with LIFE/DEAD® kit 7 days after virus delivery. Quantification of DAPI

and dead (DEAD") cells (control n=518 DAPI nuclei; SpCas9/GFP-KASH n=1003 DAPI

nuclei from 2 cultures; error bars: s.e.m). (ITR --- inverted terminal repeat; HA - hemagglutinin

tag; NLS - nuclear localization signal: spA - synthetic polyadenylation signal: U6 - PollII

bGH pA - bovine growth hormone polyadenylation signal; WPRE - Woodchuck Hepatitis virus

posttranscriptional regulatory element).

[0049] Figure 6A-B shows targeting of Mecp2 in Neuro-2a cells. (a) Mecp2 targeting sequences

and corresponding protospacer adjacent motifs (PAM). (b) Evaluation of 6 Mecp2 sgRNAs co-

transfected with SpCas9 into Neuro-2a cells. Locus modification efficiencies were analyzed 48 h

[0050] Figure 7A-D shows CRISPR-SpCas9 targeting of Mecp2 in primary cortical neurons.

transduction (green, GFP-KASH). Nuclei were labeled with DAPI (blue), Scale bar, 20 µm. (b)

Evaluation of Mecp2 locus targeting using SpCas9 or dSpCas9, together with Mecp2 sgRNA or

control (targeting bacterial lacZ gene) sgRNA, using SURVEYOR assay gel. (c)
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Quantification of MeCP2 positive nuclei in targeted population of neurons (GFP). (d) Western

blot of MeCP2 protein levels after CRISPR-SpCas9 targeting of Mecp2 locus and quantification

of MeCP2 protein levels (t-test, **p<0.001, n=5 from 3 cultures, error bars: s.e.m).

[0051] Figure 8A-E shows morphological changes in dendritic tree of neurons after SpCas9-

mediated MeCP2 knockdown in vitro. (a) Reduced complexity of dendritic tree in neurons after

CRISPR-SpCas9 targeting of Mecp2 locus. Scale bar, 20 µm. (b) Changes in dendritic spines

s.e.m).

Mecp2 knockdown. Box plot presenting the number of detected genes across the RNA-seq

SEQ ID NO: , SEQ ID NO: and SEQ ID NO: : for Dnmt3a, Dnmtl and Dnmt3b,

respectively.

[0054] Figure 11A-C shows next generation sequencing of targeted Dnmt3a, Dnmtl and

loci after in vivo delivery of SpCas9 and DNMT 3xsgRNA into the mouse dentate gyrus. Green:
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disruption, the pathogenic function of a protein is silenced by targeting the locus with NHEJ.

Formation of indels on the gene of interest often result in frameshift mutations that create

premature stop codons and a non-functional protein product, or non-sense mediated decay of

transcripts, suppressing gene function. b, HDR gene correction can be used to correct a

deleterious mutation. DSB is targeted near the mutation site in the presence of an exogenously

corrects the mutation, restoring gene function. c, An alternative to gene correction is gene

the genome. DSB is targeted to the safe-harbor locus and an HDR template containing homology

to the break site, a promoter and a transgene is introduced to the nucleus. HDR repair copies the

promoter-transgene cassette into the safe-harbor locus, recovering gene function, albeit without

true physiological control over gene expression.

[0057]

For this mode of therapy to be successful. target cells must be capable of survival outside the

body and homing back to target tissues post-transplantation. In vivo therapy involves genome

editing of cells in situ (bottom panels). For in vivo systemic therapy, delivery agents that are

relatively agnostic to cell identity or state would be used to effect editing in a wide range of

tissue types. Although this mode of editing therapy may be possible in the future, no delivery

where delivery agents with tropism for specific organ systems are administered to patients are

[0058] Figure 15 shows SaCas9 system for ocular gene therapy

[0059] Figure 16 shows a schematic representation of gene therapy via Cas9 Homologous

Recombination (HR) vectors.
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[0060]  Figure 17 shows an exemplary protocol for ocular gene therapy. 
[0061]  Figure 18A-B show the human RH0 locus (allele showing P23H mutation). Fig. 7A shows 
the guide design for RHO locus. Fig. 7B shows the in vitro guide screening results using the 
SURVEYOR assay. 
[0062]  Figure 19 shows RHO HR AAV vector. 5

[0063]  Figure 20A-B shows guide selection for CNGA3 and CNGB3. (a) shows human CNGA3
locus (allele showing two disease mutations) and guide selection. (b) shows human CNGB3 locus 
(allele showing disease mutation) and guide selection. 
[0064]  Figure 21 shows CNGA3 HR AAV vector. 
[0065]  Figure 22 shows CNGB3 HR AAV vector. 10 

[0066]  Figure 23A-B show guide selection for VEGFA. (a) shows human VEGFA locus (common 
region 1); (b) shows human VEGFA locus (common region 2); 
[0067]  Figure 24 shows design of dCas9-based epigenetic modulation system (3 components of 
the system, dSaCas9, fusion effector, and sgRNA are shown). 
[0068]  Figure 25A-C shows guide selection for ATOHI. (a) shows two higly accessible regions 15 

which were selected; (b) shows highly accessible region 1-blue lines indicate guide sequence and 
magenta lines indicate PAM; (c) shows highly accessible region 2-blue lines indicate guide sequence 
and magenta lines indicate PAM. 
[0068A] Figure 26 shows sequence listing information 
[0069]  The figures herein are for illustrative purposes only and are not necessarily drawn to scale. 20 

DETAILED DESCRIPTION OF THE INVENTION 
[0070]  With respect to general information on CRISPR-Cas Systems, components thereof, and 
delivery of such components, including methods, materials, delivery vehicles, vectors, particles, 
AAV, and making and using thereof, including as to amounts and formulations, all useful in the 25 

practice of the instant invention, reference is made to: US Patents Nos. 8,697,359, 8,771,945, 
8,795,965, 8,865,406, 8,871,445, 8,889,356, 8,889,418 and 8,895,308; US Patent Publications US 
2014-0310830 (US APP. Ser. No. 14/105,031), US 2014-0287938 Al (U.S. App. Ser. No. 
14/213,991), US 2014-0273234 Al (U.S. App. Ser. No. 14/293,674), US2014-0273232 Al (U.S. App 
Ser. No. 14/290,575), US 2014-0273231 (U,S, App. Ser. No. 14/259,420), US 2014-0256046 Al 30 

(U.S. App. Ser. No. 14/226,274), US 2014-0248702 Al (U.S. App. Ser. No. 14/258,458), US 2014-
0242700 Al (U,S, App. Ser. No. 14/222,930), US 
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WO 2014/093622

(PCT/US2013/074667); WO 2014/093635 (PCT/US2013/074691), WO 2014/093655

(PCT/US2013/074736), wo 2014/093712 (PCT/US2013/074819), WO2014/093701

(PCT/US2013/074800), and WO2014/018423 (PCT/US2013/051418). Reference is also made to

patent applications 61/835,931, 61/835,936, 61/836,127, 61/836, 101, 61/836,080 and

61/939,228 and 61/939,242, each filed February 12, 2014; 61/980,012, filed April 15,2014:
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62/038,358, filed August 17, 2014; 62/054,490, 62/055,484, 62/055,460 and 62/055,487, each

filed September 25, 2014: and 62/069,243, filed October 27, 2014. Reference is also made to US

provisional patent applications Nos. 62/055,484, 62/055,460, and 62/055,487. filed September

25, 2014; US provisional patent application 61/980,012. filed April 15, 2014: and US provisional

patent application 61/939,242 filed February 12, 2014. Reference is made to PCT application

designating, inter alia, the United States, application No. PCT/US14/41806, filed June 10, 2014.

Reference is made to US provisional patent application 61/930,214 filed on January 22. 2014.

Reference is made to US provisional patent applications 61/915,251; 61/915,260 and

61/915,267, each filed on December 12, 2013. Reference is made to US provisional patent

application USSN 61/980,012 filed April 15, 2014. Reference is made to PCT application

applications, and all documents cited therein or during their prosecution ("appln cited

documents") and all documents cited or referenced in the appln cited documents, together with

any instructions, descriptions, product specifications, and product sheets for any products

mentioned therein or in any document therein and incorporated by reference herein, are hereby

documents (e.g., these patents, patent publications and applications and the appln cited

documents) are incorporated herein by reference to the same extent as if each individual

document was specifically and individually indicated to be incorporated by reference.

[0071] Also with respect to general information on CRISPR-Cas Systems, mention is made

of the following (also hereby incorporated herein by reference):

Multiplex genome engineering using CRISPR/Cas systems. Cong, L., Ran, F.A., Cox,

D., Lin, S., Barretto, R., Habib, N., Hsu, P.D., Wu, X., Jiang, W., Marraffini, L.A., &

Zhang, F. Science Feb 15;339(6121):819-23 (2013);

RNA-guided editing of bacterial genomes using CRISPR-Cas systems. Jiang W.,

Bikard D., Cox D., Zhang F, Marraffini LA. Nat Biotechnol Mar;31(3):233-9 (2013);

One-Step Generation of Mice Carrying Mutations in Multiple Genes by CRISPR/Cas-

Mediated Genome Engineering. Wang H., Yang H., Shivalila CS., Dawlaty MM.,

Cheng AW., Zhang F., Jaenisch R. Cell May 9:153(4):910-8 (2013);
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Konermann S, Brigham MD, Trevino AE, Hsu PD, Heidenreich M, Cong L, Platt RJ,

Shalem, O., Cradick, TJ., Marraffini, LA., Bao, G., & Zhang, F. Nat Biotechnol

Genome engineering using the CRISPR-Cas9 system. Ran, FA., Hsu, PD., Wright, J.,

Agarwala, V., Scott, DA., Zhang, F. Nature Protocols Nov;8(11):2281-308. (2013);

Genome-Scale CRISPR-Cas9 Knockout Screening in Human Cells. Shalem, O.,
Sanjana, NE., Hartenian, E., Shi, X., Scott, DA., Mikkelson, T., Heckl, D., Ebert,

BL., Root, DE., Doench, JG., Zhang, F. Science Dec 12. (2013). [Epub ahead of

print]:

Ran, FA., Hsu, PD., Konermann, S., Shehata, SI., Dohmae, N., Ishitani, R., Zhang, F.,

Scott DA., Kriz AJ., Chiu AC., Hsu PD., Dadon DB., Cheng AW., Trevino AE.,

Konermann S., Chen S., Jaenisch R., Zhang F., Sharp PA. Nat Biotechnol. (2014) Apr

CRISPR-Cas9 Knockin Mice for Genome Editing and Cancer Modeling, Platt et al.,

Development and Applications of CRISPR-Cas9 for Genome Engineering, Hsu et al,

2014: doi:10.1038/nbt.3026, and
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each of which is incorporated herein by reference, and discussed briefly below:

both Streptococcus thermophilus Cas9 and also Streptoccocus pyogenes Cas9 and

demonstrated that Cas9 nucleases can be directed by short RNAs to induce precise

cleavage of DNA in human and mouse cells. Their study further showed that Cas9 as

converted into a nicking enzyme can be used to facilitate homology-directed repair in

eukaryotic cells with minimal mutagenic activity. Additionally, their study demonstrated

that multiple guide sequences can be encoded into a single CRISPR array to enable

genome, demonstrating easy programmability and wide applicability of the RNA-guided

cleavage in cells defined a new class of genome engineering tools. These studies further

efficiency and versatility.

(CRISPR)-associated Cas9 endonuclease complexed with dual-RNAs to introduce

precise mutations in the genomes of Streptococcus pneumoniae and Escherichia coli. The

unmutated cells and circumvents the need for selectable markers or counter-selection

sequence of short CRISPR RNA (crRNA) to make single- and multinucleotide changes

enabled multiplex mutagenesis. Furthermore, when the approach was used in

combination with recombineering. in S. pneumoniae, nearly 100% of cells that were

recovered using the described approach contained the desired mutation, and in E. coli,

65% that were recovered contained the mutation.

enable optical and chemical modulation of DNA-binding domains based CRISPR Cas9

enzyme and also Transcriptional Activator Like Effectors
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loci by a 20 nt guide sequence, which can tolerate certain mismatches to the DNA target

off-target activity by 50- to 1,500-fold in cell lines and to facilitate gene knockout in

enables a wide variety of genome editing applications that require high specificity.

selection of target sites and avoid off-target effects. The study evaluated >700 guide RNA

variants and SpCas9-induced indel mutation levels at >100 predicted genomic off-target

loci in 293T and 293FT cells. The authors reported that SpCas9 tolerates mismatches

manner, sensitive to the number, position and distribution of mismatches. The authors

Additionally, to facilitate mammalian genome engineering applications, the authors

target sequences as well as off-target analyses.

end joining (NHEJ) or homology-directed repair (HDR) in mammalian cells, as well as

efficiency and analysis of off-target activity. The studies showed that beginning with
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Shalem et al. described a new way to interrogate gene function on a genome-wide scale.

library targeted 18,080 genes with 64,751 unique guide sequences enabled both negative

and positive selection screening in human cells. First, the authors showed use of the

GeCKO library to identify genes essential for cell viability in cancer and pluripotent stem

cells. Next, in a melanoma model, the authors screened for genes whose loss is involved

in resistance to vemurafenib, a therapeutic that inhibits mutant protein kinase BRAF.

Their studies showed that the highest-ranking candidates included previously validated

authors observed a high level of consistency between independent guide RNAs targeting

genome-scale screening with Cas9.

the sgRNA:DNA heteroduplex in a positively charged groove at their interface. Whereas

the HNH and RuvC nuclease domains, which are properly positioned for cleavage of the

complementary and non-complementary strands of the target DNA, respectively. The

with the protospacer adjacent motif (PAM). This high-resolution structure and

guided DNA targeting by Cas9, thus paving the way for the rational design of new,

Wu et al. mapped genome-wide binding sites of a catalytically inactive Cas9 (dCas9)

from Streptococcus pyogenes loaded with single guide RNAs (sgRNAs) in mouse

embryonic stem cells (mESCs). The authors showed that each of the four sgRNAs tested

targets dCas9 to between tens and thousands of genomic sites, frequently characterized

(PAM). Chromatin inaccessibility decreases dCas9 binding to other sites with matching

seed sequences; thus 70% of off-target sites are associated with genes. The authors
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catalytically active Cas9 identified only one site mutated above background levels. The

the instant specification.

for highly specific genome editing," Nature Biotechnology 32(6): 569-77 (2014) which is not

the practice of the instant invention.

[0073] In addition, mention is made of concurrently filed PCT application

Attorney Reference 47627.99.2060 and BI-2013/107 entitiled "DELIVERY, USE AND

FOR TARGETING DISORDERS AND DISEASES USING PARTICLE DELIVERY

61/915,118, 61/915,215 and 61/915,148, each filed on December 12, 2013) ("the Particle

sgRNA-and-Cas9 protein containing particle comprising admixing a mixture comprising an

essentially of or consisting of surfactant, phospholipid, biodegradable polymer, lipoprotein and

particle components such as or comprising: a surfactant, e.g., cationic lipid, e.g., 1,2-dioleoyl-3-
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such as a low-density lipoprotein, e.g., cholesterol were dissolved in an alcohol, advantageously

solutions were mixed together to form particles containing the Cas9-sgRNA complexes.

Accordingly, sgRNA may be pre-complexed with the Cas9 protein, before formulating the entire

complex in a particle. Formulations may be made with a different molar ratio of different

components known to promote delivery of nucleic acids into cells (e.g. 1,2-dioleoyl-3-

trimethylammonium-propane (DOTAP), 1,2-ditetradecanoyl-s%-glycero-3-phosphocholine

(DMPC), polyethylene glycol (PEG), and cholesterol) For example DOTAP : DMPC : PEG :

DMPC 0, PEG 10, Cholesterol 0; or DOTAP 90, DMPC 0, PEG 5, Cholesterol 5. DOTAP 100,

Cas9 protein and components that form a particle; as well as particles from such admixing.

Particle Delivery PCT, to form a particle and particles from such admixing (or, of course, other

particles involving sgRNA and/or Cas9 as in the instant invention).

[0074] The invention relates to the engineering and optimization of systems, methods and

compositions used for the control of gene expression involving sequence targeting, such as

thereof. In advantageous embodiments, the Cas enzyme is Cas9, preferably SpCas9 or SaCas9.

binding and its resulting side effects. This is achieved using systems arranged to have a high

[0076] Recent advances in the development of genome editing technologies based on

programmable nucleases such as zinc finger nucleases, transcription activator like effector

nucleases, and CRISPR-Cas9 have significantly improved Applicants' ability to make precise

changes in the genomes of eukaryotic cells. Genome editing is already broadening Applicants'

accurate cellular and animal models of pathological processes. A particularly tantalizing

application of programmable nucleases is the potential to directly correct genetic mutations in

44

20
26

20
21

60
   

   
19

 M
ar

 2
02

6

1
9
 
M
a
r
 
2
0
2
6

2
0
2
6
2
0
2
1
6
0

4
4



Applicants provide a discussion herein of the current progress towards developing programmable

data from patients, the role of genetics in human health has become a major area of focus for

470, 187-197 (2011)]. These advances in Applicants' understanding of the genetic basis of

potential therapeutic strategies. However, despite valid therapeutic hypotheses and strong efforts

in drug development, there have only been a limited number of successes using small molecules

to treat diseases with strong genetic contributions [Thoene, J.G. Small molecule therapy for

haemophilia, and certain enzyme deficiencies have been the focus of such therapies due to their

[0078] Two of the most powerful genetic therapeutic strategies developed thus far are viral

expression, and RNA interference (RNAi), which mediates targeted repression of defective

affected genes into the genome of hematopoietic stem/progenitor cells [Gaspar, H.B., et al.
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been used to repress the function of genes implicated in cancer, age related macular degeneration

(www.clinicaltrials.gov, trial numbers: NCT00689065, NCT01961921 and NCT00259753.

Despite promise and recent success, viral gene therapy and RNAi have limitations that prevent

their utility for a large number of diseases. For example, viral gene therapy may cause insertional

mutagenesis and dysregulated transgene expression [Howe, S.J., et al. The Journal of clinical

investigation 118, 3143-3150 (2008)]. Alternatively, RNAi can only repress the expression of

target genes, therefore limiting its use to targets where knockdown is beneficial. Also, RNAi

diseases where complete ablation of gene function is necessary for therapy. An exciting

of target cells, resulting in the removal or correction of deleterious mutations or the insertion of

along with the documents it cites, as if set out in full, discusses hematopoietic stem cell (HSC)

gene therapy, e.g., virus-mediated hematopoetic stem cell (HSC) gene thereapy, as an highly

attractive treatment option for many disorders including hematologic conditions,

immunodeficiencies including HIV/AIDS, and other genetic disorders like lysosomal storage

syndrome, Fanconi anemia, adrenoleukodystrophy (ALD), and metachromatic leukodystrophy

[0080] Williams, "Broadening the Indications for Hematopoietic Stem Cell Genetic

documents it cites, as if set out in full, report lentivirus-mediated gene transfer into HSC/P cells

from patients with the lysosomal storage disease metachromatic leukodystrophy disease (MLD),

a genetic disease caused by deficiency of arylsulfatase A (ARSA), resulting in nerve

demyelination; and lentivirus-mediated gene transfer into HSCs of patients with Wiskott-Aldrich

that regulates cytoskeletal function in blood cell lineages and thus suffer from immune

deficiency with recurrent infections, autoimmune symptoms, and thrombocytopenia with
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of leukemia and (ymphoma). In contrast to using lentivirus, with the knowledge in the art and the

suitable HDR template that delivers a coding sequence for WAS protein); specifically, the

provide coding for proper expression of WAS protein.

can correct HSCs as to immunodeficiency condition such as HIV / AIDS comprising contacting

an HSC with a CRISPR-Cas9 system that targets and knocks out CCR5. An sgRNA (and

advantageously a dual guide approach, e.g., a pair of different sgRNAs: for instance, sgRNAs

HIV disease," Cell Stem Cell. Feb 3, 2012; 10(2): 137-147; incorporated herein by reference

Hematopoietic Stem and Effector Cells using CRISPR/Cas9," Cell Stem Cell, Volume 15, Issue

cites. Mention is also made of Ebina, "CRISPR/Cas9 system to suppress HIV-1 expression by

nuclease (reviewed in Urnov, F.D., et al. Nature reviews. Genetics 11, 636-646 (2010)),
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(CRISPR)-associated nuclease Cas9 (reviewed in Hsu, P.D., et al. Cell 157, 1262-1278 (2014))

Applicants provide a recent review herein.

Genome Editing Technologies

[0083] Programmable nucleases enable precise genome editing by introducing targeted DNA

double strand breaks (DSBs) at specific genomic loci. DSBs subsequently signal DNA damage

and recruit endogenous repair machinery for either non-homologous end-joining (NHEJ) or

homology directed repair (HDR) to the DSB site to mediate genome editing.

panel) [Kim, Y.G., et al. Proceedings of the National Academy of Sciences of the United States

of America 93, 1156-1160 (1996); Wolfe, S.A., et al. Annual review of biophysics and

biomolecular structure 29, 183-212 (2000); Bibikova, M., et al. Science 300, 764 (2003);

1509-1512 (2009); Moscou, M.J. & Bogdanove, A.J. Science 326, 1501 (2009); Christian, M., et

al. Genetics 186, 757-761 (2010): Miller. J.C., et al. Nature biotechnology 29, 143-148 (2011)].

and the CRISPR-associated nuclease Cas9 (Figure 1, right panel) [Bolotin, A., et al.

Microbiology 151, 2551-2561 (2005); Barrangou, R., et al. Science 315, 1709-1712 (2007);

Sapranauskas, R., et al. Nucleic acids research 39, 9275-9282 (2011); Jinek, M., et al. Science

the United States of America 109, E2579-2586 (2012); Cong, L., et al. Science 339, 819-823

genome editing. These three types of nuclease systems can be broadly classified into two

categories based on their mode of DNA recognition - whereas ZFN and TALEN achieve specific

DNA binding via protein-DNA interactions, Cas9 is targeted to specific DNA sequences via a

short RNA guide molecule that base-pairs directly with the target DNA (Fig. 13). ZFNs and

agnostic nuclease domain, Fokl [Kim, Y.G., et al. Proceedings of the National Academy of

Sciences of the United States of America 93, 1156-1160 (1996): Christian, M., et al. Genetics
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binding domain, which is particularly challenging for ZFNs and still difficult for TALENs

bioengineering 110. 1811-1821 (2013)]. In contrast, the Cas9 protein is invariant and can be

easily retargeted to new genomic loci by changing a small portion of the sequence of an

235-240 (2014); Li, H., et al. Nature 475, 217-221 (2011); Yin, H., et al. Nature biotechnology

directly rejoining the two DSB ends in a process that does not require a repair template.

Although NHEJ-mediated DSB repair can be accurate, repeated repair of the same DSB by

NHEJ machinery due to nuclease activity eventually results in the formation of small insertion or

[Hentze, M.W. & Kulozik, A.E. Cell 96, 307-310 (1999)]. Thus, NHEJ may be used to suppress

targeted cells by introducing permanent covalent modifications to the genome.

specify the outcome of the DSB repair [Bibikova, M., et al. Science 300, 764 (2003): Choulika,

introduction of a targeted DSB, HDR machinery may use exogenously provided single or double
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used to repair the lesion, in the process incorporating any changes encoded in the template DNA.

deleterious mutation directly, thereby restoring gene function while preserving physiological

[0087] The first consideration in genome editing therapy is the choice of sequence-specific

nuclease. Each nuclease platform possesses its own unique set of strengths and weaknesses,

many of which must be balanced in the context of treatment to maximize therapeutic benefit

(Figure 12).

[0088] Thus far. two therapeutic editing approaches with nucleases have shown significant

promise: gene disruption and gene correction. Gene disruption involves stimulation of NHEJ to

create targeted indels in genetic elements, often resulting in loss of function mutations that are

beneficial to patients (Figure13A). In contrast, gene correction uses HDR to directly reverse a

defined 'safe harbor' locus in the genome to recover missing gene function (Figure 13C).

[0089] For a specific editing therapy to be efficacious, a sufficiently high level of

modification must be achieved in target cell populations to reverse disease symptoms. This

therapeutic modification 'threshold' is determined by the fitness of edited cells following

treatment and the amount of gene product necessary to reverse symptoms.

Cell Fitness and Outcome

relative to their unedited counterparts: increased, neutral, or decreased fitness. In the case of

cells selectively expand relative to their unedited counterparts. SCID-XI is a disease caused by

mutations in the IL2RG gene, the function of which is required for proper development of the

hematopoietic lymphocyte lineage [Leonard, W.J., et al. Immunological reviews 138, 61-86

(1994); Kaushansky, K. & Williams, W.J. Williams hematology, (McGraw-Hill Medical, New

rare example of a spontaneous correction of SCID-XI mutation, corrected hematopoietic
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diseased counterparts to mediate therapy [Bousso, P., et al. Proceedings of the National

S., et al. The New England journal of medicine 346, 1185-1193 (2002); Gaspar. H.B., et al.

Lancet 364, 2181-2187 (2004)]. In this case, where edited cells possess a selective advantage,

even low numbers of edited cells can be amplified through expansion, providing a therapeutic

no selective advantage for gene corrected cells in CGD has been observed in gene therapy trials,

leading to difficulties with long-term cell engraftment [Malech, H.L., et al. Proceedings of the

be outcompeted by their diseased counterparts, causing the benefit of treatment to be low relative

editing therapy. X-linked Chronic granulomatous disease (CGD) is a hereditary disorder of host

specifically, the sgRNA can target mutation that gives rise to CGD (deficient phagocyte NADPH
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[0091] In addition to cell fitness, the amount of gene product necessary to treat disease also

symptoms. Haemophilia B is one disease where a small change in gene product levels can result

of factor IX activity. Whereas severe disease is associated with less than 1% of normal activity,

milder forms of the diseases are associated with greater than 1% of factor IX activity

[Kaushansky, K. & Williams, W.J. Williams hernatology, (McGraw-Hill Medical, New York,

2010); Lofqvist, T., et al. Journal of internal medicine 241, 395-400 (1997)]. This suggests that

editing therapies that can restore factor IX expression to even a small percentage of liver cells

could have a large impact on clinical outcomes. A study using ZFNs to correct a mouse model of

haemophilia B shortly after birth demonstrated that 3-7% correction was sufficient to reverse

disease symptoms, providing preclinical evidence for this hypothesis [Li, H., et al. Nature 475,

outcomes and diseases where there is a fitness advantage for edited cells, are ideal targets for

genome editing therapy, as the therapeutic modification threshold is low enough to permit a high

chance of success given the current technology.

[0093] Targeting these diseases has now resulted in successes with editing therapy at the

preclinical level and a phase I clinical trial (see Table below). Improvements in DSB repair

pathway manipulation and nuclease delivery are needed to extend these promising results to

product are needed for treatment. The Table below shows examples of applications of genome

Nuclease Platform
Disease Type Therapeutic Strategy References

Employed
Hemophilia B ZFN HDR-mediated insertion of correct

Li. H., of al. Nature

475. 217-221 (2011)

gene sequence

HIV ZFN and CRISPR NHEJ-mediated inactivation of CCR5
Tebas. P. et il. The

New England journal

of medicine 370. 90/-

al Nature

biotechnology 28, 839-
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Employed
847 (20)0) Perez,

E.E., et al. Nature

816 (2008). Yes 1.., et

at Proceedings of the

National Academy of

Sciences of the United

States of America 111,

9591-9596 (2014)

D.G., et al.

codon, and HDR-mediated gene
Molecular therapy the

American Society of

1718-1726 (2013).

Lang, C., el al. Science

Bloom, Kn et al.

DNA
Molecular therapy the

American Society of

1889-1897 (2013). Lin,

S.R., at as Nucleic

acids 3. 6186 (2014)

SCID ZFN HDR-mediated insertion of correct
Genovese. P, et al.

gene sequence
(2014)

Cataract CRISPR HDR-mediated correction of mutation
We Y. et al. Cellstem

in mouse zygote
cell 13. 659-662 (2013)

intestinal stem cell organoid
stemcell 13, 653-658

Yin. H., et al. Nature

in liver
biotechnology 32, 551-

553 (2014)

[0094] An embodiment comprehends contacting a Hemophilia B. SCID (e.g., SCID-XI,

ADA-SCID) or Hereditary tyrosinemia mutation-carrying hematopoetic stem cell with an

Efficiency of DSB Repair Pathways
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[0095] The activity of NHEJ and HDR DSB repair varies significantly by cell type and cell

for high levels of gene disruption in accessible target cell populations. In contrast, HDR acts

510 (2012)].

[0096]

journal of medicine 346, 1185-1193 (2002); Gaspar, H.B., et al. Lancet 364, 2181-2187 (2004);

[Beumer, K.J., et al. Proceedings of the National Academy of Sciences of the United States of

haemophilia B and hereditary tyrosinemia [Li, H., et al. Nature 475, 217-221 (2011); Yin, H., et

al. Nature biotechnology 32. 551-553 (2014)].

Cell and Tissue Targeting

[0097] Any given genome editing application may comprise combinations of proteins, small

RNA molecules, and/or repair templates, making delivery of these multiple parts substantially

more challenging than small molecule therapeutics. Two main strategies for delivery of genome

editing tools have been developed: ex vivo and in vivo, In ex vivo treatments, diseased cells are

removed from the body, edited and then transplanted back into the patient (Figure 14, top panel).

Ex vivo editing has the advantage of allowing the target cell population to be well defined and

the specific dosage of therapeutic molecules delivered to cells to be specified. The latter

titrating the amount of nuclease may decrease such mutations (Hsu et al., 2013). Another
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the development of efficient delivery systems for proteins and nucleic acids into cells in culture

[0098] However, there are two large drawbacks with ex vivo approaches that limit their

application to a small number of diseases. First, target cells must be capable of surviving

manipulation outside the body. For many tissues, like the brain, culturing cells outside the body

populations amenable to ex vivo culture and manipulation, such as the hematopoietic system.

Second, cultured cells often engraft poorly upon re-introduction into a patient, decreasing the

regimens that deplete host cells prior to transplantation, which are clinically feasible but

introduce significant risks to patients [Bunn, H.F. & Aster, J. Pathophysiology of blood

[0099] In vivo genome editing involves direct delivery of editing systems to cell types in

their native tissues (Figure 14, bottom panels). In vivo editing allows diseases in which the

affected cell population is not amenable to ex vivo manipulation to be treated. Furthermore,

delivering nucleases to cells in situ allows for the treatment of multiple tissue and cell types.

These properties probably allow in vivo treatment to be applied to a wider range of diseases than

with defined, tissue-specific tropism. Such vectors are currently limited in terms of cargo

carrying capacity and tropism, restricting this mode of therapy to organ systems where

et al. Gene therapy 11 Suppl 1, S10-17 (2004)]. It is also possible that peptides from editing
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nucleases themselves are presented on MHC Class I molecules to stimulate an immune response,

difficulty with this mode of therapy is controlling the distribution and consequently the dosage of

Ex Vivo Editing Therapy

[00102] The long standing clinical expertise with the purification. culture and transplantation

of hematopoietic cells has made diseases affecting the blood system such as SCID, Fanconi

anemia, Wiskott-Aldrich syndrome and sickle cell anemia the focus of ex vivo editing therapy.

Another reason to focus on hematopoietic cells is that, thanks to previous efforts to design gene

therapy for blood disorders, delivery systems of relatively high efficiency already exist. Despite

these advantages, the often low efficiency of cell engraftment upon transplantation necessitates

that this mode of therapy be applied to diseases where edited cells possess a fitness advantage, so

that a small number of engrafted, edited cells can expand and treat disease.

[00103] Fanconi anemia: Mutations in at least 15 genes (FANCA, FANCB, FANCC,

FANCD1/BRCA2, FANCD2, FANCE, FANCF, FANCG, FANCI, FANCJ/BACHI/BRIP1,

FANCL/PHF9/POG, FANCM, FANCN/PALB2, FANCO/Rad51C, and FANCP/SLX4/BTBD12)

can cause Fanconi anemia. Proteins produced from these genes are involved in a cell process

known as the FA pathway. The FA pathway is turned on (activated) when the process of making

new copies of DNA, called DNA replication, is blocked due to DNA damage. The FA pathway

sends certain proteins to the area of damage, which trigger DNA repair so DNA replication can

continue. The FA pathway is particularly responsive to a certain type of DNA damage known as

interstrand cross-links (ICLs). ICLs occur when two DNA building blocks (nucleotides) on

opposite strands of DNA are abnormally attached or linked together, which stops the process of

DNA replication. ICLs can be caused by a buildup of toxic substances produced in the body or

by treatment with certain cancer therapy drugs. Eight proteins associated with Fanconi anemia

group together to form a complex known as the FA core complex. The FA core complex

activates two proteins, called FANCD2 and FANCI The activation of these two proteins brings

DNA repair proteins to the area of the ICL so the cross-link can be removed and DNA
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nuclear multiprotein complex consisting of FANCA, FANCB, FANCC, FANCE, FANCF,

of the ID complex, which is a heterodimer composed of FANCD2 and FANCI. Once

monoubiquitinated. it interacts with classical tumor suppressors downstream of the FA pathway

including FANCD1/BRCA2, FANCN/PALB2, FANCJ/BRIP1, and FANCO/Rad51C and

thereby contributes to DNA repair via homologous recombination (HR). Eighty to 90 percent of
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bone marrow transplantation is not a realistic treatment strategy for most HIV patients, due to

realistic.

editing confers a fitness advantage and potentially allowing a small number of edited cells to

create a therapeutic effect.

[00107] As a result of this and other promising preclinical studies, genome editing therapy

that knocks out CCR5 in patient T cells has now been tested in humans [Holt, N., et al. Nature

biotechnology 28, 839-847 (2010); Li, L., et al. Molecular therapy : the journal of the American

Society of Gene Therapy 21, 1259-1269 (2013)]. In a recent phase I clinical trial, CD4+ T cells

from patients with HIV were removed. edited with ZFNs designed to knockout the CCR5 gene,

and autologously transplanted back into patients [Tebas, P., et al. The New England journal of

medicine 370, 901-910 (2014)]. Early results from this trial suggest that genome editing through

ZFNs of the CCR5 locus is safe, although the follow up time is too short to fully understand the

risks and efficacy of treatment.

[00108] Ex vivo editing therapy has been recently extended to include gene correction

strategies. The barriers to HDR ex vivo were overcome in a recent paper from Genovese and

colleagues, who achieved gene correction of a mutated IL2RG gene in hematopoietic stem cells

(HSCs) obtained from a patient suffering from SCID-XI [Genovese, P., et al. Nature 510, 235-

240 (2014)]. Genovese et. al. accomplished gene correction in HSCs using a multimodal

strategy. First, HSCs were transduced using integration-deficient lentivirus containing an HDR

template encoding a therapeutic cDNA for IL2RG. Following transduction, cells were

electroporated with mRNA encoding ZFNs targeting a mutational hotspot in IL2RG to stimulate

HDR based gene correction. To increase HDR rates, culture conditions were optimized with

small molecules to encourage HSC division. With optimized culture conditions, nucleases and

HDR templates, gene corrected HSCs from the SCID-XI patient were obtained in culture at

therapeutically relevant rates. HSCs from unaffected individuals that underwent the same gene

correction procedure could sustain long-term hematopoiesis in mice, the gold standard for HSC
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transplanted, making them an extremely valuable cell population for all hematopoietic genetic

could, in principle, be used to treat a wide range of genetic blood disorders making this study an

exciting breakthrough for therapeutic genome editing.

In Vivo Editing Therapy

[00109] In vivo editing therapy faces similar challenges to ex vivo strategies and is also limited

by the small number of efficient delivery systems. Inefficient modification of target loci are

compounded by any inefficiencies in delivery, making tissues lacking robust delivery platforms

successes.

Haemophilia B is an X-linked recessive disorder caused by loss-of-function mutations in the

gene encoding Factor IX, a crucial component of the clotting cascade. Recovering Factor IX

activity to above 1% of its levels in severely affected individuals can transform the disease into a

significantly milder form, as infusion of recombinant Factor IX into such patients

low levels of HDR gene correction would be necessary to change clinical outcomes for patients.

In addition, Factor IX is synthesized and secreted by the liver, an organ that can be transduced

teachings in this disclosure, the skilled person can correct HSCs as to Haemophilia B: using a

[00111] Using hepatotropic adeno-associated viral (AAV) serotypes encoding ZFNs and a
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the murine liver was achieved [Li, H., et al. Nature 475, 217-221 (2011)]. This resulted in

demonstrating for the first time that in vivo editing therapy is not only feasible, but also

liver with CRISPR-Cas9 to successfully treat a mouse model of hereditary tyrosinemia and to

create mutations that provide protection against cardiovascular disease. These two distinct

necessary to prove that this strategy is widely applicable. Currently, efforts to optimize both viral

and non-viral vectors are underway to expand the range of disorders that can be treated with this

(2014); Yin, H., et al. Nature reviews. Genetics 15, 541-555 (2014)].

Specificity of Editing Nucleases

oncogenic mutations resulting from off-target editing may lead to expansion of the edited the

cells, thus, even low levels of off-target mutagenesis may have devastating consequences.

nucleases. The limited number of studies characterizing ZFN Pattanayak, V., et al. Nature

TALEN [Guilinger, J.P., et al. Nature methods 11, 429-435 (2014)] specificity have only

highlighted the challenges of detecting ZFN and TALEN off-target activity. Of note, the two

independent studies attempting to characterize the off-target profile of the same pair of CCR5-

targeting ZFNs have returned distinct and non-overlapping off-target sites, which highlights the

challenges associated with analysis of nuclease specificity.

simplicity of the RNA-guided DNA targeting mechanism of Cas9, which makes it significantly
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Crick base pairing rules. While initial bacterial [Sapranauskas, R., et al. Nucleic acids research

G., et al. Proceedings of the National Academy of Sciences of the United States of America 109,

E2579-2586 (2012)], and mammalian [Cong, L., et al. Science 339, 819-823 (2013)] experiments

especially in situations where there is high concentration of Cas9 and guide RNA [Fu, Y., et al.

Nature biotechnology 31, 822-826 (2013); Cho, S.W., et al. Genome research 24, 132-141

(2014); Hsu, P.D., et al. Nature biotechnology 31, 827-832 (2013); Mali, P., et al. Nature

mutagenesis at genomic sites bearing high levels of homology to the on-target sequence and

mutated by the nuclease. However, the scope of possible off-target sites evaluated by these

studies was limited to computationally predicted sites. More recently, whole-genome sequencing

of Cas9-edited cell lines revealed low incidence of off-target mutation, which suggests that Cas9-

mediated genome editing can be specific [Veres, A., et al. Cell stem cell 15, 27-30 (2014)].

Despite these studies, unbiased assessment of genome wide off-targeting using more advanced

by nuclease treatment remains an urgent need and should be undertaken to understand the true

risk of mutagenesis imposed by programmable nucleases. It is worth noting that off-target effects

dysergulated DSB repair pathways may overestimate off-target effects that would be observed

biotechnology 31, 833-838 (2013): Ran, F.A., et al. Cell 154, 1380-1389 (2013)]. Additionally,
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truncation of the guide RNA as well as RNA-guided Fokl nuclease based on fusion between

levels of targeting specificity [Fu, Y., et al. Nature biotechnology 32, 279-284 (2014); Guilinger,

possible, for therapeutic applications.

Crispr-Cas systems and compositions for therapeutic applications, e.g., genome editing

[00117] In general. in addition to discussion throughout this document concerning the

transcripts and other elements involved in the expression of or directing the activity of CRISPR-

associated ("Cas") genes, including sequences encoding a Cas gene, a tracr (trans-activating

(encompassing a "direct repeat" and a tracrRNA-processed partial direct repeat in the context of

of an endogenous CRISPR system), or "RNA(s)" as that term is herein used (e.g., RNA(s) to

guide Cas9, e.g. CRISPR RNA and transactivating (tracr) RNA or a single guide RNA (sgRNA)

(chimeric RNA)) or other sequences and transcripts from a CRISPR locus. In general, a

at the site of a target sequence (also referred to as a protospacer in the context of an endogenous

CRISPR system). In the context of formation of a CRISPR complex, "target sequence" refers to

a sequence to which a guide sequence is designed to have complementarity, where hybridization

between a target sequence and a guide sequence promotes the formation of a CRISPR complex.

A target sequence may comprise any polynucleotide, such as DNA or RNA polynucleotides. In

embodiments, direct repeats may be identified in silico by searching for repetitive motifs that

fulfill any or all of the following criteria: 1. found in a 2Kb window of genomic sequence

flanking the type II CRISPR locus; 2. span from 20 to 50 bp: and 3. interspaced by 20 to 50 bp.

In some embodiments, 2 of these criteria may be used, for instance 1 and 2, 2 and 3, or 1 and 3.

In some embodiments, all 3 criteria may be used. In some embodiments it may be preferred in a

CRISPR complex that the tracr sequence has one or more hairpins and is 30 or more nucleotides
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sequence is between 10 to 30 nucleotides in length, the CRISPR/Cas enzyme is a Type II Cas9

interchangeably as in foregoing cited documents such as WO 2014/093622

(PCT/US2013/074667). In general, a guide sequence is any polynucleotide sequence having

sequence and direct sequence-specific binding of a CRISPR complex to the target sequence. In

some embodiments, the degree of complementarity between a guide sequence and its

about or more than about 50%, 60%, 75%, 80%, 85%, 90%, 95%, 97.5%, 99%, or more.

Optimal alignment may be determined with the use of any suitable algorithm for aligning

Burrows Wheeler Aligner), ClustalW, Clustal X, BLAT, Novoalign (Novocraft Technologies;

soap.genomics.org.cn), and Maq (available at maq.sourceforge.net). In some embodiments, a

nucleotides in length. Preferably the guide sequence is 10 - 30 nucleotides long. The ability of a

preferential cleavage within the target sequence, such as by Surveyor assay as described herein.
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may be selected to target any target sequence. In some embodiments, the target sequence is a

the target genome. For example, for the S. pyogenes Cas9, a unique target sequence in a genome

in the genome. A unique target sequence in a genome may include an S. pyogenes Cas9 target

thermophilus CRISPRI Cas9, a unique target sequence in a genome may include a Cas9 target

site of the form MMMMMMMMNNNNNNNNNNNNXXAGAAW where

a single occurrence in the genome. A unique target sequence in a genome may include an S.

thermophilus CRISPRI Cas9 target site of the form

is A, G, T. or C; X can be anything; and W is A or T) has a single occurrence in the genome. For

form MMMMMMMMNNNNNNNNNNNNXGGXG where NNNNNNNNNNNNXGGXG (N
is A, G, T. or C; and X can be anything) has a single occurrence in the genome. A unique target

sequence in a genome may include an S. pyogenes Cas9 target site of the form

T. or C; and X can be anything) has a single occurrence in the genome. In each of these

sequences "M" may be A, G, T, or C, and need not be considered in identifying a sequence as

unique. In some embodiments, a guide sequence is selected to reduce the degree secondary

structure within the guide sequence. In some embodiments, about or less than about 75%, 50%,

40%, 30%, 25%, 20%, 15%, 10%, 5%, 1%, or fewer of the nucleotides of the guide sequence

determined by any suitable polynucleotide folding algorithm. Some programs are based on

calculating the minimal Gibbs free energy. An example of one such algorithm is mFold, as

described by Zuker and Stiegler (Nucleic Acids Res. 9 (1981). 133-148). Another example

folding algorithm is the online webserver RNAfold, developed at Institute for Theoretical

Chemistry at the University of Vienna, using the centroid structure prediction algorithm (see e.g.
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Biotechnology 27(12): 1151-62).

complementarity with a tracr sequence to promote one or more of: (1) excision of a guide

sequence flanked by tracr mate sequences in a cell containing the corresponding tracr sequence;

comprises the tracr mate sequence hybridized to the tracr sequence. In general, degree of

complementarity is with reference to the optimal alignment of the tracr mate sequence and tracr

about 25%, 30%, 40%, 50%, 60%, 70%, 80%, 90%. 95%, 97.5%. 99%, or higher. In some

16, 17, 18, 19, 20, 25, 30, 40, 50, or more nucleotides in length. In some embodiments, the tracr

sequence and tracr mate sequence are contained within a single transcript, such that hybridization

two or more hairpins. In preferred embodiments, the transcript has two. three, four or five

to 3'), where "N" represents a base of a guide sequence, the first block of lower case letters

(2)
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aaatcaacaccctgtcatttatggcagggtgtttegttattaaTTTTTT: (3)

(4)

(5)

NNNNNNNNNNNNNNNNNNNNgtttagagctaGAAATAGcaagtaaataaggctagcgtatcaac

(6)

TTTTTT. In some embodiments, sequences (1) to (3) are used in combination with Cas9 from S.

thermophilus CRISPRI. In some embodiments, sequences (4) to (6) are used in combination

with Cas9 from S. pyogenes. In some embodiments, the tracr sequence is a separate transcript

from a transcript comprising the tracr mate sequence.

[00119] In some embodiments, candidate tracrRNA may be subsequently predicted by

(motif search in Geneious with up to 18-bp mismatches); 2. presence of a predicted Rho-

criteria may be used, for instance I and 2, 2 and 3, or 1 and 3. In some embodiments, all 3

criteria may be used.

incorporate at least 12 bp of duplex structure between the direct repeat and tracrRNA.

[00121] For minimization of toxicity and off-target effect, it will be important to control the

concentration of CRISPR enzyme mRNA and guide RNA delivered. Optimal concentrations of

CRISPR enzyme mRNA and guide RNA can be determined by testing different concentrations

in a cellular or non-human eukaryote animal model and using deep sequencing the analyze the

targeting 5'-GAGTCCGAGCAGAAGAAGAA-3' in the EMXI gene of the human genome,

deep sequencing can be used to assess the level of modification at the following two off-target

loci, 1: 5'-GAGTCCTAGCAGGAGAAGAA-3' and 2: 5'-GAGTCTAAGCAGAAGAAGAA-

level of off-target modification should be chosen for in vivo delivery. Alternatively, to minimize
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pyogenes Cas9 with the D10A mutation) can be delivered with a pair of guide RNAs targeting a

strategies to mimize toxicity and off-target effects can be as in WO 2014/093622

(PCT/US2013/074667).

[00122] The CRISPR system is derived advantageously from a type II CRJSPR system. In

organism comprising an endogenous CRISPR system. such as Streptococcus pyogenes. In

Csx16, CsaX. Csx3, Csx1, Csx15, Csfl, Csf2, Csf3, Csf4. homologues thereof, or modified

versions thereof.

[00123] In some embodiments, the unmodified CRISPR enzyme has DNA cleavage activity,

such as Cas9. In some embodiments, the CRISPR enzyme directs cleavage of one or both

of one or both strands within about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 50, 100, 200, 500, or

from a nuclease that cleaves both strands to a nickase (cleaves a single strand). Other examples

all DNA cleavage activity. In some embodiments, a D10A mutation is combined with one or
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all DNA cleavage activity. In some embodiments, a CRISPR enzyme is considered to

enzyme is about no more than 25%, 10%, 5%, 1%, 0.1%, 0.01%, or less of the DNA cleavage

positions 10, 762, 840, 854, 863 and/or 986 of SpCas9 (which may be ascertained for instance by

preferred in SpCas9: D10A, E762A, H840A, N854A, N863A and/or D986A; as well as

conservative substitution for any of the replacement amino acids is also envisaged. The same (or

conservative substitutions of these mutations) at corresponding positions in other Cas9s are also

preferred. Particularly preferred are D10 and H840 in SpCas9. However, in other Cas9s,

residues corresponding to SpCas9 D10 and H840 are also preferred. For instance in Sa Cas9, a

(S. pyogenes Cas9) or saCas9 (S. aureus Cas9). StCas9" refers to wild type Cas9 from S.

thermophilus, the protein sequence of which is given in the SwissProt database under accession

accession number Q99ZW2. By derived, Applicants mean that the derived enzyme is largely

based, in the sense of having a high degree of sequence homology with, a wildtype enzyme, but

that it has been mutated (modified) in some way as described herein. It will be appreciated that

the terms Cas and CRISPR enzyme are generally used herein interchangeably, unless otherwise

apparent. As mentioned above, many of the residue numberings used herein refer to the Cas9

appreciated that this invention includes many more Cas9s from other species of microbes, such

as SpCas9, SaCa9, StlCas9 and so forth. Enzymatic action by Cas9 derived from Streptococcus

pyogenes or any closely related Cas9 generates double stranded breaks at target site sequences

motif (PAM) sequence (examples include NGG/NRG or a PAM that can be determined as
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Cas9 for site-specific DNA recognition and cleavage is defined by the guide sequence, the traer

the CRISPR system are described in Karginov and Hannon. The CRISPR system: small RNA-

guided defence in bacteria and archaea, Mole Cell 2010, January 15; 37(1): 7. The type II

CRISPR locus from Streptococcus pyogenes SF370, which contains a cluster of four genes Cas9,

array of repetitive sequences (direct repeats) interspaced by short stretches of non-repetitive

consisting of the protospacer and the corresponding PAM via heteroduplex formation between

the spacer region of the crRNA and the protospacer DNA. Finally, Cas9 mediates cleavage of

target DNA upstream of PAM to create a DSB within the protospacer. A pre-crRNA array

consisting of a single spacer flanked by two direct repeats (DRs) is also encompassed by the term

be used to enhance function or to develop new functions, one can generate chimeric Cas9

bound by theory, the tracr sequence, which may comprise or consist of all or a portion of a wild-

sequence that is operably linked to the guide sequence.
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[00125] An example of a codon optimized sequence, is in this instance a sequence optimized

for another eukaryote, animal or mammal as herein discussed; see, e.g., SaCas9 human codon

enzyme coding sequence encoding a CRISPR enzyme is codon optimized for expression in

particular organism, such as a mammal, including but not limited to human, or non-human

eukaryote or animal or mammal as herein discussed, e.g., mouse, rat, rabbit, dog. livestock, or

non-human mammal or primate. In some embodiments, processes for modifying the germ line

genetic identity of human beings and/or processes for modifying the genetic identity of animals

which are likely to cause them suffering without any substantial medical benefit to man or

frequently or most frequently used in the genes of that host cell while maintaining the native

amino acid sequence. Various species exhibit particular bias for certain codons of a particular

the efficiency of translation of messenger RNA (mRNA), which is in turn believed to be

dependent on, among other things, the properties of the codons being translated and the

availability of particular transfer RNA (IRNA) molecules. The predominance of selected tRNAs

in a cell is generally a reflection of the codons used most frequently in peptide synthesis.

Accordingly, genes can be tailored for optimal gene expression in a given organism based on

Database" available at www.kazusa.orjp/codon/ and these tables can be adapted in a number of

ways. See Nakamura, Y., et al. "Codon usage tabulated from the international DNA sequence

databases: status for the year 2000" Nucl. Acids Res. 28:292 (2000). Computer algorithms for

such as Gene Forge (Aptagen: Jacobus, PA), are also available. In some embodiments, one or
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a CRISPR enzyme correspond to the most frequently used codon for a particular amino acid.

nuclear localization sequences (NLSs), such as about or more than about 1, 2. 3, 4, 5, 6, 7, 8, 9,

10, or more NLSs. In some embodiments, the CRISPR enzyme comprises about or more than

about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more NLSs at or near the amino-terminus, about or more than

of these (e.g. zero or at least one or more NLS at the amino-terminus and zero or at one or more

the NLS is within about 1, 2. 3, 4, 5, 10, 15, 20, 25, 30, 40. 50, or more amino acids along the

polypeptide chain from the N- or C-terminus. Non-limiting examples of NLSs include an NLS

sequence derived from: the NLS of the SV40 virus large T-antigen, having the amino acid

sequence PKKKRKV; the NLS from nucleoplasmin (e.g. the nucleoplasmin bipartite NLS with

NQSSNFGPMKGGNFGGRSSGPYGGGGQYFAKPRNQGGY; the sequence

sequence KRKGDEVDGVDEVAKKKSKK of the human poly(ADP-ribose) polymerase; and

strength of nuclear localization activity may derive from the number of NLSs in the CRISPR
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accumulation in the nucleus may be performed by any suitable technique. For example, a

visualized, such as in combination with a means for detecting the location of the nucleus (e.g. a

may also be determined indirectly, such as by an assay for the effect of CRISPR complex

gene expression activity affected by CRISPR complex formation and/or CRISPR enzyme

activity), as compared to a control no exposed to the CRISPR enzyme or complex, or exposed to

a CRISPR enzyme lacking the one or more NLSs.

[00127] Aspects of the invention relate to the expression of the gene product being decreased

or a template polynucleotide being further introduced into the DNA molecule encoding the gene

sequences (offset greater than -8 bp) were able to mediate detectable indel formation.

Importantly, each guide used in these assays is able to efficiently induce indels when paired with

parameters in predicting double nicking activity. Since Cas9n and Cas9H840A nick opposite

strands of DNA, substitution of Cas9n with Cas9H840A with a given sgRNA pair should have

resulted in the inversion of the overhang type: but no indel formation is observed as with

Cas9H840A indicating that Cas9H840A is a CRISPR enzyme substantially lacking all DNA

cleavage activity (which is when the DNA cleavage activity of the mutated enzyme is about no

mutated form of the enzyme: whereby an example can be when the DNA cleavage activity of the

mutated form is nil or negligible as compared with the non-mutated form, e.g., when no indel

formation is observed as with Cas9H840A in the eukaryotic system in contrast to the

overhang with Cas9n should in principle generate the corresponding 3' overhang instead, and
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can be used with another mutated Cas9 to generate a 5' overhang, and double nicking.

template may be a component of another vector as described herein. contained in a separate

vector, or provided as a separate polynucleotide. In some embodiments, a recombination

template is designed to serve as a template in homologous recombination, such as within or near

template polynucleotide may be of any suitable length, such as about or more than about 10, 15,

a target sequence are optimally aligned, the nearest nucleotide of the template polynucleotide is

within about 1, 5, 10. 15, 20, 25, 50, 75, 100, 200, 300, 400, 500, 1000, 5000. 10000, or more

nucleotides from the target sequence.

[00128] In some embodiments, one or more vectors driving expression of one or more

example, a Cas enzyme, a guide sequence linked to a tracr-mate sequence, and a tracr sequence

Alternatively, two or more of the elements expressed from the same or different regulatory

element located 5' with respect to ("upstream" of) or 3' with respect to ("downstream" of) a
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strand of the coding sequence of a second element, and oriented in the same or opposite

CRISPR enzyme and one or more of the guide sequence, tracr mate sequence (optionally

tracr sequence are operably linked to and expressed from the same promoter. Delivery vehicles,

more elements of a CRISPR system are as used in the foregoing documents, such as wo

2014/093622 (PCT/US2013/074667). In some embodiments, a vector comprises one or more

insertion sites, such as a restriction endonuclease recognition sequence (also referred to as a

"cloning site"). In some embodiments, one or more insertion sites (e.g. about or more than about

1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more insertion sites) are located upstream and/or downstream of one

binding of a CRISPR complex to a target sequence in a eukaryotic cell. In some embodiments, a

vector comprises two or more insertion sites, each insertion site being located between two tracr

the two or more guide sequences may comprise two or more copies of a single guide sequence,

two or more different guide sequences, or combinations of these. When multiple different guide

sequences are used, a single expression construct may be used to target CRISPR activity to

multiple different, corresponding target sequences within a cell. For example, a single vector

may comprise about or more than about 1, 2, 3, 4, 5, 6. 7, 8, 9, 10, 15, 20, or more guide

such guide-sequence-containing vectors may be provided, and optionally delivered to a cell. In

some embodiments, a vector comprises a regulatory element operably linked to an enzyme-

coding sequence encoding a CRISPR enzyme, such as a Cas protein. CRISPR enzyme or

advantageously at least one of these is delivered via a nanoparticle complex. CRISPR enzyme
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expressed. CRISPR enzyme mRNA might be administered 1-12 hours (preferably around 2-6

guide RNA can be administered together. Advantageously, a second booster dose of guide RNA

can be administered 1-12 hours (preferably around 2-6 hours) after the initial administration of

CRISPR enzyme mRNA + guide RNA. Additional administrations of CRISPR enzyme mRNA

[00129] In one aspect, the invention provides methods for using one or more elements of a

diagnosis, and prognosis. An exemplary CRISPR complex comprises a CRISPR enzyme

complexed with a guide sequence hybridized to a target sequence within the target

polynucleotide. The guide sequence is linked to a tracr mate sequence, which in turn hybridizes

to a tracr sequence. In one embodiment, this invention provides a method of cleaving a target

Typically, the CRISPR complex of the invention, when introduced into a cell, creates a break

methods, the HDR process is used modify genome sequence. For example, an exogenous

desired, a donor polynucleotide can be DNA, e.g., a DNA plasmid, a bacterial artificial
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a PCR fragment, a naked nucleic acid, or a nucleic acid complexed with a delivery vehicle such

integrated (e.g., a mutated gene). The sequence for integration may be a sequence endogenous

sequence to be integrated may provide a regulatory function. The upstream and downstream

between the chromosomal sequence of interest and the donor polynucleotide. The upstream

sequence is a nucleic acid sequence that shares sequence similarity with the genome sequence

upstream of the targeted site for integration. Similarly, the downstream sequence is a nucleic

acid sequence that shares sequence similarity with the chromosomal sequence downstream of the

targeted site of integration. The upstream and downstream sequences in the exogenous

sequences in the exogenous polynucleotide template have about 99% or 100% sequence identity

with the targeted genome sequence. An upstream or downstream sequence may comprise from

900, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800, 1900, 2000, 2100, 2200, 2300,

2400, or 2500 bp. In some methods, the exemplary upstream or downstream sequence have

about 200 bp to about 2000 bp, about 600 bp to about 1000 bp, or more particularly about 700 bp

to about 1000 bp. In some methods, the exogenous polynucleotide template may further

comprise a marker. Such a marker may make it easy to screen for targeted integrations.

markers. The exogenous polynucleotide template of the invention can be constructed using

recombinant techniques (see, for example, Sambrook et al., 2001 and Ausubel et al., 1996). In a

method for modifying a target polynucleotide by integrating an exogenous polynucleotide

complex, the break is repaired via homologous recombination an exogenous polynucleotide
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break facilitates integration of the template. In other embodiments, this invention provides a

increasing or decreasing expression of a target polynucleotide by using a CRISPR complex that

binds to the polynucleotide. In some methods, a target polynucleotide can be inactivated to effect

the modification of the expression in a cell. For example, upon the binding of a CRISPR

sequence is not transcribed, the coded protein is not produced, or the sequence does not function

sequence include, a promoter, a transcription terminator, and an enhancer are control sequences.

The target polynucleotide of a CRISPR complex can be any polynucleotide endogenous or

exogenous to the eukaryotic cell. For example, the target polynucleotide can be a polynucleotide

residing in the nucleus of the eukaryotic cell. The target polynucleotide can be a sequence

associated with a signaling biochemical pathway, e.g., a signaling biochemical pathway-

abnormally high level; it may be a gene that becomes expressed at an abnormally low level,

etiology of a disease. The transcribed or translated products may be known or unknown, and
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any polynucleotide endogenous or exogenous to the eukaryotic cell. For example, the target

polynucleotide can be a sequence coding a gene product (e.g., a protein) or a non-coding

sequence and length requirements for the PAM differ depending on the CRISPR enzyme used,

sequence) Examples of PAM sequences are given in the examples section below, and the skilled

person will be able to identify further PAM sequences for use with a given CRISPR enzyme. In

some embodiments, the method comprises allowing a CRISPR complex to bind to the target

polynucleotide to effect cleavage of said target polynucleotide thereby modifying the target

polynucleotide, wherein the CRISPR complex comprises a CRISPR enzyme complexed with a

bind to the polynucleotide such that said binding results in increased or decreased expression of

said polynucleotide; wherein the CRISPR complex comprises a CRISPR enzyme complexed

guide sequence is linked to a tracr mate sequence which in turn hybridizes to a tracr sequence.

Similar considerations and conditions apply as above for methods of modifying a target

polynucleotide. In fact, these sampling, culturing and re-introduction options apply across the

aspects of the present invention. In one aspect, the invention provides for methods of modifying

a target polynucleotide in a eukaryotic cell, which may be in vivo, ex vivo or in vitro. In some

human animal, and modifying the cell or cells. Culturing may occur at any stage ex vivo. The

cell or cells may even be re-introduced into the non-human animal or plant. For re-introduced

cells it is particularly preferred that the cells are stem cells.

enzyme complexed with a guide sequence hybridized to a target sequence, wherein said guide
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sequence.

compositions used for the control of gene expression involving sequence targeting, such as

genome perturbation or gene-editing, that relate to the CRISPR-Cas system and components

thereof. In advantageous embodiments, the Cas enzyme is Cas9. An advantage of the present

effects. This is achieved using systems arranged to have a high degree of sequence specificity

effects at unintended genomic sites, etc. Thus time-limited expression would be useful. Inducible

expression offers one approach, but in addition Applicants have engineered a Self-Inactivating

CRISPR-Cas9 system that relies on the use of a non-coding guide target sequence within the

CRISPR vector itself. Thus, after expression begins, the CRISPR system will lead to its own

Simply, the self inactivating CRISPR-Cas system includes additional RNA (i.e., guide RNA) that

(iTR) of a viral delivery vector, e.g., in an AAV genome.

[00133] Although the amount of genome modification in a target cell population required to

create a therapeutic effect differs depending on the disease, the efficacy of most editing

treatments are improved with increased editing rates. As previously noted, editing rates are
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interest. Therefore improvements to either one of these factors are likely to improve the efficacy

[00134] Attempts to increase the activity rates of DSB repair pathways have largely focused

of mitosis with pharmacologic agents ex vivo [Kormann, M.S., et al. Nature biotechnology 29,

manipulation, limiting the applicability of this strategy. Attempts have been made to completely

circumvent the need for HDR through direct ligation of DNA templates containing therapeutic

transgenes into targeted DSBs. Such ligation events have been observed, but the rates are too low

to be useful for therapy [Ran, F.A., et al. Cell 154, 1380-1389 (2013); Orlando, S.J., et al.

Nucleic acids research 38, e152 (2010)]. Likely dramatically new approaches are necessary to

systematically optimize its efficacy, safety, and specificity. Additionally, despite the enormous

excitement surrounding genome editing, strategic planning and rigorous but enabling regulatory

changing medicine.

Delivery, including Delivery generally

[00136] A variety of nucleic acid or protein delivery methods may be used to introduce

genome editing nucleases into target cells ex vivo or in vivo. Depending on the choice of delivery

method, the nucleases may either be transiently or permanently expressed in the target cell.

Given that nucleases may exhibit off-target cleavage activity or trigger immune responses, the

delivery system should be carefully selected. For ex vivo applications, such as editing of

nuclease expression. However, integrating lentiviral vectors may be less desirable as they drive

80

20
26

20
21

60
   

   
19

 M
ar

 2
02

6

1
9
 
M
a
r
 
2
0
2
6

2
0
2
6
2
0
2
1
6
0

8
0



platform have also been demonstrated to be amenable to modifications so that proteins can be

[Guilinger, J.P., et al. Nature methods 11, 429-435 (2014); Zuris, J.A., et al. Nature

biotechnology (2014); Gaj, T., et al. Nature methods 9, 805-807 (2012)].

[00137] For in vivo applications, the most promising delivery systems are viral vectors,

clinical use [Wirth, T., et al. Gene 525, 162-169 (2013)]. AAV comes in many serotypes and

packaged into two separate AAV vectors. For Cas9, short orthologs may be packaged along with

guide RNAs into a single AAV. So far, AAV-mediated nuclease expression has been

demonstrated to be successful in several tissue types, including liver and brain [Li, H., et al.

Nature 475, 217-221 (2011); Swiech, L., et al. Nature biotechnology (2014)].

constitutive and it would be more desirable to be able to shut down nuclease expression after the

already been naturally exposed to AAV likely have developed immunity against specific

serotypes. Therefore AAV may not be an appropriate delivery vehicle for these patients. To

nucleic acid molecules encoding or providing components thereof may be delivered by a

delivery system herein described both generally and in detail.
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[00140] Vector delivery, e.g., plasmid, viral delivery: The CRISPR enzyme, for instance a

suitable vector, e.g., plasmid or viral vectors, such as adeno associated virus (AAV), lentivirus,

example, an intramuscular injection, while other times the delivery is via intravenous,

via a single dose, or multiple doses. One skilled in the art understands that the actual dosage to

be delivered herein may vary greatly depending upon a variety of factors, such as the vector

choice, the target cell, organism, or tissue, the general condition of the subject to be treated, the

degree of transformation/modification sought, the administration route, the administration mode,

the type of transformation/modification sought, etc.

may further contain one or more pharmaceutically acceptable salts such as. for example, a

mineral acid salt such as a hydrochloride, a hydrobromide, a phosphate, a sulfate, etc.; and the

auxiliary substances, such as wetting or emulsifying agents, pH buffering substances, gels or

as preservatives, humectants, suspending agents, surfactants, antioxidants, anticaking agents,

fillers, chelating agents, coating agents, chemical stabilizers, etc. may also be present, especially

if the dosage form is a reconstitutable form. Suitable exemplary ingredients include

microcrystalline cellulose, carboxymethylcellulose sodium, polysorbate 80, phenylethyl alcohol,

chlorobutanol, potassium sorbate, sorbic acid, sulfur dioxide, propyl gallate, the parabens, ethyl
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reference herein.

booster dose containing at least I X 10 particles (also referred to as particle units, pu) of

adenoviral vector. In an embodiment herein. the dose preferably is at least about 1 X 10

particles (for example, about 1 X 10-1 X 10¹² particles), more preferably at least about 1 X 10

about 1 X 108-1 X 10¹² particles). and most preferably at least about 1 X 10° particles (e.g., about

(e.g., no more than about 1 X 10° articles). Thus, the dose may contain a single dose of

adenoviral vector with, for example, about 1 X 10 particle units (pu), about 2 X 10 pu, about 4 X

10 pu, about 1 X 10 pu, about 2 X 107 pu, about 4 X 10 pu, about 1 X 10 pu, about 2 X 10 pu,

about 4 X 10* pu, about 1 X 10° pu, about 2 X 10° pu, about 4 X 10° pu, about I X 10¹ pu, about 2

adenoviral vectors in U.S. Patent No. 8,454,972 B2 to Nabel, et. al., granted on June 4, 2013;

embodiment herein, the adenovirus is delivered via multiple doses.

[00143] In an embodiment herein, the delivery is via an AAV. A therapeutically effective

from about I X 1010 to about I X 10¹ genomes, or about I X 1011 to about 1 X 10¹ genomes

AAV. A human dosage may be about 1 X 10¹³ genomes AAV. Such concentrations may be

delivered in from about 0.001 ml to about 100 ml, about 0.05 to about 50 ml, or about 10 to
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about 25 ml of a carrier solution. Other effective dosages can be readily established by one of

example, U.S. Patent No. 8,404,658 B2 to Hajjar, et al., granted on March 26, 2013, at col. 27.

quantities of plasmid DNA in plasmid compositions can be from about 0.1 to about 2 mg, or

comprise (i) a promoter; (ii) a sequence encoding a CRISPR enzyme, operably linked to said

promoter; (iii) a selectable marker; (iv) an origin of replication; and (v) a transcription terminator

downstream of and operably linked to (ii), The plasmid can also encode the RNA components of

a CRISPR complex, but one or more of these may instead be encoded on a different vector.

[00145] The doses herein are based on an average 70 kg individual. The frequency of

or lipofectin formulations and the like and can be prepared by methods well known to those

skilled in the art. Such methods are described, for example, in U.S. Pat. Nos. 5,593,972,

specifically at the enhanced and improved delivery of siRNA into mammalian cells have been

2003, 327: 761-766; Lewis et al., Nat. Gen. 2002, 32: 107-108 and Simeoni et al., NAR 2003,

31, 11: 2717-2724) and may be applied to the present invention. siRNA has recently been

successfully used for inhibition of gene expression in primates (see for example. Tolentino et al.,

Retina 24(4):660 which may also be applied to the present invention.

[00147] Indeed, RNA delivery is a useful method of in vivo delivery. It is possible to deliver
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vivo. Liposomal transfection reagents such as lipofectamine from Life Technologies and other

[00148] Means of delivery of RNA also preferred include delivery of RNA via nanoparticles

(Cho, S., Goldberg, M., Son, S., Xu, Q., Yang, F., Mei, Y., Bogatyrev, S., Langer, R. and

Anderson, D., Lipid-like nanoparticles for small interfering RNA delivery to endothelial cells,

Cortez, C., Langer, R., and Anderson, D., Lipid-based nanotherapeutics for siRNA delivery,

barriers and can be harnessed for delivery of siRNA in vitro and in vivo. Their approach is to

generate targeted exosomes through transfection of an expression vector, comprising an

exosomal protein fused with a peptide ligand. The exosomes are then purify and characterized

from transfected cell supernatant, then RNA is loaded into the exosomes. Delivery or

delivered to the brain along with high density lipoprotein (HDL), for example in a similar

delivering short-interfering RNA (siRNA) to the brain. Mice were infused via Osmotic

minipumps (model 1007D; Alzet, Cupertino, CA) filled with phosphate-buffered saline (PBS) or

the brain may be contemplated for humans in the present invention, for example, about 3 nmol to

about 3 µmol of CRISPR Cas targeted to the brain may be contemplated. Zou et al. ((HUMAN

GENE THERAPY 22:465-475 (April 2011)) describes a method of lentiviral-mediated delivery
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of short-hairpin RNAs targeting PKCy for in vivo gene silencing in the spinal cord of rats. Zou et

units (TU)/ml by an intrathecal catheter. A similar dosage of CRISPR Cas expressed in a

[00149] In terms of local delivery to the brain, this can be achieved in various ways. For

stereotactically via a craniotomy.

[00150] In some aspects, the invention provides methods comprising delivering one or more

polynucleotides, such as or one or more vectors as described herein, one or more transcripts

thereof, and/or one or proteins transcribed therefrom, to a host cell. In some aspects, the

invention further provides cells produced by such methods, and animals comprising or produced

tissues.

[00151] Such methods can be used to administer nucleic acids encoding components of a

CRISPR system to cells in culture, or in a host organism. Non-viral vector delivery systems

and nucleic acid complexed with a delivery vehicle, such as a liposome. Viral vector delivery

813 (1992); Nabel & Felgner, TIBTECH 11:211-217 (1993); Mitani & Caskey, TIBTECH

11:162-166 (1993); Dillon, TIBTECH 11:167-175 (1993); Miller, Nature 357:455-460 (1992);

Van Brunt, Biotechnology 6(10):1149-1154 (1988); Vigne, Restorative Neurology and

Neuroscience 8:35-36 (1995); Kremer & Perricaudet, British Medical Bulletin 51(1):31-44

(1995); Haddada et al., in Current Topics in Microbiology and Immunology Doerfler and Böhm
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4,946,787; and 4,897,355) and lipofection reagents are sold commercially (e.g., Transfectam

lipofection of polynucleotides include those of Felgner, WO 91/17424; WO 91/16024. Delivery

can be to cells (e.g. in vitro or ex vivo administration) or target tissues (e.g. in vivo

administration). The preparation of lipid:nucleic acid complexes, including targeted liposomes

Science 270:404-410 (1995); Blaese et al., Cancer Gene Ther. 2:291-297 (1995); Behr et al.,

the body and trafficking the viral payload to the nucleus. Viral vectors can be administered

directly to patients (in vivo) or they can be used to treat cells in vitro, and the modified cells may

optionally be administered to patients (ex vivo). Conventional viral based systems could include

transgene. Additionally, high transduction efficiencies have been observed in many different cell

envelope proteins, expanding the potential target population of target cells. Lentiviral vectors

are retroviral vectors that are able to transduce or infect non-dividing cells and typically produce

include those based upon murine leukemia virus (MuLV), gibbon ape leukemia virus (GaLV),

Simian Immuno deficiency virus (SIV), human immuno deficiency virus (HIV), and

combinations thereof (see, e.g., Buchscher et al., J. Virol. 66:2731-2739 (1992); Johann et al., J.
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Virol. 66:1635-1640 (1992); Sommnerfelt et al., Virol. 176:58-59 (1990); Wilson et al., J. Virol.

embodiment, Cocal vesiculovirus envelope pseudotyped retroviral vector particles are

mites in Trinidad (Jonkers et al., Am. J. Vet. Res. 25:236-242 (1964)), and infections have been

vesiculoviruses that infect mammals have been isolated from naturally infected arthropods,

suggesting that they are vector-borne. Antibodies to vesiculoviruses are common among people

living in rural areas where the viruses are endemic and laboratory-acquired; infections in humans

usually result in influenza-like symptoms. The Cocal virus envelope glycoprotein shares 71.5%

identity at the amino acid level with VSV-G Indiana, and phylogenetic comparison of the

1006 (1984). The Cocal vesiculovirus envelope pseudotyped retroviral vector particles may

include for example, lentiviral, alpharetroviral, betaretroviral, gammaretroviral, deltaretroviral,

and epsilonretroviral vector particles that may comprise retroviral Gag, Pol, and/or one or more

embodiments, the Gag, Pol, and accessory proteins are lentiviral and/or gammaretroviral. In

do not require cell division. With such vectors, high titer and levels of expression have been

obtained. This vector can be produced in large quantities in a relatively simple system. Adeno-

associated virus ("AAV") vectors may also be used to transduce cells with target nucleic acids,

e.g., in the in vitro production of nucleic acids and peptides, and for in vivo and ex vivo gene

therapy procedures (see, e.g., West et al., Virology 160:38-47 (1987); U.S. Pat. No. 4,797,368;
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81:6466-6470 (1984); and Samulski et al., J. Virol. 63:03822-3828 (1989). Packaging cells are

293 cells. which package adenovirus, and w2 cells or PA317 cells. which package retrovirus.

Viral vectors used in gene therapy are usually generated by producer a cell line that packages a

nucleic acid vector into a viral particle. The vectors typically contain the minimal viral

being replaced by an expression cassette for the polynucleotide(s) to be expressed. The missing

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

virus) helper functions provided in trans. Recombinant AAV (rAAV) can be used to carry

genes are deleted from the viral genome and replaced with a DNA segment of choice. Current

AAV vectors may accommodate up to 4300 bases of inserted DNA. There are a number of ways

and/or cap proteins of AAV act in trans to stimulate replication and packaging of the rAAV

construct. Two to Three days after transfection, rAAV is harvested. Traditionally rAAV is

harvested from the cells along with adenovirus. The contaminating adenovirus is then
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inactivated by heat treatment. In the instant invention, rAAV is advantageously harvested not

invention provides for preparing rAAV, and in addition to the foregoing, rAAV can be prepared

(and the helper virus (e.g., adenovirus, herpesvirus, poxvirus such as vaccinia virus) provides the

containing exogenous DNA including DNA for expression, wherein the recombinant lacks

functioning cap and/or rep, and transfecting said cells with a plasmid supplying cap and/or rep

function that the rAAV lacks; or infecting susceptible cells with a rAAV containing exogenous

DNA including DNA for expression, wherein the recombinant lacks functioning cap and/or rep,

wherein said cells supply cap and/or rep function that the recombinant lacks; or transfecting the

containing the exogenous DNA including DNA for expression that lacks functioning cap and/or

rep. The rAAV can be from an AAV as herein described. and advantageously can be an rAAVI,

rAAV2, AAV5 or rAAV having hybrid or capsid which may comprise AAVI, AAV2, AAV5 or

targeted by the rAAV: e.g., one can select AAV serotypes I, 2,5 or a hybrid or capsid AAVI,

the practice of the invention and the relative infectivity of certain AAV serotypes in vitro as to

these cells (see Grimm, D. et al, J. Virol. 82: 5887-5911 (2008)) are as follows:

Cell Line AAV-1 AAV-2 AAV-3 AAV-4 AAV-5 AAV-6 AAV-8 AAV-9
Huh-7 13 100 2.5 0.0 0.1 10 0.7 0.0

HEK293 25 100 2.5 0.1 0.1 5 0.7 0.1

HeLa 3 100 2.0 0.1 6.7 1 0.2 0.1

HepG2 3 100 16.7 0.3 1.7 5 0.3 ND

CHO 100 100 14 1.4 333 50 10 1.0
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AAV-9

MeWo 10 100 20 0.3 6.7 10 1.0 0.2

NIH3T3 10 100 2.9 2.9 0.3 10 0.3 ND
0.1

HT1180 20 100 10 0.1 0.3 33 0.5 0.1

Monocytes 1111 100 ND ND 125 1429 ND ND
Immature DC 2500 100 ND ND 222 2857 ND ND
Mature DC 2222 100 ND ND 333 3333 ND ND

nucleic acid molecule encoding a CRISPR (Clustered Regularly Interspaced Short Palindromic

molecule encoding guide RNA (gRNA) and a terminator (e.g., each cassette schematically

represented as Promoter-gRNA1-terminator, Promoter-gRNA2-terminator Promoter-

gRNA(N)-terminator (where N is a number that can be inserted that is at an upper limit of the

Cas9 and a terminator, and a second rAAV containing a plurality, four, cassettes comprising or

terminator (e.g., each cassette schematically represented as Promoter-gRNA1-terminator,

Promoter-gRNA2-terminator Promoter-gRNA(N)-terminator (where N is a number that can be

described herein. In some embodiments, a cell is transfected as it naturally occurs in a subject.
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the cell is derived from cells taken from a subject, such as a cell line. A wide variety of cell lines

NRK-52E, MRC5, MEF, Hep G2, HeLa B. HeLa T4, COS, COS-1, COS-6, COS-M6A, BS-C-1

monkey kidney epithelial, BALB/ 3T3 mouse embryo fibroblast, 3T3 Swiss, 3T3-L1, 132-d5

human fetal fibroblasts; 10.1 mouse fibroblasts, 293-T, 3T3, 721, 9L, A2780, A2780ADR,

A2780cis, A172, A20, A253, A431, A-549, ALC, B16, B35, BCP-1 cells, BEAS-2B, bEnd.3,

BHK-21, BR 293, BxPC3, C3H-10T1/2, C6/36, Cal-27, CHO, CHO-7, CHO-IR, CHO-K1,

CHO-K2, CHO-T, CHO Dhfr -/-, COR-L23, COR-L23/CPR, COR-L23/5010, COR-L23/R23,

COS-7, COV-434, CML T1, CMT, CT26, D17, DH82, DU145, DuCaP, EL4, EM2, EM3,

EMT6/AR1, EMT6/AR10.0, FM3, H1299, H69, HB54, HB55, HCA2, HEK-293, HeLa,

Hepalclc7, HL-60, HMEC, HT-29, Jurkat, JY cells, K562 cells, Ku812, KCL22, KG1, KYOI,

LNCap, Ma-Mel 1-48, MC-38, MCF-7, MCF-10A, MDA-MB-231, MDA-MB-468, MDA-MB-

435, MDCK II, MDCK II, MOR/0.2R, MONO-MAC 6, MTD-1A, MyEnd, NCI-H69/CPR.

NCI-H69/LX10, NCI-H69/LX20, NCI-H69/LX4, NIH-3T3, NALM-1, NW-145, OPCN / OPCT

cell lines, Peer, PNT-1A / PNT 2, RenCa, RIN-5F, RMA/RMAS, Saos-2 cells, Sf-9, SkBr3, T2,

T-47D, T84, THP1 cell line, U373, U87, U937, VCaP, Vero cells, WM39, WT-49, X63, YAC-1,

YAR, and transgenic varieties thereof. Cell lines are available from a variety of sources known

to those with skill in the art (see, e.g., the American Type Culture Collection (ATCC) (Manassus,

Va.)). In some embodiments, a cell transfected with one or more vectors described herein is

used to establish a new cell line comprising one or more vector-derived sequences. In some

embodiments, a cell transiently transfected with the components of a CRISPR system as

described herein (such as by transient transfection of one or more vectors, or transfection with

RNA), and modified through the activity of a CRISPR complex, is used to establish a new cell

line comprising cells containing the modification but lacking any other exogenous sequence. In

some embodiments, cells transiently or non-transiently transfected with one or more vectors

described herein, or cell lines derived from such cells are used in assessing one or more test

compounds.
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NHEJ efficiency is enhanced by co-expressing end-processing enzymes such as Trex2

(Dumitrache et al. Genetics. 2011 August: 188(4): 787-797). It is preferred that HR efficiency is

increased by transiently inhibiting NHEJ machineries such as Ku70 and Ku86. HR efficiency can

also be increased by co-expressing prokaryotic or eukaryotic homologous recombination

enzymes such as RecBCD. RecA.

Promoter-gRNA1-terminator

Double virus vector:
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activity is relatively weaker, so can be used to reduce potential toxicity due to over expression

of Cas9.

etc.

For liver expression, can use Albumin promoter.

For lung expression, can use SP-B.

For endothelial cells, can use ICAM.

For hematopoietic cells can use IFNbeta or CD45.

For Osteoblasts can use OG-2.

[00156] The promoter used to drive guide RNA can include:

Use of Pol II promoter and intronic cassettes to express gRNA

Adeno associated virus (AAV)

(AAV), lentivirus, adenovirus or other plasmid or viral vector types, in particular, using

formulations and doses from, for example, US Patents Nos. 8,454,972 (formulations, doses for

adenovirus), 8,404,658 (formulations, doses for AAV) and 5,846,946 (formulations, doses for

DNA plasmids) and from clinical trials and publications regarding the clinical trials involving

lentivirus, AAV and adenovirus. For examples, for AAV, the route of administration.

formulation and dose can be as in US Patent No. 8,454,972 and as in clinical trials involving

AAV. For Adenovirus, the route of administration, formulation and dose can be as in US Patent

No. 8,404,658 and as in clinical trials involving adenovirus. For plasmid delivery, the route of

administration, formulation and dose can be as in US Patent No 5,846,946 and as in clinical

studies involving plasmids. Doses may be based on or extrapolated to an average 70 kg

individual (e.g. a male adult human), and can be adjusted for patients, subjects, mammals of

different weight and species. Frequency of administration is within the ambit of the medical or

veterinary practitioner (e.g., physician, veterinarian), depending on usual factors including the

age, sex, general health, other conditions of the patient or subject and the particular condition or

94

20
26

20
21

60
   

   
19

 M
ar

 2
02

6

1
9
 
M
a
r
 
2
0
2
6

2
0
2
6
2
0
2
1
6
0

9
4



promoter. For example, liver-specific expression might use the Albumin promoter and neuron-

specific expression (e.g. for targeting CNS disorders) might use the Synapsin I promoter.

[00158] In terms of in vivo delivery, AAV is advantageous over other viral vectors for a

couple of reasons:

large, the gene itself is over 4.1 Kb, which makes it difficult for packing into AAV. Therefore

Species Cas9 Size

Corynebacter diphtheriae 3252

Lactobacillus farciminis 3378

Gluconacetobacter diazotrophicus 3150

Parvibaculum lavamentivorans 3111

Campylobacter lari CF89-12 3009

[00160] These species are therefore, in general, preferred Cas9 species.

[00161] As to AAV, the AAV can be AAVI, AAV2, AAV5 or any combination thereof. One

can select the AAV of the AAV with regard to the cells to be targeted; e.g., one can select AAV
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serotypes 1, 2, 5 or a hybrid capsid AAVI, AAV2, AAVS or any combination thereof for

targeting brain or neuronal cells; and one can select AAV4 for targeting cardiac tissue. AAV8 is

Cell Line AAV-1 AAV-2 AAV-3 AAV-4 AAV-5 AAV-6 AAV-8 AAV-9
Huh-7 13 100 2.5 0.0 0.1 10 0.7 0.0

HEK293 25 100 2.5 0.1 0.1 5 0.7 0.1

HeLa 3 100 2.0 0.1 6.7 1 0.2 0.1

HepG2 3 100 16.7 0.3 1.7 5 0.3 ND
HeplA 20 100 0.2 1.0 0.1 1 0.2 0.0

911 17 100 11 0.2 0.1 17 0.1 ND
CHO 100 100 14 1.4 333 50 10 1.0

COS 33 100 33 3.3 5.0 14 2.0 0.5

MeWo 10 100 20 0.3 6.7 10 1.0 0.2

NIH3T3 10 100 2.9 2.9 0.3 10 0.3 ND
A549 14 100 20 ND

0.5 10 0.5 0.1

HT1180 20 100 10 0.1 0,3 33 0.5 0.1

1111 100 ND ND 125 1429 ND ND
ND ND 222 2857 ND ND

Mature DC 2222 100 ND ND 333 3333 ND ND

Lentivirus

[00162] Lentiviruses are complex retroviruses that have the ability to infect and express their

immunodeficiency virus (HIV). which uses the envelope glycoproteins of other viruses to target

[00163] Lentiviruses may be prepared as follows. After cloning pCasES10 (which contains a

flask to 50% confluence the day before transfection in DMEM with 10% fetal bovine serum and

without antibiotics. After 20 hours, media was changed to OptiMEM (serum-free) media and
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methods use serum during cell culture. but serum-free methods are preferred.

[00164] Lentivirus may be purified as follows. Viral supernatants were harvested after 48

hours. Supernatants were first cleared of debris and filtered through a 0.45um low protein

binding (PVDF) filter. They were then spun in a ultracentrifuge for 2 hours at 24,000 rpm. Viral

be used/and or adapted to the CRISPR-Cas system of the present invention. A minimum of 2.5 X

106 CD34+ cells per kilogram patient weight may be collected and prestimulated for 16 to 20

hours in X-VIVO 15 medium (Lonza) containing 2 umol/L-glutamine, stem cell factor (100

ng/ml), Flt-3 ligand (Flt-3L) (100 ng/ml), and thrombopoietin (10 ng/ml) (CellGenix) at a

density of 2 X 106 cells/ml. Prestimulated cells may be transduced with lentiviral at a multiplicity

of infection of 5 for 16 to 24 hours in 75-cm2 tissue culture flasks coated with fibronectin (25

mg/cm2) (RetroNectin, Takara Bio Inc.).

[00167] Lentiviral vectors have been disclosed as in the treatment for Parkinson's Disease,

see, e.g., US Patent Publication No. 20120295960 and US Patent Nos. 7303910 and 7351585.

Lentiviral vectors have also been disclosed for the treatment of ocular diseases, see e.g., US

Patent Publication Nos. 20060281180, 20090007284, US20110117189; US20090017543;

US20070054961, US20100317109. Lentiviral vectors have also been disclosed for delivery to
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the brain, see, e.g., US Patent Publication Nos. US20110293571; US20110293571.

US20040013648, US20070025970, US20090111106 and US Patent No. US7259015.

cassette containing the following elements: T7_promoter-kozak sequence (GCCACC)-Cas9-3'

UTR from beta globin-polyA tail (a string of 120 or more adenines). The cassette can be used for

transcription by T7 polymerase. Guide RNAs can also be transcribed using in vitro transcription

from a cassette containing T7_promoter-GG-guide RNA sequence.

[00169] To enhance expression and reduce possible toxicity, the CRISPR enzyme-coding

sequence and/or the guide RNA can be modified to include one or more modified nucleoside e.g.

using pseudo-U or 5-Methyl-C.

[00170] mRNA delivery methods are especially promising for liver delivery currently.

[00171] Much clinical work on RNA delivery has focused on RNAi or antisense, but these

systems can be adapted for delivery of RNA for implementing the present invention. References

below to RNAi etc. should be read accordingly.

Particle delivery systems and/or formulations:

[00172] Several types of particle delivery systems and/or formulations are known to be useful
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have a greatest dimension of less than 900 nm, 800 nm, 700 nm, 600 nm, 500 nm, 400 nm, 300

nm, 200 nm. or 100 nm. Typically, inventive particles have a greatest dimension (e.g., diameter)

of 500 nm or less. In some embodiments, inventive particles have a greatest dimension (e.g.,

diameter) of 250 nm or less. In some embodiments, inventive particles have a greatest dimension

e.g., one or more components of CRISPR-Cas system e.g., CRISPR enzyme or mRNA or guide

RNA, or any combination thereof, and may include additional carriers and/or excipients) to

provide particles of an optimal size for delivery for any in vitro, ex vivo and/or in vivo

application of the present invention. In certain preferred embodiments, particle dimension (e.g.,

diameter) characterization is based on measurements using dynamic laser scattering (DLS).

Mention is made of US Patent No. 8,709,843; US Patent No. 6,007,845; US Patent No.

5,855,913; US Patent No. 5,985,309; US. Patent No. 5,543,158; and the publication by James E.

Dahlman and Carmen Barnes et al. Nature Nanotechnology (2014) published online 11 May

2014, doi: 10.1038/nnano.2014.84, concerning particles, methods of making and using them and

measurements thereof.

[00175] Particles delivery systems within the scope of the present invention may be provided

in any form, including but not limited to solid, semi-solid, emulsion, or colloidal particles. As
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such any of the delivery systems described herein, including but not limited to, e.g., lipid-based

systems, liposomes, micelles, microvesicles, exosomes, or gene gun may be provided as particle

[00177] For example, Su X, Fricke J, Kavanagh DG, Irvine DJ ("In vitro and in vivo mRNA

delivery using lipid-enveloped pH-responsive polymer nanoparticles" Mol Pharm. 2011 Jun

6:8(3):774-87. doi: 10.1021/mp100390w. Epub 2011 Apr 1) describes biodegradable core-shell

structured nanoparticles with a poly(-amino ester) (PBAE) core enveloped by a phospholipid

bilayer shell. These were developed for in vivo mRNA delivery. The pH-responsive PBAE

component was chosen to promote endosome disruption, while the lipid surface layer was

selected to minimize toxicity of the polycation core. Such are, therefore, preferred for delivering

RNA of the present invention.

[00178] In one embodiment, nanoparticles based on self assembling bioadhesive polymers are

contemplated, which may be applied to oral delivery of peptides, intravenous delivery of

peptides and nasal delivery of peptides, all to the brain. Other embodiments, such as oral

absorption and ocular delivery of hydrophobic drugs are also contemplated. The molecular

envelope technology involves an engineered polymer envelope which is protected and delivered
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2013 Mar 13;13(3):1059-64; Karagiannis et al., ACS Nano. 2012 Oct 23;6(10):8484-7;

Whitehead et al., ACS Nano. 2012 Aug 28;6(8):6922-9 and Lee et al., Nat Nanotechnol. 2012

Jun 3;7(6):389-93.

[00180] US patent application 20110293703 relates to lipidoid compounds are also

form an aminoalcohol lipidoid compound of the present invention. In certain embodiments, all

the amino groups of the amine are fully reacted with the epoxide-terminated compound to form

tertiary amines, In other embodiments, all the amino groups of the amine are not fully reacted

with the epoxide-terminated compound to form tertiary amines thereby resulting in primary or

secondary amines in the aminoalcohol lipidoid compound. These primary or secondary amines

are left as is or may be reacted with another electrophile such as a different epoxide-terminated

compound. As will be appreciated by one skilled in the art, reacting an amine with less than

excess of epoxide-terminated compound will result in a plurality of different aminoalcohol

lipidoid compounds with various numbers of tails. Certain amines may be fully functionalized

with two epoxide-derived compound tails while other molecules will not be completely

functionalized with epoxide-derived compound tails. For example, a diamine or polyamine may

include one, two, three, or four epoxide-derived compound tails off the various amino moieties
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of the molecule resulting in primary, secondary, and tertiary amines. In certain embodiments, all

the amino groups are not fully functionalized. In certain embodiments, two of the same types of

lipidoid compounds may be optionally purified. For example, the mixture of aminoalcohol

lipidoid compounds may be purified to yield an aminoalcohol lipidoid compound with a

particular number of epoxide-derived compound tails. Or the mixture may be purified to yield a

particular stereo- or regioisomer. The aminoalcohol lipidoid compounds may also be alkylated

using an alkyl halide (e.g., methyl iodide) or other alkylating agent, and/or they may be acylated.

[00182] US Patent Publication No. 20110293703 also provides libraries of aminoalcohol

lipidoid compounds prepared by the inventive methods. These aminoalcohol lipidoid compounds

may be prepared and/or screened using high-throughput techniques involving liquid handlers.

robots, microtiter plates, computers, etc. In certain embodiments, the aminoalcohol lipidoid

compounds are screened for their ability to transfect polynucleotides or other agents (e.g.,

proteins, peptides, small molecules) into the cell.

[00183] US Patent Publication No. 20130302401 relates to a class of poly(beta-amino

alcohols) (PBAAs) has been prepared using combinatorial polymerization. The inventive PBAAs

102

20
26

20
21

60
   

   
19

 M
ar

 2
02

6

1
9
 
M
a
r
 
2
0
2
6

2
0
2
6
2
0
2
1
6
0

1
0
2



delivered to humans (see, e.g., Coelho et al., N Engl J Med 2013;369:819-29), and such a

ssystem may be adapted and applied to the CRISPR Cas system of the present invention. Doses

of about 0.01 to about 1 mg per kg of body weight administered intravenously are contemplated.

Medications to reduce the risk of infusion-related reactions are contemplated, such as

following prior therapy with VEGF pathway inhibitors had stable disease at all sites for

approximately 8 to 12 months, and a patient with PNET and liver metastases continued on the

extension study for 18 months (36 doses) with stable disease.

[00186] However, the charge of the LNP must be taken into consideration. As cationic lipids

combined with negatively charged lipids to induce nonbilayer structures that facilitate

intracellular delivery. Because charged LNPs are rapidly cleared from circulation following

intravenous injection, ionizable cationic lipids with pKa values below 7 were developed (see,

e.g., Rosin et al, Molecular Therapy, vol. 19, no. 12, pages 1286-2200, Dec. 2011). Negatively

charged polymers such as RNA may be loaded into LNPs at low pH values (e.g., pH 4) where

the ionizable lipids display a positive charge. However, at physiological pH values, the LNPs

exhibit a low surface charge compatible with longer circulation times. Four species of ionizable

cationic lipids have been focused upon, namely 1,2-dilineoyl-3-dimethylammonium-propane

103

20
26

20
21

60
   

   
19

 M
ar

 2
02

6

1
9
 
M
a
r
 
2
0
2
6

2
0
2
6
2
0
2
1
6
0

1
0
3



(DLinDAP), 1,2-dilinoleyloxy-3-N,N-dimethylaminopropane (DLinDMA), 1,2-dilinoleyloxy-

keto-N,N-dimethyl-3-aminopropane (DLinKDMA), and 1,2-dilinoleyl-4-(2-

e.g., Rosin et al, Molecular Therapy, vol. 19, no. 12, pages 1286-2200, Dec. 2011). A dosage of

1 µg/ml of LNP or CRISPR-Cas RNA in or associated with the LNP may be contemplated,

especially for a formulation containing DLinKC2-DMA.

[00187] Preparation of LNPs and CRISPR Cas encapsulation may be used/and or adapted

from Rosin et al, Molecular Therapy, vol. 19, no. 12, pages 1286-2200, Dec. 2011). The cationic

lipids 1,2-dilineoy1-3-dimethylammonium-propane (DLinDAP), 1,2-dilinoleyloxy-3-N,N-

dimethylaminopropane (DLinDMA), 1,2-dilinoleyloxyketo-N,N-dimethyl-3-aminopropane

(DLinK-DMA), 1,2-dilinoleyl-4-(2-dimethylaminoethyl)-[1,3]-dioxolane (DLinKC2-DMA), (3-

o-[2"-(methoxypolyethyleneglycol 2000) succinoyl]-1,2-dimyristoyl-sn-glycol (PEG-S-DMG),

and R-3-[(o)-methoxy-poly(ethylene glycol)2000) carbamoyl]-1,2-dimyristyloxlpropyl-3-amine

(PEG-C-DOMG) may be provided by Tekmira Pharmaceuticals (Vancouver, Canada) or

synthesized. Cholesterol may be purchased from Sigma (St Louis, MO). The specific CRISPR

Cas RNA may be encapsulated in LNPs containing DLinDAP, DLinDMA, DLinK-DMA, and
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using Spectra/Por 2 regenerated cellulose dialysis membranes. Nanoparticle size distribution

may be determined by dynamic light scattering using a NICOMP 370 particle sizer, the

vesicle/intensity modes, and Gaussian fitting (Nicomp Particle Sizing, Santa Barbara, CA). The

particle size for all three LNP systems may be ~70 nm in diameter. RNA encapsulation

vigorous stirring, resulting in spontaneous liposome formation in aqueous buffer containing 35%

ethanol. The liposome solution may be incubated at 37 °C to allow for time-dependent increase

in particle size, Aliquots may be removed at various times during incubation to investigate

changes in liposome size by dynamic light scattering (Zetasizer Nano ZS, Malvern Instruments,

Worcestershire. UK). Once the desired particle size is achieved, an aqueous PEG lipid solution

(stock = 10 mg/ml PEG-DMG in 35% (vol/vol) ethanol) may be added to the liposome mixture

to yield a final PEG molar concentration of 3.5% of total lipid. Upon addition of PEG-lipids, the

liposomes should their size, effectively quenching further growth. RNA may then be added to the

empty liposomes at an RNA to total lipid ratio of approximately 1:10 (wt:wt), followed by

incubation for 30 minutes at 37 °C to form loaded LNPs. The mixture may be subsequently

dialyzed overnight in PBS and filtered with a 0.45-µm syringe filter.
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[00189] Spherical Nucleic Acid (SNAM) constructs and other nanoparticles (particularly gold

nanoparticles) are also contemplated as a means to delivery CRISPR-Cas system to intended

al., ACS Nano. 2011 5:6962-6970, Cutler et al., J. Am. Chem. Soc. 2012 134:1376-1391, Young

et al., Nano Lett. 2012 12:3867-71, Zheng et al., Proc. Natl. Acad. Sci. USA. 2012 109:11975-

80, Mirkin, Nanomedicine 2012 7:635-638 Zhang et al., J. Am. Chem. Soc. 2012 134:16488-

1691, Weintraub, Nature 2013 495:S14-S16, Choi et al., Proc. Natl. Acad. Sci. USA. 2013

110(19):7625-7630, Jensen et al., Sci. Transl. Med. 5. 209ra152 (2013) and Mirkin, et al., Small,

10:186-192.

[00191] Self-assembling nanoparticles with RNA may be constructed with polyethyleneimine

(PEI) that is PEGylated with an Arg-Gly-Asp (RGD) peptide ligand attached at the distal end of

the polyethylene glycol (PEG). This system has been used, for example, as a means to target

tumor neovasculature expressing integrins and deliver siRNA inhibiting vascular endothelial

growth factor receptor-2 (VEGF R2) expression and thereby achieve tumor angiogenesis (see,

e.g., Schiffelers et al., Nucleic Acids Research, 2004, Vol. 32, No. 19). Nanoplexes may be

prepared by mixing equal volumes of aqueous solutions of cationic polymer and nucleic acid to

nanoplexes. The DOTA-siRNA of Bartlett et al. was synthesized as follows: 1,4,7,10-
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with a 100-fold molar excess of DOTA-NHS-ester in carbonate buffer (pH 9) was added to a

microcentrifuge tube. The contents were reacted by stirring for 4 h at room temperature. The

DOTA-RNAsense conjugate was ethanol-precipitated, resuspended in water, and annealed to the

unmodified antisense strand to yield DOTA-siRNA. All liquids were pretreated with Chelex-100

hydrophilic polymer (polyethylene glycol (PEG) used to promote nanoparticle stability in

biological fluids). and (4) siRNA designed to reduce the expression of the RRM2 (sequence used

in the clinic was previously denoted siR2B+5). The TFR has long been known to be upregulated

in malignant cells, and RRM2 is an established anti-cancer target. These nanoparticles (clinical

version denoted as CALAA-01) have been shown to be well tolerated in multi-dosing studies in

non-human primates. Although a single patient with chronic myeloid leukaemia has been

administered siRNAby liposomal delivery, Davis et al.'s clinical trial is the initial human trial to

systemically deliver siRNA with a targeted delivery system and to treat patients with solid

cancer. To ascertain whether the targeted delivery system can provide effective delivery of

functional siRNA to human tumours, Davis et al. investigated biopsies from three patients from

three different dosing cohorts: patients A, B and C, all of whom had metastatic melanoma and
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also be contemplated for the CRISPR Cas system of the present invention. The delivery of the

invention may be achieved with nanoparticles containing a linear, cyclodextrin-based polymer

[00194] In terms of this invention, it is preferred to have one or more components of CRISPR

complex, e.g., CRISPR enzyme or mRNA or guide RNA or sgRNA or if present HDR template

may be delivered using one or more particles or nanoparticles or lipid envelopes. Other delivery

systems or vectors are may be used in conjunction with the nanoparticle aspects of the invention.

[00195] In general, a "nanoparticle" refers to any particle having a diameter of less than 1000

nm. In certain preferred embodiments, nanoparticles of the invention have a greatest dimension

(e.g., diameter) of 500 nm or less. In other preferred embodiments, nanoparticles of the invention

have a greatest dimension ranging between 25 nm and 200 nm. In other preferred embodiments,

nanoparticles of the invention have a greatest dimension of 100 nm or less. In other preferred

embodiments, nanoparticles of the invention have a greatest dimension ranging between 35 nm

and 60 nm.

[00196] Nanoparticles encompassed in the present invention may be provided in different

forms, e.g., as solid nanoparticles (e.g., metal such as silver, gold, iron, titanium), non-metal,

assemble at water/oil interfaces and act as solid surfactants.
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intracellular compartments. The invention provides targeted particles comprising comprising

polymer conjugated to a surfactant, hydrophilic polymer or lipid. US Patent No. 6,007,845.

incorporated herein by reference. provides particles which have a core of a multiblock copolymer

formed by covalently linking a multifunctional compound with one or more hydrophobic

be envisioned that such methods and materials of herein-cited documents, e.g., conjugated

lipomers, can be used in the context of the CRISPR-Cas system to achieve in vitro, ex vivo and

in vivo genomic perturbations to modify gene expression, including modulation of protein

expression.

[00199] In one embodiment, the nanoparticle may be epoxide-modified lipid-polymer,

advantageously 7C1 (see, e.g., James E. Dahlman and Carmen Barnes et al. Nature

Nanotechnology (2014) published online 11 May 2014, doi:10.1038/nnano.2014.84) C71 was

synthesized by reacting C15 epoxide-terminated lipids with PE1600 at a 14:1 molar ratio, and

was formulated with C14PEG2000 to produce nanoparticles (diameter between 35 and 60 nm)

that were stable in PBS solution for at least 40 days. An epoxide-modified lipid-polymer may be

utilized to deliver the CRISPR-Cas system of the present invention to pulmonary, cardiovascular
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organs. Dosage ranging from about 0.05 to about 0.6 mg/kg are envisioned. Dosages over

several days or weeks are also envisioned, with a total dosage of about 2 mg/kg.

Targeting to the brain was achieved by engineering the dendritic cells to express Lamp2b, an

exosomal membrane protein, fused to the neuron-specific RVG peptide. Purified exosomes were

loaded with exogenous RNA by electroporation. Intravenously injected RVG-targeted exosomes

delivered GAPDH siRNA specifically to neurons, microglia, oligodendrocytes in the brain,

resulting in a specific gene knockdown. Pre-exposure to RVG exosomes did not attenuate

knockdown, and non-specific uptake in other tissues was not observed. The therapeutic potential

of exosome-mediated siRNA delivery was demonstrated by the strong mRNA (60%) and protein

(62%) knockdown of BACE1, a therapeutic target in Alzheimer's disease.

[00201] To obtain a pool of immunologically inert exosomes, Alvarez-Erviti et al. harvested

bone marrow from inbred C57BL/6 mice with a homogenous major histocompatibility complex

(MHC) haplotype. As immature dendritic cells produce large quantities of exosomes devoid of

T-cell activators such as MHC-II and CD86, Alvarez-Erviti et al. selected for dendritic cells with

granulocyte/macrophage-colony stimulating factor (GM-CSF) for 7 d. Exosomes were purified

[00202] Next, Alvarez-Erviti et al. investigated the possibility of loading modified exosomes

was used for all subsequent experiments.
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controls: untreated mice, mice injected with RVG exosomes only. mice injected with BACEI

siRNA complexed to an in vivo cationic liposome reagent and mice injected with BACEI siRNA

complexed to RVG-9R, the RVG peptide conjugated to 9 D-arginines that electrostatically binds

to the siRNA. Cortical tissue samples were analyzed 3 di after administration and a significant

IL-6 secretion, confirming the immunologically inert profile of the exosome treatment. Given

that exosomes encapsulate only 20% of siRNA, delivery with RVG-exosome appears to be more

efficient than RVG-9R delivery as comparable mRNA knockdown and greater protein

knockdown was achieved with fivefold less siRNA without the corresponding level of immune

stimulation. This experiment demonstrated the therapeutic potential of RVG-exosome

neurodegenerative diseases. The exosome delivery system of Alvarez-Erviti et al. may be applied

to deliver the CRISPR-Cas system of the present invention to therapeutic targets, especially

neurodegenerative diseases. A dosage of about 100 to 1000 mg of CRISPR Cas encapsulated in

about 100 to 1000 mg of RVG exosomes may be contemplated for the present invention.

[00205] El-Andaloussi et al. (Nature Protocols 7,2112-2126(2012)) discloses how exosomes
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protocol first describes the generation of targeted exosomes through transfection of an expression

vector, comprising an exosomal protein fused with a peptide ligand. Next, El-Andaloussi et al.

functional assays and imaging are also provided. The entire protocol takes ~3 weeks. Delivery or

administration according to the invention may be performed using exosomes produced from self-

derived dendritic cells. From the herein teachings, this can be employed in the practice of the

invention.

[00206] In another embodiment, the plasma exosomes of Wahlgren et al. (Nucleic Acids

Research, 2012, Vol. 40, No. 17 e130) are contemplated. Exosomes are nano-sized vesicles (30-

90nm in size) produced by many cell types, including dendritic cells (DC), B cells, T cells, mast

cells, epithelial cells and tumor cells. These vesicles are formed by inward budding of late

endosomes and are then released to the extracellular environment upon fusion with the plasma

membrane. Because exosomes naturally carry RNA between cells, this property may be useful in

gene therapy, and from this disclosure can be employed in the practice of the instant invention.

[00207] Exosomes from plasma can be prepared by centrifugation of buffy coat at 900g for 20

min to isolate the plasma followed by harvesting cell supernatants, centrifuging at 300g for 10

incubated for 10 min at RT. In order to remove the excess of micelles, the exosomes are re-

administration according to the invention may be performed using plasma exosomes.

112

20
26

20
21

60
   

   
19

 M
ar

 2
02

6

1
9
 
M
a
r
 
2
0
2
6

2
0
2
6
2
0
2
1
6
0

1
1
2



liposomes. Liposomes are spherical vesicle structures composed of a uni- or multilamellar lipid

bilayer surrounding internal aqueous compartments and a relatively impermeable outer lipophilic

phospholipid bilayer. Liposomes have gained considerable attention as drug delivery carriers

because they are biocompatible, nontoxic, can deliver both hydrophilic and lipophilic drug

phosphatidylcholine or egg phosphatidylcholine, cholesterol, and dicetyl phosphate, and their

mean vesicle sizes were adjusted to about 50 and 100 nm. (see, e.g., Spuch and Navarro, Journal

of Drug Delivery, vol. 2011. Article ID 469679, 12 pages, 2011. doi: 10.1155/2011/469679 for

review). A liposome formulation may be mainly comprised of natural phospholipids and lipids

such as 1,2-distearoryl-sn-glycero-3-phosphatidyl choline (DSPC), sphingomyclin, egg

phospholipids only. liposomal formulations have encountered many challenges, one of the ones

being the instability in plasma, Several attempts to overcome these challenges have been made,

specifically in the manipulation of the lipid membrane. One of these attempts focused on the

manipulation of cholesterol. Addition of cholesterol to conventional formulations reduces rapid

release of the encapsulated bioactive compound into the plasma or 1,2-dioleoyl-sn-glycero-3-
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Drug Delivery, vol. 2011, Article ID 469679, 12 pages, 2011. doi:10.1155/2011/469679 for

review).

it is believed that neutral lipid particles with specific antibodies conjugated to surface allow

crossing of the blood brain barrier via endocytosis. Applicant postulates utilizing Trojan Horse

Liposomes to deliver the CRISPR family of nucleases to the brain via an intravascular injection,

which would allow whole brain transgenic animals without the need for embryonic

manipulation. About 1-5 g of DNA or RNA may be contemplated for in vivo administration in

liposomes.

[00211] In another embodiment, the CRISPR Cas system or components thereof may be

administered in liposomes, such as a stable nucleic-acid-lipid particle (SNALP) (see, e.g.,

Morrissey et al., Nature Biotechnology, Vol. 23, No. 8, August 2005). Daily intravenous

injections of about 1, 3 or 5 mg/kg/day of a specific CRISPR Cas targeted in a SNALP are

contemplated. The daily treatment may be over about three days and then weekly for about five

weeks. In another embodiment, a specific CRISPR Cas encapsulated SNALP) administered by

intravenous injection to at doses of about 1 or 2.5 mg/kg are also contemplated (see, e.g.,

[00212] In another embodiment, stable nucleic-acid-lipid particles (SNALPs) have proven to

SNALP liposomes are about 80-100 nm in size. In yet another embodiment, a SNALP may
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cholesterol St MO,

poly(ethylene glycol)2000)carbamoyl]-1,2-dimyrcstyloxypropylamine and cationic 1,2-

dilinoleyloxy-3-N,Ndimethylaminopropane (see, e.g., Geisbert et al., Lancet 2010; 375: 1896-

905). A dosage of about 2 mg/kg total CRISPR Cas per dose administered as, for example, a

bolus intravenous infusion may be contemplated. In yet another embodiment, a SNALP may

stabilizes the particle and reduces aggregation during formulation, and subsequently provides a

neutral hydrophilic exterior that improves pharmacokinetic properties.

[00214] To date, two clinical programs have been initiated using SNALP formulations with

RNA. Tekmira Pharmaceuticals recently completed a phase I single-dose study of SNALP-ApoB

in adult volunteers with elevated LDL cholesterol. ApoB is predominantly expressed in the liver

subjects received a single dose of SNALP-ApoB (dose escalation across 7 dose levels). There

was no evidence of liver toxicity (anticipated as the potential dose-limiting toxicity based on

preclinical studies). One (of two) subjects at the highest dose experienced flu-like symptoms

consistent with immune system stimulation, and the decision was made to conclude the trial.

[00215] Alnylam Pharmaceuticals has similarly advanced ALN-TTR01, which employs the
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familial amyloidotic polyneuropathy (FAP) and familial amyloidotic cardiomyopathy (FAC) -

0.01 to 1.0 mg/kg (based on siRNA). Treatment was well tolerated with no significant increases

in liver function tests. Infusion-related reactions were noted in 3 of 23 patients at>0.4 mg/kg; all

responded to slowing of the infusion rate and all continued on study. Minimal and transient

elevations of serum cytokines IL-6, IP-10 and IL-Ira were noted in two patients at the highest

dose of 1 mg/kg (as anticipated from preclinical and NHP studies). Lowering of serum TTR, the

expected pharmacodynamics effect of ALN-TTR01, was observed at I mg/kg.

[00216] In yet another embodiment, a SNALP may be made by solubilizing a cationic lipid,

DSPC, cholesterol and PEG-lipid e.g., in ethanol. e.g., at a molar ratio of 40:10:40:10.

respectively (see. Semple et al., Nature Niotechnology, Volume 28 Number 2 February 2010. pp.

172-177). The lipid mixture was added to an aqueous buffer (50 mM citrate, pH 4) with mixing

to a final ethanol and lipid concentration of 30% (vol/vol) and 6.1 mg/ml, respectively, and

allowed to equilibrate at 22 °C for 2 min before extrusion. The hydrated lipids were extruded

through two stacked 80 nm pore-sized filters (Nuclepore) at 22 °C using a Lipex Extruder

allow vesicle reorganization and encapsulation of the siRNA. The ethanol was then removed and

formation of the loaded particles, SNALP were dialyzed against PBS and filter sterilized through
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a 0.2 µm filter before use. Mean particle sizes were 75-85 nm and 90-95% of the siRNA was

vivo testing was ~0.15 (wt/wt). LNP-siRNA systems containing Factor VII siRNA were diluted

to the appropriate concentrations in sterile PBS immediately before use and the formulations

were administered intravenously through the lateral tail vein in a total volume of 10 ml/kg. This

method and these delivery systems may be extrapolated to the CRISPR Cas system of the present

lipid 16 may be used, in which the molar ratio of the four lipid components 16, DSPC,

cholesterol and PEG-lipid (50/10/38.5/1.5) which may be further optimized to enhance in vivo

activity.

[00218] Michael S D Kormann et al. ("Expression of therapeutic proteins after delivery of

chemically modified mRNA in mice: Nature Biotechnology, Volume:29, Pages: 154-157

preferred in the present invention.

[00219] In another embodiment, lipids may be formulated with the CRISPR Cas system of the

present invention to form lipid nanoparticles (LNPs). Lipids include, but are not limited to,

DLin-KC2-DMA4, C12-200 and colipids disteroylphosphatidyl choline, cholesterol, and PEG-

DMG may be formulated with CRISPR Cas instead of siRNA (see, e.g., Novobrantseva,
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KC2-DMA or C12-200/disteroylphosphatidyl choline/cholesterol/PEG-DMG). The final

that are directed to various aspects of LNPs and LNP formulations (see, e.g., U.S. Pat. Nos.

7,982,027; 7,799,565; 8,058,069; 8,283,333; 7,901,708: 7,745,651: 7,803,397; 8,101,741;

8,188,263; 7,915,399; 8,236,943 and 7,838,658 and European Pat. Nos 1766035; 1519714;

1781593 and 1664316), all of which may be used and/or adapted to the present invention.

[00221] The CRISPR Cas system or components thereof or nucleic acid molecule(s) coding

therefor may be delivered encapsulated in PLGA Microspheres such as that further described in

US published applications 20130252281 and 20130245107 and 20130244279 (assigned to

Moderna Therapeutics) which relate to aspects of formulation of compositions comprising

modified nucleic acid molecules which may encode a protein, a protein precursor, or a partially

or fully processed form of the protein or a protein precursor. The formulation may have a molar

ratio 50:10:38.5:1.5-3.0 (cationic lipid:fusogenic lipid:cholesterol:PEG lipid). The PEG lipid

may be selected from. but is not limited to PEG-c-DOMG, PEG-DMG. The fusogenic lipid may

be DSPC. See also, Schrum et al., Delivery and Formulation of Engineered Nucleic Acids, US

brain-barrier, delivery to solid tumours, as well as to the eye. See, e.g., Mazza et al., 2013, ACS

delivery of the bioactive molecules to. for example, the liver, spleen, lung, kidney or heart (or

118

20
26

20
21

60
   

   
19

 M
ar

 2
02

6

2
0
2
6
2
0
2
1
6
0
 
1
9
 
M
a
r
 
2
0
2
6

1
1
8



even the brain). Dendrimers are synthetic 3-dimensional macromolecules that are prepared in a

can be easily controlled and varied. Dendrimers are synthesised from the repeated addition of

building blocks to a multifunctional core (divergent approach to synthesis), or towards a

multifunctional core (convergent approach to synthesis) and each addition of a 3-dimensional

shell of building blocks leads to the formation of a higher generation of the dendrimers.

[00224] US Patent Publication No. 20050019923 is based upon the observation that, contrary

to earlier reports. cationic dendrimers, such as polypropylenimine dendrimers, display suitable

properties, such as specific targeting and low toxicity, for use in the targeted delivery of

bioactive molecules, such as genetic material. In addition, derivatives of the cationic dendrimer

also display suitable properties for the targeted delivery of bioactive molecules. See also,

polymers, including cationic polyamine polymers and dendrimeric polymers, are shown to

possess anti-proliferative activity, and may therefore be useful for treatment of disorders

characterised by undesirable cellular proliferation such as neoplasms and tumours, inflammatory

disorders (including autoimmune disorders), psoriasis and atherosclerosis. The polymers may be

used alone as active agents, or as delivery vehicles for other therapeutic agents, such as drug

119

20
26

20
21

60
   

   
19

 M
ar

 2
02

6

1
9
 
M
a
r
 
2
0
2
6

2
0
2
6
2
0
2
1
6
0

1
1
9



these patent publications may be employed in conjunction with herein teachings for delivery of

CRISPR Cas system(s) or component(s) thereof or nucleic acid molecule(s) coding therefor.

Both supernegatively and superpositively charged proteins exhibit a remarkable ability to

withstand thermally or chemically induced aggregation. Superpositively charged proteins are

also able to penetrate mammalian cells. Associating cargo with these proteins, such as plasmid

DNA, RNA, or other proteins, can enable the functional delivery of these macromolecules into

mammalian cells both in vitro and in vivo. David Liu's lab reported the creation and

characterization of supercharged proteins in 2007 (Lawrence et al., 2007, Journal of the

American Chemical Society 129. 10110-10112).

[00226] The nonviral delivery of RNA and plasmid DNA into mammalian cells are valuable

both for research and therapeutic applications (Akinc et al., 2010, Nat. Biotech. 26, 561-569).

Purified +36 GFP protein (or other superpositively charged protein) is mixed with RNAs in the

appropriate serum-free media and allowed to complex prior addition to cells. Inclusion of serum

at this stage inhibits formation of the supercharged protein-RNA complexes and reduces the

(2) On the day of treatment, dilute purified +36 GFP protein in serumfree media to a final

concentration 200nM. Add RNA to a final concentration of 50nM. Vortex to mix and incubate
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(6) Following incubation, aspirate the media and wash three times with 20 U/mL heparin

the assay for activity.

(7) Analyze cells by immunoblot, qPCR, phenotypic assay, or other appropriate method.

[00227] David Liu's lab has further found +36 GFP to be an effective plasmid delivery

reagent in a range of cells. As plasmid DNA is a larger cargo than siRNA, proportionately more

(5) Incubate cells with complexes at 37 C for 4h.

(6) Following incubation, aspirate the media and wash with PBS. Incubate cells in serum-

containing media and incubate for a further 24-48h.

(7) Analyze plasmid delivery (e.g., by plasmid-driven gene expression) as appropriate.

[00228] See also, e.g., McNaughton et al., Proc. Natl. Acad. Sci. USA 106, 6111-6116 (2009);

D.B., et al., Chemistry & Biology 19 (7), 831-843 (2012). The methods of the super charged

proteins may be used and/or adapted for delivery of the CRISPR Cas system of the present

invention. These systems of Dr. Lui and documents herein in inconjunction with herein teachints

can be employed in the delivery of CRISPR Cas system(s) or component(s) thereof or nucleic

acid molecule(s) coding therefor.
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[00229] In yet another embodiment, cell penetrating peptides (CPPs) are contemplated for the

oligonucleotides, plasmids, proteins, nanoparticles, liposomes, chromophores, small molecules

and radioactive materials. In aspects of the invention, the cargo may also comprise any

component of the CRISPR Cas system or the entire functional CRISPR Cas system. Aspects of

the present invention further provide methods for delivering a desired cargo into a subject

comprising: (a) preparing a complex comprising the cell penetrating peptide of the present

invention and a desired cargo, and (b) orally, intraarticularly, intraperitoneally, intrathecally,

intrarterially, intranasally, intraparenchymally, subcutaneously, intramuscularly, intravenously,

dermally, intrarectally, or topically administering the complex to a subject. The cargo is

associated with the peptides either through chemical linkage via covalent bonds or through non-

covalent interactions.

[00230] The function of the CPPs are to deliver the cargo into cells, a process that commonly

occurs through endocytosis with the cargo delivered to the endosomes of living mammalian

cells. Cell-penetrating peptides are of different sizes, amino acid sequences, and charges but all

treatment of different diseases including cancer and virus inhibitors, as well as contrast agents

for cell labeling. Examples of the latter include acting as a carrier for GFP. MRI contrast agents,
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amphipathic, respectively. A third class of CPPs are the hydrophobic peptides, containing only

cellular uptake. One of the initial CPPs discovered was the trans-activating transcriptional

activator (Tat) from Human Immunodeficiency Virus I (HIV-1) which was found to be

efficiently taken up from the surrounding media by numerous cell types in culture. Since then,

the number of known CPPs has expanded considerably and small molecule synthetic analogues

to CPP via a thioether bond, whereas the guide RNA was complexed with CPP, forming

condensed, positively charged nanoparticles. It was shown that simultaneous and sequential

treatment of human cells. including embryonic stem cells, dermal fibroblasts, HEK293T cells,

HeLa cells, and embryonic carcinoma cells, with the modified Cas9 and guide RNA led to

efficient gene disruptions with reduced off-target mutations relative to plasmid transfections.

CRISPR Cas system or component(s) thereof or nucleic acid molecule(s) coding therefor. For

example, US Patent Publication 20110195123 discloses an implantable medical device which

elutes a drug locally and in prolonged period is provided, including several types of such a

device, the treatment modes of implementation and methods of implantation. The device

comprising of polymeric substrate, such as a matrix for example, that is used as the device body,
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polymers, and materials to enhance visibility and imaging. An implantable delivery device can

CRISPR Cas system of the present invention. The modes of implantation in some embodiments

are existing implantation procedures that are developed and used today for other treatments,

including brachytherapy and needle biopsy. In such cases the dimensions of the new implant

described in this invention are similar to the original implant. Typically a few devices are

implanted during the same treatment procedure.

[00233] US Patent Publication 20110195123 provides a drug delivery implantable or

insertable system, including systems applicable to a cavity such as the abdominal cavity and/or

any other type of administration in which the drug delivery system is not anchored or attached,

comprising a biostable and/or degradable and/or bioabsorbable polymeric substrate, which may

for example optionally be a matrix. It should be noted that the term "insertion" also includes

implantation. The drug delivery system is preferably implemented as a "Loder" as described in

US Patent Publication 20110195123.

[00234] The polymer or plurality of polymers are biocompatible, incorporating an agent

be larger, for example when incorporated with a device whose size is determined by

functionality, for example and without limitation, a knee joint, an intra-uterine or cervical ring

and the like.
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functions as membrane, and its internal part functions as a drug reservoir, which practically is

a few months). Combinations of different polymers with different release mechanisms may also

optionally be used. The concentration gradient at the surface is preferably maintained effectively

constant during a significant period of the total drug releasing period, and therefore the diffusion

rate is effectively constant (termed "zero mode" diffusion). By the term "constant" it is meant a

methods or devices.

[00238] According to some embodiments of US Patent Publication 20110195123, the site for

local delivery may optionally include target sites characterized by high abnormal proliferation of

cells, and suppressed apoptosis, including tumors, active and or chronic inflammation and

infection including autoimmune diseases states, degenerating tissue including muscle and

[00239] The site for implantation of the composition, or target site, preferably features a

radius, area and/or volume that is sufficiently small for targeted local delivery. For example, the

target site optionally has a diameter in a range of from about 0.1 mm to about 5 cm.
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efficacy. For example, the composition of the drug delivery system (optionally with a device for

system and so forth.

[00242] The target location is optionally selected from the group consisting of (as non-

limiting examples only, as optionally any site within the body may be suitable for implanting a

Loder): 1. brain at degenerative sites like in Parkinson or Alzheimer disease at the basal ganglia,

white and gray matter; 2. spine as in the case of amyotrophic lateral sclerosis (ALS): 3. uterine

cervix to prevent HPV infection; 4. active and chronic inflammatory joints; 5. dermis as in the

case of psoriasis; 6. sympathetic and sensoric nervous sites for analgesic effect; 7. Intra osseous

implantation; 8. acute and chronic infection sites; 9. Intra vaginal; 10. Inner ear-auditory system.

labyrinth of the inner car, vestibular system: 11. Intra tracheal: 12. Intra-cardiac; coronary,

epicardiac; 13. urinary bladder; 14. biliary system; 15. parenchymal tissue including and not

limited to the kidney, liver, spleen; 16. lymph nodes: 17. salivary glands; 18. dental gums; 19.

Intra-articular (into joints); 20. Intra-ocular: 21. Brain tissue: 22. Brain ventricles; 23. Cavities.

including abdominal cavity (for example but without limitation, for ovary cancer); 24. Intra

[00244] Optionally, according to some embodiments, the release of said agent could be

associated with sensing and/or activation appliances that are operated prior and/or at and/or after

insertion, by non and/or minimally invasive and/or else methods of activation and/or
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[00245] According to other embodiments of US Patent Publication 20110195123, the drug

kidney, bladder, lung, and prostate as described below. Although exemplified with RNAi, many

drugs are applicable to be encapsulated in Loder, and can be used in association with this

invention, as long as such drugs can be encapsulated with the Loder substrate, such as a matrix

for example, and this system may be used and/or adapted to deliver the CRISPR Cas system of

macromolecules upon implantation at specific brain sites. All of this may be used and/or adapted

to the CRISPR Cas system of the present invention.

[00248] As another example of a specific application, silencing of innate and/or adaptive

immune mediators at local sites enables the prevention of organ transplant rejection. Local

delivery of RNAs and immunomodulating reagents with the Loder implanted into the

[00249] As another example of a specific application, vascular growth factors including

VEGFs and angiogenin and others are essential for neovascularization. Local delivery of the

factors, peptides, peptidomimetics, or suppressing their repressors is an important therapeutic

modality; silencing the repressors and local delivery of the factors, peptides, macromolecules and
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cardiac vascular disease.

endoscopy with and/or without ultrasound, such as ERCP, stereotactic methods into the brain

tissue, Laparoscopy, including implantation with a laparoscope into joints, abdominal organs, the

bladder wall and body cavities.

[00251] Implantable device technology herein discussed can be employed with herein

teachings and hence by this disclosure and the knowledge in the art, CRISPR-Cas system or

components thereof or nucleic acid molecules thereof or encoding or providing components may

be delivered via an implantable device.

Fluid delivery device methods

[00252] In another embodiment, a fluid delivery device with an array of needles (see, e.g., US

Patent Publication No. 20110230839 assigned to the Fred Hutchinson Cancer Research Center)

may be contemplated for delivery of CRISPR Cas to solid tissue. A device of US Patent

Publication No. 20110230839 for delivery of a fluid to a solid tissue may comprise a plurality of

needles arranged in an array; a plurality of reservoirs, each in fluid communication with a

of plungers are operatively coupled together at respective second ends SO as to be simultaneously

depressable. Certain still further embodiments may comprise a plunger driver configured to

depress all of the plurality of plungers at a selectively variable rate. In other embodiments each
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the fluid pressure source and a respective one of the plurality of reservoirs. In further

accumulator, a peristaltic pump, a master cylinder, a microfluidic pump, and a valve. In another

embodiment, each of the plurality of needles may comprise a plurality of ports distributed along

its length.

Patient-specific screening methods

quality of the bone, and the soft-tissue envelope, influences the selection of the target cells for

regional gene therapy. Gene therapy vectors delivered to a treatment site in osteoconductive

carriers have yielded promising results. Several investigators have shown exciting results using

ex vivo and in vivo regional gene therapy in animal models. Such a system may be used/and or

adapted to the CRISPR Cas system for delivery to the bone.

mis-folded proteins involved in amyloid and other diseases, oncogenes leading to cellular

transformation, latent viral genes, and genes leading to dominant-negative disorders, amongst

other disorders. As exemplified here, Applicants prefer gene delivery of a CRISPR-Cas system

to the eye (ocular), car (auditory), epithelial, hematopoetic, or another tissue of a subject or a
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related diseases, cellular transformation arising from genetic mutations and translocations,

(see section entitled ocular gene therapy).

[00256] As an example, chronic infection by HIV-1 may be treated or prevented. In order to

accomplish this, one may generate CRISPR-Cas guide RNAs that target the vast majority of the

HIV-1 genome while taking into account HIV-1 strain variants for maximal coverage and

effectiveness. One may accomplish delivery of the CRISPR-Cas system by conventional

adenoviral or lentiviral-mediated infection of the host immune system. Depending on approach,

host immune cells could be a) isolated, transduced with CRISPR-Cas, selected, and re-

introduced in to the host or b) transduced in vivo by systemic delivery of the CRISPR-Cas

system. The first approach allows for generation of a resistant immune population whereas the

second is more likely to target latent viral reservoirs within the host. This is discussed in more

detail in the Examples section.

[00257] In another example, US Patent Publication No. 20130171732 assigned to Sangamo

BioSciences, Inc. relates to insertion of an anti-HIV transgene into the genome, methods of

20100146651 assigned to Cellectis may be more generally applicable for transgene expression as

it involves modifying a hypoxanthine-guanine phosphoribosyltransferase (HPRT) locus for

increasing the frequency of gene modification.
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for the screening of gene function in cellular processes as well as diseases. To make this cell

promoter) into the ES cell. In addition, one may integrate a single guide RNA targeting a specific

gene in the ES cell. To make the ES cell library, one may simply mix ES cells with a library of

genes encoding guide RNAs targeting each gene in the human genome. One may first introduce

a single BxB1 attB site into the AAVSI locus of the human ES cell. Then one may use the BxB1

first set out in Tangri et al with respect to erythropoietin and subsequently developed.

Accordingly, directed evolution or rational design may be used to reduce the immunogenicity of

the CRISPR enzyme (for instance a Cas9) in the host species (human or other species).

[00261] Applicants have shown targeted in vivo cleavage using in an exemplary embodiment

3 guideRNAs of interest and are able to visualize efficient DNA cleavage in vivo occurring only

of co-delivery). In other words, Applicants used a multiple approach, with several different

sequences targeted at the same time, but independently.
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blood.

for small interfering RNA

[00264] The CRISPR Cas system of the present invention is also contemplated to treat

hemoglobinopathies, such as thalassemias and sickle cell disease. See, e.g., International Patent

Publication No. wo 2013/126794 for potential targets that may be targeted by the CRISPR Cas

system of the present invention. Drakopoulou, "Review Article, The Ongoing Challenge of

Hematopoietic Stem Cell-Based Gene Therapy for ß-Thalassemia," Stem Cells International,

Volume 2011, Article ID 987980, 10 pages, oi:10.4061/2011/987980, incorporated herein by

reference along with the documents it cites, as if set out in full, discuss modifying HSCs using a

lentivirus that delivers a gene for ß-globin or -globin. In contrast to using lentivirus, with the

knowledge in the art and the teachings in this disclosure, the skilled person can correct HSCs as

to ß-Thalassemia using a CRISPR-Cas9 system that targets and corrects the mutation (e.g., with

a suitable HDR template that delivers a coding sequence for ß-globin or -globin.

advantageously non-sickling ß-globin or -globin); specifically, the sgRNA can target mutation

Ex a

"Transfusion independence and HMGA2 activation after gene therapy of human ß-

thalassaemia", Nature 467, 318-322 (16 September 2010) :10.1038/nature09328; Nienhuis,

"Development of Gene Therapy for Thalassemia, Cold Spring Harbor Perpsectives in Medicine,

Research gr.173427.114 (2014) 24: 1526-1533 (Cold Spring Harbor Laboratory Press): that is
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the subject of Cavazzana work involving human ß-thalassaemia and the subject of the Xie work,

therewith. In the instant invention, the HDR template can provide for the HSC to express an

engineered ß-globin gene (e.g., BA-T87Q), or ß-globin as in Xie. Sickle cell anemia is an

autosomal recessive genetic disease in which red blood cells become sickle-shaped. It is caused

by a single base substitution in the ß-globin gene, which is located on the short arm of

correct HSCs as to sickle cell anemia using a CRISPR-Cas9 system that targets and corrects the

mutation (e.g., with a suitable HDR template that delivers a coding sequence for ß-globin,

advantageously non-sickling ß-globin); specifically, the sgRNA can target mutation that give rise

to sickle cell anemia, and the HDR can provide coding for proper expression of ß-globin.

[00265] US Patent Publication Nos. 20110225664, 20110091441, 20100229252,

44 to 77 of I-Crel, said variant being able to cleave a DNA target sequence from the human

interleukin-2 receptor gamma chain (IL2RG) gene also named common cytokine receptor

gamma chain gene or gamma C gene, The target sequences identified in US Patent Publication
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utilized for the CRISPR Cas system of the present invention.

multiple opportunist micro-organism infections. and do generally not live beyond one year.

SCID can be treated by allogenic hematopoietic stem cell transfer, from a familial donor.

Histocompatibility with the donor can vary widely. In the case of Adenosine Deaminase (ADA)

deficiency, one of the SCID forms, patients can be treated by injection of recombinant

Adenosine Deaminase enzyme.

[00267] Since the ADA gene has been shown to be mutated in SCID patients (Giblett et al.,

Lancet, 1972, 2, 1067-1069), several other genes involved in SCID have been identified

(Cavazzana-Calvo et al., Annu. Rev. Med., 2005, 56, 585-602; Fischer et al., Immunol. Rev.,

2005, 203, 98-109). There are four major causes for SCID: (i) the most frequent form of SCID,

SCID-XI (X-linked SCID or X-SCID), is caused by mutation in the IL2RG gene, resulting in the

absence of mature T lymphocytes and NK cells. IL2RG encodes the gamma C protein (Noguchi,

et al., Cell, 1993, 73, 147-157), a common component of at least five interleukin receptor

complexes. These receptors activate several targets through the JAK3 kinase (Macchi et al.,

and RAG2) and Artemis, three genes involved in this process, result in the absence of mature T

and B lymphocytes; and (iv) Mutations in other genes such as CD45, involved in T cell specific

signaling have also been reported, although they represent a minority of cases (Cavazzana-Calvo

109) for two major reasons. An ex vivo treatment is envisioned. Hematopoietic Stem Cells
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(HSCs) can be recovered from bone marrow, and keep their pluripotent properties for a few cell

repopulate the bone marrow. Since the maturation of lymphocytes is impaired in SCID patients,

corrected cells have a selective advantage. Therefore, a small number of corrected cells can

restore a functional immune system. This hypothesis has been validated in other systems by (i)

the partial restoration of immune functions associated with the reversion of mutations in SCID

having sgRNA(s) and HDR template(s) that respectively targets mutation of IL2RG that give rise

to SCID and provide corrective expression of the gamma C protein.

[00269] US Patent Publication No. 20110182867 assigned to the Children's Medical Center

Corporation and the President and Fellows of Harvard College relates to methods and uses of

modulating fetal hemoglobin expression (HbF) in a hematopoietic progenitor cells via inhibitors

(Science 11 October 2013: Vol. 342 no. 6155 pp. 253-257) and Xu et al. (Science 18 November

2011: Vol. 334 no. 6058 pp. 993-996) for additional BCL11A targets.

Ears
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both ears.

often degenerate and retract from the cochlea as fewer growth factors are released by impaired

hair cells.

[00272] US patent application 20120328580 describes injection of a pharmaceutical

composition into the car (e.g., auricular administration), such as into the luminae of the cochlea

(e.g., the Scala media, Sc vestibulae, and Sc tympani), e.g., using a syringe, e.g., a single-dose

syringe. For example, one or more of the compounds described herein can be administered by

intratympanic injection (e.g., into the middle ear), and/or injections into the outer, middle, and/or

inner ear. Such methods are routinely used in the art, for example, for the administration of

steroids and antibiotics into human ears. Injection can be, for example, through the round

window of the ear or through the cochlear capsule. Other inner ear administration methods are

known in the art (see, e.g., Salt and Plontke, Drug Discovery Today, 10:1299-1306, 2005).

[00273] In another mode of administration, the pharmaceutical composition can be

administered in situ, via a catheter or pump. A catheter or pump can, for example, direct a

outer, middle, and/or inner ear) of a patient during a surgical procedure. In some embodiments. a

catheter or pump can be positioned, e.g., in the ear (e.g., the outer, middle, and/or inner ear) of a

patient without the need for a surgical procedure.

the present invention is described by Edge et al., (U.S. Publication No. 2007/0093878).

136

20
26

20
21

60
   

   
19

 M
ar

 2
02

6

1
9
 
M
a
r
 
2
0
2
6

2
0
2
6
2
0
2
1
6
0



[00275] In some embodiments, the modes of administration described above may be

[00276] Alternatively or in addition, the present invention may be administered according to

any of the Food and Drug Administration approved methods, for example, as described in CDER

Data Standards Manual, version number 004 (which is available at

fda.give/cder/dsm/DRG/drg00301.htm).

marrow derived stem cells, embryonic stem cells, mesenchymal stem cells, skin stem cells, iPS

cells, and fat derived stem cells), progenitor cells (e.g., inner ear progenitor cells), support cells

(e.g., Deiters' cells, pillar cells, inner phalangeal cells, tectal cells and Hensen's cells), and/or

germ cells. The use of stem cells for the replacement of inner ear sensory cells is described in Li

et al., (U.S. Publication No. 2005/0287127) and Li et al., (U.S. patent Ser. No. 11/953,797). The

Okita et al., Nature 448, 260-262 (2007); Yu, J. et al., Science 318(5858):1917-1920 (2007);

Nakagawa et al., Nat. Biotechnol. 26:101-106 (2008); and Zachres and Scholer, Cell 131(5):834-

835 (2007).
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the presence of one or more tissue specific genes. For example, gene expression can be detected

against the appropriate antigen. In this case, the appropriate antigen is the protein product of the

binds the antigen) can be labeled, it is more common (and improves the visualization) to use a

second antibody directed against the first (e.g., an anti-IgG). This second antibody is conjugated

either with fluorochromes, or appropriate enzymes for colorimetric reactions, or gold beads (for

electron microscopy), or with the biotin-avidin system, so that the location of the primary

antibody, and thus the antigen, can be recognized.

[00280] The CRISPR Cas molecules of the present invention may be delivered to the car by

direct application of pharmaceutical composition to the outer ear, with compositions modified

from US Published application, 20110142917. In some embodiments the pharmaceutical

composition is applied to the ear canal. Delivery to the ear may also be refered to as aural or otic

delivery.

[00281] In some embodiments the RNA molecules of the invention are delivered in liposome

or lipofectin formulations and the like and can be prepared by methods well known to those

skilled in the art. Such methods are described, for example, in U.S. Pat. Nos. 5,593,972,

108 and Simeoni et al., NAR 2003, 31, 11: 2717-2724) and may be applied to the present

invention. siRNA has recently been successfully used for inhibition of gene expression in

primates (see for example. Tolentino et al., Retina 24(4):660 which may also be applied to the

CRISPR Cas system of the present invention (see, e.g., Qi et al., Gene Therapy (2013), 1-9). In
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particular, a TAT double stranded RNA-binding domains (TAT-DRBDs), which can transfect

ampullaris, macula utriculi and macula sacculi, through intact round-window permeation was

successful for delivering double stranded siRNAs in vivo for treating various inner ear ailments

dosage for administration to the car.

neuron survival. Such a system may be applied to the CRISPR Cas system of the present

invention for delivery to the ear.

[00285] Mukherjea et al. (Antioxidants & Redox Signaling, Volume 13, Number 5, 2010)

document that knockdown of NOX3 using short interfering (si) RNA abrogated cisplatin

ototoxicity, as evidenced by protection of OHCs from damage and reduced threshold shifts in

transtympanic administration of scrambled siRNA or untreated cochleae. However,

administration of the higher doses of NOX3 siRNA (0.6 and 0,9 µg) reduced NOX3 expression

compared to control scrambled siRNA. Such a system may be applied to the CRISPR Cas system
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mg of CRISPR Cas for administration to a human.

cells in these utricles was significantly larger than following control treatment. The data suggest

that the Notch signaling pathway is a potentially useful target for specific gene expression

inhibition. Jung et al. injected 8 µg of Hes5 siRNA in 2 ul volume, prepared by adding sterile

normal saline to the lyophilized siRNA to a vestibular epithelium of the ear. Such a system may

be applied to the CRISPR Cas system of the present invention for administration to the vestibular

epithelium of the ear with a dosage of about 1 to about 30 mg of CRISPR Cas for administration

to a human.

[00287] Pinyon J. L. et al. (Sci. Transl Med. 2014 Apr 23:6(233):233ra54. doi:

10.1126/scitranslmed.3008177. Close-field electroporation gene delivery using the cochlear

implant electrode array enhances the bionic ear.) reported their studies in guinea pigs which

showed that neurotrophin gene therapy integrated into the cochlear implant improved its

performance by stimulating spiral ganglion neurite regeneration. The authors used the cochlear

implant electrode array for novel "close-field" electroporation to transduce mesenchymal cells

lining the cochlear perilymphatic canals with a naked complementary DNA gene construct

model, delivery of a control GFP-only vector failed to restore neuron structure, with atrophied

neurons indistinguishable from unimplanted cochleae. With BDNF therapy. the regenerated

spiral ganglion neurites extended close to the cochlear implant electrodes, with localized ectopic

interfaces and extend molecular medicine applications.
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[00288] Atkinson P. J. et al. (PLoS One 2014 Jul 18;9(7):e102077. doi:

therapy in the cochlea of profoundly deaf adult guinea pigs.) reported the results of a study

aimed to promote the regeneration of sensory hair cells in the mature cochlea and their

known to be necessary for hair cell development, and the introduction of neurotrophic factors.

Deafness and Hearing Impairments Gene Therapy Description

[00289] One major cause of bearing and balance impairments is the loss of hair cell within the

human cochleae. The loss can be due to noise, ototoxic damage, etc. Unfortunately, there is no

evidence to support that new hair cells can be produced spontaneously in adult mammals

including humans, and there is no method of reliably stimulating hair cell regeneration in

human ATOHI can induce the production of new hair cells. ATOHI is a basic helix-loop-helix

(bHLH) transcription factor that has been shown to be a key regulator in hair cell regeneration.

Thus, the modulation of ATOHI expression in vivo via epigenetic engineering using CRISPR-
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hearing impairments. The major challenges for development of effective gene therapy for this

type of hearing diseases are: (a) Lack of easily designable genome engineering: This is addressed

introducing any DNA damage or modification. (b) Low efficiency of in vivo delivery: This is

packaged into a single AAV vector to express both the dCas9 protein, fusion effector, and

corresponding chimeric guide RNA(s). (c) Low efficiency of epigenetic modulation due to

necessity to apply multiple guides to manipulate a single gene and thus the requirement of co-

delivery of multiple viral vectors.

[00291] Applicants have solved the multiple-guide issue by the optimization of dCas9 and the

fusion effector, chimeric guide RNA design. In particular, multiple MS2 binding sites could be

engineered into the chimeric RNA backbone through tandem insertion. In this way, the

epigenetic engineering is carried out by the tri-component complex consists of dCas9, the

modified chimeric guide RNA, and fusion efforts. The fusion effectors harbor the MS2 protein

and the epigenetic modifiers such as VP64, p65, KRAB, SID, or SID4X domains. Importantly,

other RNA-protein interactions can be explored as well in the same manner. Additionally, the

multiple-vector issue is also improved by the introduction of small SaCas9, that reduced the

number of viral vectors required to perform the experiments from (2 or 3 vectors in total) to just

design is shown on Figure 24, which shows design of dCas9-based epigenetic modulation system

(3 components of the system, dSaCas9, fusion effector, and sgRNA are shown). This system can

be combined with delivery method based on Adeno-associated virus (AAV), Adeno viruses (Ad)

Eyes
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[00295] In yet another aspect of the invention, the CRISPR-Cas system may be used to correct

ocular defects that arise from several genetic mutations further described in Genetic Diseases of

[00296] For administration to the eye, lentiviral vectors, in particular equine infectious anemia

mounted on a 5-µl Hamilton syringe may be advanced under direct visualisation through the

superior equatorial sclera tangentially towards the posterior pole until the aperture of the needle

was visible in the subretinal space. Then, 2 µl of vector suspension may be injected to produce a

superior bullous retinal detachment, thus confirming subretinal vector administration. This

approach creates a self-sealing sclerotomy allowing the vector suspension to be retained in the

the vector suspension. For intravitreal injections, the needle tip may be advanced through the

sclera 1 mm posterior to the corneoscleral limbus and 2 µl of vector suspension injected into the

vitreous cavity. For intracameral injections, the needle tip may be advanced through a
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suspension may be injected. For intracameral injections, the needle tip may be advanced through

a corneoscleral limbal paracentesis, directed towards the central cornea, and 2 µl of vector

[00298] In another embodiment, RetinoStat®, an equine infectious anemia virus-based

delivered via a subretinal injection for the treatment of the web form of age-related macular

degeneration is also contemplated (see, e.g., Binley et al., HUMAN GENE THERAPY 23:980-

991 (September 2012)). Such a vector may be modified for the CRISPR-Cas system of the

present invention. Each eye may be treated with either RetinoStat® at a dose of 1.1 X 10

transducing units per eye (TU/eye) in a total volume of 100 µl.

[00299] In another embodiment, an E1-, partial E3-, E4-deleted adenoviral vector may be

contemplated for delivery to the eye. Twenty-eight patients with advanced neovascular age-

related macular degeneration (AMD) were given a single intravitreous injection of an El-,

partial E3-, E4-deleted adenoviral vector expressing human pigment ep- ithelium-derived

factor (AdPEDF.II) (see, e.g., Campochiaro et al., Human Gene Therapy 17:167-176 (February

2006)). Doses ranging from 10 to 10. particle units (PU) were investigated and there were no

serious adverse events related to AdPEDF.II and no dose-limiting toxicities (see, e.g.,

Campochiaro et al., Human Gene Therapy 17:167-176 (February 2006)). Adenoviral vector-

for 14 days. The the sd-rxRNA® system may be applied to the CRISPR Cas system of the

present invention, contemplating a dose of about 3 to 20 mg of CRISPR administered to a

human.

due to nucleotide alterations at degenerate positions over the RNAi target site. An injection of
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system of the present invention, contemplating a dose of about 2 X 10¹¹ to about 6 X 10¹³ vp

administered to a human.

evolution to fashion an AAV vector that delivers wild-type versions of defective genes

assigned to Sangamo BioSciences, Inc. may be modified in accordance of the CRISPR Cas

system of the present invention.

[00304] In another embodiment, the methods of US Patent Publication No. 20130183282

assigned to Cellectis, which is directed to methods of cleaving a target sequence from the human

rhodopsin gene, may also be modified to the CRISPR Cas system of the present invention.

tissues and displays a unique anti-apoptotic activity) to the sub-retinal or intravitreal space in the

eye. In particular, desirable targets are zgc:193933, prdm 1a, spata2, tex 10, rbb4, ddx3, zp2.2,

Blimp-1 and HtrA2, all of which may be targeted by the CRISPR Cas system of the present
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[00306] Wu (Cell Stem Cell, 13:659-62, 2013) designed a guide RNA that led Cas9 to a single

base pair mutation that causes cataracts in mice, where it induced DNA cleavage. Then using

[00307] US Patent Publication No. 20120159653, describes use of zinc finger nucleases to

Macular degeneration (MD) is the primary cause of visual impairment in the elderly, but is also a

hallmark symptom of childhood diseases such as Stargardt disease, Sorsby fundus, and fatal

childhood neurodegenerative diseases, with an age of onset as young as infancy. Macular

degeneration results in a loss of vision in the center of the visual field (the macula) because of

damage to the retina. Currently existing animal models do not recapitulate major hallmarks of

the disease as it is observed in humans. The available animal models comprising mutant genes

encoding proteins associated with MD also produce highly variable phenotypes, making

translations to human disease and therapy development problematic.

[00308] One aspect of US Patent Publication No. 20120159653 relates to editing of any

chromosomal sequences that encode proteins associated with MD which may be applied to the

CRISPR Cas system of the present invention. The proteins associated with MD are typically

selected based on an experimental association of the protein associated with MD to an MD

disorder. For example, the production rate or circulating concentration of a protein associated

genes encoding the proteins using genomic techniques including but not limited to DNA

microarray analysis, serial analysis of gene expression (SAGE), and quantitative real-time

polymerase chain reaction (Q-PCR).

C1QTNF5 (CTRP5) Clq and tumor necrosis factor related protein 5 (C1QTNF5) C2
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Differentiation 36 CFB Complement factor B CFH Complement factor CFH H CFHR1

complement factor H-related 1 CFHR3 complement factor H-related 3 CNGB3 cyclic nucleotide

cystatin 3 (CST3) CTSD Cathepsin D (CTSD) CX3CR1 chemokine (C-X3-C motif) receptor I

encoded by the APOE gene, the chemokine (C-C motif) Ligand 2 protein (CCL2) encoded by the

CCL2 gene. the chemokine (C-C motif) receptor 2 protein (CCR2) encoded by the CCR2 gene,

the ceruloplasmin protein (CP) encoded by the CP gene, the cathepsin D protein (CTSD)

encoded by the CTSD gene, or the metalloproteinase inhibitor 3 protein (TIMP3) encoded by the

TIMP3 gene. In an exemplary embodiment, the genetically modified animal is a rat, and the

Chemokine (C-C NM_021866 motif) receptor 2 (CCR2) CP ceruloplasmin (CP) NM_012532

CTSD Cathepsin D (CTSD) NM_134334 TIMP3 Metalloproteinase NM_012886 inhibitor 3

(TIMP3) The animal or cell may comprise 1, 2, 3, 4, 5, 6, 7 or more disrupted chromosomal
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sequences encoding a protein associated with MD and zero, 1, 2, 3, 4, 5, 6, 7 or more

chromosomally integrated sequences encoding the disrupted protein associated with MD.

associated with MD. Non-limiting examples of mutations in chromosomal sequences associated

glutamate at position 471 is changed to lysine), R1129L (i.e. arginine at position 1129 is changed

to leucine), T1428M (i.e. threonine at position 1428 is changed to methionine). R1517S (i.e.

arginine at position 1517 is changed to serine), I1562T (i.e. isoleucine at position 1562 is

changed to threonine), and G1578R (i.e. glycine at position 1578 is changed to arginine); in the

CCR2 protein, V641 (i.e. valine at position 192 is changed to isoleucine); in CP protein, G969B

(i.e. glycine at position 969 is changed to asparagine or aspartate); in TIMP3 protein, S156C (i.e.

serine at position 156 is changed to cysteine), G166C (i.e. glycine at position 166 is changed to

cysteine), G167C (i.e. glycine at position 167 is changed to cysteine), Y168C (i.e. tyrosine at

position 168 is changed to cysteine), S170C (i.e. serine at position 170 is changed to cysteine),

Y172C (i.e. tyrosine at position 172 is changed to cysteine) and S181C (i.e. serine at position

181 is changed to cysteine). Other associations of genetic variants in MD-associated genes and

disease are known in the art.

Ocular Disease Gene Therapy

Disease list and annotations

Ocular diseases Causal genomic loci in human genome Mode of inheritance

Stargardt Disease and Autosomal Recessive and
ABCA4 & ELOVL4Retinal Degeneration Autosomal Dominant

CNGA3, CNGB3, CNNM4, GNAT2,

PDE6H & RPGR
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ARL6, BBS1, BBS2, BBS4, BBS5, BBS7,

Bardet-Biedl Syndrome Autosomal Recessive

TRIM32 & TTC8
Best Disease BESTI Autosomal Dominant

Blue Cone
OPNLJW X-Linked

Monochromacy
Choroideremia CHM X-Linked

Autosomal Dominant
(Exon 13)

ADAM9, AIPL1, C21ORF2, C8ORF37,

Cone-Rod Dystrophy CERKL, CNGB3, CNNM4, CRX,

Recessive & X-Linked
PDE6H, PITPNM3, PROMI, PRPH2.

Congenital Stationary
CACNAIF, GRM6. PDE6B & TRPMI

CABP4, CACNAIF, GNATI, GPR179,
Recessive & X-Linked

RDH5, RHO, SAG, SLC24A1, TRPM1

Stromal
TGFBI (Exons 4 & 11-14) Autosomal Dominant

Enhanced S-Cone
NR2E3 (Exons 2-8) Autosomal Recessive

Juvenile Open Angle

Open Angle Glancoma

RSI X-Linked
Retinoschisis

Autosomal Recessive
Amaurosis (LCA) RDH12, RPE65, RPGRIP1. SPATA7,

TULPI
Malattia Leventinese BFEMP! (Arg345Trp mutation) Autosomal Dominant

Norrie Disease or X-

Linked Familial

Exudative NDP X-Linked

Vitreoretinopathy (XL-

FEVR)
Pattern Dystrophy RDS Autosomal Dominant

CIQTNF5,IMPDHI, NR2E3, PRPF3,
Autosomal Dominant

RP9, SNRNP200. TOPORS

ABCA4, CC2D2A, CERKL, CLRNI,

NR2E3, NRL, PDE6A, PDE6B, PDE6G,

PROM1, RBP3, RDH12, RGR, RLBP1,

ZNF513

X-Linked

Sorsby Dystrophy TIMP3 (Exons I & 5) Autosomal Dominant
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Usher Syndrome DFNB31, GPR98, HARS, MYO7A. Autosomal Recessive

PCDH15, USHIC. USHIG & USH2A
Aniridia PAX6 Autosomal Dominant

Autosomal Dominant

low efficiency of HDR and co-delivery is solved by the small Cas9, SaCas9 from

mammalian cells in vivo.

where a small amount of fluid is injected underneath the retina, efficiently targets
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subretinal injection procedure. The detailed model for gene therapy using this system is shown in

described herein, illustrated in Figure 16, and exemplified in Examples 2-5, can be employed to

correct disease-causing mutations or other types of genomic abnormalities in the ocular system.

The protocol can be summarized into the following steps: (i) in vitro target and HDR template

validation; (ii) virus production: (iii) virus purification; and (iv) ocular injection.

In vivo therapeutic genome engineering for retinitis pigmentosa

[00317] Retinitis Pigmentosa (RP) is a hereditary ocular disorder that can lead to vision

impairement and in some cases blindness. It is a type of degenerative eye disease that is often

caused by missense mutations in genes involved in the function or regulation of photoreceptors

cells or retinal pigment epithelium (RPE) cells in human eyes, RP is one of the most common

forms of inherited retinal degeneration.

[00318] A key gene in the molecular genetics of RP is the rhodopsin gene (RHO). RHO gene

encodes a principal protein of photoreceptor outer segments. Studies show that mutations in this

gene are responsible for approximately 25% of autosomal dominant forms of RP.

[00319] One example of RHO mutation that causes RP is nueleotide substitution at codon 23,

CCC to CAC, which encoding the amino acid substitution of histidine for phenylalanine at

causes of autosomal dominant retinitis pigmentosa (Figure 18A). The phenotype in heterozygous

patient is predominantly retinopathy and progressive retinal degeneration. Patients homozygous

for this disease exhibit a more severe phenotype. It has been observed that glycosylation of the

mutant P23H protein is severely diminished. In general, patients may experience defective light

to dark, dark to light adaptation or nyctalopia, as the result of the degeneration of the peripheral

visual field. Central vision loss is also observed in some cases. RP can be non-syndromic, or

syndromic with deafness, ataxia, etc.

Disease Mutated Genes Mode of inheritance

Retinitis
C1QTNF5,IMPDHI, NR2E3, PRPF3, PRPF31,

PRPF8, RDH12, RDS, RHO, RP1, RP9, SNRNP200, Autosomal Dominant
Pigmentosa

TOPORS
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ABCA4, CC2D2A, CERKL, CLRNI, CNGAI,
CRB1, DHDDS, EYS, FAM161A, FLVCRI,
IDH3B, IMPG2, LRAT, MAK, NR2E3, NRL,

Autosomal Recessive

RGR, RLBPI, RPE65, SAG, TTPA, TULPI,

general population.

CNGB3 mutation as ACHM3, and GNAT2 as ACHM4, These are the major types of ACHM,

while some minority of cases are caused by mutation of gene PDE6C and other genes, called
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[00325] For CNGA3 (ACHM2), there are four major mutations, arg277 to cys (R277C),

their close proximity, these two mutations can be corrected with the same strategy, constructs,

viral vector sets, and procedure.

[00326] For CNGB3 (ACHM3), the 1148delC mutation is a prevalent form of disease-causing

mutation and has been reported to account for 75% of patients (Wiszniewski et al. 2007,

http://www.ncbi.nlm.nih.gov/pubmed/17265047). And the correction of this mutation through

Cas9-mediated genome engineering approach with a HR template vector will be able to rescue

the disease phenotype.

List of other Achromatopsia disease mutations/genomic abnormalities

Disease Mutated Genes Mode of inheritance

CNGA3, CNGB3, CNNM4,
GNAT2, KCNV2, NBAS,

Achromatopsia Autosomal Recessive
OPNILW, PDE6C, PDE6H &

RPGR

[00327] Age-related macular degeneration (AMD or ARMD) is a medical condition that

usually affects older adults and results in a loss of vision in the center of the visual field because

of damage to the retina. It occurs in "dry" and "wet" forms. It is a major cause of blindness and

visual impairment in adults aged with 50.

[00328] There are two types of ARMD, the wet and the dry forms. The wet or exudative form

of ARMD is characterized by angiogenesis from the choroid behind the retina. The new vessels

are fragile and can result in blood and protein leakage below the macula. Bleeding, leaking, and

blood vessels.
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the retina and the choroid, and this affect the vision of the patients and can ultimately cause

retina detachment as well.

Molecular target for treating Age-related Macular Degeneration

[00330] The most relevant form of ARMD that can potentially be treated with gene therapy is

Heart

[00332] The present invention also contemplates delivering the CRISPR-Cas system to the

Eulalio et al. (2012) Nature 492: 376 and Somasuntharam et al. (2013) Biomaterials 34: 7790.

[00333] For example, US Patent Publication No. 20110023139, describes use of zinc finger

disease. Cardiovascular diseases generally include high blood pressure, heart attacks, heart

failure, and stroke and TIA. Any chromosomal sequence involved in cardiovascular disease or

the protein encoded by any chromosomal sequence involved in cardiovascular disease may be

utilized in the methods described in this disclosure. The cardiovascular-related proteins are

typically selected based on an experimental association of the cardiovascular-related protein to

the development of cardiovascular disease. For example, the production rate or circulating

concentration of a cardiovascular-related protein may be elevated or depressed in a population

having a cardiovascular disorder relative to a population lacking the cardiovascular disorder.

Differences in protein levels may be assessed using proteomic techniques including but not

limited to Western blot, immunohistochemical staining, enzyme linked immunosorbent assay
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(ELISA), and mass spectrometry. Alternatively, the cardiovascular-related proteins may be

IL1B (interleukin 1, beta), XDH (xanthine dehydrogenase). TP53 (tumor protein p53), PTGIS

(prostaglandin 12 (prostacyclin) synthase), MB (myoglobin), IL4 (interleukin 4). ANGPT1

(angiopoietin 1), ABCG8 (ATP-binding cassette, sub-family G (WHITE), member 8), CTSK

(cathepsin K), PTGIR (prostaglandin 12 (prostacyclin) receptor (IP)), KCNJ11 (potassium

inwardly-rectifying channel, subfamily J, member 11), INS (insulin), CRP (C-reactive protein,

pentraxin-related). PDGFRB (platelet-derived growth factor receptor, beta polypeptide), CCNA2

(cyclin A2), PDGFB (platelet-derived growth factor beta polypeptide (simian sarcoma viral (v-

member 3), CAPN10 (calpain 10), PTGES (prostaglandin E synthase), ADRA2B (adrenergic,

alpha-2B-, receptor), ABCG5 (ATP-binding cassette, sub-family G (WHITE), member 5),

PRDX2 (peroxiredoxin 2), CAPN5 (calpain 5), PARP14 (poly (ADP-ribose) polymerase family,

member 14), MEX3C (mex-3 homolog C (C. elegans)), ACE angiotensin I converting enzyme

(nexin, plasminogen activator inhibitor type 1). member 1), ALB (albumin), ADIPOQ
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(thrombin)), ICAMI (intercellular adhesion molecule 1), TGFBI (transforming growth factor,

beta 1). NPPA (natriuretic peptide precursor A), IL10 (interleukin 10). EPO (erythropoietin),

SODI (superoxide dismutase 1, soluble), VCAMI (vascular cell adhesion molecule 1), IFNG

(interferon, gamma), LPA (lipoprotein, Lp(a)), MPO (myeloperoxidase), ESR1 (estrogen

receptor 4), SELP (selectin P (granule membrane protein 140 kDa, antigen CD62)), ABCAI

(ATP-binding cassette, sub-family A (ABC1), member 1), AGT (angiotensinogen (serpin

(nuclear receptor subfamily 3, group C, member 1 (glucocorticoid receptor)), FGB (fibrinogen

beta chain), HGF (hepatocyte growth factor (hepapoietin A; scatter factor)), ILIA (interleukin 1,

(lipase, hepatic), HSPD1 (heat shock 60 kDa protein 1 (chaperonin)), MAPK14 (mitogen-

activated protein kinase 14), SPP1 (secreted phosphoprotein 1), ITGB3 (integrin, beta 3 (platelet

glycoprotein 111a, antigen CD61)), CAT (catalase), UTS2 (urotensin 2), THBD

(thrombomodulin), F10 (coagulation factor X), CP (ceruloplasmin (ferroxidase)), TNFRSF11B

(tumor necrosis factor receptor superfamily, member 11b), EDNRA (endothelin receptor type

A), EGFR (epidermal growth factor receptor (erythroblastic leukemia viral (v-erb-b) oncogene

homolog, avian)), MMP2 (matrix metallopeptidase 2 (gelatinase A, 72 kDa gelatinase, 72 kDa

type IV collagenase)), PLG (plasminogen), NPY (neuropeptide Y), RHOD (ras homolog gene

family, member D), MAPK8 (mitogen-activated protein kinase 8), MYC (v-myc

myelocytomatosis viral oncogene homolog (avian)), FNI (fibronectin 1), CMA1 (chymase 1,
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mast cell), PLAU (plasminogen activator, urokinase), GNB3 (guanine nucleotide binding protein

1), PARPI (poly (ADP-ribose) polymerase 1), CD40LG (CD40 ligand), PON2 (paraoxonase 2),

AGER (advanced glycosylation end product-specific receptor), IRS1 (insulin receptor substrate

1), PTGS1 (prostaglandin-endoperoxide synthase I (prostaglandin G/H synthase and

cyclooxygenase)), ECE1 (endothelin converting enzyme 1), F7 (coagulation factor VII (serum

prothrombin conversion accelerator)), URN (interleukin I receptor antagonist), EPHX2 (epoxide

hydrolase 2, cytoplasmic), IGFBP1 (insulin-like growth factor binding protein 1), MAPK10

(mitogen-activated protein kinase 10), FAS (Fas (TNF receptor superfamily, member 6)),

(phosphodiesterase 5A, cGMP-specific), AGTR2 (angiotensin II receptor, type 2), CD40 (CD40

molecule, TNF receptor superfamily member 5), LCAT (lecithin-cholesterol acyltransferase),

CCR5 (chemokine (C-C motif) receptor 5), MMPI (matrix metallopeptidase I (interstitial

collagenase)), TIMP1 (TIMP metallopeptidase inhibitor 1), ADM (adrenomedullin), DYT10

(upstream transcription factor 1), CFH (complement factor H), HSPA4 (heat shock 70 kDa

157

20
26

20
21

60
   

   
19

 M
ar

 2
02

6

2
0
2
6
2
0
2
1
6
0
 
1
9
 
M
a
r
 
2
0
2
6



phosphate dehydrogenase), NPRI (natriuretic peptide receptor A/guanylate cyclase A

(atrionatriuretic peptide receptor A)), VTN (vitronectin), KIAA0101 (KIAA0101), FOS (FBJ

murine osteosarcoma viral oncogene homolog), TLR2 (toll-like receptor 2), PPIG (peptidylprolyl

isomerase G (cyclophilin G)), ILIRI (interleukin I receptor, type 1), AR (androgen receptor),

HMGBI (high-mobility group box 1), HSP90B2P (heat shock protein 90 kDa beta (Grp94),

member 2 (pseudogene)), CYP3A4 (cytochrome P450, family 3. subfamily A, polypeptide 4),

polypeptide)), SPI (Spl transcription factor). TGIFI (TGFB-induced factor homeobox 1), SRC

(v-sre sarcoma (Schmidt-Ruppin A-2) viral oncogene homolog (avian)), EGF (epidermal growth

HLA-A (major histocompatibility complex, class I, A), KCNQ1 (potassium voltage-gated

channel, KQT-like subfamily, member 1), CNR1 (cannabinoid receptor 1 (brain)), FBNI

(fibrillin 1), CHKA (choline kinase alpha), BEST1 (bestrophin 1), APP (amyloid beta (A4)

precursor protein), CTNNB1 (catenin (cadherin-associated protein), beta 1, 88 kDa), IL2

(interleukin 2), CD36 (CD36 molecule (thrombospondin receptor)), PRKABI (protein kinase,

AMP-activated, beta 1 non-catalytic subunit), TPO (thyroid peroxidase), ALDH7A1 (aldehyde

dehydrogenase 7 family, member A1), CX3CR1 (chemokine (C-X3-C motif) receptor 1). TH

(tyrosine hydroxylase), F9 (coagulation factor IX), GHI (growth hormone 1), TF (transferrin),

HFE (hemochromatosis), IL17A (interleukin 17A). PTEN (phosphatase and tensin homolog),

GSTM1 (glutathione S-transferase mu 1), DMD (dystrophin), GATA4 (GATA binding protein
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4), F13A1 (coagulation factor XIII, Al polypeptide), TTR (transthyretin), FABP4 (fatty acid

(thioredoxin), CYP11B2 (cytochrome P450, family 11, subfamily B, polypeptide 2). PTH

(parathyroid hormone), CSF2 (colony stimulating factor 2 (granulocyte-macrophage)), KDR

(kinase insert domain receptor (a type III receptor tyrosine kinase)), PLA2G2A (phospholipase

A2, group IIA (platelets, synovial fluid)), B2M (beta-2-microglobulin), THBSI (thrombospondin

1), GCG (glucagon), RHOA (ras homolog gene family, member A), ALDH2 (aldehyde

dehydrogenase 2 family (mitochondrial)), TCF7L2 (transcription factor 7-like 2 (T-cell specific,

HMG-box)), BDKRB2 (bradykinin receptor B2), NFE2L2 (nuclear factor (erythroid-derived 2)-

(peroxisome proliferator-activated receptor delta), SIRT1 (sirtuin (silent mating type information

regulation 2 homolog) 1 (S. cerevisiae)), GNRHI (gonadotropin-releasing hormone 1

(luteinizing-releasing hormone)), PAPPA (pregnancy-associated plasma protein A, pappalysin

1). ARR3 (arrestin 3, retinal (X-arrestin)), NPPC (natriuretic peptide precursor C), AHSP (alpha

(complement component 3 receptor 3 and 4 subunit)), GSTTI (glutathione S-transferase theta 1),
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(complement component 4B (Chido blood group), P2RY12 (purinergic receptor P2Y. G-protein

coupled, 12), RNLS (renalase, FAD-dependent amine oxidase), CREBI (cAMP responsive

element binding protein 1), POMC (proopiomelanocortin), RACI (ras-related C3 botulinum

toxin substrate 1 (rho family, small GTP binding protein Rac1)), LMNA (lamin NC), CD59

(protein C) 2, soluble (opsonic defect)), SELPLG (selectin P ligand). AOC3 (amine oxidase,

copper containing 3 (vascular adhesion protein 1)), CTSL1 (cathepsin L1), PCNA (proliferating

related family, member 1), TFRC (transferrin receptor (p90, CD71)), COLIAI (collagen, type 1,

alpha 1), COL1A2 (collagen, type I, alpha 2), IL2RB (interleukin 2 receptor, beta), PLA2G10

endothelial (EPCR)), NOX4 (NADPH oxidase 4), HAMP (hepcidin antimicrobial peptide),

PTPN11 (protein tyrosine phosphatase, non-receptor type 11), SLC2A1 (solute carrier family 2

(facilitated glucose transporter), member 1), IL2RA (interleukin 2 receptor, alpha), CCL5

(chemokine (C-C motif) ligand 5), IRFI (interferon regulatory factor 1), CFLAR (CASP8 and

FADD-like apoptosis regulator), CALCA (calcitonin-related polypeptide alpha), EIF4E

(eukaryotic translation initiation factor 4E), GSTP1 (glutathione S-transferase pi 1), JAK2 (Janus

kinase 2), CYP3A5 (cytochrome P450, family 3. subfamily A, polypeptide 5), HSPG2 (heparan

sulfate proteoglycan 2), CCL3 (chemokine (C-C motif) ligand 3), MYD88 (myeloid

differentiation primary response gene (88)), VIP (vasoactive intestinal peptide), SOATI (sterol

O-acyltransferase 1), ADRBKI (adrenergic, beta, receptor kinase 1), NR4A2 (nuclear receptor
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subfamily 4, group A, member 2), MMP8 (matrix metallopeptidase 8 (neutrophil collagenase)),

(chemokine (C-C motif) ligand 4), SERPINA3 (serpin peptidase inhibitor, clade A (alpha-1

antiproteinase, antitrypsin), member 3), CASR (calcium-sensing receptor), GJA5 (gap junction

protein, alpha 5, 40 kDa), FABP2 (fatty acid binding protein 2, intestinal), TTF2 (transcription

termination factor, RNA polymerase II), PROS1 (protein S (alpha)), CTF1 (cardiotrophin 1),

SGCB (sarcoglycan, beta (43 kDa dystrophin-associated glycoprotein)). YMEILI (YMEl-like I

(S. cerevisiae)), CAMP (cathelicidin antimicrobial peptide), ZC3H12A (zinc finger CCCH-type

containing 12A), AKRIBI (aldo-keto reductase family 1, member B1 (aldose reductase)), DES

CTGF (connective tissue growth factor), KCNMA1 (potassium large conductance calcium-

activated channel, subfamily M, alpha member 1), UGT1A (UDP glucuronosyltransferase 1

family, polypeptide A complex locus), PRKCA (protein kinase C, alpha), COMT (catechol-

beta.-methyltransferase), S100B (S100 calcium binding protein B). EGR1 (early growth

(organic cation transporter). member 2), CCLI1 (chemokine (C-C motif) ligand 11), PGF (B321
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1), CYSLTR2 (cysteinyl leukotriene receptor 2), SOD3 (superoxide dismutase 3, extracellular),

LTC4S (leukotriene C4 synthase), UCN (urocortin), GHRL (ghrelin/obestatin prepropeptide),

APOC2 (apolipoprotein C-II), CLEC4A (C-type lectin domain family 4, member A), KBTBD10

(kelch repeat and BTB (POZ) domain containing 10), TNC (tenascin C), TYMS (thymidylate

subunit)), PITX2 (paired-like homeodomain 2), MAPK7 (mitogen-activated protein kinase 7),

FCGR3A (Fc fragment of IgG, low affinity 111a, receptor (CD16a)), LEPR (leptin receptor),

HPSE (heparanase), SFTPD (surfactant protein D), TAP2 (transporter 2, ATP-binding cassette,

sub-family B (MDR/TAP)), RNF123 (ring finger protein 123), PTK2B (PTK2B protein tyrosine

receptor), ACHE (acetylcholinesterase (Yt blood group)), GLPIR (glucagon-like peptide 1

receptor), GHR (growth hormone receptor), GSR (glutathione reductase), NQ01 (NAD(P)H

dehydrogenase, quinone 1), NR5A1 (nuclear receptor subfamily 5, group A, member 1), GJB2

(gap junction protein, beta 2. 26 kDa), SLC9A1 (solute carrier family 9 (sodium/hydrogen

exchanger), member 1). MAOA (monoamine oxidase A), PCSK9 (proprotein convertase

subtilisin/kexin type 9), FCGR2A (Fc fragment of IgG. low affinity , receptor (CD32)),

SERPINFI (serpin peptidase inhibitor, clade F (alpha-2 antiplasmin, pigment epithelium derived

factor), member 1), EDN3 (endothelin 3), DHFR (dihydrofolate reductase), GAS6 (growth

arrest-specific 6), SMPD1 (sphingomyelin phosphodiesterase 1, acid lysosomal), UCP2

(uncoupling protein 2 (mitochondrial, proton carrier)), TFAP2A (transcription factor AP-2 alpha
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(activating enhancer binding protein 2 alpha)), C4BPA (complement component 4 binding

cassette, sub-family G (WHITE), member 2), ADA (adenosine deaminase), JAK3 (Janus kinase

3), HSPA1A (heat shock 70 kDa protein 1A), FASN (fatty acid synthase), FGF1 (fibroblast

growth factor I (acidic)), F11 (coagulation factor XI), ATP7A (ATPase, Cu++ transporting,

alpha polypeptide), CRI (complement component (3b/4b) receptor 1 (Knops blood group)),

GFAP (glial fibrillary acidic protein), ROCKI (Rho-associated, coiled-coil containing protein

kinase 1), MECP2 (methyl CpG binding protein 2 (Rett syndrome)), MYLK (myosin light chain

kinase), BCHE (butyrylcholinesterase), LIPE (lipase, hormone-sensitive), PRDX5

family member 7), LAMC2 (laminin, gamma 2), MAP3K5 (mitogen-activated protein kinase

kinase kinase 5), CHGA (chromogranin A (parathyroid secretory protein 1)), IAPP (islet amyloid

polypeptide), RHO (rhodopsin), ENPP1 (ectonucleotide pyrophosphatase/phosphodiesterase 1),

PTHLH (parathyroid hormone-like hormone), NRG1 (neuregulin 1), VEGFC (vascular

F2RL3 (coagulation factor II (thrombin) receptor-like 3), CX3CLI (chemokine (C-X3-C motif)
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TFPI (tissue factor pathway inhibitor (lipoprotein-associated coagulation inhibitor)), PRKGI

(protein kinase, cGMP-dependent, type I), BMP2 (bone morphogenetic protein 2), CTNND1

(catenin (cadherin-associated protein), delta 1), CTH (eystathionase (cystathionine gamma-

lyase)), CTSS (cathepsin S), VAV2 (vav 2 guanine nucleotide exchange factor), NPY2R

reductase, alpha polypeptide 1 (3-oxo-5 alpha-steroid delta 4-dehydrogenase alpha 1)),

HSD11B2 (hydroxysteroid (11-beta) dehydrogenase 2), CALCRL (calcitonin receptor-like).

CYP7A1 (cytochrome P450, family 7. subfamily A, polypeptide 1), HLA-DRB5 (major

histocompatibility complex, class II, DR beta 5), BNIP3 (BCL2/adenovirus E1B 19 kDa

binding protein A12), PADI4 (peptidyl arginine deiminase, type IV), HSPA14 (heat shock 70

kDa protein 14), CXCR1 (chemokine (C-X-C motif) receptor 1), H19 (H19, imprinted

maternally expressed transcript (non-protein coding)), KRTAP19-3 (keratin associated protein

19-3), IDDM2 (insulin-dependent diabetes mellitus 2), RAC2 (ras-related C3 botulinum toxin

substrate 2 (rho family, small GTP binding protein Rac2)), RYRI (ryanodine receptor 1

(skeletal)), CLOCK (clock homolog (mouse)), NGFR (nerve growth factor receptor (TNFR

superfamily, member 16)), DBH (dopamine beta-hydroxylase (dopamine beta-monooxygenase)).

CHRNA4 (cholinergic receptor, nicotinic, alpha 4), CACNAIC (calcium channel, voltage-

dependent, L type, alpha 1C subunit), PRKAG2 (protein kinase, AMP-activated, gamma 2 non-

catalytic subunit), CHAT (choline acetyltransferase), PTGDS (prostaglandin D2 synthase 21 kDa
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(brain)), NR1H2 (nuclear receptor subfamily 1, group H, member 2), TEK (TEK tyrosine kinase,

adenosyltransferase I, alpha). OPRLI (opiate receptor-like 1), IMPAI (inositol(myo)-1(or 4)-

monophosphatase 1), CLCN2 (chloride channel 2), DLD (dihydrolipoamide dehydrogenase),

PSMA6 (proteasome (prosome, macropain) subunit, alpha type, 6), PSMB8 (proteasome

(prosome, macropain) subunit, beta type, 8 (large multifunctional peptidase 7)), CHI3LI

(chitinase 3-like 1 (cartilage glycoprotein-39)). ALDHIBI (aldehyde dehydrogenase 1 family,

member B1), PARP2 (poly (ADP-ribose) polymerase 2), STAR (steroidogenic acute regulatory

protein), LBP (lipopolysaccharide binding protein), ABCC6 (ATP-binding cassette, sub-family

(adenosine monophosphate deaminase 1), DYSF (dysferlin, limb girdle muscular dystrophy 2B

(autosomal recessive)), FDFTI (farnesyl-diphosphate farnesyltransferase 1), EDN2 (endothelin

2), CCR6 (chemokine (C-C motif) receptor 6), GJB3 (gap junction protein, beta 3, 31 kDa),

ILIRLI (interleukin 1 receptor-like 1), ENTPD1 (ectonucleoside triphosphate

guanine nucleotide exchange factor (GEF) 3), HYALI (hyaluronoglucosaminidase 1), ZNF259
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(solute carrier family 17 (anion/sugar transporter), member 5), FTO (fat mass and obesity

associated). GJD2 (gap junction protein, delta 2, 36 kDa), PSRCI (proline/serine-rich coiled-coil

1), CASP12 (caspase 12 (gene/pseudogene)), GPBARI (G protein-coupled bile acid receptor 1).

PXK (PX domain containing serine/threonine kinase), IL33 (interleukin 33), TRIBI (tribbles

(Cystathione B-synthase). Glycoprotein 11b/Ilb. MTHRF (5,10-methylenetetrahydrofolate

reductase (NADPH), and combinations thereof. In one iteration, the chromosomal sequences and

both lungs.

[00337] Although AAV-2-based vectors were originally proposed for CFTR delivery to CF

transfer efficiency in a variety of models of the lung epithelium (see, e.g., Li et al., Molecular

Therapy, vol. 17 no. 12, 2067-2077 Dec 2009). AAV-1 was demonstrated to be -100-fold more

efficient than AAV-2 and AAV-5 at transducing human airway epithelial cells in vitro,5

although AAV-1 transduced murine tracheal airway epithelia in vivo with an efficiency equal to

that of AAV-5. Other studies have shown that AAV-5 is 50-fold more efficient than AAV-2 at

gene delivery to human airway epithelium (HAE) in vitro and significantly more efficient in the

mouse lung airway epithelium in vivo. AAV-6 has also been shown to be more efficient than

AAV-2 in human airway epithelial cells in vitro and murine airways in vivo.8 The more recent

isolate, AAV-9, was shown to display greater gene transfer efficiency than AAV-5 in murine

nasal and alveolar epithelia in vivo with gene expression detected for over 9 months suggesting
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AAV may enable long-term gene expression in vivo, a desirable property for a CFTR gene

from 1 X 10³ to 4 X 10 vector genomes/cell, depending on virus concentration and purposes of

the experiments. The above cited vectors are contemplated for the delivery and/or administration

of the invention.

[00338] Zamora et al. (Am J Respir Crit Care Med Vol 183. pp 531-538, 2011) reported an

example of the application of an RNA interference therapeutic to the treatment of human

infectious disease and also a randomized trial of an antiviral drug in respiratory syncytial virus

(RSV)-infected lung transplant recipients. Zamora et al. performed a randomized, double-blind,

was administered daily for 3 days. This study demonstrates that an RNAi therapeutic targeting

RSV can be safely administered to LTX recipients with RSV infection. Three daily doses of

ALN-RSV01 did not result in any exacerbation of respiratory tract symptoms or impairment of

lung function and did not exhibit any systemic proinflammatory effects, such as induction of

intravenously or by inhalation, is rapidly cleared from the circulation through
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deltaF508 or other CFTR-inducing mutations.

[00340] The treated subjects in this instance receive pharmaceutically effective amount of

aerosolized AAV vector system per lung endobronchially delivered while spontaneously

breathing. As such, aerosolized delivery is preferred for AAV delivery in general. An

Constructs without NLS are also envisaged.

[00341] In order to identify the Cas9 target site, Applicants analyzed the human CFTR

engineered composition comprising a viral vector system comprising one or more viral vectors

operably encoding a composition for expression thereof, wherein the composition comprises:

comprising one or more vectors comprising

1. a first regulatory element operably linked to a CRISPR-Cas system

chimeric RNA (chiRNA) polynucleotide sequence, wherein the

polynucleotide sequence comprises

(a) a guide sequence capable of hybridizing to the CF target

sequence in a suitable mammalian cell,

(b) a tracr mate sequence, and

(c) a tracr sequence, and
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II. a second regulatory element operably linked to an enzyme-coding

wherein when transcribed, the tracr mate sequence hybridizes to the tracr sequence and the guide

sequence directs sequence-specific binding of a CRISPR complex to the target sequence, and

wherein the CRISPR complex comprises the CRISPR enzyme complexed with (1) the guide

sequence that is hybridized to the target sequence, and (2) the tracr mate sequence that is

hybridized to the tracr sequence. In respect of CF, preferred target DNA sequences comprise the

CFTRdelta508 mutation. A preferred PAM is described above. A preferred CRISPR enzyme is

any Cas. Alternatives to CF include any genetic disorder and examples of these are well known.

[00343] In some embodiments, a "guide sequence" may be distinct from "guide RNA". A

guide sequence may refer to an approx. 20bp sequence, within the guide RNA, that specifies the

target site. In some embodiments, the Cas9 is (or is derived from) SpCas9. In such

embodiments, preferred mutations are at any or all or positions 10, 762, 840. 854, 863 and/or 986

preferred in SpCas9: D10A, E762A, H840A, N854A, N863A and/or D986A; as well as

(CFTR). A deletion in CFTR causes the protein to misfold in cystic fibrosis patients. Using

cultured intestinal stem cells developed from cell samples from two children with cystic fibrosis,
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containing the reparative sequence to be inserted. The researchers then grew the cells into

intestinal "organoids," or miniature guts, and showed that they functioned normally. In this case,

about half of clonal organoids underwent the proper genetic correction.

Muscles

of FRG1 mice. In detail, 200 ul containing 2 X 10¹² or 5 X 10¹² vg of vector in physiological

solution were injected into the tail vein using a 25-gauge Terumo syringe. The method of

receptor AcvRIlb mRNA (sh-AcvRIIb). The restoration of a quasi-dystrophin was mediated by

the vectorized U7 exon-skipping technique (U7-DYS). Adeno-associated vectors carrying either

were injected in the tibialis anterior (TA) muscle of dystrophic mdx mice. The injections were

performed with 10" AAV viral genomes. The method of Dumonceaux et al. may be applied to

an AAV expressing CRISPR Cas and injected into humans, for example, at a dosage of about

10¹ to about 10ts vg of vector.

[00347] Kinouchi et al. (Gene Therapy (2008) 15, 1126-1130) report the effectiveness of in

vivo siRNA delivery into skeletal muscles of normal or diseased mice through nanoparticle

formation of chemically unmodified siRNAs with atelocollagen (ATCOL). ATCOL-mediated

local application of siRNA targeting myostatin. a negative regulator of skeletal muscle growth,
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is a powerful tool for future therapeutic use for diseases including muscular atrophy. Mst-

muscles. The method of Kinouchi et al. may be applied to CRISPR Cas and injected into a

human, for example, at a dosage of about 500 to 1000 ml of a 40 µM solution into the muscle.

[00348] Hagstrom et al. (Molecular Therapy Vol. 10, No. 2, August 2004) describe an

intravascular, nonviral methodology that enables efficient and repeatable delivery of nucleic

acids to muscle cells (myofibers) throughout the limb muscles of mammals. The procedure

involves the injection of naked plasmid DNA or siRNA into a distal vein of a limb that is

transiently isolated by a tourniquet or blood pressure cuff. Nucleic acid delivery to myofibers is

in both small and large animals with minimal toxicity. Evidence of siRNA delivery to limb

muscle was also obtained. For plasmid DNA intravenous injection into a rhesus monkey, a

threeway stopcock was connected to two syringe pumps (Model PHD 2000; Harvard

Instruments), each loaded with a single syringe. Five minutes after a papaverine injection, pDNA

about 300 to 500 mg in 800 to 2000 ml saline for a human. For adenoviral vector injections into

[00349] The present invention also contemplates delivering the CRISPR-Cas system to the

skin. Hickerson et al. (Molecular Therapy-Nucleic Acids (2013) 2, e129) relates to a motorized
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murine skin. The primary challenge to translating siRNA-based skin therapeutics to the clinic is

the development of effective delivery systems. Substantial effort has been invested in a variety of

skin delivery technologies with limited success. In a clinical study in which skin was treated with

siRNA, the exquisite pain associated with the hypodermic needle injection precluded enrollment

all volunteers found use of the device to be much less painful than a flushot, suggesting siRNA

delivery using this device will result in much less pain than was experienced in the previous

mm. For treating human skin, deidentified skin (obtained immediately following surgical

procedures) was manually stretched and pinned to a cork platform before treatment. All

The MMNA device and method of Hickerson et al. could be used and/or adapted to deliver the

CRISPR Cas of the present invention, for example, at a dosage of up to 300 µl of 0.1 mg/ml

CRISPR Cas to the skin.

[00350] Leachman et al. (Molecular Therapy, vol. 18 no. 2, 442-446 Feb. 2010) relates to a

phase lb clinical trial for treatment of a rare skin disorder pachyonychia congenita (PC), an

autosomal dominant syndrome that includes a disabling plantar keratoderma, utilizing the first

short-interfering RNA (siRNA)-based therapeutic for skin. This siRNA, called TD101.

specifically and potently targets the keratin 6a (K6a) N171K mutant mRNA without affecting
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Concentration of Total dose

Week Dose no. Days Volume (ml) TD101 (mg/ml) TD101 (mg)

2 3-4 8-14 0.25 1.5 0.35

& 7-8 22-28 1,5 ID LA

5 9-30 29-35 12 10 15

2.0

7 B-14 13-49 20 15 3.0

$ 15-16 50-56 2.6 233 45

S 17-18 57-63 10 2.5 S.A

10 13.30 64.70 18 3,0 4.0

B
21-22 31-77 2.0 3.5 TO

12. 23.24 78-84 23
$ se

13 85-91 20 45 3.0

IS 17-18 92.48 28 5,5 10.0

is 29.30 99-405 20 6.0 130

16 11-33 106-132 3,9 73
$4.83

17 33 113-119 20 8.5 170

calluses. Six rising dose-volumes were completed without an adverse reaction to the increases:

0.1, 0.25, 0.5, 1.0. 1.5, and 2.0 ml of a 1.0 mg/ml solution of TD101 solution per injection. As

the highest planned volume (2.0 ml) was well tolerated, the concentration of TD101 was then

increased each week from 1 mg/ml up to a final concentration of 8.5 mg/ml. Similar dosages are

[00352] Zheng et al. (PNAS, July 24, 2012, vol. 109, no. 30, 11975-11980) show that

target DNA sequences. This is advantageous as nucleic acids are much easier and cheaper to

produce than proteins, and the specificity can be varied according to the length of the stretch
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1993; WO 97/03211; WO 96/39154; Mata, 1997; Strauss-Soukup, 1997; and Samstag, 1996. A

polynucleotide may comprise one or more modified nucleotides, such as methylated nucleotides

of the art understood by skilled persons and means the typical form of an organism, strain, gene

or characteristic as it occurs in nature as distinguished from mutant or variant forms. A "wild

exhibition of qualities that have a pattern that deviates from what occurs in nature. The terms

"non-naturally occurring" or "engineered" are used interchangeably and indicate the involvement

of the hand of man. The terms, when referring to nucleic acid molecules or polypeptides mean

that the nucleic acid molecule or the polypeptide is at least substantially free from at least one

other component with which they are naturally associated in nature and as found in nature.

"Complementarity" refers to the ability of a nucleic acid to form hydrogen bond(s) with another

nucleic acid sequence by either traditional Watson-Crick base pairing or other non-traditional

types. A percent complementarity indicates the percentage of residues in a nucleic acid molecule
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complementary). "Perfectly complementary" means that all the contiguous residues of a nucleic

acid sequence will hydrogen bond with the same number of contiguous residues in a second

nucleic acid sequence. "Substantially complementary" as used herein refers to a degree of

complementarity that is at least 60%, 65%, 70%, 75%, 80%, 85%, 90%. 95%, 97%, 98%, 99%,

or 100% over a region of 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30,

35, 40, 45, 50, or more nucleotides, or refers to two nucleic acids that hybridize under stringent

conditions. As used herein, "stringent conditions" for hybridization refer to conditions under

which a nucleic acid having complementarity to a target sequence predominantly hybridizes with

the target sequence, and substantially does not hybridize to non-target sequences. Stringent

conditions are generally sequence-dependent, and vary depending on a number of factors. In

general, the longer the sequence, the higher the temperature at which the sequence specifically

hybridizes to its target sequence. Non-limiting examples of stringent conditions are described in

hybridization and the strategy of nucleic acid probe assay", Elsevier, N.Y. Where reference is

made to a polynucleotide sequence, then complementary or partially complementary sequences

are also envisaged. These are preferably capable of hybridising to the reference sequence under

highly stringent conditions. Generally, in order to maximize the hybridization rate, relatively

hybridizes to a perfectly complementary probe in solution at a defined ionic strength and pH.

specific level of homology between target and probe sequences. Preferred highly stringent

conditions comprise incubation in 50% formamide, 5×SSC, and 1% SDS at 42° C, or incubation
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and hence is the molecular unit of heredity in living organisms. For the purpose of this invention

it may be considered that genes include regions which regulate the production of the gene

matrix attachment sites and locus control regions. As used herein, "expression of a genomic

locus" or "gene expression" is the process by which information from a gene is used in the

non-protein coding genes such as rRNA genes or tRNA genes, the product is functional RNA,

The process of gene expression is used by all known life - eukaryotes (including multicellular

organisms), prokaryotes (bacteria and archaea) and viruses to generate functional products to

survive, As used herein "expression" of a gene or nucleic acid encompasses not only cellular

gene expression, but also the transcription and translation of nucleic acid(s) in cloning systems

and in any other context. As used herein, "expression" also refers to the process by which a

polynucleotide is transcribed from a DNA template (such as into and mRNA or other RNA

transcript) and/or the process by which a transcribed mRNA is subsequently translated into
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may include splicing of the mRNA in a eukaryotic cell. The terms "polypeptide", "peptide" and

"protein" are used interchangeably herein to refer to polymers of amino acids of any length. The

polymer may be linear or branched, it may comprise modified amino acids, and it may be

interrupted by non amino acids. The terms also encompass an amino acid polymer that has been

modified; for example, disulfide bond formation, glycosylation, lipidation, acetylation,

phosphorylation, or any other manipulation, such as conjugation with a labeling component. As

used herein the term "amino acid" includes natural and/or unnatural or synthetic amino acids,

including glycine and both the D or L optical isomers, and amino acid analogs and

peptidomimetics. As used herein, the term "domain" or "protein domain" refers to a part of a

protein sequence that may exist and function independently of the rest of the protein chain. As

described in aspects of the invention, sequence identity is related to sequence homology.

Homology comparisons may be conducted by eye, or more usually, with the aid of readily

sequence identity shared by two or more amino acid or nucleic acid sequences. In some preferred

embodiments, the capping region of the dTALEs described herein have sequences that are at

least 95% identical or share identity to the capping region amino acid sequences provided herein.

Sequence homologies may be generated by any of a number of computer programs known in the

et al., 1984, Nucleic Acids Research 12:387). Examples of other software than may perform

Typically, such ungapped alignments are performed only over a relatively short number of

residues. Although this is a very simple and consistent method, it fails to take into consideration
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High gap penalties may, of course, produce optimized alignments with fewer gaps. Most

alignment programs allow the gap penalties to be modified. However, it is preferred to use the

program for carrying out such an alignment is the GCG Wisconsin Bestfit package (Devereux et

al., 1984 Nuc. Acids Research 12 p387). Examples of other software than may perform sequence

Protocols in Molecular Biology, 4th Ed. - Chapter 18), FASTA (Altschul et al., 1990 J. Mol.

Biol. 403-410) and the GENEWORKS suite of comparison tools. Both BLAST and FASTA are

available for offline and online searching (see Ausubel et al., 1999, Short Protocols in Molecular

Biology, pages 7-58 to 7-60). However, for some applications, it is preferred to use the GCG

Bestfit program. A new tool, called BLAST 2 Sequences is also available for comparing protein

and nucleotide sequences (see FEMS Microbiol Lett. 1999 174(2): 247-50; FEMS Microbiol

Lett. 1999 177(1): 187-8 and the website of the National Center for Biotechnology information at

the website of the National Institutes for Health). Although the final % homology may be
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scores to each pair-wise comparison based on chemical similarity or evolutionary distance. An

example of such a matrix commonly used is the BLOSUM62 matrix - the default matrix for the

BLAST suite of programs. GCG Wisconsin programs generally use either the public default

values or a custom symbol comparison table, if supplied (see user manual for further details). For

some applications, it is preferred to use the public default values for the GCG package, or in the

case of other software, the default matrix, such as BLOSUM62. Alternatively, percentage

homologies may be calculated using the multiple alignment feature in DNASIS' (Hitachi

Software), based on an algorithm, analogous to CLUSTAL (Higgins DG & Sharp PM (1988),

Gene 73(1), 237-244). Once the software has produced an optimal alignment, it is possible to

calculate % homology, preferably % sequence identity. The software typically does this as part

of the sequence comparison and generates a numerical result. The sequences may also have

deletions, insertions or substitutions of amino acid residues which produce a silent change and

hydrophobicity, hydrophilicity, and/or the amphipathic nature of the residues) and it is therefore

useful to group amino acids together in functional groups. Amino acids may be grouped together

based on the properties of their side chains alone. However, it is more useful to include mutation

data as well. The sets of amino acids thus derived are likely to be conserved for structural

residue conservation" Comput. Appl. Biosci. 9: 745-756) (Taylor W.R. (1986) "The classification
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Hydrophobic
FWYHKMILVAGC

Aromatic
FWYH
ILV

HKR

ED

both used herein to mean the interchange of an existing amino acid residue or nucleotide, with an

alternative residue or nucleotide) that may occur i.e., like-for-like substitution in the case of

referred to as O), pyriylalanine, thienylalanine, naphthylalanine and phenylglycine. Variant

amino acid sequences may include suitable spacer groups that may be inserted between any two

groups in addition to amino acid spacers such as glycine or B-alanine residues. A further form of

variation, which involves the presence of one or more amino acid residues in peptoid form, may

be well understood by those skilled in the art. For the avoidance of doubt, "the peptoid form" is

used to refer to variant amino acid residues wherein the -carbon substituent group is on the

residue's nitrogen atom rather than the -carbon. Processes for preparing peptides in the peptoid

form are known in the art, for example Simon RJ et al., PNAS (1992) 89(20), 9367-9371 and

Horwell DC, Trends Biotechnol. (1995) 13(4), 132-134.

[00355] For purpose of this invention, amplification means any method employing a primer

and a polymerase capable of replicating a target sequence with reasonable fidelity.

Amplification may be carried out by natural or recombinant DNA polymerases such as
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TaqGold T7 DNA polymerase, Klenow fragment of E.coli DNA polymerase, and reverse

transcriptase. A preferred amplification method is PCR.

replicon, such as a plasmid, phage, or cosmid, into which another DNA segment may be inserted

so as to bring about the replication of the inserted segment. Generally, a vector is capable of

to a nucleic acid molecule capable of transporting another nucleic acid to which it has been

double-stranded, or partially double-stranded; nucleic acid molecules that comprise one or more

free ends, no free ends (e.g. circular); nucleic acid molecules that comprise DNA, RNA, or both;

and other varieties of polynucleotides known in the art. One type of vector is a "plasmid," which

refers to a circular double stranded DNA loop into which additional DNA segments can be

inserted, such as by standard molecular cloning techniques. Another type of vector is a viral

vector, wherein virally-derived DNA or RNA sequences are present in the vector for packaging

into a virus (e.g. retroviruses, replication defective retroviruses, adenoviruses, replication

defective adenoviruses, and adeno-associated viruses (AAVs)). Viral vectors also include

polynucleotides carried by a virus for transfection into a host cell. Certain vectors are capable of

autonomous replication in a host cell into which they are introduced (e.g. bacterial vectors

having a bacterial origin of replication and episomal mammalian vectors). Other vectors (e.g.,

non-episomal mammalian vectors) are integrated into the genome of a host cell upon

introduction into the host cell, and thereby are replicated along with the host genome. Moreover,

certain vectors are capable of directing the expression of genes to which they are operatively-

linked. Such vectors are referred to herein as "expression vectors." Common expression vectors

of utility in recombinant DNA techniques are often in the form of plasmids.

[00357] Recombinant expression vectors can comprise a nucleic acid of the invention in a

form suitable for expression of the nucleic acid in a host cell, which means that the recombinant

of the host cells to be used for expression, that is operatively-linked to the nucleic acid sequence
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recombination and cloning methods. mention is made of U.S. patent application 10/815,730,

published September 2, 2004 as US 2004-0171156 A1, the contents of which are herein

Bicistronic expression vectors for chimeric RNA and Cas9 are preferred. In general and

RNA may preferably be driven by a Pol III promoter, such as a U6 promoter. Ideally the two are

transfection, cationic transfection, liposome transfection. dendrimer transfection, heat shock

transfection, proprietary agent-enhanced uptake of nucleic acids, and delivery via liposomes,

immunoliposomes, virosomes, or artificial virions. In some methods, the vector is introduced
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into an embryo by microinjection. The vector or vectors may be microinjected into the nucleus

or the cytoplasm of the embryo. In some methods, the vector or vectors may be introduced into a

ribosomal entry sites (IRES), and other expression control elements (e.g. transcription

termination signals, such as polyadenylation signals and poly-U sequences). Such regulatory

METHODS IN ENZYMOLOGY 185, Academic Press. San Diego, Calif. (1990). Regulatory

of host cell and those that direct expression of the nucleotide sequence only in certain host cells

(e.g., tissue-specific regulatory sequences). A tissue-specific promoter may direct expression

primarily in a desired tissue of interest, such as muscle, neuron. bone, skin, blood, specific

organs (e.g. liver, pancreas), or particular cell types (e.g. lymphocytes). Regulatory elements

may also direct expression in a temporal-dependent manner. such as in a cell-cycle dependent or

developmental stage-dependent manner, which may or may not also be tissue or cell-type

specific. In some embodiments, a vector comprises one or more pol III promoter (e.g. 1, 2, 3, 4,

5, or more pol III promoters). one or more pol II promoters (e.g. 1, 2, 3, 4, 5, or more pol II

promoters). one or more pol I promoters (e.g. 1, 2, 3, 4, 5, or more pol I promoters), or

combinations thereof. Examples of pol III promoters include, but are not limited to, U6 and H1

promoters. Examples of pol II promoters include, but are not limited to, the retroviral Rous

sarcoma virus (RSV) LTR promoter (optionally with the RSV enhancer), the cytomegalovirus

(CMV) promoter (optionally with the CMV enhancer) [see, e.g., Boshart et al, Cell, 41:521-530

(1985)], the SV40 promoter, the dihydrofolate reductase promoter, the ß-actin promoter, the

phosphoglycerol kinase (PGK) promoter, and the EF1a promoter. Also encompassed by the

term "regulatory element" are enhancer elements, such as WPRE; CMV enhancers; the R-U5'

segment in LTR of HTLV-1 (Mol. Cell. Biol., Vol. 8(1), p. 466-472, 1988); SV40 enhancer; and

the intron sequence between exons 2 and 3 of rabbit ß-globin (Proc. Natl. Acad. Sci. USA., Vol.

expression vector can depend on such factors as the choice of the host cell to be transformed. the
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to regulatory sequences. mention is made of U.S. patent application 10/491,026, the contents of

which are incorporated by reference herein in their entirety. With regards to promoters, mention

[00360] Vectors can be designed for expression of CRISPR transcripts (e.g. nucleic acid

transcripts can be expressed in bacterial cells such as Escherichia coli, insect cells (using

vectors, a proteolytic cleavage site is introduced at the junction of the fusion moiety and the

subsequent to purification of the fusion protein. Such enzymes, and their cognate recognition

sequences, include Factor Xa, thrombin and enterokinase. Example fusion expression vectors
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include pGEX (Pharmacia Biotech Inc; Smith and Johnson, 1988. Gene 67: 31-40), pMAL (New

England Biolabs, Beverly, Mass.) and pRIT5 (Pharmacia, Piscataway, N.J.) that fuse glutathione

include pTrc (Amrann et al., (1988) Gene 69:301-315) and pET 11d (Studier et al., GENE

EXPRESSION TECHNOLOGY: METHODS IN ENZYMOLOGY 185, Academic Press, San

Examples of vectors for expression in yeast Saccharomyces cerivisae include pYepSecl

943), pJRY88 (Schultz et al., 1987. Gene 54: 113-123), pYES2 (Invitrogen Corporation, San

Diego, Calif.), and picZ (InVitrogen Corp, San Diego, Calif.). In some embodiments, a vector

drives protein expression in insect cells using baculovirus expression vectors. Baculovirus

vectors available for expression of proteins in cultured insect cells (e.g., SF9 cells) include the

pAc series (Smith, et al., 1983. Mol. Cell. Biol. 3: 2156-2165) and the pVL series (Lucklow and

Summers, 1989. Virology 170: 31-39).

[00362] In some embodiments, a vector is capable of driving expression of one or more

sequences in mammalian cells using a mammalian expression vector. Examples of mammalian

expression vectors include pCDM8 (Seed, 1987. Nature 329: 840) and pMT2PC (Kaufman, et

al., 1987. EMBO J. 6: 187-195). When used in mammalian cells, the expression vector's control

functions are typically provided by one or more regulatory elements. For example, commonly

used promoters are derived from polyoma, adenovirus 2, cytomegalovirus, simian virus 40, and

others disclosed herein and known in the art. For other suitable expression systems for both

prokaryotic and eukaryotic cells see, e.g., Chapters 16 and 17 of Sambrook, et al.,

MOLECULAR CLONING: A LABORATORY MANUAL. 2nd ed., Cold Spring Harbor

Laboratory, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1989.

[00363] In some embodiments, the recombinant mammalian expression vector is capable of

directing expression of the nucleic acid preferentially in a particular cell type (e.g., tissue-

elements are known in the art. Non-limiting examples of suitable tissue-specific promoters
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741-748). neuron-specific promoters (e.g., the neurofilament promoter: Byrne and Ruddle, 1989.

Proc. Natl. Acad. Sci. USA 86: 5473-5477), pancreas-specific promoters (Edlund, et al., 1985.

Pat. No. 4,873,316 and European Application Publication No. 264,166). Developmentally-

regulated promoters are also encompassed, e.g., the murine hox promoters (Kessel and Gruss,

Genes Dev. 3: 537-546). With regards to these prokaryotic and eukaryotic vectors, mention is

repeats (SRSRs) (Janssen et al., OMICS J. Integ. Biol., 6:23-33 [2002]: and Mojica et al., Mol.

that are regularly spaced by unique intervening sequences with a substantially constant length

(Mojica et al., [2000], supra). Although the repeat sequences are highly conserved between
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strains, the number of interspersed repeats and the sequences of the spacer regions typically

differ from strain to strain (van Embden et al., J. Bacteriol., 182:2393-2401 [2000]). CRISPR

Pyrobaculum, Sulfolobus, Archaeoglobus, Halocarcula, Methanobacterium, Methanococcus,

Listeria, Staphylococcus, Clostridium. Thermoanaerobacter, Mycoplasma, Fusobacterium,

Campylobacter, Wolinella, Acinetobacter, Erwinia, Escherichia, Legionella, Methylococcus,

Pasteurella, Photobacterium, Salmonella, Xanthomonas, Yersinia, Treponema, and Thermotoga.

[00364] In some embodiments, the CRISPR enzyme is part of a fusion protein comprising one

or more heterologous protein domains (e.g. about or more than about 1, 2, 3. 4, 5, 6, 7, 8, 9, 10,

or more domains in addition to the CRISPR enzyme). A CRISPR enzyme fusion protein may

comprise any additional protein sequence, and optionally a linker sequence between any two

domains. Examples of protein domains that may be fused to a CRISPR enzyme include, without

limitation, epitope tags, reporter gene sequences, and protein domains having one or more of the

following activities: methylase activity, demethylase activity, transcription activation activity,

transcription repression activity, transcription release factor activity, histone modification

activity, RNA cleavage activity and nucleic acid binding activity. Non-limiting examples of

epitope tags include histidine (His) tags, V5 tags, FLAG tags, influenza hemagglutinin (HA)

tags, Myc tags, VSV-G tags, and thioredoxin (Trx) tags, Examples of reporter genes include, but

are not limited to, glutathione-S-transferase (GST), horseradish peroxidase (HRP),

chloramphenicol acetyltransferase (CAT) beta-galactosidase, beta-glucuronidase, luciferase,

green fluorescent protein (GFP), HcRed, DsRed, cyan fluorescent protein (CFP), yellow

fluorescent protein (YFP), and autofluorescent proteins including blue fluorescent protein (BFP).

A CRISPR enzyme may be fused to a gene sequence encoding a protein or a fragment of a

maltose binding protein (MBP), S-tag, Lex À DNA binding domain (DBD) fusions, GAL4 DNA
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[00365] In some embodiments, a CRISPR enzyme may form a component of an inducible

system. The inducible nature of the system would allow for spatiotemporal control of gene

limited to electromagnetic radiation, sound energy, chemical energy and thermal energy.

Examples of inducible system include tetracycline inducible promoters (Tet-On or Tet-Off),

inducible systems (Phytochrome, LOV domains, or cryptochrome). In one embodiment, the

vector, or provided as a separate polynucleotide. In some embodiments, a recombination

a target sequence nicked or cleaved by a CRISPR enzyme as a part of a CRISPR complex. A

template polynucleotide may be of any suitable length, such as about or more than about 10, 15,
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20, 25, 50, 75, 100, 150, 200, 500, 1000, or more nucleotides in length. In some embodiments,

the template polynucleotide is complementary to a portion of a polynucleotide comprising the

nucleotides). In some embodiments, when a template sequence and a polynucleotide comprising

nucleotides from the target sequence.

[00368] In one aspect, the invention provides for methods of modifying a target

polynucleotide in a eukaryotic cell, which may be in vivo, ex vivo or in vitro. In some

embodiments, the method comprises sampling a cell or population of cells from a human or non-

human animal, or a plant, and modifying the cell or cells. Culturing may occur at any stage ex

vivo. The cell or cells may even be re-introduced into the non-human animal or plant. For re-

introduced cells it is particularly preferred that the cells are stem cells.

[00369] In some embodiments, the method comprises allowing a CRISPR complex to bind to

the target polynucleotide to effect cleavage of said target polynucleotide thereby modifying the

target polynucleotide, wherein the CRISPR complex comprises a CRISPR enzyme complexed

with a guide sequence hybridized to a target sequence within said target polynucleotide, wherein

said guide sequence is linked to a tracr mate sequence which in turn hybridizes to a tracr

sequence.

[00370] In one aspect, the invention provides a method of modifying expression of a

polynucleotide in a eukaryotic cell. In some embodiments, the method comprises allowing a

CRISPR complex to bind to the polynucleotide such that said binding results in increased or

decreased expression of said polynucleotide; wherein the CRISPR complex comprises a CRISPR

enzyme complexed with a guide sequence hybridized to a target sequence within said

polynucleotide, wherein said guide sequence is linked to a tracr mate sequence which in turn

of modifying a target polynucleotide. In fact, these sampling, culturing and re-introduction
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sequence may be linked to a tracr mate sequence which in turn may hybridize to a tracr

sequence. Similar considerations and conditions apply as above for methods of modifying a

Kits

[00372] In one aspect, the invention provides kits containing any one or more of the elements

combinations, and may be provided in any suitable container, such as a vial, a bottle, or a tube,

oligonucleotides corresponding to a guide sequence for insertion into a vector so as to operably

practice of the invention are listed in Tables A and B. Disease specific information is available

Md.) and National Center for Biotechnology Information, National Library of Medicine

(Bethesda, Md.), available on the World Wide Web. Examples of signaling biochemical
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pathway-associated genes and polynucleotides are listed in Table C. Mutations in these genes

and pathways can result in production of improper proteins or proteins in improper amounts

proteins and pathways may be the target polynucleotide of a CRISPR complex.

Table A

Neoplasia PTEN: ATM; ATR; EGFR; ERBB2; ERBB3; ERBB4;

HIF1a; HIF3a; Met; HRG; Bcl2: PPAR alpha: PPAR

gamma; WTI (Wilms Tumor): FGF Receptor Family

members (5 members: 1, 2, 3, 4, 5); CDKN2a; APC: RB

(retinoblastoma); MENI; VHL; BRCA1; BRCA2; AR

(Androgen Receptor): TSG101; IGF; IGF Receptor; Igfl (4

variants): Igf2 (3 variants): Igf 1 Receptor; Igf 2 Receptor;

Bax: Bcl2; caspases family (9 members:

1, 2, 3, 4, 6, 7, 8, 9, 12); Kras; Apc

Age-related Macular Abcr; Ccl2; Cc2; cp (ceruloplasmin); Timp3; cathepsinD;

Degeneration Vldlr: Ccr2

Schizophrenia Neuregulinl (Nrgl); Erb4 (receptor for Neuregulin);

Complexin1 (Cplx1); Tphl Tryptophan hydroxylase: Tph2

Tryptophan hydroxylase 2; Neurexin 1; GSK3; GSK3a;

GSK3b
Disorders 5-HTT (Slc6a4); COMT; DRD (Drd1a); SLC6A3; DAOA;

DTNBP1; Dao (Daol)

Trinucleotide Repeat HTT (Huntington's Dx); SBMA/SMAX1/AR (Kennedy's

Joseph's Dx); ATXNI and ATXN2 (spinocerebellar

ataxias); DMPK (myotonic dystrophy); Atrophin-1 and Atnl

(DRPLA Dx): CBP (Creb-BP - global instability); VLDLR

(Alzheimer's); Atxn7; Atxn10

Fragile X Syndrome FMR2; FXR1; FXR2; mGLUR5
Secretase Related APH-1 (alpha and beta); Presemilin (Psen1); nicastrin

Disorders (Ncstn); PEN-2

Others Nosl; Parpl; Natl; Nat2

Prion - related disorders Prp

VEGF-b; VEGF-c)

Drug addiction Prkce (alcohol); Drd2; Drd4; ABAT (alcohol): GRIA2;
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Alzheimer's Disease E1; CHIP; UCH; UBB; Tau; LRP; PICALM; Clusterin; PSI;

SORL1; CR1; Vldlr; Ubal; Uba3; CHIP28 (Aqpl,

Aquaporin 1); Uchll; Uchl3; APP

Inflammation IL-10; IL-1 (IL-1a; IL-1b); IL-13; IL-17 (IL-17a (CTLA8); IL-

NOD2/CARD15 for IBD; IL-6; IL-12 (IL-12a; IL-12b);

CTLA4; Cx3cll

Parkinson's Disease x-Synuclein; DJ-1: LRRK2; Parkin; PINKI

Table B:

Blood and coagulation

diseases and disorders

Hemorrhagic disorders (PI, ATT, F5); Leukocyde deficiencies

oncology diseases and (TALI, TCL5, SCL, TAL2, FLT3, NBS1, NBS, ZNFNIA1, IKI,

KIT, PBT, LPP, NPM1, NUP214, D9S46E, CAN, CAIN,

CALM, CLTH, ARL11, ARLTS1, P2RX7, P2X7, BCR, CML,

PHL, ALL, GRAF, NF1, VRNF, WSS, NFNS, PTPN11, PTP2C,
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SHP2, NSI, BCL2, CCNDI, PRAD1, BCL1, TCRA, GATAI,

GF1, ERYF1, NFEI, ABL1, NQ01, DIA4, NMOR1, NUP214,

D9S46E, CAN, CAIN).

Inflammation and immune

related diseases and

immunodeficiency, (IL2RG, SCIDXI, SCIDX, IMD4); HIV-1

HIGM2, TNFRSF5, CD40, UNG, DGU, HIGM4, TNFSF5,

CD40LG, HIGMI, IGM, FOXP3, IPEX, AIID, XPID, PIDX,
TNFRSF14B, TACI); Inflammation (IL-10, IL-1 (IL-la, IL-1b),

IL-13, IL-17 (IL-17a (CTLA8), IL-17b, IL-17c, IL-17d. IL-17f),

II-23, Cx3crl, ptpn22, TNFa, NOD2/CARD15 for IBD, IL-6, IL-

12 (IL-12a, IL-12b), CTLA4, Cx3cl1); Severe combined

immunodeficiencies (SCIDs)(JAK3, JAKL, DCLREIC,

ARTEMIS, SCIDA, RAGI, RAG2, ADA, PTPRC, CD45, LCA,

IL7R, CD3D, T3D, IL2RG, SCIDXI, SCIDX, IMD4).

Metabolic, liver, kidney and Amyloid neuropathy (TTR, PALB); Amyloidosis (APOA1, APP.

protein diseases and AAA, CVAP, AD1, GSN, FGA, LYZ, TTR, PALB); Cirrhosis
disorders (KRT18, KRT8, CIRHIA, NAIC, TEX292, KIAA1988); Cystic

fibrosis (CFTR, ABCC7, CF, MRP7); Glycogen storage diseases

(SLC2A2, GLUT2, G6PC, G6PT, G6PT1, GAA, LAMP2,

LAMPB, AGL, GDE, GBEI, GYS2, PYGL, PFKM); Hepatic

adenoma, 142330 (TCF1, HNF1A, MODY3), Hepatic failure,

early onset, and neurologic disorder (SCOD1, SCO1), Hepatic

lipase deficiency (LIPC), Hepatoblastoma, cancer and carcinomas

(CTNNB1, PDGFRL, PDGRL, PRLTS, AXINI, AXIN,

MCH5; Medullary cystic kidney disease (UMOD, HNFJ, FJHN,

MCKD2, ADMCKD2); Phenylketonuria (PAH, PKU1, QDPR,
DHPR, PTS); Polycystic kidney and hepatic disease (FCYT,

PKHD1, ARPKD, PKDI, PKD2, PKD4, PKDTS, PRKCSH,
G19P1, PCLD, SEC63).

and disorders Muscular Dystrophy (DMD, BMD): Emery-Dreifuss muscular

dystrophy (LMNA, LMN1, EMD2, FPLD, CMD1A, HGPS,

LGMDIB, LMNA, LMN1, EMD2, FPLD, CMDIA);

FSHDIA); Muscular dystrophy (FKRP, MDCIC, LGMD21,

LAMA2, LAMM, LARGE, KIAA0609, MDCID, FCMD, TTID.
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CAV3, LGMDIC, SEPNI, SELN, RSMD1, PLEC1, PLTN,
EBS1); Osteopetrosis (LRP5, BMND1, LRP7, LR3, OPPG,

VBCH2, CLCN7, CLC7, OPTA2, OSTMI, GL, TCIRGI,

TIRC7, OC116, OPTB1); Muscular atrophy (VAPB, VAPC,

GARS, SMAD1, CMT2D, HEXB, IGHMBP2, SMUBP2,
CATFI, SMARD1).

Neurological and neuronal

diseases and disorders

SLC6A3, DAOA, DTNBP1, Dao (Dao1)); Secretase Related

ataxias), DMPK (myotonic dystrophy). Atrophin-1 and Aml

(DRPLA Dx), CBP (Creb-BP - global instability), VLDLR

Occular diseases and

disorders

CRYG4, BFSP2, CP49, CP47, HSF4, CTM, HSF4, CTM, MIP,
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AQP0, CRYAB, CRYA2, CTPP2, CRYBBI. CRYGD, CRYG4,
CRYBB2, CRYB2, CRYGC, CRYG3, CCL, CRYAA, CRYAI,
GJA8, CX50, CAEI, GJA3, CX46, CZP3, CAE3, CCMI, CAM,

OPTN, GLCIE, FIP2, HYPL, NRP, CYP1B1, GLC3A, OPAI,

RPE65, RP20, AIPL1, LCA4, GUCY2D, GUC2D, LCA1,

CORD6, RDH12, LCA3); Macular dystrophy (ELOVL4, ADMD,

STGD2, STGD3, RDS, RP7, PRPH2, PRPH, AVMD, AOFMD,

VMD2).

Table C:

CELLULAR FUNCTION GENES
PI3K/AKT Signaling PRKCE; ITGAM; ITGA5; IRAKI; PRKAA2; EIF2AK2;

PTEN; EIF4E; PRKCZ; GRK6; MAPK1; TSC1; PLK1;

AKT2; IKBKB; PIK3CA; CDK8; CDKNIB: NFKB2: BCL2;

PIK3CB; PPP2R1A; MAPK8; BCL2L1; MAPK3; TSC2;

ITGA1; KRAS; EIF4EBP1; RELA: PRKCD; NOS3;

PRKAA1; MAPK9; CDK2; PPP2CA; PIM1: ITGB7:

YWHAZ; ILK; TP53; RAFI; IKBKG; RELB; DYRK1A;

CDKNIA; ITGBI; MAP2K2; JAKI; AKT1; JAK2; PIK3R1;

CHUK; PDPK1; PPP2R5C; CTNNBI: MAP2KI; NFKB1;
PAK3; ITGB3; CCND1; GSK3A; FRAPI; SFN; ITGA2;

TTK: CSNKIA1; BRAF; GSK3B; AKT3; FOXOI: SGK;

ERK/MAPK Signaling PRKCE: ITGAM; ITGA5: HSPBI: IRAK1; PRKAA2;

EIF2AK2; RACI; RAPIA; TLNI; EIF4E; ELK1; GRK6;

MAPKI; RAC2; PLK1; AKT2; PIK3CA; CDK8; CREB1;

PRKCI; PTK2; FOS; RPS6KA4; PIK3CB; PPP2R1A;

CDK2; PPP2CA; PIM1; PIK3C2A; ITGB7; YWHAZ;

PPPICC; KSRI: PXN; RAFI; FYN; DYRK1A: ITGBI;

MAP2K2; PAK4; PIK3R1; STAT3; PPP2R5C; MAP2KI;

PAK3; ITGB3; ESRI; ITGA2; MYC; TTK; CSNK1A1;

CRKL; BRAF; ATF4; PRKCA; SRF; STATI; SGK

Glucocorticoid Receptor RAC1; TAF4B: EP300; SMAD2; TRAF6; PCAF: ELK1;

Signaling MAPKI; SMAD3; AKT2; IKBKB; NCOR2; UBE2I;
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CELLULAR FUNCTION GENES

MAPK3; TSC22D3; MAPK10; NRIP1; KRAS; MAPK13;

RELA; STAT5A; MAPK9; NOS2A; PBXI; NR3C1;

PIK3C2A; CDKNIC; TRAF2; SERPINE1; NCOA3;

MAPK14; TNF; RAF1; IKBKG; MAP3K7; CREBBP;
CDKN1A; MAP2K2; JAK1; IL8; NCOA2; AKT1; JAK2;

ESR1; SMAD4; CEBPB; JUN; AR; AKT3; CCL2; MMP1;

STAT1: IL6; HSP90AA1

Axonal Guidance Signaling

CFL1; GNAQ; PIK3CB; CXCL12; PIK3C3; WNT11;

PRKD1; GNB2L1; ABL1; MAPK3; ITGA1; KRAS; RHOA;
PRKCD; PIK3C2A; ITGB7; GL12; PXN; VASP; RAF1;

Ephrin Receptor Signaling

EPHA8; TTK; CSNK1A1; CRKL; BRAF; PTPN13; ATF4;

Actin Cytoskeleton

Signaling

PTK2; CFL1; PIK3CB; MYH9; DIAPHI; PIK3C3; MAPK8;

F2R: MAPK3; SLC9A1: ITGAI; KRAS; RHOA; PRKCD;
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CELLULAR FUNCTION GENES
Signaling MAPK1; CAPNSI: AKT2; EGFR; NCOR2; SPI; CAPN2;

PIK3CA; HDAC5; CREB1; PRKCI; HSPA5; REST:

GNAQ; PIK3CB; PIK3C3; MAPK8; IGF1R; PRKD1;

ATF4; AKT3; PRKCA; CLTC; SGK; HDAC6; CASP3
Apoptosis Signaling

BIRC4; GRK6; MAPKI: CAPNSI; PLK1; AKT2; IKBKB;

CAPN2; CDK8; FAS; NFKB2; BCL2; MAP3K14; MAPK8;

BCL2L1; CAPN1; MAPK3; CASP8; KRAS; RELA;
PRKCD; PRKAA1; MAPK9; CDK2; PIMI; TP53; TNF;

RAF1; IKBKG; RELB; CASP9; DYRK1A; MAP2K2;

BIRC2; TTK; CSNK1A1; BRAF; BAX; PRKCA; SGK;

B Cell Receptor Signaling RAC1; PTEN; LYN; ELK1; MAPK1; RAC2; PTPN11:

AKT2: IKBKB; PIK3CA: CREB1; SYK; NFKB2; CAMK2A;
MAP3K14; PIK3CB; PIK3C3; MAPK8; BCL2L1; ABLI;

MAPK3; ETS1; KRAS; MAPK13; RELA; PTPN6; MAPK9;
EGR1; PIK3C2A; BTK; MAPK14; RAFI; IKBKG; RELB;

MAP3K7; MAP2K2; AKTI; PIK3R1; CHUK; MAP2K1;
NFKB1; CDC42; GSK3A; FRAPI; BCL6; BCL10; JUN;

GSK3B; ATF4; AKT3; VAV3; RPS6KB1

Leukocyte Extravasation ACTN4; CD44; PRKCE: ITGAM; ROCKI: CXCR4: CYBA;
Signaling RACI; RAPIA; PRKCZ; ROCK2; RAC2; PTPN11:

MMP14: PIK3CA; PRKCI; PTK2; PIK3CB; CXCL12;

PIK3C3; MAPK8; PRKDI; ABLI; MAPK10; CYBB;

MAPK13; RHOA; PRKCD; MAPK9; SRC; PIK3C2A; BTK;
MAPK14; NOX1: PXN; VII.2; VASP; ITGBI; MAP2K2;

CTNND1; PIK3R1; CTNNB1; CLDNI; CDC42; F11R; ITK;

CRKL: VAV3; CTTN; PRKCA; MMP1; MMP9
ACTN4; ITGAM: ROCK1; ITGA5; RACI; PTEN; RAPIA;

TLNI; ARHGEF7; MAPKI; RAC2; CAPNSI; AKT2;

SRC; PIK3C2A; ITGB7; PPPICC; ILK; PXN; VASP;

RAF1; FYN; ITGBI; MAP2K2: PAK4; AKT1; PIK3R1;

TNK2; MAP2K1; PAK3; ITGB3: CDC42; RND3; ITGA2;

CRKL; BRAF; GSK3B; AKT3
Acute Phase Response IRAKI: SOD2: MYD88; TRAF6; ELK1; MAPKI; PTPN11;

Signaling AKT2; IKBKB; PIK3CA; FOS; NFKB2; MAP3K14;
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CELLULAR FUNCTION GENES

TRAF2; SERPINE1; MAPK14; TNF; RAF1; PDK1;

IKBKG; RELB; MAP3K7; MAP2K2; AKT1; JAK2; PIK3R1;

CHUK; STAT3; MAP2K1; NFKBI; FRAP1; CEBPB; JUN;

AKT3; IL1R1; IL6

PTEN Signaling ITGAM; ITGA5; RACI; PTEN; PRKCZ; BCL2L11;

MAPKI; RAC2; AKT2; EGFR; IKBKB; CBL; PIK3CA;

RAF1; IKBKG: CASP9; CDKN1A; ITGB1; MAP2K2;

GSK3B; AKT3; FOXO1; CASP3; RPS6KB1
p53 Signaling

PIK3CB; PIK3C3; MAPK8; THBS1; ATR; BCL2L1; E2F1;

CDK2; PIK3C2A; MAPK14; TP53; LRDD; CDKNIA:

SIRT1; CCND1; PRKDC; ATM; SFN; CDKN2A; JUN;

Aryl Hydrocarbon Receptor HSPB1; EP300; FASN; TGM2; RXRA; MAPKI; NQO1:

Signaling

MAPK3; NRIPI; CHEK2; RELA; TP73; GSTP1; RB1;

CDKN2A; MYC; JUN; ESR2; BAX: IL6; CYPIBI:

Xenobiotic Metabolism

Signaling

PIK3CB; PPP2R1A; PIK3C3; MAPK8: PRKDI;

GSTP1: MAPK9; NOS2A; ABCB1; AHR; PPP2CA; FTL;

CREBBP: MAP2K2; PIK3R1; PPP2R5C: MAP2K1;

HSP90AA1
SAPK/JNK Signaling

GRK6; MAPK1; GADD45A; RAC2; PLK1; AKT2; PIK3CA;

20
26

20
21

60
   

   
19

 M
ar

 2
02

6

1
9
 
M
a
r
 
2
0
2
6

C
E
L
L
U
L
A
R
 
F
U
N
C
T
I
O
N

G
E
N
E
S

A
K
T
3
;
 
I
L
1
R
1
;
 
I
L
6

2
0
2
6
2
0
2
1
6
0

R
A
F
1
;
 
I
K
B
K
G
:
 
C
A
S
P
9
;
 
C
D
K
N
1
A
;
 
I
T
G
B
1
;
 
M
A
P
2
K
2
;

G
S
K
3
B
;
 
A
K
T
3
;
 
F
O
X
O
1
;
 
C
A
S
P
3
;
 
R
P
S
6
K
B
1

B
I
R
C
5
;
 
A
K
T
2
:
 
P
I
K
3
C
A
;
 
C
H
E
K
1
;
 
T
P
5
3
I
N
P
1
;
 
B
C
L
2
;

C
D
K
2
;
 
P
I
K
3
C
2
A
;
 
M
A
P
K
1
4
;
 
T
P
5
3
;
 
L
R
D
D
;
 
C
D
K
N
1
A
;

C
D
K
N
2
A
:
 
M
Y
C
;
 
J
U
N
;
 
E
S
R
2
;
 
B
A
X
:
 
I
L
6
;
 
C
Y
P
I
B
I
:

C
R
E
B
B
P
:
 
M
A
P
2
K
2
;
 
P
I
K
3
R
1
;
 
P
P
P
2
R
5
C
;
 
M
A
P
2
K
1
;

H
S
P
9
0
A
A
1

G
R
K
6
;
 
M
A
P
K
1
;
 
G
A
D
D
4
5
A
;
 
R
A
C
2
;
 
P
L
K
1
;
 
A
K
T
2
;
 
P
I
K
3
C
A
;

1
9
8



CELLULAR FUNCTION GENES

PRKCD: PRKAA1; MAPK9; CDK2; PIM1; PIK3C2A;

TRAF2; TP53; LCK; MAP3K7; DYRK1A; MAP2K2;

CRKL; BRAF; SGK
PPAr/RXR Signaling

NCOA3; MAPK14; INSR; RAF1; IKBKG; RELB; MAP3K7;

CREBBP: MAP2K2; JAK2; CHUK: MAP2K1; NFKB1;
TGFBR1; SMAD4; JUN; ILIRI; PRKCA; IL6; HSP90AA1;

NF-KB Signaling IRAKI; EIF2AK2; EP300; INS; MYD88; PRKCZ; TRAF6;

TBK1; AKT2; EGFR; IKBKB; PIK3CA; BTRC; NFKB2;

KRAS; RELA; PIK3C2A; TRAF2; TLR4; PDGFRB; TNF;

PIK3R1; CHUK; PDGFRA; NFKB1; TLR2; BCL10;

GSK3B; AKT3; TNFAIP3; ILIRI

Neuregulin Signaling

CDKN1B; STAT5B; PRKD1; MAPK3; ITGA1; KRAS;

ADAM17; AKTI; PIK3R1; PDPK1; MAP2K1; ITGB3;

EREG; FRAPI; PSEN1; ITGA2; MYC; NRG1; CRKL;

AKT3; PRKCA; HSP90AA1; RPS6KB1
Wnt & Beta catenin CD44; EP300; LRP6; DVL3; CSNK1E; GJA1; SMO;

Signaling AKT2; PINI; CDHI; BTRC: GNAQ; MARK2; PPP2R1A;

LEFI; SOX9; TP53; MAP3K7; CREBBP: TCF7L2; AKTI:

PPP2R5C; WNT5A; LRP5; CTNNBI; TGFBRI: CCNDI;

GSK3A; DVLI; APC: CDKN2A; MYC: CSNK1A1; GSK3B;

AKT3; SOX2
Insulin Receptor Signaling PTEN; INS; EIF4E; PTPNI; PRKCZ; MAPKI; TSC1;

MAPK8; IRSI: MAPK3; TSC2; KRAS; EIF4EBP1:

SLC2A4; PIK3C2A; PPPICC: INSR; RAFI: FYN;

GSK3A; FRAP1; CRKL; GSK3B; AKT3; FOXO1; SGK:

IL-6 Signaling HSPB1: TRAF6; MAPKAPK2; ELK1; MAPKI; PTPN11:

MAPK10; IL6ST; KRAS; MAPK13; IL6R; RELA; SOCSI;
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CELLULAR FUNCTION GENES

MAPK9; ABCB1; TRAF2; MAPK14; TNF; RAF1; IKBKG;

Hepatic Cholestasis PRKCE; IRAKI; INS: MYD88; PRKCZ; TRAF6; PPARA;

PRKD1; MAPK10; RELA; PRKCD; MAPK9; ABCB1;
TRAF2; TLR4; TNF; INSR; IKBKG; RELB; MAP3K7; IL8;

CHUK; NR1H2; TJP2; NFKB1; ESR1; SREBF1; FGFR4;

JUN; IL1R1; PRKCA; IL6

IGF-1 Signaling

IGFIR; IRSI; MAPK3; IGFBP7; KRAS; PIK3C2A;

FOXO1; SRF: CTGF; RPS6KB1

NRF2-mediated Oxidative

Stress Response NQ01; PIK3CA; PRKCI; FOS; PIK3CB; PIK3C3; MAPK8;

PRKD1; MAPK3; KRAS; PRKCD; GSTP1; MAPK9; FTL;

MAP2K2: AKT1; PIK3R1; MAP2K1; PPIB: JUN; KEAP1;

GSK3B; ATF4; PRKCA; EIF2AK3; HSP90AA1
Hepatic Fibrosis/Hepatic EDNI; IGF1; KDR; FLT1; SMAD2; FGFR1; MET; PGF:
Stellate Cell Activation

ILIRI; CCL2; HGF; MMP1; STATI; IL6; CTGF; MMP9

NRIP1; KRAS; PPARG; RELA; STAT5A; TRAF2:

RELB; MAP3K7; CREBBP; MAP2K2; CHUK; PDGFRA;

Fc Epsilon RI Signaling

PRKD1; MAPK3; MAPK10; KRAS; MAPK13; PRKCD;

MAP2K2; AKTI; PIK3R1; PDPK1: MAP2K1; AKT3;

VAV3; PRKCA
G-Protein Coupled

Receptor Signaling PIK3CA; CREBI; GNAQ; NFKB2; CAMK2A; PIK3CB;
PIK3C3; MAPK3; KRAS: RELA; SRC: PIK3C2A; RAFI;
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CELLULAR FUNCTION GENES

PRKCA
Inositol Phosphate

Metabolism MAPK1; PLK1; AKT2; PIK3CA; CDK8; PIK3CB; PIK3C3;

PIM1; PIK3C2A; DYRK1A; MAP2K2; PIP5K1A; PIK3R1;

MAP2KI; PAK3; ATM; TTK; CSNK1A1; BRAF; SGK
PDGF Signaling

PIK3R1; PDGFRA; STAT3; SPHK1; MAP2K1; MYC;
JUN; CRKL: PRKCA; SRF; STATI; SPHK2

VEGF Signaling

AKT2; PIK3CA; ARNT; PTK2; BCL2; PIK3CB; PIK3C3;

BCL2L1; MAPK3; KRAS; HIFIA; NOS3; PIK3C2A; PXN;

VEGFA; AKT3; FOXOI; PRKCA
Natural Killer Cell

Signaling

PIK3C3; PRKD1; MAPK3; KRAS; PRKCD; PTPN6:

PIK3R1; MAP2K1; PAK3; AKT3; VAV3; PRKCA

Checkpoint Regulation ATR; ABLI; E2F1; HDAC2; HDAC7A; RBI; HDAC11;

HDAC9; CDK2: E2F2; HDAC3; TP53; CDKNIA; CCND1;

E2F4; ATM; RBL2; SMAD4; CDKN2A; MYC; NRGI;

Cell Receptor Signaling RAC1; ELK1; MAPK1; IKBKB; CBL; PIK3CA; FOS:

NFKB2; PIK3CB; PIK3C3; MAPK8; MAPK3; KRAS;

MAP2K2; PIK3R1; CHUK; MAP2K1; NFKB1; ITK; BCL10;

CRADD; HSPB1; BID; BIRC4; TBK1; IKBKB; FADD:

FAS: NFKB2; BCL2; MAP3K14; MAPK8: RIPK1; CASP8;

DAXX; TNFRSF10B; RELA; TRAF2; TNF; IKBKG; RELB;

BIRC3
FGF Signaling

MAPK3; MAPK13; PTPN6; PIK3C2A; MAPK14; RAFI;

AKT3; PRKCA; HGF
GM-CSF Signaling LYN; ELK1; MAPK1; PTPN11; AKT2; PIK3CA; CAMK2A;
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CELLULAR FUNCTION GENES

STAT5B; PIK3CB: PIK3C3; GNB2L1; BCL2L1; MAPK3;

STATI
Amyotrophic Lateral

Sclerosis Signaling PIK3CA; BCL2; PIK3CB; PIK3C3; BCL2L1; CAPN1;

APAFI; VEGFA; BIRC2; BAX; AKT3; CASP3; BIRC3

JAK/Stat Signaling PTPNI; MAPK1; PTPN11; AKT2; PIK3CA; STAT5B;

PIK3CB; PIK3C3; MAPK3: KRAS; SOCSI; STAT5A;

AKTI; JAK2; PIK3R1; STAT3; MAP2K1; FRAP1; AKT3;

STATI
Nicotinate and

Nicotinamide

Metabolism PLK1; AKT2; CDK8; MAPK8: MAPK3; PRKCD; PRKAA1;

MAP2K1; PAK3; NT5E; TTK; CSNK1A1; BRAF; SGK
Chemokine Signaling CXCR4; ROCK2; MAPKI; PTK2; FOS: CFL1; GNAQ;

RHOA; CCR3; SRC; PPPICC; MAPK14; NOXI; RAF1;

MAP2K2; MAP2KI; JUN; CCL2; PRKCA
IL-2 Signaling

SOCSI; STAT5A; PIK3C2A; LCK; RAF1; MAP2K2;

Synaptic Long Term

KRAS; GRN; PRKCD; NOS3; NOS2A; PPP2CA;

Estrogen Receptor

Signaling SMARCA4; MAPK3; NRIP1; KRAS; SRC; NR3C1;

Protein Ubiquitination

Pathway CBL; UBE21; BTRC; HSPA5; USP7; USP10; FBXW7;

USP9X; STUBI; USP22; B2M; BIRC2; PARK2; USP8;

IL-10 Signaling TRAF6; CCR1; ELK1; IKBKB; SP1; FOS; NFKB2;

MAP3K14; MAPK8; MAPK13; RELA; MAPK14; TNF;

JUN; ILIRI; IL6

VDR/RXR Activation
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CELLULAR FUNCTION GENES

NCOR2; SP1; PRKCI; CDKNIB; PRKD1: PRKCD:

RUNX2; KLF4; YYI; NCOA3; CDKN1A: NCOA2; SPP1:

LRP5; CEBPB; FOXO1; PRKCA
TGF-beta Signaling EP300; SMAD2; SMURF1; MAPK1; SMAD3; SMADI;

MAP2KI; TGFBRI; SMAD4; JUN; SMAD5
Toll-like Receptor

NFKB1; TLR2; JUN

p38 MAPK Signaling

MAPK14; TNF; MAP3K7; TGFBR1; MYC; ATF4; ILIRI;

SRF; STATI

Neurotrophin/TRK
Signaling

CDC42; JUN; ATF4

FXR/RXR Activation

TNF; CREBBP: AKTI; SREBFI; FGFR4; AKT3: FOXOI

Synaptic Long Term

Potentiation PRKCI; GNAQ; CAMK2A; PRKD1; MAPK3; KRAS;

PRKCD; PPPICC; RAFI; CREBBP; MAP2K2; MAP2K1;

ATF4; PRKCA
Calcium Signaling RAPIA: EP300; HDAC4; MAPK1; HDAC5; CREBI;

HDAC9; HDAC3; CREBBP; CALR; CAMKK2: ATF4;

HDAC6
EGF Signaling

MAPK8; MAPK3; PIK3C2A; RAF1; JAKI; PIK3R1;

STAT3; MAP2K1; JUN; PRKCA: SRF; STATI

VEGFA: JUN; ATF4: VHL; HSP90AA1

LPS/IL-1 Mediated

Inhibition

of RXR Function

LXR/RXR Activation FASN; RXRA: NCOR2; ABCA1; NFKB2; IRF3; RELA:
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CELLULAR FUNCTION GENES

NOS2A; TLR4; TNF; RELB; LDLR; NR1H2; NFKB1;

Amyloid Processing

IL-4 Signaling AKT2; PIK3CA; PIK3CB; PIK3C3; IRSI; KRAS; SOCSI;

PTPN6; NR3C1; PIK3C2A; JAK1; AKTI: JAK2; PIK3R1;

Cell Cycle: G2/M DNA EP300; PCAF; BRCA1; GADD45A; PLKI; BTRC;

Damage Checkpoint CHEK1; ATR; CHEK2; YWHAZ; TP53: CDKN1A;
Regulation PRKDC; ATM: SFN; CDKN2A
Nitric Oxide Signaling in

the

Cardiovascular System CAVI; PRKCD; NOS3; PIK3C2A; AKT1; PIK3R1;

VEGFA: AKT3; HSP90AA1
Purine Metabolism

PKM2; ENTPDI; RAD51; RRM2B; TJP2; RAD51C;

NT5E; POLDI; NMEI
cAMP-mediated Signaling RAPIA; MAPK1; GNAS; CREB1; CAMK2A; MAPK3;

SRC; RAF1; MAP2K2; STAT3; MAP2K1; BRAF; ATF4

Mitochondrial Dysfunction

PARK7: PSEN1; PARK2; APP: CASP3

Notch Signaling HES1; JAG1; NUMB; NOTCH4; ADAM17; NOTCH2:

HSPA5; MAPK8; XBP1; TRAF2; ATF6; CASP9; ATF4;

EIF2AK3; CASP3

Pyrimidine Metabolism

Cardiac & Beta Adrenergic GNAS; GNAQ; PPP2R1A; GNB2L1: PPP2CA; PPPICC;
Signaling

Interferon Signaling

Sonic Hedgehog Signaling

Glycerophospholipid PLD1; GRN; GPAM; YWHAZ; SPHK1; SPHK2
Metabolism

Phospholipid Degradation

SIAH2; PRMT5; NEDD4; ALDHIAI; CYPIBI; SIAH1

SUV39H1; EHMT2; NSD1; SETD7; PPP2R5C
ERCC5; ERCC4; XPA; XPC; ERCCI

Pathway

Starch and Sucrose
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CELLULAR FUNCTION GENES

Metabolism

Aminosugars Metabolism

PRDX6; GRN; YWHAZ; CYPIBI
Metabolism

Circadian Rhythm CSNKIE; CREB1; ATF4; NRIDI

Coagulation System

Dopamine Receptor

DNMTI; DNMT3B; AHCY; DNMT3A
GLO1; ALDHIA1; PKM2; LDHA

Arginine and Proline ALDHIAI; NOS3; NOS2A
Metabolism

Eicosanoid Signaling

Fructose and Mannose HK2; GCK; HK1
Metabolism

Galactose Metabolism

PRDX6; PRDXI; TYR
Lignin Biosynthesis

CALR; B2M
Pathway
Biosynthesis of Steroids NQ01; DHCR7
Butanoate Metabolism

IDH2; IDH1

Fatty Acid Metabolism ALDHIAI; CYPIBI
Glycerophospholipid PRDX6; CHKA
Metabolism

Histidine Metabolism PRMT5; ALDHIA1

Metabolism of Xenobiotics GSTP1; CYPIBI

Methane Metabolism PRDX6; PRDX1

PRDX6; PRDX1

Selenoamino Acid PRMT5; AHCY
Metabolism

Sphingolipid Metabolism

Aminophosphonate

Metabolism

PRMT5
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CELLULAR FUNCTION GENES

ALDHIAI
Metabolism

LDHA
Fatty Acid Biosynthesis

GNB2L1

NRF2-mediated Oxidative PRDX1
Stress Response

Pentose Phosphate GPI
Pathway

Pentose and Glucuronate UCHLI
Interconversions

PRMT5, TYR

PRMT5

Glycine, Serine and CHKA

Lysine Degradation ALDHIAI
Pain/Taste

TRPM7; TRPC5; TRPC6; TRPC1; Cnrl: cnr2; Grk2;

Prkacb; Prkarla; Prkar2a

Wnt9a; Wnt9b; Wnt10a; Wnt10b; Wnt16); beta-catenin;

Reelin; Dabl: unc-86 (Pou4fl or Brn3a); Numb; Reln
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hybrids. Mclvor EI, Polak U, Napierala M. RNA Biol. 2010 Sep-Oct;7(5):551-8). The CRISPR-

Cas system may be harnessed to correct these defects of genomic instability.

progressive myoclonus epilepsy which may start as epileptic seizures in adolescence. A few

Avanzini, Jeffrey L. Noebels, Mariani Foundation Paediatric Neurology:20; 2009).

[00377] The methods of US Patent Publication No. 20110158957 assigned to Sangamo

the CRISPR Cas system of the present invention. In another example, the methods of US Patent

No. 20110225664 assigned to Cellectis, which are both involved in inactivating glutamine

invention.

wide range of genetic diseases which are further described on the website of the National

Institutes of Health under the topic subsection Genetic Disorders (website at

Disease, Alzheimer's Disease, Barth Syndrome, Batten Disease, CADASIL, Cerebellar

Degeneration, Fabry's Disease, Gerstmann-Straussler-Scheinker Disease, Huntington's Disease

and other Triplet Repeat Disorders, Leigh's Disease, Lesch-Nyhan Syndrome, Menkes Disease,

Mitochondrial Myopathies and NINDS Colpocephaly. These diseases are further described on

the website of the National Institutes of Health under the subsection Genetic Brain Disorders.

[00379] In Cartier, "MINI-SYMPOSIUM: X-Linked Adrenoleukodystrophypa,

Hematopoietic Stem Cell Transplantation and Hematopoictic Stem Cell Gene Therapy in X-
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allogeneic hematopoietic stem cell transplantation (HSCT) was utilized to deliver normal

lysosomal enzyme to the brain of a patient with Hurler's disease, and a discussion of HSC gene

therapy to treat ALD. In two patients, peripheral CD34+cells were collected after granulocyte-

sarcoma virus enhancer, negative control region deleted, d1587rev primer binding site substituted

(MND)-ALD lentiviral vector. CD34+ cells from the patients were transduced with the MND-

ALD vector during 16 h in the presence of cytokines at low concentrations. Transduced CD34+

cells were frozen after transduction to perform on 5% of cells various safety tests that included in

particular three replication-competent lentivirus (RCL) assays. Transduction efficacy of CD34+

than 4.10 transduced CD34+ cells/kg following full myeloablation with busulfan and

HSCs. Hematological recovery occurred between days 13 and 15 for the two patients. Nearly

the second patient. In contrast to using lentivirus, with the knowledge in the art and the teachings

that targets and corrects the mutation (e.g., with a suitable HDR template): specifically, the

expression of the protein. From this disclosure an sgRNA that targets the mutation and a Cas9

protein can be contacted with an hematopoetic stem cell, and an HDR template introduced, for
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Related Disorder. In some embodiments, the condition may be a Prion - related disorder. In

some embodiments, the condition may be ALS. In some embodiments, the condition may be a

[00381] For example, US Patent Publication No. 20110023145, describes use of zinc finger

continuum of the same disorder with varying degrees of severity, associated intellectual

functioning and medical conditions. ASDs are predominantly genetically determined disorders

[00382] US Patent Publication No. 20110023145 comprises editing of any chromosomal

system of the present invention. The proteins associated with ASD are typically selected based

of an ASD. For example, the production rate or circulating concentration of a protein associated

lacking the ASD. Differences in protein levels may be assessed using proteomic techniques

including but not limited to Western blot, immunohistochemical staining, enzyme linked

proteins using genomic techniques including but not limited to DNA microarray analysis, serial

analysis of gene expression (SAGE), and quantitative real-time polymerase chain reaction (Q-

PCR).

[00383] Non limiting examples of disease states or disorders that may be associated with

proteins associated with ASD include autism, Asperger syndrome (AS), pervasive developmental

disorder-not otherwise specified (PDD-NOS), Rett's syndrome, tuberous sclerosis,

phenylketonuria, Smith-Lemli-Opitz syndrome and fragile X syndrome. By way of non-limiting
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(ATP10C) BZRAPI MGLUR5 (GRM5) Metabotropic glutamate receptor 5 (MGLUR5) CDH10

Cadherin-10 MGLUR6 (GRM6) Metabotropic glutamate receptor 6 (MGLUR6) CDH9

Cadherin-9 NLGNI Neuroligin-1 CNTN4 Contactin-4 NLGN2 Neuroligin-2 CNTNAP2

dehydrocholesterol NLGN4X Neuroligin-4 X- reductase (DHCR7) linked DOC2A Double C2-

like domain- NLGN4Y Neuroligin-4 Y- containing protein alpha linked DPP6 Dipeptidyl

NLGN5 Neuroligin-5 aminopeptidase-like protein 6 EN2 engrailed 2 (EN2) NRCAM Neuronal

cell adhesion molecule (NRCAM) MDGA2 fragile X mental retardation NRXNI Neurexin-1 I

(MDGA2) FMR2 (AFF2) AF4/FMR2 family member 2 OR4M2 Olfactory receptor (AFF2) 4M2

Fragile X mental PAH phenylalanine retardation, autosomal hydroxylase (PAH) homolog 2

tensin homologue (GABRAI) (PTEN) GABRA5 GABAA (.gamma.-aminobutyric PTPRZ1

(PTPRZ1) GABRBI Gamma-aminobutyric acid RELN Reelin receptor subunit beta-1

beta.3 subunit protein L10 (GABRB3) GABRGI Gamma-aminobutyric acid SEMASA

Al SHANK3 SH3 and multiple (HOXA1) ankyrin repeat domains 3 (SHANK3) IL6 Interleukin-

6 SHBZRAP1 SH3 and multiple ankyrin repeat domains 3 (SHBZRAP1) LAMBI Laminin
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[00384] The identity of the protein associated with ASD whose chromosomal sequence is

edited can and will vary. In preferred embodiments, the proteins associated with ASD whose

protein 1 (BZRAP1) encoded by the BZRAP1 gene, the AF4/FMR2 family member 2 protein

autosomal homolog 1 protein (FXR1) encoded by the FXRI gene, the fragile X mental

(SEMA5A) encoded by the SEMA5A gene. In an exemplary embodiment, the genetically

modified animal is a rat, and the edited chromosomal sequence encoding the protein associated

associated XM_213427, protein I (BZRAPI) XM_002724533, XM_001081125 AFF2 (FMR2)

NM_001012179 retardation, autosomal homolog I (FXR1) FXR2 Fragile X mental

NM_199269 glycosylphosphatidylinositol anchor 2 (MDGA2) MECP2 Methyl CpG binding

receptor 5 (MGLUR5) NRXN1 Neurexin-1 NM_021767 SEMA5A Semaphorin-5A (SEMASA)

NM_001107659

and zero, one, two, three, four, five, six, seven, eight, nine or more chromosomally integrated

sequences encoding proteins associated with ASD. The edited or integrated chromosomal

sequence may be modified to encode an altered protein associated with ASD. Non-limiting

examples of mutations in proteins associated with ASD include the L18Q mutation in neurexin I

where the leucine at position 18 is replaced with a glutamine, the R451C mutation in neuroligin

3 where the arginine at position 451 is replaced with a cysteine, the R87W mutation in neuroligin

4 where the arginine at position 87 is replaced with a tryptophan, and the 1425V mutation in
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been associated with ASD and are known in the art. See, for example, Freitag et al. (2010) Eur.

disclosure of which is incorporated by reference herein in its entirety. Examples of proteins

PINK1, Parkin, UCHLI, Synphilin-1, and NURRI. Examples of addiction-related proteins may

include ABAT for example. Examples of inflammation-related proteins may include the

monocyte chemoattractant protein-1 (MCP1) encoded by the Ccr2 gene, the C-C chemokine

receptor type 5 (CCR5) encoded by the Ccr5 gene, the IgG receptor IIB (FCGR2b, also termed

CD32) encoded by the Fcgr2b gene, or the Fc epsilon Rlg (FCER1g) protein encoded by the

(prostaglandin 12 (prostacyclin) synthase), MB (myoglobin), IL4 (interleukin 4), ANGPTI

(cathepsin K), for example. For example, US Patent Publication No. 20110023153, describes use

Alzheimer's Disease. Once modified cells and animals may be further tested using known

AD using measures commonly used in the study of AD - such as, without limitation, learning

[00386] The present invention comprises editing of any chromosomal sequences that encode

proteins associated with AD. The AD-related proteins are typically selected based on an
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including but not limited to DNA microarray analysis, serial analysis of gene expression

(SAGE), and quantitative real-time polymerase chain reaction (Q-PCR). Examples of

protein (VLDLR) encoded by the VLDLR gene, the ubiquitin-like modifier activating enzyme 1

protein (UBEIC) encoded by the UBA3 gene, for example. By way of non-limiting example,

integrator I protein (BINI) BDNF brain-derived neurotrophic factor (BDNF) BTNL8

Butyrophilin-like protein 8 (BTNL8) C1ORF49 chromosome 1 open reading frame 49 CDH4

MARVEL transmembrane domain- containing protein 2 (CKLFSF2) CLEC4E C-type lectin

CRI Erythrocyte complement receptor 1 (CRI, also known as CD35, C3b/C4b receptor and

granulocyte colony-stimulating factor 3 receptor (CSF3R) CST3 Cystatin C or cystatin 3 CYP2C

receptor I FCAR Fc fragment of IgA receptor (FCAR, also known as CD89) FCGR3B Fc

fragment of IgG, low affinity IIIb, receptor (FCGR3B or CD16b) FFA2 Free fatty acid receptor

Glyceraldehyde-3-phosphate dehydrogenase, spermatogenic (GAPDHS) GMPB GMBP HP

Haptoglobin (HP) HTR7 5-hydroxytryptamine (serotonin) receptor 7 (adenylate cyclase-

coupled) IDE Insulin degrading enzyme IF127 IF127 IF16 Interferon, alpha-inducible protein 6

(IF16) IFIT2 Interferon-induced protein with tetratricopeptide repeats 2 (IFIT2) ILIRN

interleukin-1 receptor antagonist (IL-IRA) IL8RA Interleukin 8 receptor, alpha (IL8RA or

CD181) IL8RB Interleukin 8 receptor, beta (IL8RB) JAG1 Jagged I (JAG1) KCNJ15 Potassium

inwardly-rectifying channel, subfamily J. member 15 (KCNJ15) LRP6 Low-density lipoprotein
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1 MTHFR 5,10-methylenetetrahydrofolate reductase MX2 Interferon-induced GTP-binding

(NIACR2, also known as GPR109B) NMNAT3 nicotinamide nucleotide adenylyltransferase 3

P2RY13 P2Y purinoceptor 13 (P2RY13) PBEFI Nicotinamide phosphoribosyltransferase

(NAmPRTase or Nampt) also known as pre-B-cell colony-enhancing factor 1 (PBEFI) or

visfatin PCK1 Phosphoenolpyruvate carboxykinase PICALM phosphatidylinositol binding

clathrin assembly protein (PICALM) PLAU Urokinase-type plasminogen activator (PLAU)

PLXNCI Plexin C1 (PLXNCI) PRNP Prion protein PSENI presenilin 1 protein (PSENT)

RGSL2 regulator of G-protein signaling like 2 (RGSL2) SELENBP1 Selenium binding protein 1

containing protein (SORLI) TF Transferrin TFAM Mitochondrial transcription factor A TNF

(TNFRSF10C) TNFSF10 Tumor necrosis factor receptor superfamily, (TRAIL) member 10a

activating enzyme El catalytic subunit protein (UBEIC) UBB ubiquitin B protein (UBB)

density lipoprotein receptor protein (VLDLR). In exemplary embodiments, the proteins

associated with AD whose chromosomal sequence is edited may be the very low density
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tyrosine phosphatase receptor type A protein (PTPRA) encoded by the PTPRA gene, the

phosphatidylinositol binding clathrin assembly protein (PICALM) encoded by the PICALM

presenilin 1 protein encoded by the PSENI gene, the presenilin 2 protein encoded by the PSEN2

encoded by the SORLI gene, the amyloid precursor protein (APP) encoded by the APP gene, the

CLU clusterin protein (also known as NM_053021 apoplipoprotein J) MAPT microtubule-

associated protein NM_017212 tau (MAPT) PICALM phosphatidylinositol binding NM_053554

presenilin 2 protein (PSEN2) NM_031087 PTPRA protein tyrosine phosphatase NM_012763

repeats-containing XM_001065506, protein (SORL1) XM_217115 UBAI ubiquitin-like

NM_057205 catalytic subunit protein (UBEIC) UBB ubiquitin B protein (UBB) NM_138895

ubiquitin carboxyl-terminal NM_001110165 hydrolase isozyme L3 protein (UCHL3) VLDLR

very low density lipoprotein NM_013155 receptor protein (VLDLR). The animal or cell may

more chromosomally integrated sequences encoding a protein associated with AD. The edited or

integrated chromosomal sequence may be modified to encode an altered protein associated with

AD. A number of mutations in AD-related chromosomal sequences have been associated with

AD. For instance, the V7171 (i.e. valine at position 717 is changed to isoleucine) missense

mutation in APP causes familial AD, Multiple mutations in the presenilin-1 protein, such as

H163R (i.e. histidine at position 163 is changed to arginine), A246E (i.e. alanine at position 246

is changed to glutamate), L286V (i.e. leucine at position 286 is changed to valine) and C410Y
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isoleucine), M239V (i.e. methionine at position 239 is changed to valine). and D439A (i.e.

associations of genetic variants in AD-associated genes and disease are known in the art. See, for

by reference herein in its entirety.

[00387] Examples of proteins associated Autism Spectrum Disorder may include the

benzodiazapine receptor (peripheral) associated protein 1 (BZRAP1) encoded by the BZRAPI

gene, the AF4/FMR2 family member 2 protein (AFF2) encoded by the AFF2 gene (also termed

MFR2), the fragile X mental retardation autosomal homolog 1 protein (FXR1) encoded by the

[00388] Examples of proteins associated Macular Degeneration may include the ATP-binding

apolipoprotein E protein (APOE) encoded by the APOE gene, or the chemokine (C-C motif)

[00389] Examples of proteins associated Schizophrenia may include NRG1, ErbB4, CPLX1,

[00390] Examples of proteins involved in tumor suppression may include ATM (ataxia

(v-erb-b2 erythroblastic leukemia viral oncogene homolog 3), ERBB4 (v-erb-b2 erythroblastic

leukemia viral oncogene homolog 4), Notch 1, Notch2, Notch 3, or Notch 4, for example.
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active forms. Defects in various components of the secretase pathways contribute to many

disorders, particularly those with hallmark amyloidogenesis or amyloid plaques, such as

[00392] A secretase disorder and the proteins associated with these disorders are a diverse set

severity of the disorder, or any combination thereof. The present disclosure comprises editing of

population without a secretase disorder. Differences in protein levels may be assessed using

proteomic techniques including but not limited to Western blot, immunohistochemical staining,

associated with a secretase disorder may be identified by obtaining gene expression profiles of

microarray analysis, serial analysis of gene expression (SAGE), and quantitative real-time

secretase disorder include PSENEN (presenilin enhancer 2 homolog (C. elegans)), CTSB

(anterior pharynx defective 1 homolog B (C. elegans)), PSEN2 (presenilin 2 (Alzheimer disease

4)), BACEI (beta-site APP-cleaving enzyme 1), ITM2B (integral membrane protein 2B). CTSD

(ADAM metallopeptidase domain 17), APOE (apolipoprotein E), ACE (angiotensin I converting

enzyme (peptidyl-dipeptidase A) 1), STN (statin), TP53 (tumor protein p53), IL6 (interleukin 6

(interferon, beta 2)), NGFR (nerve growth factor receptor (TNFR superfamily, member 16)),

ILIB (interleukin 1, beta), ACHE (acetylcholinesterase (Yt blood group)), CTNNBI (catenin

(cadherin-associated protein), beta 1, 88kDa). IGFI (insulin-like growth factor 1 (somatomedin

C)), IFNG (interferon, gamma), NRG1 (neuregulin 1), CASP3 (caspase 3, apoptosis-related

cysteine peptidase), MAPKI (mitogen-activated protein kinase 1), CDHI (cadherin 1, type 1, E-
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responsive element binding protein 1), PTGS2 (prostaglandin-endoperoxide synthase 2

(Drosophila)), CAT (catalase), TGFBI (transforming growth factor, beta 1), ENO2 (enolase 2

(avian)). TRAPPC10 (trafficking protein particle complex 10), MAOB (monoamine oxidase B),

NGF (nerve growth factor (beta polypeptide)). MMP12 (matrix metallopeptidase 12

(macrophage elastase)), JAGI (jagged 1 (Alagille syndrome)), CD40LG (CD40 ligand), PPARG

(peroxisome proliferator-activated receptor gamma), FGF2 (fibroblast growth factor 2 (basic)),

IL3 (interleukin 3 (colony-stimulating factor, multiple)), LRP1 (low density lipoprotein receptor-

PRNP (prion protein), CTSG (cathepsin G), EGF (epidermal growth factor (beta-urogastrone)),

protein 140 kDa, antigen CD62)), GHR (growth hormone receptor), ADCYAP1 (adenylate

acidic protein), MMP3 (matrix metallopeptidase 3 (stromelysin 1, progelatinase)), MAPK10

myelocytomatosis viral oncogene homolog (avian)), CTSE (cathepsin E), PPARA (peroxisome

alpha), MMP9 (matrix metallopeptidase 9 (gelatinase B, 92 kDa gelatinase, 92 kDa type IV

collagenase)), HTR4 (5-hydroxytryptamine (serotonin) receptor 4), HSPG2 (heparan sulfate
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endoperoxide synthase 1 (prostaglandin G/H synthase and cyclooxygenase)), GALT (galactose-

1-phosphate uridylyltransferase), CHRMI (cholinergic receptor, muscarinic 1), ATXNI (ataxin

M6PR (mannose-6-phosphate receptor (cation dependent)), CYP46A1 (cytochrome P450, family

activated protein kinase 14), PRG2 (proteoglycan 2, bone marrow (natural killer cell activator,

THEM4 (thioesterase superfamily member 4), JUP (junction plakoglobin), CD46 (CD46

molecule, complement regulatory protein), CCL11 (chemokine (C-C motif) ligand 11), CAV3

(heat shock 70kDa protein 8), CASP9 (caspase 9, apoptosis-related cysteine peptidase). CYP3A4

receptor 3), TFAP2A (transcription factor AP-2 alpha (activating enhancer binding protein 2

inducible factor 1, alpha subunit (basie helix-loop-helix transcription factor)), TCF7L2

B3GALTL (beta 1,3-galactosyltransferase-like), MDM2 (Mdm2 p53 binding protein homolog

(mouse)), RELA (v-rel reticuloendotheliosis viral oncogene homolog A (avian)), CASP7

(MAGUK family)), ADCYAPIRI (adenylate cyclase activating polypeptide 1 (pituitary)

receptor type 1), ATF4 (activating transcription factor 4 (tax-responsive enhancer element B67)),

PDGFA (platelet-derived growth factor alpha polypeptide), C21 or f33 (chromosome 21 open

reading frame 33), SCG5 (secretogranin V (7B2 protein)), RNF123 (ring finger protein 123),

NFKBI (nuclear factor of kappa light polypeptide gene enhancer in B-cells 1), ERBB2 (v-erb-b2

erythroblastic leukemia viral oncogene homolog 2, neuro/glioblastoma derived oncogene

homolog (avian)), CAV1 (caveolin 1, caveolae protein, 22 kDa), MMP7 (matrix
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macropain) 26S subunit, ATPase, 4), P2RY2 (purinergic receptor P2Y, G-protein coupled, 2),

homolog 1 (Drosophila)), NUMBL (numb homolog (Drosophila)-like), SPN (sialophorin),

(proprotein convertase subtilisin/kexin type 7), SPON1 (spondin 1, extracellular matrix protein),

SILV (silver homolog (mouse)), QPCT (glutaminyl-peptide cyclotransferase), HESS (hairy and

enhancer of split 5 (Drosophila)), GCCI (GRIP and coiled-coil domain containing 1), and any

combination thereof. The genetically modified animal or cell may comprise 1, 2, 3, 4, 5, 6, 7, 8,

9, 10 or more disrupted chromosomal sequences encoding a protein associated with a secretase

[00393] Examples of proteins associated with Amyotrophic Lateral Sclerosis may include

sarcoma), TARDBP (TAR DNA binding protein), VAGFA (vascular endothelial growth factor

factor C), and any combination thereof. For example, US Patent Publication No. 20110023144,

associated with amyotrophyic lateral sclerosis (ALS) disease. ALS is characterized by the

[00394] Motor neuron disorders and the proteins associated with these disorders are a diverse

set of proteins that effect susceptibility for developing a motor neuron disorder, the presence of
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limited to Western blot, immunohistochemical staining, enzyme linked immunosorbent assay

(ELISA), and mass spectrometry. Alternatively, the proteins associated with ALS may be

genomic techniques including but not limited to DNA microarray analysis, serial analysis of

of non-limiting example, proteins associated with ALS include but are not limited to the

superfamily, glutamate transporter), member 10b member 2 PRPH peripherin HSP90AA1 heat

shock protein 90 kDa alpha (cytosolic), class A member 1 GRIA2 glutamate receptor, IFNG

factor 2 protein B AOXI aldehyde oxidase I CS citrate synthase TARDBP TAR DNA binding

(RaIGDS/AF-6) and kinase 5 pleckstrin homology domains 1 NBEALI neurobeachin-like I

1.69 kDa-like toxin substrate 1 MAPT microtubule-associated ITPR2 inositol 1,4,5- protein tau

(juvenile) chromosome region, candidate 4 ALS2CR8 amyotrophic lateral CNTFR ciliary

neurotrophic factor sclerosis 2 (juvenile) receptor chromosome region, candidate 8 ALS2CR11

member B beta polypeptide CNTF ciliary neurotrophic factor SQSTMI sequestosome 1

STRADB STE20-related kinase NAIP NLR family, apoptosis adaptor beta inhibitory protein

YWHAQ tyrosine 3- SLC33A1 solute carrier family 33 monooxygenase/tryptoph (acetyl-CoA

transporter), an 5-monooxygenase member 1 activation protein, theta polypeptide TRAK2

trafficking protein, FIG. 4 FIG. 4 homolog, SAC1 kinesin binding 2 lipid phosphatase domain

containing NIF3L1 NIF3 NGGI interacting INA internexin neuronal factor 3-like I intermediate

filament protein, alpha PARD3B par-3 partitioning COX8A cytochrome C oxidase defective 3
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oncogene SOD2 superoxide dismutase 2, HSPBI heat shock 27 kDa mitochondrial protein I

70 kDa ribonuclease, RNase A protein 8 family, 5 VAPB VAMP (vesicle- ESR1 estrogen

HGF hepatocyte growth factor CAT catalase ACTB actin, beta NEFM neurofilament, medium

TH tyrosine hydroxylase polypeptide BCL2 B-cell CLL/lymphoma 2 FAS Fas (TNF receptor

superfamily, member 6) CASP3 caspase 3, apoptosis- CLU clusterin related cysteine peptidase

SMNI survival of motor neuron G6PD glucose-6-phosphate 1, telomeric dehydrogenase BAX

BCL2-associated X HSFI heat shock transcription protein factor 1 RNF19A ring finger protein

interleukin 10 kinase 14 APEXI APEX nuclease TXNRDI thioredoxin reductase 1

metallopeptidase inducible inhibitor 1 CASP9 caspase 9, apoptosis- XIAP X-linked inhibitor of

vascular endothelial ELN elastin growth factor A GDNF glial cell derived NFE2L2 nuclear

heat shock 70 kDa (neurotransmitter protein 4 transporter, dopamine), member 3 APOE

solute carrier family I protein 3 (neuronal/epithelial high affinity glutamate transporter, system

Xag), member I SMN2 survival of motor neuron CCNC cyclin C 2, centromeric MPP4
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Parkinson disease 7 XDH xanthine dehydrogenase GFAP glial fibrillary acidic MAP2

microtubule-associated protein protein 2 CYCS cytochrome C, somatic FCGR3B Fc fragment of

MMP9 matrix metallopeptidase SLC18A3 solute carrier family 18 9 ( (vesicular acetylcholine).

2 subfamily M, member 7 AKTI v-akt murine thymoma DERLI Derl-like domain family, viral

glutamate transporter), member 3 kinase 1 PONI paraoxonase 1 AR androgen receptor LIF

leukemia inhibitory factor ERBB3 v-erb-b2 erythroblastic leukemia viral oncogene homolog 3

TLR3 toll-like receptor 3 GRIA1 glutamate receptor, GAPDH glyceraldehyde-3- ionotropic,

1 CHAT choline acetyltransferase FLT4 fms-related tyrosine kinase 4 CHMP2B chromatin

cholinergic receptor, nicotinic, alpha 4 GSS glutathione synthetase BAKI BCL2-

III pi 1 receptor tyrosine kinase) OGG1 8-oxoguanine DNA IL6 interleukin 6 (interferon,

glycosylase beta 2). The animal or cell may comprise I, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more disrupted

ALS. Preferred proteins associated with ALS include SODI (superoxide dismutase 1), ALS2

(amyotrophic lateral sclerosis 2), FUS (fused in sarcoma), TARDBP (TAR DNA binding

protein), VAGFA (vascular endothelial growth factor A), VAGFB (vascular endothelial growth

factor B), and VAGFC (vascular endothelial growth factor C), and any combination thereof.

[00395] Examples of proteins associated with prion diseases may include SODI (superoxide

dismutase 1), ALS2 (amyotrophic lateral sclerosis 2), FUS (fused in sarcoma), TARDBP (TAR

DNA binding protein), VAGFA (vascular endothelial growth factor A), VAGFB (vascular
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[00396] Examples of proteins related to neurodegenerative conditions in prion disorders may

ACPP (Acid phosphatase prostate), ACTA2 (Actin alpha 2 smooth muscle aorta), ADAM22

adrenergic receptor for Alpha-ID adrenoreceptor). for example.

[00397] Examples of proteins associated with Immunodeficiency may include A2M [alpha-2-

macroglobulin]; AANAT [arylalkylamine N-acetyltransferase]; ABCA1 [ATP-binding cassette,

sub-family A (ABC1), member 1]; ABCA2 [ATP-binding cassette, sub-family A (ABC1),

member 2]; or ABCA3 [ATP-binding cassette, sub-family A (ABCI), member 3]; for example.

(dystrophia myotonica-protein kinase), FXN (frataxin), ATXN2 (ataxin 2), for example.

NOS1 (nitric oxide synthase 1 (neuronal)), ADRA2A (adrenergic, alpha-2A-, receptor),

hydroxytryptamine (serotonin) receptor 2C), for example. Examples of neurodevelopmental-

aminotransferase], AANAT [arylalkylamine N-acetyltransferase], ABAT [4-aminobutyrate

examples of preferred conditions treatable with the present system include may be selected from:

Aicardi-Goutières Syndrome; Alexander Disease; Allan-Herndon-Dudley Syndrome; POLG-
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Disease; Organic Acidemias; Hemophagocytic Lymphohistiocytosis; Hutchinson-Gilford

Progeria Syndrome; Mucolipidosis II; Infantile Free Sialic Acid Storage Disease; PLA2G6-

Bullosa: Huntington Disease: Krabbe Disease (Infantile); Mitochondrial DNA-Associated Leigh

Syndrome: Maple Syrup Urine Disease; MECP2 Duplication Syndrome; ATP7A-Related

Mitochondrial DNA Deletion Syndromes; PLP1-Related Disorders: Perry Syndrome; Phelan-

McDermid Syndrome: Glycogen Storage Disease Type II (Pompe Disease) (Infantile); MAPT-

Roberts Syndrome: Sandhoff Disease; Schindler Disease - Type 1: Adenosine Deaminase

Spinocerebellar Ataxia; Hexosaminidase A Deficiency; Thanatophoric Dysplasia Type 1:

Wolf-Hirschhorn Syndrome; Lysosomal Acid Lipase Deficiency; and Xeroderma Pigmentosum.

polynucleotide sequence of interest. Some examples of conditions or diseases that might be

usefully treated using the present system are included in the Tables herein and examples of genes

EXAMPLES

[00400] The following examples are given for the purpose of illustrating various embodiments

of the invention and are not meant to limit the present invention in any fashion. The present

examples, along with the methods described herein are presently representative of preferred

embodiments. are exemplary, and are not intended as limitations on the scope of the invention.

Changes therein and other uses which are encompassed within the spirit of the invention as

defined by the scope of the claims will occur to those skilled in the art.
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the mammalian brain using CRISPR-Cas9." Nat Biotechnol. 2014 Oct 19. doi:

the following main points:

efficient genome modification in post-mitotic neurons;

Development of a nuclear tagging technique which enables easy isolation of neuronal

nuclei from Cas9 and sgRNA-expressing cells;

Demonstration of application toward RNAseq analysis of neuronal transcriptome;

Integration of electrophysiological studies with Cas9-mediated genome perturbation: and

[00402] Transgenic animal models carrying disease-associated mutations are enormously

pathophysiological mechanism of disease. However, generation of animal models that carry

consuming breeding over many generations. Therefore, to facilitate the rapid dissection of gene

efficiently manipulate the genome of neurons in vivo. The CRISPR-associated endonuclease

shifting insertion/deletion (indel) mutations. Here, Applicants integrate Cas9-mediated genome

perturbation with biochemical, sequencing, electrophysiological, and behavioral readouts to

brain disorders in vivo.
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can be packaged into a single vector. Since the size of the SpCas9 is already 4.2 kb, leaving less

than 0.3 kb for other genetic elements within a single AAV vector, Applicants designed a dual-

vector system that packages SpCas9 (AAV-SpCas9) and sgRNA expression cassettes (AAV-

SpGuide) on two separate viral vectors (Figure 1). While designing the AAV-SpCas9 vector,

Applicants compared various short neuron-specific promoters as well as poly adenylation signals

to optimize SpCas9 expression. For Applicants' final design Applicants chose the mouse Mecp2

ability to achieve sufficient levels of SpCas9 expression in cultured primary mouse cortical

Applicants packaged an U6-sgRNA expression cassette as well as the green fluorescent protein

(GFP)-fused with the KASH nuclear trans-membrane domain9 driven by the human Synapsin I

promoter (Figure 1a). The GFP-KASH fusion protein directs GFP to the outer nuclear membrane

(Figure 5c,d) and enables fluorescence-based identification and purification of intact neuronal

[00404] To test the delivery efficacy of Applicants' dual-vector delivery system, Applicants

by AAV-SpCas9 and AAV-SpGuide (Figure 5c). with greater than 80% co-transduction

efficiency (Figure 5e). Importantly, compared with un-transduced neurons, expression of

SpCas9 did not adversely affect the morphology and survival rate of transduced neurons (Figure

[00405] Having established an efficient delivery system, Applicants next sought to test

SpCas9-mediated genome editing in mouse primary neurons. Whereas SpCas9 has been used to

Applicants' initial test Applicants targeted the Mecp2 gene, which plays a principal role in Rett

syndrome, a type of autism spectrum disorder. MeCP2 protein is ubiquitously expressed in

neurons throughout the brain but nearly absent in glial cells and its deficiency has been shown to

be associated with severe morphological and electrophysiological phenotypes in neurons, and

both are believed to contribute to the neurological symptoms observed in patients with Rett

syndrome. To target Mecp2, Applicants first designed several sgRNAs targeting exon 3 of the
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measured indel rate using the SURVEYOR nuclease assay 7 days post transduction (Figure 7b).

showed up to 80% reduction in MeCP2 protein levels compared to control neurons (Figure 7c,d).

One possible explanation for the observed discrepancy between relatively low indel frequency

sgRNA did not reduce MeCP2 protein levels (Figure 7a.d), suggesting that the observed decrease

locus. Another possible explanation for the discrepancy between the low level of detected indel

[00407] MeCP2 loss-of-function has been previously shown to be associated with dendritic

Therefore, Applicants investigated whether SpCas9-mediated MeCP2-depletion in neurons can

similarly recapitulate morphological phenotypes of Rett syndrome. Indeed, neurons co-
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enable direct testing of gene function in relevant cell types embedded in native contexts.

Consequently, Applicants stereotactically injected a mixture (1:1 ratio) of high titer AAV-

SpCas9 and AAV-SpGuide into the hippocampal dentate gyrus in adult mice. Applicants

observed high co-transduction efficiency of both vectors (over 80%) in hippocampal granule

cells at 4 weeks after viral injection (Figure 1b,c) resulting in genomic modifications of the

Mecp2 locus. (Figure Id). Using SURVEYOR nuclease assay Applicants detected ~13% indel

Applicants' finding in cultured primary neurons, SpCas9-mediated cutting of the Mecp2 locus

SpCas9 and AAV-SpGuide compared to AAV-SpCas9 alone (Figure 1g-h). These results

suggest that SpCas9 can be used to directly perturb specific genes within intact biological

contexts.

[00409] Targeted genomic perturbations can be coupled with quantitative readouts to provide

AAV-SpCas9 and AAV-SpGuide transduced cells, Applicants developed a method to purify

nuclei can be directly used to purify nuclear DNA and RNA for downstream biochemical or

sequencing analysis. Using sanger sequencing, Applicants found that 13 out of 14 single GFP-

positive nuclei contained an indel mutation at the sgRNA target site.

used for RNAseq analysis to study transcriptional consequences of MeCP2 depletion (Figure 2b

and Figure 9). To test the effect of Mecp2 knockout on transcription of neurons from the dentate

bacterial lacZ gene and not the mouse genome, or a Mecp2-targeting sgRNA. All sgRNAs have

been optimized to minimize their off-target score (CRISPR Design Tool: http://tools.genome-

engineering.org). Applicants were able to find differentially expressed genes (Figure 2b)

between control and Mecp2 sgRNA expressing nuclei (p<0.01). Applicants identified several

interesting candidates among genes that were down-regulated in Mecp2 sgRNA expressing

nuclei: Hpca, Olfm1, and Nedn. which have been previously reported to play important roles in
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electrophysiological recording to study the effect of genomic perturbation on specific cell types

physiology Applicants stereotactically co-delivered AAV-SpCas9 and AAV-SpGuide targeting

Mecp2 into the superficial layer of the primary visual cortex (V1) of male mice. VI was chosen

2/3 of mouse VI (Figure 3a-c). Applicants measured neuronal responses to 18 drifting gratings

(OSI) of cells by vector averaging the response. Both FR and OSI were significantly reduced for

results show that SpCas9 mediated depletion of MeCP2 in adult V1 cortical neurons alters the

brain in vivo, for studying genes functions and dissection of neuronal circuits.

[00412] One key advantage of the SpCas9 system is its ability to facilitate multiplex genorne
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Dnmt3a and Dnmt3b. Dnmt1 and 3a are highly expressed in the adult brain and it was

previously shown that DNMT activity alters DNA methylation and both Dnmt3a and Dnmtl are

required for synaptic plasticity and learning and memory formation. Applicants designed

individual sgRNAs against Dnmt3a and Dnmt1 with high modification efficiency. To avoid any

potential compensatory effects by Dnmt3b Applicants decided also to additionally target this

gene even though it is expressed mainly during neurodevelopment 27 Applicants finally selected

and Figure 10).

dentate gyrus of male adult mice. After 4 weeks, hippocampi were dissected and targeted cell

nuclei were sorted via FACS. Applicants detected ~19% (Dnmt3a), 18% (Dnmt1) and 4%

(Dnmt3b) indel frequency in the sorted nuclei population using SURVEYOR nuclease assay

(Figure 4c) and sequencing (Figure 11). Targeting multiple loci raises the question about the

with targeted sequencing, Applicants quantified simultaneous targeting of multiple DNMT loci

Dnmt locus, more than 70% of nuclei contained indels in both Dnmt3a and Dnmtl (~40%

contained indels at all 3 loci, and ~30% at both Dnmt3a and Dnmt1 loci). These results are in

agreement with Dnmt3a and Dnmtl protein depletion levels in the dentate gyrus (Figure 4e).

Dnmt3b protein.

[00414] Recent studies with SpCas9 have shown that, although each base within the 20-nt

modifications, Applicants computationally identified a list of highly similar genomic target sites²

and quantified the rate of modifications using targeted deep sequencing. Indel analysis of the top

predicted off-target loci revealed a 0-1.6% rate of indel formations demonstrating that SpCas9

modification is specific (Supplementary Table 1). To increase the specificity of SpCas9-

mediated genome editing in vivo, future studies may use off-targeting minimization strategies

such as double nicking and truncated sgRNAs.
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conditions (Figure 4f). This effect was abolished when mice were tested in the altered context.

members in dentate gyrus neurons is sufficient to probe the function of genes in behavioral tasks.

[00416] Applicants' results demonstrate that AAV-mediated in vivo delivery of SpCas9 and

perturbations can be combined with biochemical, sequencing, electrophysiological, and

demonstrated that SpCas9-mediated targeting of single or multiple genes can recapitulate

promoter elements can be used to achieve cell type-specific targeting. Given the diversity of

Methods

DNA constructs
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gactagccttatttactgctaTTTCtagctctaaaacNNNNNNNNNNNNNNNNNNNCGGTGTTTCGTCC

TTTCCAC-3'. (SEQ ID NO: ) Control sgRNA sequence was designed to target lacZ gene

from E. coli:

target sequence: TGCGAATACGCCCACGCGATGGG (SEQ ID NO: )

[00418] EGFP-KASH construct was a generous gift from Prof. Worman (Columbia

University, NYC) and was used as PCR template for cloning the coding cassette into AAV

was introduced using Mlul site. For the multiplex gene targeting strategy, individual sgRNAs

After PCR amplification, the Golden Gate ligation product containing 3 sgRNAs and hSyn-GFP-

KASH-bGH pA was cloned into AAV backbone. All obtained constructs were sequenced

verified. In order to find the optimal promoter sequence to drive SpCas9 expression in neurons

Applicants tested: hSynl, mouse truncated Mecp2 (pMecp2), and truncated rat Maplb (pMap1b)

hSyn_F: 5'-GTGTCTAGACTGCAGAGGGCCCTG-3'; (SEQ ID NO: )

Mecp2_F5'-gagaagcttAGCTGAATGGGGTCCGCCTC-3'; (SEQ ID NO: )

Mecp2_R 5'-ctcaccggtGCGCGCAACCGATGCCGGGACC-3' (SEQ ID NO: )

Map1b-283/-58_F 5-gagaagcttGGCGAAATGATTTGCTGCAGATG-3' (SEQ ID NO: )

[00419] Another truncation of rat maplb promoter was assembled with the following oligos:

5'-agcttCGCGCCGGGAGGAGGGGGGACGCAGTGGGCGGAGCGGAGACAGC

ACCTTCGGAGATAATCCTTTCTCCTGCCGCAGAGCAGAGGAGCGGCGGGAGAGGAA

CACTTCTCCCAGGCTTTAGCAGAGCCGGa-3' and

5'-ceggtCCGGCTCTGCTAAAGCCTGGGAGAAGTGTTCCTCTCCCGCCGCTC

CTCTGCTCTGCGGCAGGAGAAAGGATTATCTCCGAAGGTGCTGTCTCCGCTCCGCCC

ACTGCGTCCCCCCTCCTCCCGGCGCGa-3 (SEQ ID NO: )
[00420] Short synthetic polyadenylation signal (spA)³ was assembled using following oligos:

5'-aattcAATAAAAGATCTTTATTTTCATTAGATCTGTGTGTTGGTTITTTG TGTgc-3'

(SEQ ID NO: ) and
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5'-ggccgcACACAAAAAACCAACACACAGATCTAATGAAAATAAAGAT CTTTTATTg-

[00422] Neuro-2a (N2a) cells were grown in DMEM containing 5% fetal bovine serum

were maintained at 37°C in 5% CO2 atmosphere. Cells were transfected using

Lipofectamine 2000 or Polyethylenimine (PEI) "MAX" reagent (Polysciences), according to

Titering of viral particles was done by qPCR. High titer AAVI particles were produced by the

particles in DMEM were produced as described previously. Briefly, HEK293FT cells were

Primary cortical neuron culture

protocol approved by the MIT Committee on Animal Care (MIT CAC). Primary cultures were

plated on poly-D-lysine (PDL) coated 24-well plates (BD Biosciences) or laminin/PDL coated

coverslips (VWR). Cultures were grown at 37°C and 5% CO in Neurobasal medium,

supplemented with B27, Glutamax (Life Technologies) and penicillin/streptomycin mix. For

AAV transduction, cortical neurons in 500 µl Neurobasal culture medium were incubated at 7

HEK293FT cells. One week after transduction neurons have been harvested for downstream
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processing or fixed in 4% paraformaldehyde for immunofluorescent stainings or morphology

analysis.

[00425] For visualization of neuronal morphology, cells at DIV7 were transfected with EFla-

mCherry expression vector using Lipofectamine*2000 (Life Technologies) for one week as

previously described. For measurement of total dendrite length, all dendrites of individual

neurons were traced using ImageJ software. Quantification of the number of primary dendrites,

microscope at a 40x objective (Zeiss AxioCam Ax10 microscope, Axiocam MRm camera). For

body, and the number of dendrites crossing each circle was counted using ImageJ software with

a Sholl plug-in.

Stereotactic injection of AAV1/2 into the mouse brain

[00426] The MIT CAC approved all animal procedures described here. Adult (12-16 weeks

Ketamine and 10 mg/kg Xylazine. Pre-emptive analgesia was given (Buprenex, 1 mg/kg, i.p.).

(1x1013 Vg/ml of sMecp2-SpCas9; 6x1012 Vg/ml of DNMT 3xsgRNA; 3-5x1012 Vg/ml of

hSyn-GFP-KASH) was injected into: dorsal dentate gyrus (anterior/posterior: -1.7; mediolateral:

0.6; dorsal/ventral: -2.15) and/or ventral dentate gyrus (anterior/posterior: -3.52; mediolateral:

injection coordinates were 3 mm lateral (from Bregma) and 1 mm anterior from the posterior

remaining dura was punctured using a glass micropipette filled with the virus suspended in

administered for three days following surgery.
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HEPES, 10 mM glucose; pH 7.4). Animal body temperature was maintained during experiment

laser puller (Sutter Instruments). Tip diameter was around ] µm while the resistance was

between 3-5 M. Recordings were made using custom software (Network Prism. Sur lab),

Probes). The pipette was first targeted to the injection site using a 10x lens, and then targeted to

proximity was detected through deflections in resistance observed in voltage clamp during a

post hoc and immunohistochemistry was performed.

recordings

presented oriented gratings using custom software written in Matlab PsychToolbox-3. Gratings

were optimized for cellular responsiveness and were presented by stepping the orientation from

0-360 degrees in steps of 20 degrees, with each grating presentation being preceded for 4

seconds "off" followed by 4 seconds "on", for a total presentation duration of 144 seconds.

performed via analysis routines that used manually defined thresholds followed by spike shape

template matching for further verification. Every spike was tagged and displayed on screen in a
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graphical user interface whereupon it was manually reviewed for false positives and negatives by

the experimenter. Spike times in response to every stimulus were then grouped into "on" or "off"

periods based on their timing relative to visual stimulation, and "on" spikes for each stimulus

were decremented by the number of "off" spikes observed during an equal time period. For

orientation experiments, # spikes per stimulus = (# spikes "on") - (# spikes "off") because "on"

and "off" periods were the same duration. For every cell of interest, the methods were used to

responses were then turned into a "tuning curve" of orientation vs. response for each trial.

orientation according to the formulae as follows:

OSI =
E(R(e)

Tissue preparation and purification of cell nuclei

[00430] Total hippocampus or dentate gyrus was quickly dissected in ice cold DPBS (Life

homogenized in 2 ml ice-cold homogenization buffer (HB) (320 mM Sucrose, 5 mM CaCl. 3

mercaptoethanol) using 2 ml Dounce homogenizer (Sigma); 25 times with pestle A, followed by

25 times with pestle B. Next, 3 ml of HB was added up to 5 ml total and kept on ice for 5 min.

For gradient centrifugation, 5 ml of 50% OptiPrep density gradient medium (Sigma)

mercaptoethanol was added and mixed. The lysate was gently loaded on the top of 10 ml 29%

rotor). Samples were centrifuged at 10.100 xg (7,500 rpm) for 30 min at 4°C. The supernatant

[00431] Purified GFP-positive (GFP) and negative (GFP) intact nuclei were co-labeled with
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with a single PCR amplified sgRNA and SpCas9 vector. Cells transfected with SpCas9 only

using DNeasy Blood & Tissue Kit (Qiagen) according to the manufacturer's protocol. To isolate

days post AAV transduction, according to the manufacturer's instruction. Sorted nuclei or

standard procedures. DNA was finally resuspended in TE Buffer (10 mM Tris pH 8.0, 0.1 mM

performed by SURVEYOR nuclease assay (Transgenomics) using PCR primers listed in

animals) or SpCas9 with gRNA targeting lacZ (4 animals), the dentate gyrus was quickly

dissected in ice cold DPBS (Life Sciences) and transferred immediately to RNA-later solution

(Ambion). After 24 hours in 4°C the tissue was moved to -80°C. Populations of 100 targeted

mercaptoethanol (Qiagen). After centrifuging, samples were frozen immediately at -80°C. The

RNA was purified by AMPure RNAcleanXP SPRI beads (Beckman Coulter Genomics)

following the manufactures' instructions, and washed three times with 80% ethanol, omitting the

final elution. The beads with captured RNA were air-dried and processed immediately for cDNA

were used for each animal, total of 24 population sample, in cDNA library preparations

following the SMART-seq2 protocol only replacing the reverse transcriptase enzyme with 0.1 ul
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of Maxima H Minus enzyme (200 U/ul, Thermo Scientific), and scaling down the PCR reaction

to a volume of 25 ul. The tagmentation reaction and final PCR amplification were done using the

Nextera XT DNA Sample preparation kit (Illumina), with the following modifications. All

reaction volumes were scaled down by a factor of 4, and the libraries were pooled after the PCR

amplification step by taking 2.5 ul of each sample. The pooled libraries were cleaned and size-

selected using two rounds of 0.7 volume of AMPure XP SPRI bead cleanup (Beckman Coulter

of the library, while quantification was done with Qubit High-Sensitivity DNA kit (Invitrogen).

sequenced using Illumina Miseq with 75 bp paired end reads.

[00434] Bowtie2 index was created based on the mouse mm9 UCSC genome and known

Gene transcriptome¹³, and paired-end reads were aligned directly to this index using Bowtie2

with command line options -q --phred33-quals -1) 2 -e 99999999 -I 25 -1 -X 1000 -a -m 200 -p

created by Bowtie2 to estimate expression levels. RSEM's gene level expression estimates (tau)

TPM estimates were transformed to log-space by taking log2(TPM+1). Genes were considered

detected if their transformed expression level equal to or above 2 (in log2(TPM+1) scale). A

library is filtered out if it has less than 8000 genes detected. Based on this criterion, 4 libraries

library from each animal was randomly chosen to exclude (this results in a total of 12 libraries

clustering (Matlab V2013b).
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antibodies for 1 hour at RT. Finally, coverslips were mounted using VECTASHIELD HardSet

microscope and an Axiocam MRm camera. Images were processed using the Zen 2012 software

plugin. Mice were sacrified 4 weeks after viral delivery by a lethal dose of Ketamine/Xylazine

20 min. Sections were blocked with 4% normal goat serum (NGS) in TBST (137 mM NaCl, 20

RM2125 RTS) to 8 µm, and stained as described previously. Sections were incubated with

with confocal microscope (Zeiss LSM 710, Ax10 ImagerZ2, Zen 2012 Software). Following

primary antibodies were used: rabbit anti-Dnmt3a (Santa Cruz, 1:100): rabbit anti-MeCP2

(Millipore, 1:200); mouse anti-NeuN (Millipore, 1:50-1:400); chicken anti-GFAP (Abcam,

anti-HA (Cell Signaling, 1:100). Secondary antibodies: AlexaFluor@488, 568 or 633 (Life

Technologies, 1:500-1:1,000).

Quantification of LIVE/DEAD assay

[00436] Control and transduced primary neurons were stained using the LIVE/DEAD assay

GFP-signal from GFP-KASH expression, cells were stained for DEAD (ethidium homodimer)

and DAPI (all cells) only. Stained cells were imaged using fluorescence microscopy and DEAD,
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GFP and DAPI positive cells were counted by using Image] 1.48h software and Neuron detector

plugin,

Western blot analysis

[00437] Transduced primary cortical neurons (24 well, 7 days after viral delivery) and

transduced tissue samples (4 weeks after viral delivery) were lysed in 50 µL of ice-cold RIPA

buffer (Cell Signaling) containing 0.1% SDS and proteases inhibitors (Roche, Sigma). Cell

was determined using the BCA Protein Assay Kit (Pierce Biotechnology, Inc.). Protein lysats

Tris-HCI gels (Bio-Rad) and analyzed by Western blotting using primary antibodies: rabbit anti-

(Millipore, 1:400), rabbit anti-Tubulin (Cell Signaling, 1:10,000) followed by secondary anti-

mouse and anti-rabbit HRP antibodies (Sigma-Aldrich, 1:10,000). GAPDH was directly

visualized with rabbit HRP coupled anti-GAPDH antibody (Cell Signaling, 1:10,000). Tubulin or

ImageLab 4.1 software (BioRad), and quantified using ImageJ software 1.48h.

[00438] 8 weeks after bilateral SpCas9/DNMT 3xsgRNA delivery into the dorsal and ventral

dentate gyrus of 12 weeks old C57BL/6N male mice, animals were habituated to the

experimentor and the behavior room for 7 days. SpCas9/GFP-KASH injected littermates served

habituation the mice were placed back to their homecages. The next day (training day) individual

sec pre-tone period. The training trial was repeated 6 times before the mice were placed back to
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[00439] CRISPR Design Tool (http://crispr.mit.edu/) was used to find potential off-targets for

gyrus were FACS sorted 12 weeks after viral delivery and genomic DNA was purified as

was amplified by a fusion PCR method to attach the Illumina P5 adapters as well as unique

then sequenced with the Illumina MiSeq Personal Sequencer (Life Technologies). with read

filtered by Phred quality (Q score) and aligned using a Smith-Waterman algorithm to the

exclusion of indels as putative cutting events. Applicants computed a maximum-likelihood

estimator (MLE) for the fraction of reads having target-regions with true-indels, using the per-

target-region-per-read error rate from the data of the negative control sample. The MLE scores

Statistical analysis

[00440] All experiments were performed with a minimum of two independent biological

replicates. Statistics were performed with Prism6 (GraphPad) using Student's two tailed t-test.

Gene GI Potential off-target MLE (%) SEM SEQ
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sequences ID NO:

Abca1 NM_013454 GGAGCTGGAGCTGTTCACGTTGG 0.0000 0.00

Mctp1 NM_030174 CGGGCAGCAGATGTTCGCGTAGG 0.0806 0.08

Exd2 NM_133798 AGGGCTTGAGATGTTCGGGCTGG 0.0612 0.06

Pik3r6 NM_001004435 CCGGCTGGGGCTGTCCTCGCTAG 0.0000 0.00

Sobp NM_175407 CGGGGTGCAGCTGCTCACGCCAG 0.0000 0.00

Dnmt1

Vac14 NM_146216 CTGGCGGGAGCTGGTCGCGTGAG 0.0083 0.00

Bmprib NM_001277217 ATGGCATAGGCCGCTGACAGAGG 0.0117 0.01

Syce1 NM_001143765 TTGGCATGGTGAGCTGGCGGGGG 0.0067 0.00

Atp8b3 NM_026094 TGGGCAGGGGTCTCTGAGGGCAG 0.0067 0.01

Hecw2 NM_001001883 ACATGGTTCCAGTGGGTATGTAG 0.0000 0.00

Plekhg3 NM_153804 GGAGGTGGGCAGCGGGTATGTAG 0.0954 0.01

Topimt NM_028404 GGAGGGAACCAGCCGGTATGGGG 0.0167 0.01

AGAGAGTGGCAGTGGGTAAGCAG 0.0000 0.00

Ncan NM_007789 AGAGGTGGCCAGCGGGCAGGAAG 0.0017 0.00

Dnmt3b

Nacad NM_001081652 TGAGGGGGCCAGCTGGGATGCAG 1.6254 0.76

Supplementary Table 2. PCR primers used in the SURVEYOR assay
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Forward primer
ID

Reverse primer

Gene

Mecp2

Dnmt3a ATCCCTCCTCAGAGGGTCAGC

Dnmt1 TTCGGGCATAGCATGGTCTTCC GTTCTATTTCAGAGGGCTGATCCC

Dnmt3b GTTCTGAGCCGCACAGTTTGG GGATAAGAAGGGACAATACAGG

Supplementary Table 3. Primers used for on- and off-target genomic loci amplification

SEQ ID NO:

Gene

CTACCGCCTGCGGA
Dnmt1

GTTCAGAGCT CATGGT

CCTGTCTCTCTGT CCGTTTGCTGATGTAGTA
Dnmt3a

Dnmt3b

CAATGAAGGGAGAC GAGGACTGGTC

CCCTGACACCAGC CTCTGGGTGAC
Abca1

TGTTCAGCAC CACACACGATGC

GAGCAGGCAGA GGAGAGCGTCC
Mctp1

GCCGAGCAAG GCCAGGAG

GGGTCTTGTTGTG GAAGCTCTCTTAA
Exd2

AGTAGGGTGTG CTACTGTTC
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CCTGGAATACTAT CAGGCCCTAGCAGCG
Pik3r6

TTCCACGCCG AGCAG

GCAGCACACTCCA GGAAGGGGCTTTCC
Sobp

CCCTCACAT TCCGAGC

GCTCCGACCCTGCT
Vac14

GTGTCTGCCTC CCTGTTCATCAGGCTC
Efemp2

GCTCTGCTGC GTAGCCC

CTATCTGAAATCC CGATTGCTGGCTTGC
Bmpr1b

ACCACCTTAGACGC CTTGAG

GCCTGAGGGGG GGTTCGCGTCCGCC
Syce1

CCAGAGGT CGCGTGAT

Atp8b3

CCGGGTGGTG CTGTCGCCTATG

GACCCTGTGTTT CCCAGCAGGTCACA
Rdh11

CAAGTCTCTCTG GCTGACATC

Hecw2

ATTCAATACG TATAAAATAATACGAC

Plekhg3

GACTCACAGCA AGACCATG

Cdc25b

TGATTCTGTCCTTACTGO TCCTTATCCAGC

Top1mt CGAGAAGTC
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GATGCAGACACTTCAA ATCCCTGCC

GCTGAAGACTGGC
Sesn2

ATT
GAGCACAGCT

GACCTGAATGTTG GCCTCCTGTC
Ncan

TGGCTGAGAGTCC CCCAGGTCCC

CCCTCACGTTCC CACTAGGCTT
Nacad

TGTCCAGCAA GGGCTGCCCTCT

Example 2: In vivo Retina Disease Model (Mouse model for Retinitis Pigmentosa)

genome sequence in mammalian cells. Applicants use this system to demonstrate genetic

of somatic tissue through the correction of mutations associated with human disease Retinitis

found in human patients. The mouse strain used for Applicants' studies is C57BL/6 strain

codon encodes the amino acid substitution of histidine for phenylalanine at position 23, P23H.

115,938,829. Applicants observed that mice that are homozygous for the targeted mutation are

sequencing chromatogram. The phenotype in heterozygous mice mimics the retinopathy and

outer segment when compared to controls. At post natal day 63, heterozygotes have fewer rod

nuclei (half the number observed in wildtype mice), and decreased length of the rod outer
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severe photoreceptor degeneration by post natal day 23 and loss of almost all photoreceptor cells

Rhotml.1Kpal/J:

retina neurons, and induce homologous recombination on the target to correct the related disease-

mutation site labeled in orange with the single nucleotide mutation C-A labeled in red. (see Fig.

model can rescue the discase-associated phenotypes and further demonstrates the feasibility of

performing genome modification in neurons of adult animals. Further, the study provides

information to assess the level of homologous recombination that could be induced in neuronal

cell types for genetic engineering purposes, using the retina neurons in this strain as a model

system. The experimental set up is as shown in the table below:

Routes group

Neg. ctrl. ... saline IV 1 group, 3 time 5 15
injection points

Control ... non-targeting IV 1 group, 3 time 5 15

vector points

Targeting vector IV 3 time-points X3 5 45

conditions

[00443] In total, 25 mice are used to set up breeder pairs so in total = 100 mice for each strain

are used for this study.

[00444] Subretinal injection is used as the delivery route. Mice receive subretinal injection of

0.5-1 microliters of saline solution (0.9% sodium chloride) warmed to body temperature and

containing up to 1E12 viral particles. These mice are more than 6 weeks old. The animal is kept

warm using a heating pad and/or lamp and is monitored. Animals are monitored daily for clinical

Tissue collection:
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[00445] After 1 to 4 weeks after injections of materials, mice are sacrificed by the CO

successful gene transfection, genome alterations, or toxicity.

Example 3: In vivo therapeutic genome engineering approach for Retinitis Pigmentosa

[00446] First, guides for SaCas9 that target the gene RHO in human genome are designed as

design was generated through computational algorithm to maximize the potential of introducing

on-target cleavage that is closest to the disease mutation site to facilitate highest efficiency and

sensitivity (HS) assay results to maximize the accessibility of the genomic region corresponding

RHO locus, and in vitro guide screening results using the Surveyor assay.

validated in vitro by co-transfecting at 1:1, 1:3, 1:5 ratio with the corresponding vector encoding

[00448] Figure 19 shows an RHO HR AAV vector. The specific sequence for the part
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ACCAGAAAGTCTCTAGCTGTCCAGAGGACATAGCACAGAGGCCCATOGTCCCTATTTCAAACC
CAGGCCACCAGACTGAGCTGGGACCTTGGGACAGACAAGTCATGCAGAAGTTAGGGGACCTTC
TCCTCCCTTTTCCTGGATCCTGAGTACCTCTOCTCCCTGACCTCAGGCTTCCTCCTAGTGTCA

GAACACCCCCAATCTCCCAGATGCTGATTCAGCCAGGAGCTTAGGAGGGGGAGGTCACTTTAT
AAGGGTCTGGGGGGGTCAGAACCCAGAGTCATCCAGCTGGAGCCCTGAGTGGCTGAGCTCAGG

GCACAGAAGGCCCTAACTTCTACGTGCCCTTCTCCAATGCGACGGGTGTGGTACGCAGCCCCT
TCGAGTACCCACAGTACTACCTGGCTGAGCCATGGCAGTTCTCCATOCTGGCCGCCTACATGT

AGAAGCTGCGCACGCCTCTCAACTACATCCTGCTCAACCTAGCCGTGGCTGACCTCTTCATG

CAGGATGCAATTTGGAGGGCTTCTTTGCCACCCTGGGCGGTATGAGCCGGGTGTGGGTGGGGIT
GTGCAGGAGCCCGGGAGCATGGAGGGGTCTGGGAGAGTCCCGGGCTTGGCGGTGGTGGCTGAG

ACACCATTCATGGTGATAGCCGGGCTGCTGTTTGTGCAGGGCTGGCACTGAACACTGCCTTGA
TCTTATTTgGAgCAATATGCGCTTGTCTAATTTCACAGCAAGAAAACTGAGCTGAGGCTCAAA
GAAGTCAAGCGCCCTGCTGGGGCGTCACACAGGGACGGGTGCAGAGTTGAGTTGGAAGCCCGO
ATCTATCTCGGGCCATGTTTGCAGCACCAAGCCTCTGTTTCCCTTGGAGCAGCTGTGCTGAGT
CAGACCCAGGCTGGGCACTGAGGGAGAGCTGGGCAAGCCAGACCCCTCCTCTCTGGGGGCCCA
AGCTCAGGGTGGGAAGTGGATTTTCCATTCTCCAGTCATTGGGTCTTCCCTGTGCTGGGCAAT
GGGCTCGGTCCCCTCTGGCATCCTCTGCCTCCCCTCTCAGCCCCTGTCCTCAGGTGCCCCTCC
AGCCTCCCTGCCGCGTTCCAAGTCTCCTGGTGTTGAGAACCGCAAGCAGCCGCTCTGAAGCAG

TAACAGATCCCACTTAACAGAGAGGAAAACTGAGGCAGGGAGAGGGGAAGAGACTCATTTAGG
GATGTGGCCAGGCAGCAACAAGAGCCTAGGTCTCCTGGCTGTGATCCAGGAATATCTCTGCTG
AGATGCAGGAGGAGACGCTAGAAGCAGCCATTGCAAAGCTGGGTGACGGGGAGAGCTTACCGC
CAGCCACAAGCGTCICTCTGCCAGCCTTGCCCTGTCTCCCCCATGTCCAGGCTGCTGCCTCGG
TCCCATTCTCAGGGAATCTCTGGCCATTGTTGGGTGTTTGTTGCATTCAATAATCACAGATCA
CTCAGTTCTGGCCAGAAGGTGGGTGTGCCACTTACGGGTGGTTGTTCTCTGCAGGGTCAGTCC
CAGTTTACAAATATTGTCCCTTTCACTGTTAGGAATGTCCCAGTTTGGTTGATTAACTATATG
GCCACTCTCCCTATGGAACTTCATGGGGTGGTGAGCAGGACAGATGTCTGAATTCCATCATTT
CCTTCTTCTTCCTCTGGGCAAAACATTGCACATTGCTTCATGGCTCCTAGGAGAGGCCCCCAC
ATGTCCGGGTTATTTCATTTCCCGAGAAGGGAGAGGGAGGAAGGACTGCCAATTCTGGGTTTC
CACCACCTCTGCATTCCTTCCCAACAAGGAACTCTGCCCCACATTAGGATGCATTCTTCTGCT

AAAACTCCCTACCGGGTTCCCAGTTCAATCCTGACCCCCTGATCTGATTCGTGTCCCTTATGG
GCCCAGAGCGCTAAGCAAATAACTTCCCCCATTCCCTGGAATTTCTTTGCCCAGCTCTCCTCA
GCGTGTGGTCCCTCTGCCCCTTCCCCCTCCTCCCAGCACCAAGCTCTCTCCTTCCCCAAGGCO
TCCTCAAATCCCTCTCCCACTCCTGGTTGCCTTCCTAGCTACCCTC

AAV delivery of Cas9 genome engineering tools and a recombination template

engineering tools and a recombination template in vivo, both viruses are produced with scrotype
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AAV1, AAV2, AAV5, AAV7, AAV8 (all are effective), purified by gradient ultracentrifugation

or chromatography methods. The virus particles are then injected using the optimal condition as

determine the optimal condition. The dose used for the injection can be as low as 1.5 X 10E10

gene therapy effectiveness but may lead to higher chance of complications due to immune

10.1038/mt.2009.277. Epub 2009 Dec 1. Gene therapy for Leber's congenital amaurosis is safe

Guide selection and in vitro validation

[00452] First, guides for SaCas9 that target the gene CNGA3 and CNGB3 in human genome
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cleavage that is closest to the disease mutation site to facilitate highest efficiency and specificity

of therapeutic gene correction. Guides were also screened for their DNasel hyper-sensitivity

(HS) assay results to maximize the accessibility of the genomic region corresponding to the

target guide sequence, thereby increasing the expected efficiency of the guides following

delivery in vivo. More than one guides are selected so that the most efficient guides can be tested

in vitro via Surveyor assay. The guide with highest efficiency in vitro is then selected for virus

production and downstream experiment in vivo. Figure 20A-B shows guide selction for CNGA3

Homologous recombination template design and validation

disease-relevant mutations using homology-directed repair, a HR vector need to be synthesized

based on the wild type (normal) genomic sequence of the CNGA3 and CNGB3 genes from

unaffected human individual, respectively.

[00454] Figures 21 and 22 show maps of the CNGA3 HR AAV vector and CNGB3 HR AAV

vector, respectively. These vectors bear the AAV packaging signal, and the normal version of

on each side of the sequence that sandwich the target mutation site in the middle, as shown

below. This vector is validated in vitro by co-transfecting at 1:1, 1:3, 1:5 ratio with the

corresponding vector encoding the SaCas9 system with the best guide as measured in previous

section, then the homologous recombination (HR) efficiency at target locus is measured using

restriction fragment length polymorphism assay (RFLP) assay and thus validate the optimal

condition for the HDR procedure.

[00455] The specific sequence for the part responsible for serving as homologous

recombination template is listed below.

>CNGA3 HR AAV Vector Template Region

CTgCtGCCtGCtCTGTCCCCtTTAAGTATTGACATCCTCAAAACCCTCTTTGGAAAAAGCACA

ATAAACCTCTAAATCAATTGAGATCTGCCTCCGTCACTTTTTTTTTTTCAAAGACTCAGAGTC

TGGGTTCAAGTGGTTCTCGTGCCTCAGCTTCCTGAGTAGCTGGGATTACAGGGGTGCACCACC
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TCAAACCCTTGACCTCAGGTGATCCACCCGCCTCGGCCTCTCAAAGTACTGGGATTATAGGCH
TGAGCCACGGCACCCGGCCCTCTGTCACTTTTTGATTTACAACATGTATCTCTAATTTTAAAG

GTTATCATGTAATACCCAATTTATATTTAAATTTACTCAATCAACCTATGTTTTAAAAAAAT

TAAGTGTTGTTTTTGAAATCATTTCTATTATATATGTATCACTCATACTGTGTAGCCGIGAG
GTAAAATATGTTTCTTTGTACTATGGTCAAAAAAAGTCAGCCTCTGTGATGCCCAATGACCTO

AGCATTACAAGACGACCACGCAGTTCAAGCTGGATGTGTTGTCCCTGGTCCCCACCGACCTGG
CTTACTTAAAGGTGGGCACAAACTACCCAGAAGTGAGGTTCAACCGCCTACTGAAGTTTTCCC

GGAACTTGGTCTTGTACATTCTCATCATCATCCACTGGAATGCCTGCATCTACTTTGCCATTT

GGCGCCTCTCCAGGAAGTACATTTACAGTCTCTACTGGTCCACCTTGACCCTTACCACCATTG
GTGAGACCCCACCCCCCGTGAAAGATGAGGAGTATCTCTTTGTGGTCGTAGACTTCTTGGTGG

CACGGGCAGAGTTCCAGGCCAAGATTGATTCCATCAAGCAGTACATGCAGTTCCGCAAGGTCA
CCAAGGACTTGGAGACGCGGGTTATCCGGTGGTTTGACTACCTGTGGGCCAACAAGAAGACGG

AGCTGGTGCTGAAGCTGCGACCCACTGTGTTCAGCCCTGGGGATTATATCTGCAAGAAGGGAG

AGGGGAGCAAGTCGGGGAACCGCAGGACGGCCAACATCCGCAGCATTGGCTACTCAGACCIGT

TGGAGGAGAAAGGACGGCAGATCCTGATGAAAGACAACCTGATCGATGAGGAGCTGGCCAGGG
CGGGCGCGGACCCCAAGGACCTTGAGGAGAAAGTGGAGCAGCTGGGGTCCTCCCTGGACACCC

TTCCCGGGGATGCTACAAAAACAGAGGACAAACAACAGTGAAAATGCAGCATCTGTCTCCTGC

CTTCACCTAAAAAATGGGACTTTTTGTCTCAGTCCCAGTGAAGTGCCAGGTTTGATTGTGAAG

>CNGB3 HR AAV Vector Template Region

ACTTTGAGGCAATTTTACTGTAGCTGGTATTTTAGTCAATTTTTAGATAAATTAGTTGTTTAT

GTGTCTGTGTGTGTGTGTTTCCCAATCAGTGGTCCTTCTGACTTTAAATTCTTTAAAATCGGT

TATTTTCCCTCTCTTTGCTCTATCCTATAATTGCTCTCCATCCCAAGGCTGCAGTGAGTTGCC

IGTCATTTCACTGGAGCAGAAAGTTAGTGAAGTCAACTTTATGCCAGGTCTTTGTATTTTACC

AATTTTTCAAGTGATCTTTTTTTATTTCTGGGACACTTGCATACCTAATTGTCAAGTTTAATT
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TATGATOCTCGTTACTCTCTAAGTGTTTAATTGAGTTAGTGGTTATAGCTGACTCATAAACCC
ATAAAACCCTTCACTGGTAAACTAATTAGCCACTGCACCTGCCCTTTAAATAATTAACATTGA

ACACACACACACACACACTCCCCTACTATCTATCAGACTCTGATATTTTCTATTCTATTATTO

TATTTAGACCAATTCATGGGGTACTCATGCAATTTTGTTACATGTATACAATGCATAGTGATC

TTTATGCGCTCCTCTCCCCACCACTCACCCTTCCCAGTCTCTGTTATCTTTCCACTCTCTGTC

ATTTTATCCTTTTTTATGGCCAAATAGCATTTACCAGCCATTGAATGGGTTATGACAGCTTCA

TCTTTCAAAATCAGAACTTACTCGTTTCCTTCCCCATCATACACCCATCTAGTAGTGCCAATT

AATACAGCCTATTTTAACATTTTCTTTTCCTTAAAGTCACCAGCGAACCCCTTGCTTTGGATT

CTTTTCACAGATGTTGTGAGTCAACTCCGTGAAAGACATGCCTCAAAGGTCACTTCTTCAGTT
TAAGTCCCATAAAATACACTATGCTAATTTAACTGGATATCTCTGAAAAGCTCATGAGACTTT

AAATTCAGATTAGGAATGAATTATCATGAGAAAGGTTTAAAGTTAACTTGCAAAAGAGTATGI
TTTTCTGTACTTGTTTTGACAGAGGCAGATAATAAGTCCTATTTTCTTAGTCCAGTATTCTAA

TCCTATATTTTATATAGCCAAAGCTGAAATTATATCCTTTTTTTGAAGAGGGGGGTCATATCC

AAATGAAGTGTACTATATAGAAAAGCAAAAGAAATCCAAAAGCATGTTAGTCTTAAATATATA
TATTTAAATAAAACTATATGAAATAGATTTTATTACTGAAAAT

AAV delivery of Cas9 genome engineering tools and a recombination template

engineering tools and a recombination template in vivo, both viruses are produced with serotype

determined in previous section through the subretinal route for delivery to the photoreceptor and

milliliter of saline solution (0.9% sodium chloride) containing different dose of AAV viral

253

20
26

20
21

60
   

   
19

 M
ar

 2
02

6

1
9
 
M
a
r
 
2
0
2
6

T
A
T
G
A
T
C
C
T
C
G
T
T
A
C
T
C
T
C
T
A
A
G
T
G
T
T
T
A
A
T
T
G
A
G
T
T
A
G
T
G
G
T
T
A
T
A
G
C
T
G
A
C
T
C
A
T
A
A
A
C
C
O

A
C
A
C
A
C
A
C
A
C
A
C
A
C
A
C
A
C
T
C
C
C
C
T
A
C
T
A
T
C
T
A
T
C
A
G
A
C
T
C
T
G
A
T
A
T
T
T
T
C
T
A
T
T
C
T
A
T
T
A
T
T
O

T
A
T
T
T
A
G
A
C
C
A
A
T
T
C
A
T
G
G
G
G
T
A
C
T
C
A
T
G
C
A
A
T
T
T
T
G
T
T
A
C
A
T
S
T
A
T
A
C
A
A
T
G
C
A
T
A
G
T
G
A
T
C

T
T
T
A
T
G
C
G
C
T
C
C
T
C
T
C
C
C
C
A
C
C
A
C
T
C
A
C
C
C
T
T
C
C
C
A
G
T
C
T
C
T
G
T
T
A
T
C
T
T
T
C
C
A
C
T
C
T
C
T
G
T
C

2
0
2
6
2
0
2
1
6
0

A
T
T
T
T
A
T
C
C
t
T
T
T
T
T
A
T
G
G
C
C
A
A
A
T
A
G
C
A
T
T
T
A
C
C
A
G
C
C
A
T
T
G
A
A
T
G
G
G
T
T
A
T
G
A
C
A
G
C
T
T
C
A

T
C
T
T
T
C
A
A
A
A
T
C
A
G
A
A
C
T
T
A
C
T
C
G
T
T
T
C
C
T
T
C
C
C
C
A
T
C
A
T
A
C
A
C
C
C
A
T
C
T
A
G
T
A
G
T
G
C
C
A
A
T
T

A
A
T
A
C
A
G
C
C
T
A
T
T
T
T
A
A
C
A
T
T
T
T
C
T
T
T
T
C
C
T
T
A
A
A
G
T
C
A
C
C
A
G
C
G
A
A
C
C
C
C
T
T
G
C
T
T
T
G
G
A
T

C
T
T
T
T
C
A
C
A
G
A
T
G
T
T
G
T
G
A
G
T
C
A
A
C
T
C
C
G
T
G
A
A
A
G
A
C
A
T
G
C
C
T
C
A
A
A
G
G
T
C
A
C
T
T
C
T
T
C
A
G
T
T

T
C
C
T
A
T
A
T
T
T
T
A
T
A
T
A
G
C
C
A
A
A
G
C
T
G
A
A
A
T
T
A
T
A
T
C
C
T
T
T
T
T
T
T
G
A
A
G
A
G
G
G
G
G
G
T
C
A
T
A
T
C
C

A
A
A
T
G
A
A
G
T
G
T
A
C
T
A
T
A
T
A
G
A
A
A
A
G
C
A
A
A
A
G
A
A
A
T
C
C
A
A
A
A
G
C
A
T
G
T
T
A
G
T
C
T
T
A
A
A
T
A
T
A
T
A

2
5
3



particles warmed to body temperature. The two different AAV vector, one for SaCas9 and one

determine the optimal condition. The dose used for the injection can be as low as 1.5 X 10E10

immune response to the viral vector injection. Patients are monitored daily for clinical signs of

Post injection procedures

effect. After at least 4 weeks. restriction fragment length polymorphism assay (RFLP) is be used

the relief or recovery of Achromatopsia phenotype is then also evaluated.

degeneration.

[00459] First, guides for SaCas9 that target the genomic locus VEGFA in human genome are

the gene can also be targeted as well SO that a wide range of target region can be screened to

determine the most effective guide design. All the designs were generated through computational

algorithm to maximize the potential of introducing on-target cleavage that is closest to the

Guides were also screened for their DNasel hyper-sensitivity (HS) assay results to maximize the

increasing the expected efficiency of the guides following delivery in vivo. More than one guides

are selected so that the most efficient guides can be tested in vitro. Figure 23A-B shows guide

[00460] To validate that the designed guides can effective repress the expression of VEGFA

gene in human cells and finding the optimal guides and conditions. The closed AAV vector

bearing the designed guides are delivered in vitro into human cells (e.g. HEK293). The cells
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whereas protein level of VEGF is also measured via ELISA or other protein measurement

the clinical effectiveness of the system. The guide with highest efficiency in vitro to lower the

expression level of VEGF is then selected for virus production and downstream experiment in

[00461] Finally for employing the Adeno-associated virus (AAV) delivery of cas9 genome

and AAV8 (both are effective, other AAV serotype such as AAVI, AAVS, AAV7, AAV9, or

ultracentrifugation or chromatography methods.

in previous section through the intravitreal route, where AAV is injected in the vitreous humor of

obtain sufficient disruption of VEGF expression to induce therapeutic corrective effects.

[00463] Retina injection of AAV: intravitreal injection is performed by injection of typically

vector genomes in total. The use of different dosage allows the determination of optimal dose.

[00464] The higher dose will give better gene therapy effectiveness but might lead to higher

monitored daily for clinical signs of procedure related complications.

clinicaltrials.gov/ct2/show/NCT01024998.
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assess the level of VEGF in the retina. And the relief or recovery of ARMD phenotype is then

[00467] Key safety measures to be followed in the patients include the maximum tolerated

Example 6: dSaCas9 to stimulate ATOHI expression to treat deafness or hearing impairments.

[00468] First, guides for SaCas9 that target the gene ATOHI in human genome are designed

of epigenetic modulation on target gene expression. Specifically, the design was generated

facilitate highest efficiency and specificity of therapeutic gene therapy. Guides were also

the genomic region corresponding to the target guide sequence, thereby increasing the expected

potentially might interfere with the binding were also considered during the selection of the

(HEK 293FT) to measure their efficiency for inducing ATOHI gene expression. The guide with

highest efficiency in vitro is then selected for downstream experiment and therapeutic

intervention in vivo. The specific design of guides for ATOHI is shown at Figure 25A-C.

gene in human cells and finding the optimal guides and conditions, in vitro screening and

effector, and optimal guide RNAs, is delivered in vitro into human cells (e.g. HEK293) (Figure

24). The cells were harvested 72-96 hours post delivery. RNAs and proteins are extracted from

measurement methods, whereas protein level of ATOH1 is measured via ELISA or other protein

measurement methods. The most critical criteria is the ATOHI protein level because this is

directly relevant for the clinical effectiveness of the system. The guide with highest efficiency in
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demonstration.

then produced, and injected using the optimal conditions as determined experimentally. The most

critical parameter to optimize is the amount (i.e. dosage) of the delivery vehicle used for each

[00471] The higher dose will give better gene therapy effectiveness but might lead to higher

of the system. Patients are monitored daily for clinical signs of procedure related complications.

[00472] Post injection, the patient are monitored for any immunological response or adverse

to assess the level of ATOHI stimulation. New hair cell growth in the Cochleae can be

hearing impairments is then evaluated through hearing tests on the human patients.

dose of a single injection into the human Cochleae, number of treatment emergent adverse events

***

described herein, it will be obvious to those skilled in the art that such embodiments are provided

by way of example only. Numerous variations, changes, and substitutions will now occur to

alternatives to the embodiments of the invention described herein may be employed in practicing
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WHAT IS CLAIMED IS: 

 

1. A method of modeling a disease associated with a genomic locus in a eukaryotic 

organism or a non-human organism comprising manipulation of a  target  sequence  within  a coding, 

non-coding or regulatory element of said genomic locus comprising delivering a non­naturally 

occurring or engineered composition comprising: 

(A) – I. a CRISPR-Cas system RNA polynucleotide sequence, wherein the 

polynucleotide sequence comprises: 

(a) a guide sequence capable of hybridizing to the target sequence, 

(b) a tracr mate sequence, and 

 

(c) a tracr sequence, and 

II. a polynucleotide sequence encoding Cas9, optionally comprising at 

least one or more nuclear localization sequences, 

wherein (a), (b) and (c) are arranged in a 5' to 3' orientation, 

wherein when transcribed, the tracr mate sequence hybridizes to the tracr sequence and the guide 

sequence directs sequence-specific binding of a CRISPR complex to the target sequence, and 

wherein the CRISPR complex comprises Cas9 complexed with (1) the guide sequence that is 

hybridized to the target sequence, and (2) the tracr mate sequence that is hybridized to the tracr 

sequence and the polynucleotide sequence encoding Cas9 is DNA or RNA, 

or 

(B) I. polynucleotides comprising: 

(a) a guide sequence capable of hybridizing to the target sequence, and 

(b) at least one or more tracr mate sequences, 

II. a polynucleotide sequence encoding Cas9, and 

III. a polynucleotide sequence comprising a tracr sequence, 

wherein when transcribed, the tracr mate sequence hybridizes to the tracr sequence and the guide 

sequence directs sequence-specific binding of a CRISPR complex to the target sequence, and 

wherein the CRISPR complex comprises the Cas9 complexed with (1) the guide sequence that is 

hybridized to the target sequence, and (2) the tracr mate sequence that is hybridized to the tracr 

sequence, and the polynucleotide sequence encoding Cas9 is DNA or RNA. 

2. The method of claim 1 wherein the Cas9 is SaCas9. 

3. The method of claim 1 or 2, wherein the polynucleotides encoding the sequence 

1006451065

WHAT IS CLAIMED IS:

II.

2. The method of claim 1 wherein the Cas9 is SaCas9.
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encoding Cas9, the guide sequence, tracr mate sequence or tracr sequence is/are RNA and are 

delivered via liposomes, nanoparticles, cell penetrating peptides, exosomes, microvesicles, or a 

gene-gun. 

4. The method of any of claims 1 to 3, wherein the polynucleotides are comprised 

within a vector system comprising one or more vectors. 

5. A method of modeling a disease associated with a genomic locus in a eukaryotic 

organism or a non-human organism comprising manipulation of a target sequence within a coding, 

non-coding or regulatory element of said genomic locus comprising delivering a non­ naturally 

occurring or engineered composition comprising a viral vector system comprising one or more 

viral vectors operably encoding a composition for expression thereof, wherein the composition 

comprises: 

(A) a non-naturally occurring or engineered composition comprising a vector 

system comprising one or more vectors comprising 

I. a first regulatory element operably linked to a CRISPR-Cas system RNA 

polynucleotide sequence, wherein the polynucleotide sequence comprises 

(a) a guide sequence capable of hybridizing to the target sequence, 

(b) a tracr mate sequence, and 

(c) a tracr sequence, and 

II. a second regulatory element  operably  linked  to  an  enzyme-coding sequence 

encoding Cas9, optionally comprising at least one or more nuclear localization sequences, 

wherein (a), (b) and (c) are arranged in a 5' to 3' orientation, 

wherein components I and II are located on the same or different vectors of the system, 

wherein when transcribed, the tracr RNA sequence hybridizes to the tracr sequence and the guide 

sequence directs sequence-specific binding of a CRISPR complex to the target sequence, and 

wherein the  CRISPR complex comprises the Cas9 complexed  with (1) the guide sequence that is 

hybridized to the target sequence, and (2) the tracr mate sequence that is hybridized to the tracr 

sequence, 

or 

(B) a non-naturally occurring or engineered composition comprising a vector 

system comprising one or more vectors comprising 

I. a first regulatory element operably linked to 

(a) a guide sequence capable of hybridizing to the target sequence, and 

1006451065
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(b) at least one or more tracr mate sequences, 

II. a second regulatory element operably linked to an enzyme-coding 

sequence encoding Cas9, and 

III. a third regulatory element operably linked to a tracr sequence, wherein 

components I, II and III are located on the same or different vectors of the system, 

wherein when transcribed, the tracr mate sequence hybridizes to the tracr sequence and the guide 

sequence directs sequence-specific binding of a CRISPR complex to the target sequence, and 

wherein the CRISPR complex comprises the Cas9 complexed with (1) the guide sequence that is 

hybridized to the target sequence; (2) the tracr mate sequence that is hybridized to the tracr sequence; 

and wherein the Cas9 is preferably SaCas9. 

6. The method of claim 5, wherein one or more of the viral vectors are delivered via 

liposomes, nanoparticles, exosomes, microvesicles, or a gene-gun. 

7. A method of treating or inhibiting a condition or a disease caused by one or more 

mutations in a genomic locus in a eukaryotic organism or a non-human organism comprising 

manipulation of a target sequence within a coding, non-coding or regulatory element of said genomic 

locus in a target sequence in a subject or a non-human subject in need thereof comprising modifying 

the subject or a non-human subject by manipulation of the target sequence and wherein the condition 

or disease is susceptible to treatment or inhibition by manipulation of the target sequence comprising 

providing treatment comprising: 

delivering a non-naturally occurring or engineered composition comprising an AAV or 

lentivirus vector system, comprising one or more AAV or lentivirus vectors operably encoding a 

composition for expression thereof, wherein the target sequence is manipulated by the composition 

when expressed, wherein the composition comprises: 

(A) a non-naturally occurring or engineered composition comprising a vector 

system comprising one or more vectors comprising 

I. a first regulatory element operably linked to a CRISPR-Cas system RNA 

polynucleotide sequence, wherein the polynucleotide sequence comprises 

(a) a guide sequence capable of hybridizing to the target sequence in a 

eukaryotic cell, 

(b) a tracr mate sequence, and 

(c) a tracr sequence, and 

II. a second regulatory element operably linked to an enzyme-coding 

sequence encoding Cas9 comprising at least one or more nuclear localization sequences, 

1006451065
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wherein (a), (b) and (c) are arranged in a 5' to 3' orientation, 

wherein components I and II are located on the same or different vectors of the system, 

wherein when transcribed, the tracr mate sequence hybridizes to the tracr sequence and the guide 

sequence directs sequence-specific binding of a CRISPR complex to the target sequence, and 

wherein the CRISPR complex comprises the Cas9 complexed with (1) the guide sequence that is 

hybridized to the target sequence, and (2) the tracr mate sequence that is hybridized to the tracr 

sequence, 

or 

(B) a non-naturally occurring or engineered composition comprising a vector 

system comprising one or more vectors comprising 

I. a first regulatory element operably linked to 

(a) a guide sequence capable of hybridizing to a target sequence in a 

eukaryotic cell, and 

(b) at least one or more tracr mate sequences, 

II. a second regulatory element operably linked to an enzyme-coding 

sequence encoding Cas9, and 

III. a third regulatory element operably linked to a tracr sequence, 

wherein components I, II and III are located on the same or different vectors of the system, 

wherein when transcribed, the tracr mate sequence hybridizes to the tracr sequence and the guide 

sequence directs sequence-specific binding of a CRISPR complex to the target sequence, 

wherein the CRISPR complex comprises Cas9 complexed with (1) the guide sequence that is 

hybridized to the target sequence, and (2) the tracr mate sequence that is hybridized to the tracr 

sequence; and wherein the Cas9 is preferably SaCas9. 

8. The method of any preceding claim, wherein the method is carried out in vitro, ex 

vivo or in vivo. 

9. The method of any preceding claim including inducing expression. 

10. The method of claim 1 wherein the condition or disease is an ocular disease. 

11. The method of claim 10 where the ocular disease is retinitis pigmentosa or 

achromatopsia. 

12. The method of any of claims 4 to 8 wherein the viral vector is an AAV or lentiviral 

vector. 

13. A method of delivering the Cas9 of any preceding claim, comprising delivering to a 
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cell mRNA encoding the Cas9. 

14. The method of any one of claims 1 to 13, wherein the polynucleotide or sequence encoding 

the Cas9 is delivered to the cell by delivering mRNA encoding the Cas9 to the cell.  

15. A method of preparing the AAV or lentivirus vector of claim 7 comprising transfecting 

plasmid(s) containing or consisting essentially of nucleic acid molecule(s) coding for the AAV or 

lentivirus into AAV-infected or lentivirus-infected cells, and supplying AAV or lentivirus rep and/or 

cap and/or helper nucleic acid molecules obligatory for replication and packaging of the AAV or 

lentivirus. 

16. A method of preparing an AAV or lentivirus vector for use in the method of claim 7, 

comprising transfecting plasmid(s) containing or consisting essentially of nucleic acid molecule(s) 

coding for the AAV or lentivirus into AAV-infected or lentivirus-infected cells, and supplying AAV 

or lentivirus rep and/or cap and/or helper nucleic acid molecules obligatory for replication and 

packaging of the AAV or lentivirus, 

17. The method of claim 15 or 16 wherein the AAV or lentivirus rep and/or cap obligatory 

for replication and packaging of the AAV or lentivirus are supplied by transfecting the cells with helper 

plasmid(s) or helper virus(es). 

18. The method of claim 17 wherein the helper virus is a poxvirus, adenovirus, lentivirus, 

herpesvirus or baculovirus. 

19. The method of claim l 8 wherein the poxvirus is a vaccinia virus. 

20. The method of any of claims 15 to 19 wherein the cells are mammalian cells. 

21. The method of any of claims 15 to 20 wherein the cells are insect cells and the helper 

virus (where present) is baculovirus. 

22. The method of any preceding claim wherein the Cas9 is a wild type, truncated or a 

chimeric Cas9. 

23. A composition as defined in any of claims 1-22 for use in medicine or in therapy. 

24. A composition as defined in any of claims 1-22 for use in a method of modeling a 

disease associated with a genetic locus in a eukaryotic organism or a non-human organism comprising 

manipulation of a target sequence within a coding, non-coding or regulatory element of said genetic 

locus. 

25. Use of a composition as defined in any of claims 1-24 in ex vivo or in vivo gene or 

genome editing. 

26. Use of a composition as defined in any of claims 1-24 in the manufacture of a 

medicament for in vitro, ex vivo or in vivo gene or genome editing or for use in a method of modifying 

1006451065

lentivirus.

16.

26.

20
26

20
21

60
   

   
19

 M
ar

 2
02

6

1
0
0
6
4
5
1
0
6
5

1
9
 
M
a
r
 
2
0
2
6

2
0
2
6
2
0
2
1
6
0



1006451065 

 

263 

 

an organism or a non-human organism by manipulation of a target sequence in a genomic locus 

associated with a disease or in a method of treating or inhibiting a condition or disease caused by one 

or more mutations in a genomic locus in a eukaryotic organism or a non­human organism. 

27. A composition comprising: 

(A) I. a CRISPR-Cas system RNA polynucleotide sequence, wherein the 

polynucleotide sequence comprises: 

(a) a guide sequence capable of hybridizing to a target sequence in a 

eukaryotic cell, 

(b) a tracr mate sequence, and 

(c) a tracr sequence, and 

II. a polynucleotide sequence encoding Cas9, optionally comprising at least one 

or more nuclear localization sequences, 

wherein (a), (b) and (c) are arranged in a 5' to 3' orientation, 

wherein when transcribed, the tracr mate sequence hybridizes to the tracr sequence and the guide 

sequence directs sequence-specific binding of a CRISPR complex to the target sequence, and 

wherein the CRISPR complex comprises the Cas9 complexed with (1) the guide sequence that is 

hybridized to the target sequence, and (2) the tracr mate sequence that is hybridized to the tracr 

sequence and the polynucleotide sequence encoding SaCas9 is DNA or RNA, 

or 

(B) I. polynucleotides comprising: 

(a) a guide sequence capable of hybridizing to a target sequence in a 

eukaryotic cell, and 

(b) at least one or more tracr mate sequences, 

II. a polynudeotide sequence encoding Cas9, and 

III. a polynucleotide sequence comprising a tracr sequence, 

wherein when transcribed, the tracr mate sequence hybridizes to the tracr sequence and the guide 

sequence directs sequence-specific binding of a CRISPR complex to the target sequence, and 

wherein the CRISPR complex comprises Cas9 complexed with (l) the guide sequence that is 

hybridized to the target sequence, (2) the tracr mate sequence that is hybridized to the tracr sequence, 

and the polynucleotide sequence encoding Cas9 is DNA or RNA; and the Cas9 is preferably SaCas9. 

for use in medicine or therapy; or for use in a method of modifying an organism or a non-human 

organism by manipulation of a target sequence in a genomic locus associated with a disease or disorder; 

or for use in a method of treating or inhibiting a condition caused by one or more mutations in a genetic 
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locus associated with a disease in a eukaryotic organism or a non-human organism.: or for use in in 

vitro, ex vivo or in vivo gene or genome editing. 

28. The composition of claim 27, wherein the polynucleotides are comprised within a 

vector system comprising one or more vectors. 

29. The method, use or composition of any of the preceding claims, wherein the CRISPR-

Cas system RNA is a chimeric RNA (chiRNA). 

30. The method, use or composition of any of the preceding claims, wherein the CRISPR-

Cas system is a multiplexed SaCas9 enzyme system further comprising multiple chimeras and/or 

multiple multiguide sequences and a single tracr sequence. 

31. The method, use or composition according any of the preceding claims, wherein 

theCas9 is a nuclease directing cleavage of both strands at the location of the target sequence. 

32. The method, use or composition according to any of the preceding claims, wherein the 

Cas9 comprises one or more mutations. 

33. The method, use or composition according to claim 32, wherein the Cas9 comprises 

one or more mutations Dl0A, E762A, H840A, N854A, N863A or D986A. 

34. The method, use or composition according to claim 32 wherein the one or more 

mutations is in a RuvC l domain of the Cas9. 

35. The method, use or composition according to claim 30, wherein the Cas9 is a nickase 

directing cleavage at the location of the target sequence. 

36. The method, use or composition according to claim 35, wherein the nickase is a double 

nickase. 

37. The method, use or composition according to any preceding claim further comprising 

at least two or more NLS. 

38. The method, use or composition according to any preceding claim, wherein the SaCas9 

has one or more mutations in a catalytic domain, wherein when transcribed, the tracr mate sequence 

hybridizes to the tracr sequence and the guide sequence directs sequence-specific binding of a CRISPR 

complex to the target sequence, and wherein the enzyme further comprises a functional domain. 

39. The method, use or composition according to claim 38, wherein the functional domain 

is a transcriptional activation domain. 

40. The method, use or composition according to claim 39, wherein the transcriptional 

activation domain is VP64. 

41. A therapeutic genome editing method for treating or inhibiting a condition or a disease 

caused by one or more mutations in a genomic locus in a eukaryotic organism or a non­human 
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organism comprising manipulation of a target sequence within a coding, non-coding or regulatory 

element of said genomic locus in a target sequence m a subject or a non-human subject in need thereof 

comprising modifying the subject or a non-human subject by manipulation of the target sequence and 

wherein the condition or disease is susceptible to treatment or inhibition by manipulation of the target 

sequence comprising providing treatment comprising: 

delivering a non-naturally occurring or engineered composition comprising an AAV or 

lentivirus vector system, comprising one or more AAV or lentivirus vectors operably encoding a 

composition for expression thereof, wherein the target sequence is manipulated by the composition 

when expressed, wherein the composition comprises: 

(A) a non-naturally occurring or engineered composition comprising a vector system 

comprising one or more vectors comprising 

I. a first regulatory element operably linked to a CRISPR-Cas system RNA 

polynucleotide sequence, wherein the polynucleotide sequence comprises 

(a) a guide sequence capable of hybridizing to a target sequence in a 

eukaryotic cell, 

(b) a tracr mate sequence, and 

(c) a tracr sequence, and 

II. a second regulatory element operably linked to an enzyme-coding sequence encoding 

Cas9 comprising at least one or more nuclear localization sequences, 

wherein (a), (b) and (c) are arranged in a 5' to 3' orientation, 

wherein components I and II are located on the same or different vectors of the system, 

wherein when transcribed, the tracr mate sequence hybridizes to the tracr sequence and 

the guide sequence directs sequence-specific binding of a CRISPR complex to the 

target sequence, and 

the guide sequence directs sequence-specific binding of a CRISPR complex to the target sequence, 

and 

wherein the CRISPR complex comprises the Cas9 complexed with (1) the guide sequence that 

is hybridized to the target sequence, and (2) the tracr mate sequence that is hybridized to the tracr 

sequence, 

or 

(B) a non-naturally occurring or engineered composition comprising a vector system 

comprising one or more vectors comprising 

I. a first regulatory element operably linked to 
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(a) a guide sequence capable of hybridizing to a target sequence in a eukaryotic cell, 

and 

(b) at least one or more tracr mate sequences, 

II. a second regulatory element operably linked to an enzyme-coding sequence 

encoding Cas9, and 

III. a third regulatory element operably linked to a tracr sequence, 

wherein components I, II and III are located on the same or different vectors of the system, 

wherein when transcribed, the tracr mate sequence hybridizes to the tracr sequence and the 

guide sequence directs sequence-specific binding of a CRISPR complex to the target sequence, 

and 

wherein the CRISPR complex comprises Cas9 complexed with (1) the guide sequence that 

is hybridized to the target sequence, (2) the tracr mate sequence that is hybridized to the tracr; and 

the Cas9 is preferably SaCas9. 

42. The method of claim 41, wherein the condition or disease is retinitis pigmentosa or 

achromatopsia. 

43. The method of claim 41, wherein the AAV is AAV1, AAV2, AAV5, AAV7, AAV8, 

AAV DJ or any combination thereof. 

44. A method of individualized or personalized treatment of a genetic disease in a 

subject in need of such treatment comprising: 

(a) introducing multiple mutations ex vivo in a tissue, organ or a cell line comprising 

SaCas9-expressing eukaryotic cell(s), or in vivo in a transgenic non-human mammal having cells 

that express SaCas9, comprising delivering to cell(s) of the tissue, organ, cell or mammal the 

vector as herein-discussed, wherein the specific mutations or precise sequence substitutions are 

or have been correlated to the genetic disease; 

(b) testing treatment(s) for the genetic disease on the cells to which the vector has been 

delivered that have the specific mutations or precise sequence substitutions correlated to the 

genetic disease; and 

(c) treating the subject based on results fhm1 the testing of treatment(s) of step (b). 

45. The method of claim 44, wherein the genetic disease is an ocular disease. 

46. The method of claim 45, wherein the ocular disease is retinitis pigmentosa or 

achromatopsia. 
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PAM
Target 1 CTGGGAGAGGGAGCCCCTCC AGG
Target 2 TGG
Target 3 TCCAACCTTCAGGCAAGGTG GGG
Target 4 AGGAAGTCTGGCCGATCTGC TGG
Target 5 CCATTCTGCAGAGCCAGCAG AGG
Target 6 TGG

b

indel (%) 5 21 N.D. N.D. N.D. N.D. 23 13 N.D.

FIG. 6A-B
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KASH-GFP

of GFP+/MeCP2+cells
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a

SpCas9 only

SpCas9 + Mecp2 sgRNA

b

SpCas9 only

SpCas9 +

Mecp2 sgRNA
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a target target sequence PAM

CGGGCTGGAGCTGTTCGCGC TGG

AGG

b
Dnmt3a

Dnmt1
Ohmt3b

SpCas9 + + + + + +

+ I + - + I

indel (%) 27.0 N.D. 33.6 N.D. 28.6 N.D.

FIG. 10A-B
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a

b

C

PAM

PAM

PAM

CCAGCG AACAGCTCCAGCCCG

11/85

CCAGCG AACAGCTCCAGCCCG CCAGCGC ACAGCTCCAGCCCG

FIG. 11A-C
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Zinc Finger Nucleases TALE Nucleases CRISPR-Cas9

Fok I PAMFok

&
(IIIIIII

Fok I Fok I

RNA

Recognition site
Typically 9 to 18 bp per ZFP, 18 Typically 14 to 20 bp per TALE,

22bp (20bp guide sequence +

2bp PAM sequence); up to 44
to 36 bp per ZFN pair 28 to 40bp per TALEN

bp for double nicking

Positional and multiple

Specificty
Small number of positional Small number of positional

consecutive mismatches
mismatches tolerated mismatches tolerated

tolerated

Targeting constraints 5' targeted base must be a T
Targeted sequence must

sequences precede a PAM

Easily re-targeted using

Ease of engineering
Difficult, may require substantial Moderate, requires complex

standard cloning procedures
protein engineering molecular cloning methods

and oligo synthesis

Likely low, as ZFs are based on
Unknown, protein derived from Unknown, protein derived from

Immunogenicity human transcription factor
the bacteria Xanthomonas sp. various bacterial species

protein scaffold

Relatively easy through Relatively easy through Relatively easy through

methods such as methods such as methods such as
Ease of ex vivo delivery

electroporation and lentiviral electroporation and lentiviral electroporation and lentiviral

transduction transduction

Difficult due to the large size of Moderate: The commonly used
Relatively easy due to small

Ease of in vivo delivery
size of ZFN expression

each TALEN and repetitive Cas9 from S. pyogenes may

nature of DNA encoding be large enough to impose
casettes, allows use in a variety

of viral vectors
TALENs, leading to unwanted delivery problems, but other,

recombination events smaller orthologoues exist

Ease of multiplexing Low Low High

FIG. 12
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a
DSB NHEJ Indel

DISRUPTION

protein
non-functional mediated

protein

b

DSB HDRCORRECTION
+Correct a

deleterious

mutation

Mutant HDR template
Wild-type

protein protein

c
Mutated

HDR GENE locus

ADDITION locus

thearpeutic

gene

Corrective Wild-type

Loss of function HDR template protein

mutant protein

FIG. 13A-C
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EX VIVO

1

Remove cells

at

Correct cells

3
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transplantation

of corrected

cells

IN VIVO
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XXXXXXXXXXX

FIG. 14

20
26

20
21

60
   

   
19

 M
ar

 2
02

6

1
9
 
M
a
r
 
2
0
2
6

E
X
 
V
I
V
O

2
0
2
6
2
0
2
1
6
0

R
e
m
o
v
e
 
c
e
l
l
s

1
3
3

3

+

o
f
 
c
o
r
r
e
c
t
e
d

I
N
 
V
I
V
O

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*



15/85

Universal promtoer

(CMV, CBH)

or Ocular specific promoter

(RHO promoter) bGHpA guide

SaCas9 U6

ITR sgRNA ITR

< 4.7 kb

CBH: CMV Beta-actin Hybrid promoter

FIG. 15
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double stranded single strand

break (DSB) nick (SSN)

genomic is 3' 5' in

DNA
or

3' 5' in 5'

disease-causing genomic
designer

nuclease nickase

Site-specific DNA cleavage by Cas9 (SaCas9) and guide RNA(s)

endogenous HDR proteins

genomic 5' 3'

DNA 3' in

3'

template 3' 5'

Correction of disease-causing mutations/alterations

genomic 5' 3'

DNA 3' in

corrected genomic sequence

(normal state)

Homology-directed repair (HDR) by co-delivery of vector encoding

Cas9-sgRNA and Homologous Recombination (HR) template vector

effective genome editing

via Case and HR template

causal mutations or genomic correction to normal

abnormalities in ocular diseases genomic sequence

Production and purification of
Therapeutic correction or relief

delivery vehicle

of ocular disease phenotype
(AAV2 or AAV8 viral particles)

Intravitreal or subretinal injection

into patient's eyes

Gene therapy

FIG. 16
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AAV2
or AAV8

SaCas9 virus 0

HDR template

virus

in vitro target virus production virus purification Ocular injection

validation

FIG. 17
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A human RHO locus (allele showing P23H mutation)

target 1

5' CTACGTGCCCTTCTCCAATGCGACGGGTGIGGTACGCAGO@@STTCGAGTACCCACAGTACTACCTGGCTGACCCATGG

3'

P23H target 3

B
RHO targets:

I I -
1 2 3

Indel (%): 16 17 11

FIG. 18A-B
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Xbal

¡Acc651
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P23H mutation site

Sach
PUC ori

past

EN....EN. 0001 Hincll

Pvul

AmpR

RHO HR AAV Vector Tstl

Tstl'

4000
Right Arm

Aatll

Bsal

min
R., bG A

2002

A/O/ 3000
Alol'

Dralli
Nael

Sfoll

Afel Nsil ECONI PshAI

NgoMIV Narl
Eagl Bcll

Kasi
Notl Xhol

Sphl PspXI

FIG. 19

20
26

20
21

60
   

   
19

 M
ar

 2
02

6

1
9
 
M
a
r
 
2
0
2
6

P
2
3
H
 
m
u
t
a
t
i
o
n
 
s
i
t
e

2
0
2
6
2
0
2
1
6
0

R
H
O
 
H
R
 
A
A
V
 
V
e
c
t
o
r

Z
w
i
n



20/8520/85

R277C target 2

5' GGGCACAAACTACCCAGAAGIGAGGTTCAACCGCCTACIGAAGTTTTCC00NCTCTTTGAATTCIITGACCGCACAGAG -3'

target 1
R283W

B
target 1

3'

1148delC

FIG. 20A-B
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Ahuman VEGFA locus (common region 1)

target 1
target 2

B human VEGFA locus (common region 2)

3' GCCCGGAGGCTTTGGTACTTGAAAGACGACAGAACCCACGTAACCTCGGAACGGAACGACGAGATGGAGGTGGTACGG -5'

target 3

FIG. 23A-B
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Universal promtoer Fusion effector

(CMV, CBH) (MS2 protein fused to

or Ear specific promoter activator or repressor) guide

dSaCas9 Effector U6

ITR 2A peptide PolyA sgRNA ITR

(or other packaging signal) linker signal (or other packaging signal)

CMV: cytomegalovirus promoter

CBH: CMV Beta-actin Hybrid promoter

FIG. 24
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A
Human

100bp
accessible region 1

accessible region 2

B

5' GCCTTC TTTCTGGGGTGTAAAAACTCTTTGATTGGCTGCIGCACGCGCCTGCCCGCGCCCTCCATTGGCT 3'

3' CGGAAG AAAGAGCCCCACATTTTTGAGAAACTAACCGACGAGCGFGCGCGGACGGGCGCGGGAGGTAACCGA 5'

target 1

target 2

5' GAGAAGACACGCGACCGGCGCGAGGAGGGGGTTGGGAGAGGAGCGGGGGGAGACTGAGT0GCGC0T GCATAG 3' 2

3'as

- CICTTICTGTGCGCTGGCOGCGCICCICCCCCAACCCTCTCCICGCCCCCCTCTGACTCACCGCGCACGTATC 5

C human ATOH1 locus (highly accessible region 2)

5' GGGCTG AGAGAGCATCCCGTCTACCCGCCTGAGCTGTCCCTCCTGGACAGCACCGACCCACGCGCCTGGCTG 3' ,

-
3 CCCGAC . CTCTCGTAGGGCAGATGGGCGGACTCGACAGGGAGGACCTGTCGTGGCTGGGTGCGCGGACCGAC 5'

#

target 1

target 2

5' - GCTCCC CGCGCCGCCCAGTATTTGCT ACATTCCCOGGAGCTGGGTGCCTCAGAGGCCGCTGCG AACGCC - 3' -

3 - CGAGGG * GCGCGGCGGGTCATAAACGATGTAAGGGGCCTCGACCCACGGAGTCTCCGGCGACGC TTGCGG 5'
,

target 3
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<160> 195

<170> PatentIn version 3.5

<210> 1
<211> 25
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<400> 1
cctccgtgtc agcgacccat gccaa 25

26/85

FIG. 26

<110> THE BROAD INSTITUTE INC.
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<170> PatentIn version 3.5
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<210> 2
<211> 24
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<400> 2
ccagcgtcga acagctccag cccg 24

<210> 3
<211> 25
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<400> 3
agagggtgcc agcgggtata tgagg 25

<210> 4
<211> 23
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<220>
<221> modified_base
<222> (1)..(20)
<223> a, c, t or g

<220>
<221> modified_base
<222> (21)..(21)
<223> a, c, t, g, unknown or other

27/8527/85

<210> 2

<220>

24

<210> 3
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<400> 4
nnnnnnnnnn nnnnnnnnnn ngg 23

<210> 5
<211> 15
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<220>
<221> modified_base
<222> (1)..(12)
<223> a, c, t or g

<220>
<221> modified_base
<222> (13)..(13)
<223> a, c, t, g, unknown or other

<400> 5
nnnnnnnnnn nnngg 15

<210> 6
<211> 23
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<220>
<221> modified_base
<222> (1)..(20)
<223> a, c, t or g

<220>
<221> modified_base
<222> (21)..(21)
<223> a, c, t, g, unknown or other

28/8528/85

<400> 4

23

<220>

<220>

<400> 5
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<210> 6

<220>
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<400> 6
nnnnnnnnnn nnnnnnnnnn ngg 23

<210> 7
<211> 14
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<220>
<221> modified_base
<222> (1)..(11)
<223> a, c, t or g

<220>
<221> modified_base
<222> (12)..(12)
<223> a, c, t, g, unknown or other

<400> 7
nnnnnnnnnn nngg 14

<210> 8
<211> 27
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<220>
<221> modified_base
<222> (1)..(20)
<223> a, c, t or g

<220>
<221> modified_base
<222> (21)..(22)
<223> a, c, t, g, unknown or other

29/8529/85

<400> 6

23

<210> 7

<220>

<220>

<220>

<400> 7

14
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<400> 8
nnnnnnnnnn nnnnnnnnnn nnagaaw 27

<210> 9
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<220>
<221> modified_base
<222> (1)..(12)
<223> a, c, t or g

<220>
<221> modified_base
<222> (13)..(14)
<223> a, c, t, g, unknown or other

<400> 9
nnnnnnnnnn nnnnagaaw 19

<210> 10
<211> 27
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<220>
<221> modified_base
<222> (1)..(20)
<223> a, c, t or g

<220>
<221> modified_base
<222> (21)..(22)
<223> a, c, t, g, unknown or other

30/8530/85

<400> 8

27

<210> 9

<220>

<220>

<220>

<400> 9
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<400> 10
nnnnnnnnnn nnnnnnnnnn nnagaaw 27

<210> 11
<211> 18
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<220>
<221> modified_base
<222> (1)..(11)
<223> a, c, t or g

<220>
<221> modified_base
<222> (12)..(13)
<223> a, c, t, g, unknown or other

<400> 11
nnnnnnnnnn nnnagaaw 18

<210> 12
<211> 25
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<220>
<221> modified_base
<222> (1)..(20)
<223> a, c, t or g

<220>
<221> modified_base
<222> (21)..(21)
<223> a, c, t, g, unknown or other

31/8531/85

<400> 10

27

<210> 11

<220>
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<220>

<400> 11

18
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<220>
<221> modified_base
<222> (24)..(24)
<223> a, c, t, g, unknown or other

<400> 12
nnnnnnnnnn nnnnnnnnnn nggng 25

<210> 13
<211> 17
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<220>
<221> modified_base
<222> (1)..(12)
<223> a, c, t or g

<220>
<221> modified_base
<222> (13)..(13)
<223> a, c, t, g, unknown or other

<220>
<221> modified_base
<222> (16)..(16)
<223> a, c, t, g, unknown or other

<400> 13
nnnnnnnnnn nnnggng 17

<210> 14
<211> 25
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

32/8532/85

<220>

25

<210> 13

<220>

17

<210> 14
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<220>
<221> modified_base
<222> (1)..(20)
<223> a, c, t or g

<220>
<221> modified_base
<222> (21)..(21)
<223> a, c, t, g, unknown or other

<220>
<221> modified_base
<222> (24)..(24)
<223> a, c, t, g, unknown or other

<400> 14
nnnnnnnnnn nnnnnnnnnn nggng 25

<210> 15
<211> 16
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<220>
<221> modified_base
<222> (1)..(11)
<223> a, c, t or g

<220>
<221> modified_base
<222> (12)..(12)
<223> a, c, t, g, unknown or other

<220>
<221> modified_base
<222> (15)..(15)
<223> a, c, t, g, unknown or other

<400> 15
nnnnnnnnnn nnggng 16

33/8533/85

<220>

<220>

25

<210> 15

<220>

<220>

16
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<210> 16
<211> 137
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

polynucleotide"

<220>
<221> modified_base
<222> (1)..(20)
<223> a, c, t, g, unknown or other

<400> 16
nnnnnnnnnn nnnnnnnnnn gtttttgtac tctcaagatt tagaaataaa tcttgcagaa 60

gctacaaaga taaggcttca tgccgaaatc aacaccctgt cattttatgg cagggtgttt 120

tcgttattta atttttt 137

<210> 17
<211> 123
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

polynucleotide"

<220>
<221> modified_base
<222> (1)..(20)
<223> a, c, t, g, unknown or other

<400> 17
nnnnnnnnnn nnnnnnnnnn gtttttgtac tctcagaaat gcagaagcta caaagataag 60

gcttcatgcc gaaatcaaca ccctgtcatt ttatggcagg gtgttttcgt tatttaattt 120

ttt 123

<210> 18
<211> 110

34/8534/85

<210> 16

<220>

<400> 16

60

120

137

<220>

60

120

123
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<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

polynucleotide"

<220>
<221> modified_base
<222> (1)..(20)
<223> a, c, t, g, unknown or other

<400> 18
nnnnnnnnnn nnnnnnnnnn gtttttgtac tctcagaaat gcagaagcta caaagataag 60

gcttcatgcc gaaatcaaca ccctgtcatt ttatggcagg gtgttttttt 110

<210> 19
<211> 102
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

polynucleotide"

<220>
<221> modified_base
<222> (1)..(20)
<223> a, c, t, g, unknown or other

<400> 19
nnnnnnnnnn nnnnnnnnnn gttttagagc tagaaatagc aagttaaaat aaggctagtc 60

cgttatcaac ttgaaaaagt ggcaccgagt cggtgctttt tt 102

<210> 20
<211> 88
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

35/8535/85

<212> DNA

<220>

60

110

60

102

<220>
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oligonucleotide"

<220>
<221> modified_base
<222> (1)..(20)
<223> a, c, t, g, unknown or other

<400> 20
nnnnnnnnnn nnnnnnnnnn gttttagagc tagaaatagc aagttaaaat aaggctagtc 60

cgttatcaac ttgaaaaagt gttttttt 88

<210> 21
<211> 76
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<220>
<221> modified_base
<222> (1)..(20)
<223> a, c, t, g, unknown or other

<400> 21
nnnnnnnnnn nnnnnnnnnn gttttagagc tagaaatagc aagttaaaat aaggctagtc 60

cgttatcatt tttttt 76

<210> 22
<211> 20
<212> DNA
<213> Homo sapiens

<400> 22
gagtccgagc agaagaagaa 20

<210> 23
<211> 20
<212> DNA
<213> Homo sapiens

36/8536/85

<220>

<400> 20

60

88

<210> 21

<220>

<220>

<400> 21

60

76

<210> 22

<400> 22
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<400> 23
gagtcctagc aggagaagaa 20

<210> 24
<211> 20
<212> DNA
<213> Homo sapiens

<400> 24
gagtctaagc agaagaagaa 20

<210> 25
<211> 7
<212> PRT
<213> Simian virus 40

<400> 25
Pro Lys Lys Lys Arg Lys Val
1 5

<210> 26
<211> 16
<212> PRT
<213> Unknown

<220>
<221> source
<223> /note="Description of Unknown:

Nucleoplasmin bipartite NLS sequence"

<400> 26
Lys Arg Pro Ala Ala Thr Lys Lys Ala Gly Gln Ala Lys Lys Lys Lys
1 5 10 15

<210> 27
<211> 9
<212> PRT
<213> Unknown

<220>
<221> source
<223> /note="Description of Unknown:

C myc NLS sequence"

<400> 27
Pro Ala Ala Lys Arg Val Lys Leu Asp

37/85

<400> 23

20

<400> 26
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1 5

<210> 28
<211> 11
<212> PRT
<213> Unknown

<220>
<221> source
<223> /note="Description of Unknown:

C myc NLS sequence"

<400> 28
Arg Gln Arg Arg Asn Glu Leu Lys Arg Ser Pro
1 5 10

<210> 29
<211> 38
<212> PRT
<213> Homo sapiens

<400> 29
Asn Gln Ser Ser Asn Phe Gly Pro Met Lys Gly Gly Asn Phe Gly Gly
1 5 10 15

Arg Ser Ser Gly Pro Tyr Gly Gly Gly Gly Gln Tyr Phe Ala Lys Pro
20 25 30

Arg Asn Gln Gly Gly Tyr
35

<210> 30
<211> 42
<212> PRT
<213> Unknown

<220>
<221> source
<223> /note="Description of Unknown:

IBB domain from importin alpha sequence"

<400> 30
Arg Met Arg Ile Glx Phe Lys Asn Lys Gly Lys Asp Thr Ala Glu Leu
1 5 10 15

38/8538/85

1 5

<400> 28

<400> 29
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Arg Arg Arg Arg Val Glu Val Ser Val Glu Leu Arg Lys Ala Lys Lys
20 25 30

Asp Glu Gln Ile Leu Lys Arg Arg Asn Val
35 40

<210> 31
<211> 8
<212> PRT
<213> Unknown

<220>
<221> source
<223> /note="Description of Unknown:

Myoma T protein sequence"

<400> 31
Val Ser Arg Lys Arg Pro Arg Pro
1 5

<210> 32
<211> 8
<212> PRT
<213> Unknown

<220>
<221> source
<223> /note="Description of Unknown:

Myoma T protein sequence"

<400> 32
Pro Pro Lys Lys Ala Arg Glu Asp
1 5

<210> 33
<211> 8
<212> PRT
<213> Homo sapiens

<400> 33
Pro Gln Pro Lys Lys Lys Pro Leu
1 5

<210> 34

39/8539/85

<400> 32
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<211> 12
<212> PRT
<213> Mus musculus

<400> 34
Ser Ala Leu Ile Lys Lys Lys Lys Lys Met Ala Pro
1 5 10

<210> 35
<211> 5
<212> PRT
<213> Influenza virus

<400> 35
Asp Arg Leu Arg Arg
1 5

<210> 36
<211> 7
<212> PRT
<213> Influenza virus

<400> 36
Pro Lys Gln Lys Lys Arg Lys
1 5

<210> 37
<211> 10
<212> PRT
<213> Hepatitis delta virus

<400> 37
Arg Lys Leu Lys Lys Lys Ile Lys Lys Leu
1 5 10

<210> 38
<211> 10
<212> PRT
<213> Mus musculus

<400> 38
Arg Glu Lys Lys Lys Phe Leu Lys Arg Arg
1 5 10

<210> 39

40/8540/85

<211> 12

<400> 34

<210> 35

<400> 35

<210> 36

<400> 36

<210> 37

<400> 37

<210> 38

<400> 38

<210> 39
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<211> 20
<212> PRT
<213> Homo sapiens

<400> 39
Lys Arg Lys Gly Asp Glu Val Asp Gly Val Asp Glu Val Ala Lys Lys
1 5 10 15

Lys Ser Lys Lys
20

<210> 40
<211> 17
<212> PRT
<213> Homo sapiens

<400> 40
Arg Lys Cys Leu Gln Ala Gly Met Asn Leu Glu Ala Arg Lys Thr Lys
1 5 10 15

Lys

<210> 41
<211> 9
<212> PRT
<213> Homo sapiens

<400> 41
Leu Ala Gly Leu Ile Asp Ala Asp Gly
1 5

<210> 42
<211> 12
<212> RNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<400> 42
guuuuagagc ua 12

41/8541/85

<211> 20

<400> 39

12
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<210> 43
<211> 30
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 43
cgcacgcgta attcgaacgc tgacgtcatc 30

<210> 44
<211> 130
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<220>
<221> modified_base
<222> (92)..(110)
<223> a, c, t, g, unknown or other

<400> 44
cacacgcgta aaaaagcacc gactcggtgc cactttttca agttgataac ggactagcct 60

tattttaact tgctatttct agctctaaaa cnnnnnnnnn nnnnnnnnnn cggtgtttcg 120

tcctttccac 130

<210> 45
<211> 23
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<400> 45

42/8542/85

<400> 43

30

120

tcctttccac 130
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tgcgaatacg cccacgcgat ggg 23

<210> 46
<211> 24
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 46
gtgtctagac tgcagagggc cctg 24

<210> 47
<211> 28
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 47
gtgtcgtgcc tgagagcgca gtcgagaa 28

<210> 48
<211> 29
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 48
gagaagctta gctgaatggg gtccgcctc 29

<210> 49
<211> 31
<212> DNA
<213> Artificial Sequence

43/8543/85

23

24

28

<210> 48

<220>
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<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 49
ctcaccggtg cgcgcaaccg atgccgggac c 31

<210> 50
<211> 32
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 50
gagaagcttg gcgaaatgat ttgctgcaga tg 32

<210> 51
<211> 32
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 51
ctcaccggtg cgcgcgtcgc ctccccctcc gc 32

<210> 52
<211> 134
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

polynucleotide"

<400> 52
agcttcgcgc cgggaggagg ggggacgcag tgggcggagc ggagacagca ccttcggaga 60

44/8544/85

<220>

31

32

32

60
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taatcctttc tcctgccgca gagcagagga gcggcgggag aggaacactt ctcccaggct 120

ttagcagagc cgga 134

<210> 53
<211> 134
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

polynucleotide"

<400> 53
ccggtccggc tctgctaaag cctgggagaa gtgttcctct cccgccgctc ctctgctctg 60

cggcaggaga aaggattatc tccgaaggtg ctgtctccgc tccgcccact gcgtcccccc 120

tcctcccggc gcga 134

<210> 54
<211> 55
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<400> 54
aattcaataa aagatcttta ttttcattag atctgtgtgt tggttttttg tgtgc 55

<210> 55
<211> 55
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<400> 55
ggccgcacac aaaaaaccaa cacacagatc taatgaaaat aaagatcttt tattg 55

45/8545/85

120

134

<210> 53

60

120

134

<210> 54

<220>

<400> 54

55

<220>

<400> 55

55

20
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20
21

60
   

   
19

 M
ar

 2
02

6

4
5
/
8
5

1
2
0

1
9
 
M
a
r
 
2
0
2
6

<
2
1
0
>
 
5
3

2
0
2
6
2
0
2
1
6
0

6
0

1
2
0

1
3
4

<
2
1
0
>
 
5
4

<
2
2
0
>

<
4
0
0
>
 
5
4

5
5

<
2
2
0
>

<
4
0
0
>
 
5
5

5
5



<210> 56
<211> 23
<212> DNA
<213> Homo sapiens

<400> 56
ggagctggag ctgttcacgt tgg 23

<210> 57
<211> 23
<212> DNA
<213> Homo sapiens

<400> 57
cgggcagcag atgttcgcgt agg 23

<210> 58
<211> 23
<212> DNA
<213> Homo sapiens

<400> 58
agggcttgag atgttcgggc tgg 23

<210> 59
<211> 23
<212> DNA
<213> Homo sapiens

<400> 59
ccggctgggg ctgtcctcgc tag 23

<210> 60
<211> 23
<212> DNA
<213> Homo sapiens

<400> 60
cggggtgcag ctgctcacgc cag 23

<210> 61
<211> 23
<212> DNA
<213> Homo sapiens

46/8546/85

<210> 57

23

23

<210> 59

<400> 59

23

<400> 60

23

20
26

20
21

60
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<400> 61
ctggcgggag ctggtcgcgt gag 23

<210> 62
<211> 23
<212> DNA
<213> Homo sapiens

<400> 62
tgagcatggg ccgctggcgg tgg 23

<210> 63
<211> 23
<212> DNA
<213> Homo sapiens

<400> 63
atggcatagg ccgctgacag agg 23

<210> 64
<211> 23
<212> DNA
<213> Homo sapiens

<400> 64
ttggcatggt gagctggcgg ggg 23

<210> 65
<211> 23
<212> DNA
<213> Homo sapiens

<400> 65
tgggcagggg tctctgaggg cag 23

<210> 66
<211> 23
<212> DNA
<213> Homo sapiens

<400> 66
ttggcatggg tctcttacca agg 23

47/8547/85

23

<400> 62

23

<400> 63

23

<400> 64

23

23

23
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<210> 67
<211> 23
<212> DNA
<213> Homo sapiens

<400> 67
acatggttcc agtgggtatg tag 23

<210> 68
<211> 23
<212> DNA
<213> Homo sapiens

<400> 68
ggaggtgggc agcgggtatg tag 23

<210> 69
<211> 23
<212> DNA
<213> Homo sapiens

<400> 69
agaaggtccc cgcgggcatg gag 23

<210> 70
<211> 23
<212> DNA
<213> Homo sapiens

<400> 70
ggagggaacc agccggtatg ggg 23

<210> 71
<211> 23
<212> DNA
<213> Homo sapiens

<400> 71
agagagtggc agtgggtaag cag 23

<210> 72
<211> 23
<212> DNA
<213> Homo sapiens

48/8548/85

<210> 67

<400> 67

23

<400> 68

<400> 69

23

<400> 70

23

23
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20
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19

 M
ar

 2
02

6

4
8
/
8
5

<
2
1
0
>
 
6
7

1
9
 
M
a
r
 
2
0
2
6

<
4
0
0
>
 
6
7

2
3

2
0
2
6
2
0
2
1
6
0

<
4
0
0
>
 
6
8

2
3

<
4
0
0
>
 
6
9

2
3

2
3

<
4
0
0
>
 
7
1



<400> 72
agaggtggcc agcgggcagg aag 23

<210> 73
<211> 23
<212> DNA
<213> Homo sapiens

<400> 73
tgagggggcc agctgggatg cag 23

<210> 74
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 74
ggtctcatgt gtggcactca 20

<210> 75
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 75
tgtccaacct tcaggcaagg 20

<210> 76
<211> 21
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

49/8549/85

<400> 72

23

<400> 73

23

<220>

<400> 74

20

<210> 75

<220>

20
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<400> 76
atccctcctc agagggtcag c 21

<210> 77
<211> 22
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 77
tacctcatgc acagctagca cc 22

<210> 78
<211> 22
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 78
ttcgggcata gcatggtctt cc 22

<210> 79
<211> 24
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 79
gttctatttc agagggctga tccc 24

<210> 80
<211> 21
<212> DNA

50/8550/85

22

22

24
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20
21
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<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 80
gttctgagcc gcacagtttg g 21

<210> 81
<211> 22
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 81
ggataagaag ggacaataca gg 22

<210> 82
<211> 21
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 82
gccggggtct cgttcagagc t 21

<210> 83
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 83

51/8551/85

21

22

21
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20
21

60
   

   
19

 M
ar

 2
02

6

5
1
/
8
5

1
9
 
M
a
r
 
2
0
2
6

2
1

2
0
2
6
2
0
2
1
6
0

2
1



ctaccgcctg cggacatggt 20

<210> 84
<211> 24
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 84
cctgtctctc tgtcctaggg ctcc 24

<210> 85
<211> 25
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 85
ccgtttgctg atgtagtagg ggtcc 25

<210> 86
<211> 25
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 86
cccacaggaa acaatgaagg gagac 25

<210> 87
<211> 25
<212> DNA
<213> Artificial Sequence

52/8552/85

20

24

25

25
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26

20
21
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<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 87
catccttcgt gtctgaggac tggtc 25

<210> 88
<211> 23
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 88
ccctgacacc agctgttcag cac 23

<210> 89
<211> 23
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 89
ctctgggtga ccacacacga tgc 23

<210> 90
<211> 21
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 90
gagcaggcag agccgagcaa g 21

53/8553/85

<220>

25

23

23

21
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20
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60
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<210> 91
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 91
ggagagcgtc cgccaggag 19

<210> 92
<211> 24
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 92
gggtcttgtt gtgagtaggg tgtg 24

<210> 93
<211> 22
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 93
gaagctctct taactactgt tc 22

<210> 94
<211> 23
<212> DNA
<213> Artificial Sequence

<220>
<221> source

54/8554/85

19

22

20
26

20
21

60
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<223> /note="Description of Artificial Sequence: Synthetic
primer"

<400> 94
cctggaatac tatttccacg ccg 23

<210> 95
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 95
caggccctag cagcgagcag 20

<210> 96
<211> 22
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 96
gcagcacact ccaccctcac at 22

<210> 97
<211> 21
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 97
ggaaggggct ttcctccgag c 21

<210> 98

55/8555/85
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<211> 23
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 98
cggcgtcacg tgacctgagt aac 23

<210> 99
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 99
gctccgaccc tgctctccca 20

<210> 100
<211> 21
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 100
gtgtctgcct cgctctgctg c 21

<210> 101
<211> 23
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

56/8556/85

<211> 23

23

20

21

20
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20
21

60
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<400> 101
cctgttcatc aggctcgtag ccc 23

<210> 102
<211> 27
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 102
ctatctgaaa tccaccacct tagacgc 27

<210> 103
<211> 21
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 103
cgattgctgg cttgccttga g 21

<210> 104
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 104
gcctgagggg gccagaggt 19

<210> 105
<211> 22
<212> DNA

57/8557/85

23

27

21
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20
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<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 105
ggttcgcgtc cgcccgcgtg at 22

<210> 106
<211> 18
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 106
gggactcccc gggtggtg 18

<210> 107
<211> 23
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 107
gagaggtggt cctgtcgcct atg 23

<210> 108
<211> 24
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 108

58/8558/85

22

18

23
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gaccctgtgt ttcaagtctc tctg 24

<210> 109
<211> 23
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 109
cccagcaggt cacagctgac atc 23

<210> 110
<211> 23
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 110
ggccatccag tacattcaat acg 23

<210> 111
<211> 32
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 111
agcacagtat gtattctata aaataatacg ac 32

<210> 112
<211> 22
<212> DNA
<213> Artificial Sequence

59/8559/85

24
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23

32
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<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 112
gcagaagccg tgactcacag ca 22

<210> 113
<211> 22
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 113
gtgggagggg acagagacca tg 22

<210> 114
<211> 28
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 114
cttgtgcttg tgattctgtc cttactgc 28

<210> 115
<211> 28
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 115
ccttacctgt tcctcttcct tatccagc 28

60/8560/85

<220>

22

22
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28
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<210> 116
<211> 25
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 116
cgagaagtcg atgcagacac ttcaa 25

<210> 117
<211> 22
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 117
atacccagtc cacatccctg cc 22

<210> 118
<211> 23
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 118
gctgaagact ggcgagcaca gct 23

<210> 119
<211> 26
<212> DNA
<213> Artificial Sequence

<220>
<221> source
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<223> /note="Description of Artificial Sequence: Synthetic
primer"

<400> 119
cctctgcatc tccctcagga agtatt 26

<210> 120
<211> 26
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 120
gacctgaatg ttgtggctga gagtcc 26

<210> 121
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 121
gcctcctgtc cccaggtccc 20

<210> 122
<211> 22
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 122
ccctcacgtt cctgtccagc aa 22

<210> 123
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<211> 22
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

primer"

<400> 123
cactaggctt gggctgccct ct 22

<210> 124
<211> 2503
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

polynucleotide"

<400> 124
accagaaagt ctctagctgt ccagaggaca tagcacagag gcccatggtc cctatttcaa 60

acccaggcca ccagactgag ctgggacctt gggacagaca agtcatgcag aagttagggg 120

accttctcct cccttttcct ggatcctgag tacctctcct ccctgacctc aggcttcctc 180

ctagtgtcac cttggcccct cttagaagcc aattaggccc tcagtttctg cagcggggat 240

taatatgatt atgaacaccc ccaatctccc agatgctgat tcagccagga gcttaggagg 300

gggaggtcac tttataaggg tctggggggg tcagaaccca gagtcatcca gctggagccc 360

tgagtggctg agctcaggcc ttcgcagcat tcttgggtgg gagcagccac gggtcagcca 420

caagggccac agccatgaat ggcacagaag gccctaactt ctacgtgccc ttctccaatg 480

cgacgggtgt ggtacgcagc cccttcgagt acccacagta ctacctggct gagccatggc 540

agttctccat gctggccgcc tacatgtttc tgctgatcgt gctgggcttc cccatcaact 600

tcctcacgct ctacgtcacc gtccagcaca agaagctgcg cacgcctctc aactacatcc 660

tgctcaacct agccgtggct gacctcttca tggtcctagg tggcttcacc agcaccctct 720

acacctctct gcatggatac ttcgtcttcg ggcccacagg atgcaatttg gagggcttct 780

63/85

<211> 22

22

60

120

180

240

360

420

480

540

600

660

720

780

20
26

20
21

60
   

   
19

 M
ar

 2
02

6

<
2
1
1
>
 
2
2

1
9
 
M
a
r
 
2
0
2
6

2
2

2
0
2
6
2
0
2
1
6
0

6
0

1
2
0

1
8
0

2
4
0

3
0
0

3
6
0

4
2
0

4
8
0

5
4
0

6
0
0

6
6
0

7
2
0

7
8
0



ttgccaccct gggcggtatg agccgggtgt gggtggggtg tgcaggagcc cgggagcatg 840

gaggggtctg ggagagtccc gggcttggcg gtggtggctg agaggccttc tcccttctcc 900

tgtcctgtca atgttatcca aagccctcat atattcagtc aacaaacacc attcatggtg 960

atagccgggc tgctgtttgt gcagggctgg cactgaacac tgccttgatc ttatttggag 1020

caatatgcgc ttgtctaatt tcacagcaag aaaactgagc tgaggctcaa agaagtcaag 1080

cgccctgctg gggcgtcaca cagggacggg tgcagagttg agttggaagc ccgcatctat 1140

ctcgggccat gtttgcagca ccaagcctct gtttcccttg gagcagctgt gctgagtcag 1200

acccaggctg ggcactgagg gagagctggg caagccagac ccctcctctc tgggggccca 1260

agctcagggt gggaagtgga ttttccattc tccagtcatt gggtcttccc tgtgctgggc 1320

aatgggctcg gtcccctctg gcatcctctg cctcccctct cagcccctgt cctcaggtgc 1380

ccctccagcc tccctgccgc gttccaagtc tcctggtgtt gagaaccgca agcagccgct 1440

ctgaagcagt tcctttttgc tttagaataa tgtcttgcat ttaacaggaa aacagatggg 1500

gtgctgcagg gataacagat cccacttaac agagaggaaa actgaggcag ggagagggga 1560

agagactcat ttagggatgt ggccaggcag caacaagagc ctaggtctcc tggctgtgat 1620

ccaggaatat ctctgctgag atgcaggagg agacgctaga agcagccatt gcaaagctgg 1680

gtgacgggga gagcttaccg ccagccacaa gcgtctctct gccagccttg ccctgtctcc 1740

cccatgtcca ggctgctgcc tcggtcccat tctcagggaa tctctggcca ttgttgggtg 1800

tttgttgcat tcaataatca cagatcactc agttctggcc agaaggtggg tgtgccactt 1860

acgggtggtt gttctctgca gggtcagtcc cagtttacaa atattgtccc tttcactgtt 1920

aggaatgtcc cagtttggtt gattaactat atggccactc tccctatgga acttcatggg 1980

gtggtgagca ggacagatgt ctgaattcca tcatttcctt cttcttcctc tgggcaaaac 2040

attgcacatt gcttcatggc tcctaggaga ggcccccaca tgtccgggtt atttcatttc 2100

ccgagaaggg agagggagga aggactgcca attctgggtt tccaccacct ctgcattcct 2160

tcccaacaag gaactctgcc ccacattagg atgcattctt ctgctaaaca cacacacaca 2220

cacacacaca cacaacacac acacacacac acacacacac acacacacaa aactccctac 2280
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cgggttccca gttcaatcct gaccccctga tctgattcgt gtcccttatg ggcccagagc 2340

gctaagcaaa taacttcccc cattccctgg aatttctttg cccagctctc ctcagcgtgt 2400

ggtccctctg ccccttcccc ctcctcccag caccaagctc tctccttccc caaggcctcc 2460

tcaaatccct ctcccactcc tggttgcctt cctagctacc ctc 2503

<210> 125
<211> 2500
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

polynucleotide"

<400> 125
ctgctgcctg ctctgtcccc tttaagtatt gacatcctca aaaccctctt tggaaaaagc 60

acaggccaca gatcttactg tgacttgtgt ttctttctcc taggtgtacc ttcaaccttg 120

ataaaaataa acctctaaat caattgagat ctgcctccgt cacttttttt ttttcaaaga 180

ctcagagtct cactctgttg cccaggctgg agtgtagtgg tgcgatcttg gctcattgca 240

ccctccacct cctgggttca agtggttctc gtgcctcagc ttcctgagta gctgggatta 300

caggggtgca ccaccacatc tggctaattt ttgtattttt agtagagaca gggtttcacc 360

atgttgccca ggctggtctc aaacccttga cctcaggtga tccacccgcc tcggcctctc 420

aaagtactgg gattataggc atgagccacg gcacccggcc ctctgtcact ttttgattta 480

caacatgtat ctctaatttt aaaggatcct tttttaaaat atgtatataa tttccattta 540

tcttttaaaa tttaataatc attctttgtt atcatgtaat acccaattta tatttaaatt 600

tactcaatca acctatgttt taaaaaaatt caatagaata gattagaacc tcatagaata 660

gaaaatatca gagtgcattt cctgtagtaa tggtaagtgt tgtttttgaa atcatttcta 720

ttatatatgt atcactgcat actgtgtagc cgtgaggtaa aatatgtttc tttgtactat 780

ggtcaaaaaa agtcagcctc tgtgatgccc aatgacctcc atcttcttct ttaggttttc 840

tcgagcaagg cttaatggtc agtgatacca acaggctgtg gcagcattac aagacgacca 900
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cgcagttcaa gctggatgtg ttgtccctgg tccccaccga cctggcttac ttaaaggtgg 960

gcacaaacta cccagaagtg aggttcaacc gcctactgaa gttttcccgg ctctttgaat 1020

tctttgaccg cacagagaca aggaccaact accccaatat gttcaggatt gggaacttgg 1080

tcttgtacat tctcatcatc atccactgga atgcctgcat ctactttgcc atttccaagt 1140

tcattggttt tgggacagac tcctgggtct acccaaacat ctcaatccca gagcatgggc 1200

gcctctccag gaagtacatt tacagtctct actggtccac cttgaccctt accaccattg 1260

gtgagacccc accccccgtg aaagatgagg agtatctctt tgtggtcgta gacttcttgg 1320

tgggtgttct gatttttgcc accattgtgg gcaatgtggg ctccatgatc tcgaatatga 1380

atgcctcacg ggcagagttc caggccaaga ttgattccat caagcagtac atgcagttcc 1440

gcaaggtcac caaggacttg gagacgcggg ttatccggtg gtttgactac ctgtgggcca 1500

acaagaagac ggtggatgag aaggaggtgc tcaagagcct cccagacaag ctgaaggctg 1560

agatcgccat caacgtgcac ctggacacgc tgaagaaggt tcgcatcttc caggactgtg 1620

aggcagggct gctggtggag ctggtgctga agctgcgacc cactgtgttc agccctgggg 1680

attatatctg caagaaggga gatattggga aggagatgta catcatcaac gagggcaagc 1740

tggccgtggt ggctgatgat ggggtcaccc agttcgtggt cctcagcgat ggcagctact 1800

tcggggagat cagcattctg aacatcaagg ggagcaagtc ggggaaccgc aggacggcca 1860

acatccgcag cattggctac tcagacctgt tctgcctctc aaaggacgat ctcatggagg 1920

ccctcaccga gtaccccgaa gccaagaagg ccctggagga gaaaggacgg cagatcctga 1980

tgaaagacaa cctgatcgat gaggagctgg ccagggcggg cgcggacccc aaggaccttg 2040

aggagaaagt ggagcagctg gggtcctccc tggacaccct gcagaccagg tttgcacgcc 2100

tcctggctga gtacaacgcc acccagatga agatgaagca gcgtctcagc caactggaaa 2160

gccaggtgaa gggtggtggg gacaagcccc tggctgatgg ggaagttccc ggggatgcta 2220

caaaaacaga ggacaaacaa cagtgaaaat gcagcatctg tctcctgctt cacagggtcg 2280

actgtcaggg tgaccgtatg tggccgcagc tgtgtggcat ggaacttggt cagggttgaa 2340

ttccagctct actcaccctt tgaaagctgt gtgactgcct gagagaacct gtttcttcac 2400
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ctaaaaaatg ggactttttg tctcagtccc agtgaagtgc caggtttgat tgtgaagtcc 2460

gcatgaaaca ctgcaccagg cagggctttg caaagtgcaa 2500

<210> 126
<211> 2500
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

polynucleotide"

<400> 126
actttgaggc aattttactg tagctggtat tttagtcaat ttttagataa attagttgtt 60

tatatcaaag taaataattc acattctaaa gggaattatt tatttagtaa attttctgga 120

aattgagtgt ctgtgtgtgt gtgtttccca atcagtggtc cttctgactt taaattcttt 180

aaaatcggtt ctggttgtta taatccctta tacatatcca actcactcta ggtagtatgt 240

aattttgtaa gttattttcc ctctctttgc tctatcctat aattgctctc catcccaagg 300

ctgcagtgag ttgcccttca aagtaatgct gggacctgct ttttttccag tttggacatt 360

gccttattat atgttcaatg tcatttcact ggagcagaaa gttagtgaag tcaactttat 420

gccaggtctt tgtattttac caaaaggaaa tttcactatt aaataaccca gttgccattt 480

ctgagtcctg attctactgt tctaaatttt tcaagtgatc tttttttatt tctgggacac 540

ttgcatacct aattgtcaag tttaatttat gatcctcgtt actctctaag tgtttaattg 600

agttagtggt tatagctgac tcataaaccc ataaaaccct tcactggtaa actaattagc 660

cactgcacct gccctttaaa taattaacat tgttcattac taacaatcgg catcggagtt 720

attaaaagtt accttactgc tcagttgtct agaggctttc aaactttttt gatcatgatc 780

cagagtaaaa aatgcatttc acaggccaac tcaggataca cacacacaca cacacactcc 840

cctactatct atcagactct gatattttct attctattat tctctatctt ctttcattta 900

aaaatgtatt gacttactaa agaggttttt cagcttaaaa atttttattt agaccaattc 960

atggggtact catgcaattt tgttacatgt atacaatgca tagtgatcaa gtcagggtgt 1020
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ttagggtgtt tattactcga gtacaataca tgttttgaaa ctatagtcac cctactctgt 1080

tgcaaacgtt gaatatattc ttactgtatg tttgtatcct ttaatccact tttctttatg 1140

cgctcctctc cccaccactc acccttccca gtctctgtta tctttccact ctctgtctct 1200

atgtgatcaa aatttttagc tcccacatat atgtgagaac gtgtgatatt tatcgttttg 1260

ggtctggctt atttcactaa gataatgacc ttcagtccca tccattttgg tgcaaatgac 1320

atgattttat ccttttttat ggccaaatag catttaccag ccattgaatg ggttatgaca 1380

gcttcaaaaa cactggctct cataaattca tacaatgaaa cagaatgtta aaaataatca 1440

ataaaggttt ctttcaaaat cagaacttac tcgtttcctt ccccatcata cacccatcta 1500

gtagtgccaa ttccttcata gtttgaagcc cagtaataaa cacaggcatt aatgtgcaga 1560

ataaacagca agtatccagt tgttcgaata actctgtcag agagaataga tgcaaagtaa 1620

gattcatgtt gtttctgaaa tacagcctat tttaacattt tcttttcctt aaagtcacca 1680

gcgaacccct tgctttggat ttgtgaactg ttaactctca ttagtacagt acaaagtgat 1740

ggtgccattg catgttttct gatggcaatg tcttgactgg gattgacaga gtgtaaagaa 1800

aaaaaaaaga aaaagaaaac ttcctctctt ttcacagatg ttgtgagtca actccgtgaa 1860

agacatgcct caaaggtcac ttcttcagtt taagtcccat aaaatacact atgctaattt 1920

aactggatat ctctgaaaag ctcatgagac tttatgctac gatgaatggc aactagaggt 1980

ttcggtgcaa gtaaaattta gaacaacaaa cgaatgaaat tcagattagg aatgaattat 2040

catgagaaag gtttaaagtt aacttgcaaa agagtatgtt tttctgtact tgttttgaca 2100

gaggcagata ataagtccta ttttcttagt ccagtattct aaaatctgat atgattttca 2160

tactcttatt tcacttaaaa tatccacatc tgttctagaa catagtccta tattttatat 2220

agccaaagct gaaattatat cctttttttg aagagggggg tcatatccct gccaaattcc 2280

gtctaaaatg ttgtaccatt gctttttccc cttcccccaa gtatactgag ttatacttta 2340

cctgtagata tatgctttgt ccattataga ctctaggtga tgattaaatt caaaaaatga 2400

agtgtactat atagaaaagc aaaagaaatc caaaagcatg ttagtcttaa atatatatat 2460

ttaaataaaa ctatatgaaa tagattttat tactgaaaat 2500
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<210> 127
<211> 30
<212> DNA
<213> Homo sapiens

<400> 127
ccaccattct gcagagccag cagaggcagg 30

<210> 128
<211> 20
<212> RNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<400> 128
ccauucugca gagccagcag 20

<210> 129
<211> 23
<212> DNA
<213> Homo sapiens

<400> 129
ccattctgca gagccagcag agg 23

<210> 130
<211> 24
<212> DNA
<213> Homo sapiens

<400> 130
ccattctgca gagccagagg cagg 24

<210> 131
<211> 21
<212> DNA
<213> Homo sapiens

<400> 131
ccattctgca gagcccagag g 21
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<210> 132
<211> 22
<212> DNA
<213> Homo sapiens

<400> 132
ccattctgca gagccagaga gg 22

<210> 133
<211> 19
<212> DNA
<213> Homo sapiens

<400> 133
ccattctgca gagcagagg 19

<210> 134
<211> 22
<212> DNA
<213> Homo sapiens

<400> 134
ccattctgca gagccccaga gg 22

<210> 135
<211> 25
<212> DNA
<213> Homo sapiens

<400> 135
ccattctgca gagccaggag gcagg 25

<210> 136
<211> 67
<212> DNA
<213> Homo sapiens

<220>
<221> modified_base
<222> (18)..(61)
<223> a, c, t, g, unknown or other

<400> 136
ccattctgca gagccagnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 60

70/8570/85

<210> 132

<400> 132

22

<210> 133

<400> 133

19

<400> 134
22

<400> 135
25
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ncagagg 67

<210> 137
<211> 55
<212> DNA
<213> Homo sapiens

<220>
<221> modified_base
<222> (18)..(52)
<223> a, c, t, g, unknown or other

<400> 137
ccattctgca gagccagnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnagg 55

<210> 138
<211> 23
<212> DNA
<213> Homo sapiens

<400> 138
ccattctgca gagccagaag agg 23

<210> 139
<211> 25
<212> DNA
<213> Homo sapiens

<400> 139
ccattctgca gagccagcac agagg 25

<210> 140
<211> 22
<212> DNA
<213> Homo sapiens

<400> 140
ccattctgca gagccacaga gg 22

<210> 141
<211> 24
<212> DNA
<213> Homo sapiens

71/8571/85

67

<220>

<400> 137

<210> 138

<400> 138

<210> 139

<400> 139

25

<210> 140

<400> 140

22
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<400> 141
ccattctgca gagccagtca gagg 24

<210> 142
<211> 18
<212> RNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<400> 142
uuggcauggu gcugacgg 18

<210> 143
<211> 30
<212> DNA
<213> Homo sapiens

<400> 143
ccagcctccg tcagcgaccc atgccaagac 30

<210> 144
<211> 20
<212> RNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<400> 144
cgggcuggag cuguucgcgc 20

<210> 145
<211> 30
<212> DNA
<213> Homo sapiens

<400> 145
gatgccagcg cgaacagctc cagcccgagt 30

72/8572/85

<220>

<400> 142

<210> 143

<400> 143

<210> 144

<220>

20

<210> 145

30
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<210> 146
<211> 30
<212> DNA
<213> Homo sapiens

<400> 146
agaagagggt gccagcgggt atgaggagtg 30

<210> 147
<211> 20
<212> RNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<400> 147
agagggugcc agcggguaug 20

<210> 148
<211> 23
<212> DNA
<213> Homo sapiens

<400> 148
ctgggagagg gagcccctcc agg 23

<210> 149
<211> 23
<212> DNA
<213> Homo sapiens

<400> 149
aaaggtggga gacacctcct tgg 23

<210> 150
<211> 23
<212> DNA
<213> Homo sapiens

<400> 150
tccaaccttc aggcaaggtg ggg 23

73/8573/85

<210> 147

<210> 148

<210> 149

<400> 149

23

<210> 150

<400> 150

23
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<210> 151
<211> 23
<212> DNA
<213> Homo sapiens

<400> 151
aggaagtctg gccgatctgc tgg 23

<210> 152
<211> 23
<212> DNA
<213> Homo sapiens

<400> 152
ctctgaggcc ctggagatcc tgg 23

<210> 153
<211> 23
<212> DNA
<213> Homo sapiens

<400> 153
ttggcatggg tcgctgacgg agg 23

<210> 154
<211> 23
<212> DNA
<213> Homo sapiens

<400> 154
cgggctggag ctgttcgcgc tgg 23

<210> 155
<211> 23
<212> DNA
<213> Homo sapiens

<400> 155
agagggtgcc agcgggtatg agg 23

<210> 156
<211> 23
<212> DNA
<213> Artificial Sequence

74/8574/85

<210> 151

<400> 151

<210> 152

<400> 152

23
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<400> 154
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<400> 155
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<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<400> 156
cctccgtcag cgacccatgc caa 23

<210> 157
<211> 24
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<400> 157
cctccgatca gcgacccatg ccaa 24

<210> 158
<211> 25
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<400> 158
cctccgtgtc agcgacccat gccaa 25

<210> 159
<211> 24
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<400> 159
cctccgttca gcgacccatg ccaa 24

75/8575/85

<220>

<400> 156

23

<210> 157

<220>

<210> 158

24
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<210> 160
<211> 24
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<400> 160
cctccgctca gcgacccatg ccaa 24

<210> 161
<211> 22
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<400> 161
cctcctcagc gacccatgcc aa 22

<210> 162
<211> 22
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<400> 162
cctccgcagc gacccatgcc aa 22

<210> 163
<211> 21
<212> DNA
<213> Artificial Sequence

<220>

76/8576/85

24

22

22
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<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<400> 163
cctctcagcg acccatgcca a 21

<210> 164
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<400> 164
cctccgcgac ccatgccaa 19

<210> 165
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<400> 165
cctcagcgac ccatgccaa 19

<210> 166
<211> 18
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<400> 166
ctcagcgacc catgccaa 18

77/8577/85

<221> source

21

19

19

18
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<210> 167
<211> 23
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<400> 167
ccagcgcgaa cagctccagc ccg 23

<210> 168
<211> 24
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<400> 168
ccagcgccga acagctccag cccg 24

<210> 169
<211> 24
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<400> 169
ccagcgtcga acagctccag cccg 24

<210> 170
<211> 21
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

78/8578/85

<210> 167

23

24

24
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oligonucleotide"

<400> 170
ccagcgaaca gctccagccc g 21

<210> 171
<211> 21
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<400> 171
ccagcggaca gctccagccc g 21

<210> 172
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<400> 172
ccagaacagc tccagcccg 19

<210> 173
<211> 18
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<400> 173
ccagcgagct ccagcccg 18

<210> 174
<211> 21

79/8579/85
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21
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<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<400> 174
ccagcgcaca gctccagccc g 21

<210> 175
<211> 16
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<400> 175
ccagcgctcc agcccg 16

<210> 176
<211> 24
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<400> 176
agagggtgcc agcgggttat gagg 24

<210> 177
<211> 25
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

80/8580/85

<212> DNA

21

16

24
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<400> 177
agagggtgcc agcgggtata tgagg 25

<210> 178
<211> 24
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<400> 178
agagggtgcc agcgggtaat gagg 24

<210> 179
<211> 36
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<220>
<221> modified_base
<222> (18)..(36)
<223> a, c, t, g, unknown or other

<400> 179
agagggtgcc agcgggtnnn nnnnnnnnnn nnnnnn 36

<210> 180
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<400> 180
agagggtgcc agtatgagg 19

81/8581/85

<400> 177

25

24

36
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<210> 181
<211> 21
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<400> 181
agagggtgcc agcgggtgag g 21

<210> 182
<211> 17
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<400> 182
agagggtgcc agcgagg 17

<210> 183
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

oligonucleotide"

<400> 183
agagggtgcc agcggggagg 20

<210> 184
<211> 79
<212> DNA
<213> Homo sapiens

<400> 184

82/8582/85

21

17

20
26

20
21

60
   

   
19

 M
ar

 2
02

6

1
9
 
M
a
r
 
2
0
2
6

2
0
2
6
2
0
2
1
6
0

2
1

1
7

2
0



ctacgtgccc ttctccaatg cgacgggtgt ggtacgcagc cccttcgagt acccacagta 60

ctacctggct gagccatgg 79

<210> 185
<211> 79
<212> DNA
<213> Homo sapiens

<400> 185
gggcacaaac tacccagaag tgaggttcaa ccgcctactg aagttttccc ggctctttga 60

attctttgac cgcacagag 79

<210> 186
<211> 79
<212> DNA
<213> Homo sapiens

<400> 186
atgcctgtgt ttattactgg gcttcaaact atgaaggaat tggcactact agatgggtgt 60

atgatgggga aggaaacga 79

<210> 187
<211> 79
<212> DNA
<213> Homo sapiens

<400> 187
cggcgagccg cgggcagggg ccggagcccg cgcccggagg cggggtggag ggggtcgggg 60

ctcgcggcgt cgcactgaa 79

<210> 188
<211> 79
<212> DNA
<213> Homo sapiens

<400> 188
tcgggcctcc gaaaccatga actttctgct gtcttgggtg cattggagcc ttgccttgct 60

gctctacctc caccatgcc 79

<210> 189

83/85

60

79

60

79

<210> 186

60

79

60

79

<400> 188

60

79

<210> 189
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<211> 64
<212> DNA
<213> Homo sapiens

<400> 189
tttctggggt gtaaaaactc tttgattggc tgctgcacgc gcctgcccgc gccctccatt 60

ggct 64

<210> 190
<211> 66
<212> DNA
<213> Homo sapiens

<400> 190
gagaagacac gcgaccggcg cgaggagggg gttgggagag gagcgggggg agactgagtg 60

gcgcgt 66

<210> 191
<211> 66
<212> DNA
<213> Homo sapiens

<400> 191
agagagcatc ccgtctaccc gcctgagctg tccctcctgg acagcaccga cccacgcgcc 60

tggctg 66

<210> 192
<211> 57
<212> DNA
<213> Homo sapiens

<400> 192
cgcgccgccc agtatttgct acattccccg gagctgggtg cctcagaggc cgctgcg 57

<210> 193
<211> 120
<212> DNA
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

polynucleotide"

84/8584/85

<211> 64

<400> 189

60

64
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66

<400> 192
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<400> 193
aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 60

aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 120

<210> 194
<211> 6
<212> PRT
<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

peptide"

<220>
<221> MOD_RES
<222> (2)..(2)
<223> Aminohexanoyl

<400> 194
Arg Xaa Arg Arg Arg Arg
1 5

<210> 195
<211> 66
<212> DNA
<213> Homo sapiens

<400> 195
agccaatgga gggcgcgggc aggcgcgtgc gagcagccaa tcaaagagtt tttacacccc 60

gagaaa 66

85/8585/85

aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 60

aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 120

<210> 194

<220>
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Sequence Listing
1 Sequence Listing

Information
1-1 File Name Sequence listing - M53427078.xml
1-2 DTD Version V1_3
1-3 Software Name WIPO Sequence
1-4 Software Version 2.3.0
1-5 Production Date 2023-08-14
1-6 Original free text language

code
1-7 Non English free text

language code

2 General Information
2-1 Current application: IP

Office
AU

2-2 Current application:
Application number

2-3 Current application: Filing
date

2-4 Current application:
Applicant file reference

M53427078

2-5 Earliest priority application:
IP Office

US

2-6 Earliest priority application:
Application number

61/915107

2-7 Earliest priority application:
Filing date

2013-12-12

2-8en Applicant name The Broad Institute, Inc.
2-8 Applicant name: Name

Latin
2-9en Inventor name
2-9 Inventor name: Name Latin
2-10en Invention title Delivery, use and therapeutic applications of the CRISPR-Cas systems and compositions for

genome editing
2-11 Sequence Total Quantity 195

1

Information

1-1 File Name

1-2 DTD Version V1_3

1-3 Software Name

1-4 Software Version 2.3.0

1-5 Production Date 2023-08-14

1-6

code

1-7

2 General Information

2-1 AU

2-2

2-3

date

2-4 M53427078

2-5 US
IP Office

2-6 61/915107

2-7

2-8en

2-8

Latin

2-9en Inventor name

2-9 Inventor name: Name Latin

2-10en Invention title

2-11 195

20
26

20
21

60
   

   
19

 M
ar

 2
02

6



3-1 Sequences
3-1-1 Sequence Number [ID] 1
3-1-2 Molecule Type DNA
3-1-3 Length 25
3-1-4 Features

Location/Qualifiers
misc_feature 1..25
note=source = /note="Description of Artificial Sequence: Synthetic ol igonucleotide"
source 1..25
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-1-5 Residues cctccgtgtc agcgacccat gccaa 25

3-2 Sequences
3-2-1 Sequence Number [ID] 2
3-2-2 Molecule Type DNA
3-2-3 Length 24
3-2-4 Features

Location/Qualifiers
misc_feature 1..24
note=source = /note="Description of Artificial Sequence: Synthetic ol igonucleotide"
source 1..24
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-2-5 Residues ccagcgtcga acagctccag cccg 24

3-3 Sequences
3-3-1 Sequence Number [ID] 3
3-3-2 Molecule Type DNA
3-3-3 Length 25
3-3-4 Features

Location/Qualifiers
misc_feature 1..25
note=source = /note="Description of Artificial Sequence: Synthetic ol igonucleotide"
source 1..25
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-3-5 Residues agagggtgcc agcgggtata tgagg 25

3-4 Sequences
3-4-1 Sequence Number [ID] 4
3-4-2 Molecule Type
3-4-3 Length
3-4-4 Features

Location/Qualifiers
NonEnglishQualifier Value

3-4-5 Residues 000 3

3-5 Sequences
3-5-1 Sequence Number [ID] 5
3-5-2 Molecule Type
3-5-3 Length
3-5-4 Features

Location/Qualifiers
NonEnglishQualifier Value

3-5-5 Residues 000 3

3-6 Sequences
3-6-1 Sequence Number [ID] 6
3-6-2 Molecule Type
3-6-3 Length
3-6-4 Features

Location/Qualifiers
NonEnglishQualifier Value

3-6-5 Residues 000 3

3-7 Sequences
3-7-1 Sequence Number [ID] 7
3-7-2 Molecule Type
3-7-3 Length
3-7-4 Features

Location/Qualifiers
NonEnglishQualifier Value

3-7-5 Residues 000 3

3-8 Sequences
3-8-1 Sequence Number [ID] 8
3-8-2 Molecule Type

3-1

3-1-1

DNA
3-1-3 25

3-1-4 Features

Location/Qualifiers

source 1..25

3-1-5 Residues

3-2-1 2

DNA
24

3-2-4

Location/Qualifiers

source 1..24

3-2-5 Residues 24

3-3-1

3-3-3 25

3-4-1

3-4-3

3-4-4 Features

Location/Qualifiers

3-4-5 Residues 000 3

3-5

3-5-1 5

3-5-2

3-5-4 Features

Location/Qualifiers

NonEnglishQualifier Value

3-5-5 Residues 3

3-6

3-6-1 6

3-6-2

3-6-3

3-6-4 Features

Location/Qualifiers

3-6-5 Residues

3-7

3-7-1 7

3-7-2

3-7-3

3-7-4

Location/Qualifiers

000 3

3-8

3-8-1

3-8-2
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3-8-3 Length
3-8-4 Features

Location/Qualifiers
NonEnglishQualifier Value

3-8-5 Residues 000 3

3-9 Sequences
3-9-1 Sequence Number [ID] 9
3-9-2 Molecule Type
3-9-3 Length
3-9-4 Features

Location/Qualifiers
NonEnglishQualifier Value

3-9-5 Residues 000 3

3-10 Sequences
3-10-1 Sequence Number [ID] 10
3-10-2 Molecule Type
3-10-3 Length
3-10-4 Features

Location/Qualifiers
NonEnglishQualifier Value

3-10-5 Residues 000 3

3-11 Sequences
3-11-1 Sequence Number [ID] 11
3-11-2 Molecule Type
3-11-3 Length
3-11-4 Features

Location/Qualifiers
NonEnglishQualifier Value

3-11-5 Residues 000 3

3-12 Sequences
3-12-1 Sequence Number [ID] 12
3-12-2 Molecule Type
3-12-3 Length
3-12-4 Features

Location/Qualifiers
NonEnglishQualifier Value

3-12-5 Residues 000 3

3-13 Sequences
3-13-1 Sequence Number [ID] 13
3-13-2 Molecule Type
3-13-3 Length
3-13-4 Features

Location/Qualifiers
NonEnglishQualifier Value

3-13-5 Residues 000 3

3-14 Sequences
3-14-1 Sequence Number [ID] 14
3-14-2 Molecule Type
3-14-3 Length
3-14-4 Features

Location/Qualifiers
NonEnglishQualifier Value

3-14-5 Residues 000 3

3-15 Sequences
3-15-1 Sequence Number [ID] 15
3-15-2 Molecule Type
3-15-3 Length
3-15-4 Features

Location/Qualifiers
NonEnglishQualifier Value

3-15-5 Residues 000 3

3-16 Sequences
3-16-1 Sequence Number [ID] 16
3-16-2 Molecule Type DNA
3-16-3 Length 137
3-16-4 Features

Location/Qualifiers
modified_base 1..20
mod_base=OTHER
note=a, c, t, g, unknown or other

3-8-3

3-8-4 Features

Location/Qualifiers

3-8-5 Residues 000 3

3-9

3-9-1

3-9-2

3-9-3

3-9-4 Features

Residues 000 3

3-10

3-10-2

3-10-3

3-10-4 Features

Location/Qualifiers

3-10-5 Residues 000 3

11

3-11-3

3-11-4 Features

Location/Qualifiers

3-11-5 000 3

3-12

3-12-1

3-12-2

Features

Location/Qualifiers

3-12-5 Residues 000 3

3-13-1 13

3-13-2

Location/Qualifiers

Residues 000 3

3-14-1 14

3-14-2

3-14-4 Features

Location/Qualifiers

Residues 000 3

15

3-15-2

3-15-4 Features

Location/Qualifiers

000

3-16-1 16

3-16-2 DNA

3-16-4 Features
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misc_feature 1..137
note=source = /note="Description of Artificial Sequence: Synthetic po lynucleotide"
source 1..137
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-16-5 Residues nnnnnnnnnn nnnnnnnnnn gtttttgtac tctcaagatt tagaaataaa tcttgcagaa 60

gctacaaaga taaggcttca tgccgaaatc aacaccctgt cattttatgg cagggtgttt 120
tcgttattta atttttt 137

3-17 Sequences
3-17-1 Sequence Number [ID] 17
3-17-2 Molecule Type DNA
3-17-3 Length 123
3-17-4 Features

Location/Qualifiers
modified_base 1..20
mod_base=OTHER
note=a, c, t, g, unknown or other
misc_feature 1..123
note=source = /note="Description of Artificial Sequence: Synthetic po lynucleotide"
source 1..123
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-17-5 Residues nnnnnnnnnn nnnnnnnnnn gtttttgtac tctcagaaat gcagaagcta caaagataag 60

gcttcatgcc gaaatcaaca ccctgtcatt ttatggcagg gtgttttcgt tatttaattt 120
ttt 123

3-18 Sequences
3-18-1 Sequence Number [ID] 18
3-18-2 Molecule Type DNA
3-18-3 Length 110
3-18-4 Features

Location/Qualifiers
modified_base 1..20
mod_base=OTHER
note=a, c, t, g, unknown or other
misc_feature 1..110
note=source = /note="Description of Artificial Sequence: Synthetic po lynucleotide"
source 1..110
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-18-5 Residues nnnnnnnnnn nnnnnnnnnn gtttttgtac tctcagaaat gcagaagcta caaagataag 60

gcttcatgcc gaaatcaaca ccctgtcatt ttatggcagg gtgttttttt 110

3-19 Sequences
3-19-1 Sequence Number [ID] 19
3-19-2 Molecule Type DNA
3-19-3 Length 102
3-19-4 Features

Location/Qualifiers
modified_base 1..20
mod_base=OTHER
note=a, c, t, g, unknown or other
misc_feature 1..102
note=source = /note="Description of Artificial Sequence: Synthetic po lynucleotide"
source 1..102
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-19-5 Residues nnnnnnnnnn nnnnnnnnnn gttttagagc tagaaatagc aagttaaaat aaggctagtc 60

cgttatcaac ttgaaaaagt ggcaccgagt cggtgctttt tt 102

3-20 Sequences
3-20-1 Sequence Number [ID] 20
3-20-2 Molecule Type DNA
3-20-3 Length 88
3-20-4 Features

Location/Qualifiers
modified_base 1..20
mod_base=OTHER
note=a, c, t, g, unknown or other
misc_feature 1..88
note=source = /note="Description of Artificial Sequence: Synthetic ol igonucleotide"
source 1..88
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-20-5 Residues nnnnnnnnnn nnnnnnnnnn gttttagagc tagaaatagc aagttaaaat aaggctagtc 60

source 1..137

3-16-5 Residues

137

17

3-17-2 DNA
3-17-3 123

source 1..123

ttt 123

18

3-18-2 DNA
3-18-3 110

misc_feature 1..110

source 1..110

110

19

DNA
3-19-3 102

3-19-4

source 1..102

3-19-5 Residues

102

3-20-1 20

DNA
88

3-20-4

3-20-5
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cgttatcaac ttgaaaaagt gttttttt 88

3-21 Sequences
3-21-1 Sequence Number [ID] 21
3-21-2 Molecule Type DNA
3-21-3 Length 76
3-21-4 Features

Location/Qualifiers
modified_base 1..20
mod_base=OTHER
note=a, c, t, g, unknown or other
misc_feature 1..76
note=source = /note="Description of Artificial Sequence: Synthetic ol igonucleotide"
source 1..76
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-21-5 Residues nnnnnnnnnn nnnnnnnnnn gttttagagc tagaaatagc aagttaaaat aaggctagtc 60

cgttatcatt tttttt 76

3-22 Sequences
3-22-1 Sequence Number [ID] 22
3-22-2 Molecule Type DNA
3-22-3 Length 20
3-22-4 Features

Location/Qualifiers
source 1..20
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-22-5 Residues gagtccgagc agaagaagaa 20

3-23 Sequences
3-23-1 Sequence Number [ID] 23
3-23-2 Molecule Type DNA
3-23-3 Length 20
3-23-4 Features

Location/Qualifiers
source 1..20
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-23-5 Residues gagtcctagc aggagaagaa 20

3-24 Sequences
3-24-1 Sequence Number [ID] 24
3-24-2 Molecule Type DNA
3-24-3 Length 20
3-24-4 Features

Location/Qualifiers
source 1..20
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-24-5 Residues gagtctaagc agaagaagaa 20

3-25 Sequences
3-25-1 Sequence Number [ID] 25
3-25-2 Molecule Type AA
3-25-3 Length 7
3-25-4 Features

Location/Qualifiers
source 1..7
mol_type=protein
organism=Simian virus 40

NonEnglishQualifier Value
3-25-5 Residues PKKKRKV 7

3-26 Sequences
3-26-1 Sequence Number [ID] 26
3-26-2 Molecule Type AA
3-26-3 Length 16
3-26-4 Features

Location/Qualifiers
REGION 1..16
note=source = /note="Description of Unknown: Nucleoplasmin bipartite NLS sequence"
source 1..16
mol_type=protein
organism=unidentified

NonEnglishQualifier Value
3-26-5 Residues KRPAATKKAG QAKKKK 16

3-27 Sequences
3-27-1 Sequence Number [ID] 27
3-27-2 Molecule Type AA
3-27-3 Length 9
3-27-4 Features REGION 1..9

88

3-21

3-21-1 21

3-21-2 DNA
3-21-3 76

3-21-4 Features

Location/Qualifiers

3-21-5

76

3-22

3-22-1 22

3-22-2

3-22-3 20

3-22-4 Features

Location/Qualifiers

3-22-5 Residues

3-23-5 Residues 20

3-24

3-24-1

3-24-2

3-24-3 20

Location/Qualifiers

20

3-25-2

3-25-3 Length

3-25-4 Features

Location/Qualifiers

3-25-5 Residues 7

3-26

3-26-2

16

3-26-5 Residues 16

3-27

3-27-1 27

3-27-3 9

3-27-4 REGION 1..9
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Location/Qualifiers note=source = /note="Description of Unknown: C-myc NLS sequence"
source 1..9
mol_type=protein
organism=unidentified

NonEnglishQualifier Value
3-27-5 Residues PAAKRVKLD 9

3-28 Sequences
3-28-1 Sequence Number [ID] 28
3-28-2 Molecule Type AA
3-28-3 Length 11
3-28-4 Features

Location/Qualifiers
REGION 1..11
note=source = /note="Description of Unknown: C-myc NLS sequence"
source 1..11
mol_type=protein
organism=unidentified

NonEnglishQualifier Value
3-28-5 Residues RQRRNELKRS P 11

3-29 Sequences
3-29-1 Sequence Number [ID] 29
3-29-2 Molecule Type AA
3-29-3 Length 38
3-29-4 Features

Location/Qualifiers
source 1..38
mol_type=protein
organism=Homo sapiens

NonEnglishQualifier Value
3-29-5 Residues NQSSNFGPMK GGNFGGRSSG PYGGGGQYFA KPRNQGGY 38

3-30 Sequences
3-30-1 Sequence Number [ID] 30
3-30-2 Molecule Type AA
3-30-3 Length 42
3-30-4 Features

Location/Qualifiers
REGION 1..42
note=source = /note="Description of Unknown: IBB domain from importin -alpha sequence"
source 1..42
mol_type=protein
organism=unidentified

NonEnglishQualifier Value
3-30-5 Residues RMRIZFKNKG KDTAELRRRR VEVSVELRKA KKDEQILKRR NV 42

3-31 Sequences
3-31-1 Sequence Number [ID] 31
3-31-2 Molecule Type AA
3-31-3 Length 8
3-31-4 Features

Location/Qualifiers
REGION 1..8
note=source = /note="Description of Unknown: Myoma T protein sequence "
source 1..8
mol_type=protein
organism=unidentified

NonEnglishQualifier Value
3-31-5 Residues VSRKRPRP 8

3-32 Sequences
3-32-1 Sequence Number [ID] 32
3-32-2 Molecule Type AA
3-32-3 Length 8
3-32-4 Features

Location/Qualifiers
REGION 1..8
note=source = /note="Description of Unknown: Myoma T protein sequence "
source 1..8
mol_type=protein
organism=unidentified

NonEnglishQualifier Value
3-32-5 Residues PPKKARED 8

3-33 Sequences
3-33-1 Sequence Number [ID] 33
3-33-2 Molecule Type AA
3-33-3 Length 8
3-33-4 Features

Location/Qualifiers
source 1..8
mol_type=protein
organism=Homo sapiens

NonEnglishQualifier Value
3-33-5 Residues PQPKKKPL 8

Location/Qualifiers

source 1..9

3-27-5 Residues PAAKRVKLD 9

3-28

3-28-1

3-28-2

3-28-3

3-28-4 Features

Location/Qualifiers

11

3-29-4

Location/Qualifiers

38

3-30-4

Location/Qualifiers

source 1..42

42

3-31-2

3-31-3

3-31-4 REGION 1..8

source 1..8

8

3-32

3-32-1

3-32-2 AA

REGION 1..8

3-32-5 Residues 8

3-33

3-33-1

3-33-2

source 1..8

8
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3-34 Sequences
3-34-1 Sequence Number [ID] 34
3-34-2 Molecule Type AA
3-34-3 Length 12
3-34-4 Features

Location/Qualifiers
source 1..12
mol_type=protein
organism=Mus musculus

NonEnglishQualifier Value
3-34-5 Residues SALIKKKKKM AP 12

3-35 Sequences
3-35-1 Sequence Number [ID] 35
3-35-2 Molecule Type AA
3-35-3 Length 5
3-35-4 Features

Location/Qualifiers
source 1..5
mol_type=protein
organism=Influenza virus

NonEnglishQualifier Value
3-35-5 Residues DRLRR 5

3-36 Sequences
3-36-1 Sequence Number [ID] 36
3-36-2 Molecule Type AA
3-36-3 Length 7
3-36-4 Features

Location/Qualifiers
source 1..7
mol_type=protein
organism=Influenza virus

NonEnglishQualifier Value
3-36-5 Residues PKQKKRK 7

3-37 Sequences
3-37-1 Sequence Number [ID] 37
3-37-2 Molecule Type AA
3-37-3 Length 10
3-37-4 Features

Location/Qualifiers
source 1..10
mol_type=protein
organism=Hepatitis delta virus

NonEnglishQualifier Value
3-37-5 Residues RKLKKKIKKL 10

3-38 Sequences
3-38-1 Sequence Number [ID] 38
3-38-2 Molecule Type AA
3-38-3 Length 10
3-38-4 Features

Location/Qualifiers
source 1..10
mol_type=protein
organism=Mus musculus

NonEnglishQualifier Value
3-38-5 Residues REKKKFLKRR 10

3-39 Sequences
3-39-1 Sequence Number [ID] 39
3-39-2 Molecule Type AA
3-39-3 Length 20
3-39-4 Features

Location/Qualifiers
source 1..20
mol_type=protein
organism=Homo sapiens

NonEnglishQualifier Value
3-39-5 Residues KRKGDEVDGV DEVAKKKSKK 20

3-40 Sequences
3-40-1 Sequence Number [ID] 40
3-40-2 Molecule Type AA
3-40-3 Length 17
3-40-4 Features

Location/Qualifiers
source 1..17
mol_type=protein
organism=Homo sapiens

NonEnglishQualifier Value
3-40-5 Residues RKCLQAGMNL EARKTKK 17

3-41 Sequences
3-41-1 Sequence Number [ID] 41
3-41-2 Molecule Type AA
3-41-3 Length 9
3-41-4 Features source 1..9

3-34

3-34-1 34

3-34-2 AA
3-34-3

3-34-4 Features source 1..12

Location/Qualifiers

3-34-5 Residues SALIKKKKKM AP 12

3-35-1 35

3-35-2

3-35-3 5

3-35-4 Features

Location/Qualifiers

3-35-5 Residues DRLRR 5

3-36

3-36-2 AA

3-36-4 source 1..7

3-36-5 Residues 7

3-37

3-37-1

3-37-2 AA
3-37-3

3-37-4 source 1..10

Location/Qualifiers

3-37-5 Residues 10

3-38-1 38

3-38-3 10

Features

Location/Qualifiers

3-38-5 Residues REKKKFLKRR 10

3-39

3-39-1 39

3-39-3 20

Features source 1..20

Location/Qualifiers

3-39-5 KRKGDEVDGV DEVAKKKSKK 20

3-40

3-40-1

3-40-2

3-40-3 17

Residues 17

3-41-1

3-41-2

9
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Location/Qualifiers mol_type=protein
organism=Homo sapiens

NonEnglishQualifier Value
3-41-5 Residues LAGLIDADG 9

3-42 Sequences
3-42-1 Sequence Number [ID] 42
3-42-2 Molecule Type RNA
3-42-3 Length 12
3-42-4 Features

Location/Qualifiers
misc_feature 1..12
note=source = /note="Description of Artificial Sequence: Synthetic ol igonucleotide"
source 1..12
mol_type=other RNA
organism=synthetic construct

NonEnglishQualifier Value
3-42-5 Residues gttttagagc ta 12

3-43 Sequences
3-43-1 Sequence Number [ID] 43
3-43-2 Molecule Type DNA
3-43-3 Length 30
3-43-4 Features

Location/Qualifiers
misc_feature 1..30
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..30
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-43-5 Residues cgcacgcgta attcgaacgc tgacgtcatc 30

3-44 Sequences
3-44-1 Sequence Number [ID] 44
3-44-2 Molecule Type DNA
3-44-3 Length 130
3-44-4 Features

Location/Qualifiers
modified_base 92..110
mod_base=OTHER
note=a, c, t, g, unknown or other
misc_feature 1..130
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..130
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-44-5 Residues cacacgcgta aaaaagcacc gactcggtgc cactttttca agttgataac ggactagcct 60

tattttaact tgctatttct agctctaaaa cnnnnnnnnn nnnnnnnnnn cggtgtttcg 120
tcctttccac 130

3-45 Sequences
3-45-1 Sequence Number [ID] 45
3-45-2 Molecule Type DNA
3-45-3 Length 23
3-45-4 Features

Location/Qualifiers
misc_feature 1..23
note=source = /note="Description of Artificial Sequence: Synthetic ol igonucleotide"
source 1..23
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-45-5 Residues tgcgaatacg cccacgcgat ggg 23

3-46 Sequences
3-46-1 Sequence Number [ID] 46
3-46-2 Molecule Type DNA
3-46-3 Length 24
3-46-4 Features

Location/Qualifiers
misc_feature 1..24
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..24
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-46-5 Residues gtgtctagac tgcagagggc cctg 24

3-47 Sequences
3-47-1 Sequence Number [ID] 47
3-47-2 Molecule Type DNA
3-47-3 Length 28

Location/Qualifiers

3-41-5 Residues 9

3-42

3-42-1 42

3-42-2 RNA
3-42-3 12

Features

Location/Qualifiers

source 1..12

3-42-5 12

3-43

3-43-1 43

3-43-2

3-43-3 30

3-43-4 Features

Location/Qualifiers

3-43-5 Residues 30

3-44

3-44-1 44

3-44-2 DNA
3-44-3 130

3-44-4 Features

Location/Qualifiers mod_base=OTHER

3-44-5 Residues

130

3-45

3-45-1

3-45-2 DNA

3-45-5 Residues 23

3-46

DNA
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3-47-4 Features
Location/Qualifiers

misc_feature 1..28
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..28
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-47-5 Residues gtgtcgtgcc tgagagcgca gtcgagaa 28

3-48 Sequences
3-48-1 Sequence Number [ID] 48
3-48-2 Molecule Type DNA
3-48-3 Length 29
3-48-4 Features

Location/Qualifiers
misc_feature 1..29
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..29
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-48-5 Residues gagaagctta gctgaatggg gtccgcctc 29

3-49 Sequences
3-49-1 Sequence Number [ID] 49
3-49-2 Molecule Type DNA
3-49-3 Length 31
3-49-4 Features

Location/Qualifiers
misc_feature 1..31
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..31
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-49-5 Residues ctcaccggtg cgcgcaaccg atgccgggac c 31

3-50 Sequences
3-50-1 Sequence Number [ID] 50
3-50-2 Molecule Type DNA
3-50-3 Length 32
3-50-4 Features

Location/Qualifiers
misc_feature 1..32
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..32
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-50-5 Residues gagaagcttg gcgaaatgat ttgctgcaga tg 32

3-51 Sequences
3-51-1 Sequence Number [ID] 51
3-51-2 Molecule Type DNA
3-51-3 Length 32
3-51-4 Features

Location/Qualifiers
misc_feature 1..32
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..32
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-51-5 Residues ctcaccggtg cgcgcgtcgc ctccccctcc gc 32

3-52 Sequences
3-52-1 Sequence Number [ID] 52
3-52-2 Molecule Type DNA
3-52-3 Length 134
3-52-4 Features

Location/Qualifiers
misc_feature 1..134
note=source = /note="Description of Artificial Sequence: Synthetic po lynucleotide"
source 1..134
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-52-5 Residues agcttcgcgc cgggaggagg ggggacgcag tgggcggagc ggagacagca ccttcggaga 60

taatcctttc tcctgccgca gagcagagga gcggcgggag aggaacactt ctcccaggct 120
ttagcagagc cgga 134

3-53 Sequences
3-53-1 Sequence Number [ID] 53
3-53-2 Molecule Type DNA
3-53-3 Length 134

3-47-4 Features

Location/Qualifiers

source 1..28

3-47-5 Residues 28

3-48

3-48-1 48

3-48-2 DNA
3-48-3 29

3-48-4 Features

Location/Qualifiers

source 1..29

3-48-5 Residues 29

3-49

3-49-1 49

3-49-2 DNA
3-49-3 31

3-49-4 Features

Location/Qualifiers

source 1..31

3-49-5 Residues 31

3-50

3-50-1 50

3-50-2 DNA
3-50-3

3-50-4 Features

Location/Qualifiers

source 1..32

3-50-5 Residues 32

3-51

3-51-1

DNA

3-51-5 Residues 32

3-52

DNA

3-52-5 Residues

3-53

3-53-1 53

3-53-2 DNA
3-53-3 134
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3-53-4 Features
Location/Qualifiers

misc_feature 1..134
note=source = /note="Description of Artificial Sequence: Synthetic po lynucleotide"
source 1..134
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-53-5 Residues ccggtccggc tctgctaaag cctgggagaa gtgttcctct cccgccgctc ctctgctctg 60

cggcaggaga aaggattatc tccgaaggtg ctgtctccgc tccgcccact gcgtcccccc 120
tcctcccggc gcga 134

3-54 Sequences
3-54-1 Sequence Number [ID] 54
3-54-2 Molecule Type DNA
3-54-3 Length 55
3-54-4 Features

Location/Qualifiers
misc_feature 1..55
note=source = /note="Description of Artificial Sequence: Synthetic ol igonucleotide"
source 1..55
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-54-5 Residues aattcaataa aagatcttta ttttcattag atctgtgtgt tggttttttg tgtgc 55

3-55 Sequences
3-55-1 Sequence Number [ID] 55
3-55-2 Molecule Type DNA
3-55-3 Length 55
3-55-4 Features

Location/Qualifiers
misc_feature 1..55
note=source = /note="Description of Artificial Sequence: Synthetic ol igonucleotide"
source 1..55
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-55-5 Residues ggccgcacac aaaaaaccaa cacacagatc taatgaaaat aaagatcttt tattg 55

3-56 Sequences
3-56-1 Sequence Number [ID] 56
3-56-2 Molecule Type DNA
3-56-3 Length 23
3-56-4 Features

Location/Qualifiers
source 1..23
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-56-5 Residues ggagctggag ctgttcacgt tgg 23

3-57 Sequences
3-57-1 Sequence Number [ID] 57
3-57-2 Molecule Type DNA
3-57-3 Length 23
3-57-4 Features

Location/Qualifiers
source 1..23
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-57-5 Residues cgggcagcag atgttcgcgt agg 23

3-58 Sequences
3-58-1 Sequence Number [ID] 58
3-58-2 Molecule Type DNA
3-58-3 Length 23
3-58-4 Features

Location/Qualifiers
source 1..23
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-58-5 Residues agggcttgag atgttcgggc tgg 23

3-59 Sequences
3-59-1 Sequence Number [ID] 59
3-59-2 Molecule Type DNA
3-59-3 Length 23
3-59-4 Features

Location/Qualifiers
source 1..23
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-59-5 Residues ccggctgggg ctgtcctcgc tag 23

3-60 Sequences

3-53-4 Features

source 1..134

3-53-5 Residues

134

3-54-4

Location/Qualifiers

55

3-55-4

Location/Qualifiers

55

3-56-4

Location/Qualifiers

3-56-5 23

57

3-57-5 Residues 23

3-58-1 58

23

3-58-5 23

3-59 Sequences

3-59-1

3-59-2

3-59-3 23

Location/Qualifiers

3-59-5 Residues 23
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3-60-1 Sequence Number [ID] 60
3-60-2 Molecule Type DNA
3-60-3 Length 23
3-60-4 Features

Location/Qualifiers
source 1..23
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-60-5 Residues cggggtgcag ctgctcacgc cag 23

3-61 Sequences
3-61-1 Sequence Number [ID] 61
3-61-2 Molecule Type DNA
3-61-3 Length 23
3-61-4 Features

Location/Qualifiers
source 1..23
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-61-5 Residues ctggcgggag ctggtcgcgt gag 23

3-62 Sequences
3-62-1 Sequence Number [ID] 62
3-62-2 Molecule Type DNA
3-62-3 Length 23
3-62-4 Features

Location/Qualifiers
source 1..23
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-62-5 Residues tgagcatggg ccgctggcgg tgg 23

3-63 Sequences
3-63-1 Sequence Number [ID] 63
3-63-2 Molecule Type DNA
3-63-3 Length 23
3-63-4 Features

Location/Qualifiers
source 1..23
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-63-5 Residues atggcatagg ccgctgacag agg 23

3-64 Sequences
3-64-1 Sequence Number [ID] 64
3-64-2 Molecule Type DNA
3-64-3 Length 23
3-64-4 Features

Location/Qualifiers
source 1..23
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-64-5 Residues ttggcatggt gagctggcgg ggg 23

3-65 Sequences
3-65-1 Sequence Number [ID] 65
3-65-2 Molecule Type DNA
3-65-3 Length 23
3-65-4 Features

Location/Qualifiers
source 1..23
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-65-5 Residues tgggcagggg tctctgaggg cag 23

3-66 Sequences
3-66-1 Sequence Number [ID] 66
3-66-2 Molecule Type DNA
3-66-3 Length 23
3-66-4 Features

Location/Qualifiers
source 1..23
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-66-5 Residues ttggcatggg tctcttacca agg 23

3-67 Sequences
3-67-1 Sequence Number [ID] 67
3-67-2 Molecule Type DNA
3-67-3 Length 23
3-67-4 Features

Location/Qualifiers
source 1..23
mol_type=genomic DNA

3-60-1 60

3-60-2 DNA
3-60-3 23

3-60-4 Features source 1..23

Location/Qualifiers

3-60-5 Residues

3-61

61

3-61-5 Residues 23

3-62

3-62-1 62

23

3-62-5 23

3-63

3-63-1

3-63-2

3-63-3 23

23

3-64-1

3-64-2

3-64-3 23

23

3-65-1

3-65-2

23

23

3-66-1

3-66-2

3-66-3 23

23

3-67-1

3-67-2

3-67-3 23
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organism=Homo sapiens
NonEnglishQualifier Value

3-67-5 Residues acatggttcc agtgggtatg tag 23

3-68 Sequences
3-68-1 Sequence Number [ID] 68
3-68-2 Molecule Type DNA
3-68-3 Length 23
3-68-4 Features

Location/Qualifiers
source 1..23
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-68-5 Residues ggaggtgggc agcgggtatg tag 23

3-69 Sequences
3-69-1 Sequence Number [ID] 69
3-69-2 Molecule Type DNA
3-69-3 Length 23
3-69-4 Features

Location/Qualifiers
source 1..23
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-69-5 Residues agaaggtccc cgcgggcatg gag 23

3-70 Sequences
3-70-1 Sequence Number [ID] 70
3-70-2 Molecule Type DNA
3-70-3 Length 23
3-70-4 Features

Location/Qualifiers
source 1..23
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-70-5 Residues ggagggaacc agccggtatg ggg 23

3-71 Sequences
3-71-1 Sequence Number [ID] 71
3-71-2 Molecule Type DNA
3-71-3 Length 23
3-71-4 Features

Location/Qualifiers
source 1..23
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-71-5 Residues agagagtggc agtgggtaag cag 23

3-72 Sequences
3-72-1 Sequence Number [ID] 72
3-72-2 Molecule Type DNA
3-72-3 Length 23
3-72-4 Features

Location/Qualifiers
source 1..23
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-72-5 Residues agaggtggcc agcgggcagg aag 23

3-73 Sequences
3-73-1 Sequence Number [ID] 73
3-73-2 Molecule Type DNA
3-73-3 Length 23
3-73-4 Features

Location/Qualifiers
source 1..23
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-73-5 Residues tgagggggcc agctgggatg cag 23

3-74 Sequences
3-74-1 Sequence Number [ID] 74
3-74-2 Molecule Type DNA
3-74-3 Length 20
3-74-4 Features

Location/Qualifiers
misc_feature 1..20
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..20
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-74-5 Residues ggtctcatgt gtggcactca 20

3-67-5 Residues 23

3-68-1 68

3-68-2

3-68-3 23

Location/Qualifiers

3-68-5 Residues 23

3-69-1

3-69-2 DNA
3-69-3 23

Location/Qualifiers

3-69-5 Residues 23

3-70-1

3-70-2 DNA
3-70-3 23

3-70-4 Features

Location/Qualifiers

3-70-5 Residues 23

3-71-1 71

3-71-2

3-71-3 23

Location/Qualifiers

3-71-5 Residues 23

3-72-1

3-72-2

3-72-3 23

Features

Location/Qualifiers

Residues 23

3-73

3-73-1

3-73-2 DNA
3-73-3 23

3-73-4 Features

Location/Qualifiers

3-73-5 Residues 23

3-74-1 74

3-74-2

3-74-3 20

Location/Qualifiers

3-74-5 Residues 20
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3-75 Sequences
3-75-1 Sequence Number [ID] 75
3-75-2 Molecule Type DNA
3-75-3 Length 20
3-75-4 Features

Location/Qualifiers
misc_feature 1..20
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..20
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-75-5 Residues tgtccaacct tcaggcaagg 20

3-76 Sequences
3-76-1 Sequence Number [ID] 76
3-76-2 Molecule Type DNA
3-76-3 Length 21
3-76-4 Features

Location/Qualifiers
misc_feature 1..21
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..21
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-76-5 Residues atccctcctc agagggtcag c 21

3-77 Sequences
3-77-1 Sequence Number [ID] 77
3-77-2 Molecule Type DNA
3-77-3 Length 22
3-77-4 Features

Location/Qualifiers
misc_feature 1..22
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..22
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-77-5 Residues tacctcatgc acagctagca cc 22

3-78 Sequences
3-78-1 Sequence Number [ID] 78
3-78-2 Molecule Type DNA
3-78-3 Length 22
3-78-4 Features

Location/Qualifiers
misc_feature 1..22
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..22
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-78-5 Residues ttcgggcata gcatggtctt cc 22

3-79 Sequences
3-79-1 Sequence Number [ID] 79
3-79-2 Molecule Type DNA
3-79-3 Length 24
3-79-4 Features

Location/Qualifiers
misc_feature 1..24
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..24
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-79-5 Residues gttctatttc agagggctga tccc 24

3-80 Sequences
3-80-1 Sequence Number [ID] 80
3-80-2 Molecule Type DNA
3-80-3 Length 21
3-80-4 Features

Location/Qualifiers
misc_feature 1..21
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..21
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-80-5 Residues gttctgagcc gcacagtttg g 21

3-81 Sequences
3-81-1 Sequence Number [ID] 81

3-75

3-75-1 75

3-75-2

3-75-3 20

3-75-4 Features

Location/Qualifiers

source 1..20

3-75-5 Residues 20

3-76-1 76

3-76-2 DNA
3-76-3 21

3-76-4 Features

Location/Qualifiers

source 1..21

3-76-5 Residues 21

3-77

3-77-1 77

3-77-2

3-77-3 22

3-77-4 Features misc_feature 1..22

Location/Qualifiers

source 1..22

3-77-5 Residues 22

3-78

3-78-1 78

3-78-2 DNA
3-78-3 22

3-78-4 Features

Location/Qualifiers

source 1..22

3-78-5 Residues 22

3-79

3-79-1 79

3-79-2 DNA
3-79-3 Length 24

3-79-4 Features

Location/Qualifiers

source 1..24

Residues 24

3-80

3-80-1 80

3-80-2 DNA
3-80-3 21

3-80-4 Features

Location/Qualifiers

3-80-5 Residues 21

3-81

3-81-1 81
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3-81-2 Molecule Type DNA
3-81-3 Length 22
3-81-4 Features

Location/Qualifiers
misc_feature 1..22
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..22
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-81-5 Residues ggataagaag ggacaataca gg 22

3-82 Sequences
3-82-1 Sequence Number [ID] 82
3-82-2 Molecule Type DNA
3-82-3 Length 21
3-82-4 Features

Location/Qualifiers
misc_feature 1..21
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..21
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-82-5 Residues gccggggtct cgttcagagc t 21

3-83 Sequences
3-83-1 Sequence Number [ID] 83
3-83-2 Molecule Type DNA
3-83-3 Length 20
3-83-4 Features

Location/Qualifiers
misc_feature 1..20
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..20
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-83-5 Residues ctaccgcctg cggacatggt 20

3-84 Sequences
3-84-1 Sequence Number [ID] 84
3-84-2 Molecule Type DNA
3-84-3 Length 24
3-84-4 Features

Location/Qualifiers
misc_feature 1..24
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..24
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-84-5 Residues cctgtctctc tgtcctaggg ctcc 24

3-85 Sequences
3-85-1 Sequence Number [ID] 85
3-85-2 Molecule Type DNA
3-85-3 Length 25
3-85-4 Features

Location/Qualifiers
misc_feature 1..25
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..25
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-85-5 Residues ccgtttgctg atgtagtagg ggtcc 25

3-86 Sequences
3-86-1 Sequence Number [ID] 86
3-86-2 Molecule Type DNA
3-86-3 Length 25
3-86-4 Features

Location/Qualifiers
misc_feature 1..25
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..25
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-86-5 Residues cccacaggaa acaatgaagg gagac 25

3-87 Sequences
3-87-1 Sequence Number [ID] 87
3-87-2 Molecule Type DNA
3-87-3 Length 25

3-81-2 DNA
3-81-3 22

3-81-4 Features misc_feature 1..22

Location/Qualifiers

source 1..22

3-81-5 Residues 22

3-82

3-82-2 DNA
3-82-3 21

3-82-4 Features

Location/Qualifiers

source 1..21

3-82-5 Residues 21

3-83

3-83-1

3-83-2 DNA
3-83-3 20

3-83-4 Features

Location/Qualifiers

source 1..20

3-83-5 Residues 20

3-84

3-84-1

3-84-2 DNA
3-84-3 24

3-84-4 Features

Location/Qualifiers

source 1..24

3-84-5 Residues 24

3-85

3-85-1

3-85-2 DNA
3-85-3 25

3-85-4 Features misc_feature 1..25

Location/Qualifiers

source 1..25

3-85-5 Residues 25

3-86

3-86-1

3-86-2 DNA
3-86-3 25

3-86-4 Features

Location/Qualifiers

source 1..25

3-86-5 Residues 25

3-87

3-87-2 DNA
3-87-3 25
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3-87-4 Features
Location/Qualifiers

misc_feature 1..25
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..25
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-87-5 Residues catccttcgt gtctgaggac tggtc 25

3-88 Sequences
3-88-1 Sequence Number [ID] 88
3-88-2 Molecule Type DNA
3-88-3 Length 23
3-88-4 Features

Location/Qualifiers
misc_feature 1..23
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..23
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-88-5 Residues ccctgacacc agctgttcag cac 23

3-89 Sequences
3-89-1 Sequence Number [ID] 89
3-89-2 Molecule Type DNA
3-89-3 Length 23
3-89-4 Features

Location/Qualifiers
misc_feature 1..23
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..23
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-89-5 Residues ctctgggtga ccacacacga tgc 23

3-90 Sequences
3-90-1 Sequence Number [ID] 90
3-90-2 Molecule Type DNA
3-90-3 Length 21
3-90-4 Features

Location/Qualifiers
misc_feature 1..21
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..21
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-90-5 Residues gagcaggcag agccgagcaa g 21

3-91 Sequences
3-91-1 Sequence Number [ID] 91
3-91-2 Molecule Type DNA
3-91-3 Length 19
3-91-4 Features

Location/Qualifiers
misc_feature 1..19
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..19
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-91-5 Residues ggagagcgtc cgccaggag 19

3-92 Sequences
3-92-1 Sequence Number [ID] 92
3-92-2 Molecule Type DNA
3-92-3 Length 24
3-92-4 Features

Location/Qualifiers
misc_feature 1..24
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..24
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-92-5 Residues gggtcttgtt gtgagtaggg tgtg 24

3-93 Sequences
3-93-1 Sequence Number [ID] 93
3-93-2 Molecule Type DNA
3-93-3 Length 22
3-93-4 Features

Location/Qualifiers
misc_feature 1..22
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"

3-87-4 Features

Location/Qualifiers

source 1..25

3-87-5 Residues 25

3-88

3-88-2 DNA
3-88-3 23

3-88-4 Features

Location/Qualifiers

source 1..23

3-88-5 Residues 23

3-89

3-89-1

3-89-2 DNA
3-89-3 23

3-89-4 Features

Location/Qualifiers

source 1..23

3-89-5 Residues 23

3-90

3-90-2 DNA
3-90-3 21

3-90-4 Features misc_feature 1..21

Location/Qualifiers

source 1..21

3-90-5 Residues 21

3-91

3-91-2 DNA
3-91-3 19

3-91-4 Features misc_feature 1..19

Location/Qualifiers

source 1..19

organism=synthetic construct

3-91-5 Residues 19

3-92

3-92-1

3-92-2 DNA
3-92-3 Length 24

3-92-4 Features

Location/Qualifiers

source 1..24

3-92-5 Residues 24

3-93

3-93-2 DNA
3-93-3 22

3-93-4 Features

Location/Qualifiers
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source 1..22
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-93-5 Residues gaagctctct taactactgt tc 22

3-94 Sequences
3-94-1 Sequence Number [ID] 94
3-94-2 Molecule Type DNA
3-94-3 Length 23
3-94-4 Features

Location/Qualifiers
misc_feature 1..23
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..23
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-94-5 Residues cctggaatac tatttccacg ccg 23

3-95 Sequences
3-95-1 Sequence Number [ID] 95
3-95-2 Molecule Type DNA
3-95-3 Length 20
3-95-4 Features

Location/Qualifiers
misc_feature 1..20
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..20
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-95-5 Residues caggccctag cagcgagcag 20

3-96 Sequences
3-96-1 Sequence Number [ID] 96
3-96-2 Molecule Type DNA
3-96-3 Length 22
3-96-4 Features

Location/Qualifiers
misc_feature 1..22
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..22
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-96-5 Residues gcagcacact ccaccctcac at 22

3-97 Sequences
3-97-1 Sequence Number [ID] 97
3-97-2 Molecule Type DNA
3-97-3 Length 21
3-97-4 Features

Location/Qualifiers
misc_feature 1..21
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..21
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-97-5 Residues ggaaggggct ttcctccgag c 21

3-98 Sequences
3-98-1 Sequence Number [ID] 98
3-98-2 Molecule Type DNA
3-98-3 Length 23
3-98-4 Features

Location/Qualifiers
misc_feature 1..23
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..23
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-98-5 Residues cggcgtcacg tgacctgagt aac 23

3-99 Sequences
3-99-1 Sequence Number [ID] 99
3-99-2 Molecule Type DNA
3-99-3 Length 20
3-99-4 Features

Location/Qualifiers
misc_feature 1..20
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..20
mol_type=other DNA

source 1..22

3-93-5 Residues 22

3-94

3-94-1

3-94-2 DNA
3-94-3 23

3-94-4 Features

Location/Qualifiers

source 1..23

3-94-5 Residues 23

3-95

3-95-1

3-95-2 DNA
3-95-3 20

3-95-4 Features

Location/Qualifiers

source 1..20

3-95-5 Residues 20

3-96

3-96-2 DNA
3-96-3 22

3-96-4 Features misc_feature 1..22

Location/Qualifiers

source 1..22

3-96-5 Residues 22

3-97

3-97-1

3-97-2 DNA
3-97-3 21

3-97-4 Features misc_feature 1..21

Location/Qualifiers

source 1..21

3-97-5 Residues 21

3-98

3-98-2 DNA
3-98-3 23

3-98-4 Features

Location/Qualifiers

source 1..23

3-98-5 Residues 23

3-99

3-99-2 DNA
3-99-3 Length 20

3-99-4 Features

Location/Qualifiers

source 1..20

20
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organism=synthetic construct
NonEnglishQualifier Value

3-99-5 Residues gctccgaccc tgctctccca 20

3-100 Sequences
3-100-1 Sequence Number [ID] 100
3-100-2 Molecule Type DNA
3-100-3 Length 21
3-100-4 Features

Location/Qualifiers
misc_feature 1..21
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..21
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-100-5 Residues gtgtctgcct cgctctgctg c 21

3-101 Sequences
3-101-1 Sequence Number [ID] 101
3-101-2 Molecule Type DNA
3-101-3 Length 23
3-101-4 Features

Location/Qualifiers
misc_feature 1..23
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..23
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-101-5 Residues cctgttcatc aggctcgtag ccc 23

3-102 Sequences
3-102-1 Sequence Number [ID] 102
3-102-2 Molecule Type DNA
3-102-3 Length 27
3-102-4 Features

Location/Qualifiers
misc_feature 1..27
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..27
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-102-5 Residues ctatctgaaa tccaccacct tagacgc 27

3-103 Sequences
3-103-1 Sequence Number [ID] 103
3-103-2 Molecule Type DNA
3-103-3 Length 21
3-103-4 Features

Location/Qualifiers
misc_feature 1..21
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..21
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-103-5 Residues cgattgctgg cttgccttga g 21

3-104 Sequences
3-104-1 Sequence Number [ID] 104
3-104-2 Molecule Type DNA
3-104-3 Length 19
3-104-4 Features

Location/Qualifiers
misc_feature 1..19
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..19
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-104-5 Residues gcctgagggg gccagaggt 19

3-105 Sequences
3-105-1 Sequence Number [ID] 105
3-105-2 Molecule Type DNA
3-105-3 Length 22
3-105-4 Features

Location/Qualifiers
misc_feature 1..22
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..22
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value

3-99-5 Residues 20

3-100

3-100-1

3-100-2 DNA
3-100-3 21

3-100-4 Features

Location/Qualifiers

source 1..21

3-100-5 Residues 21

3-101

3-101-2 DNA
3-101-3 23

3-101-4 Features

Location/Qualifiers

source 1..23

3-101-5 Residues 23

3-102

3-102-2 DNA
3-102-3 27

3-102-4 Features misc_feature 1..27

Location/Qualifiers

source 1..27

3-102-5 Residues 27

3-103

3-103-2 DNA
3-103-3 21

3-103-4 Features

Location/Qualifiers

source 1..21

3-103-5 Residues 21

3-104

3-104-2 DNA
3-104-3 19

3-104-4 Features

Location/Qualifiers

source 1..19

3-104-5 Residues 19

3-105

3-105-1

3-105-2 DNA
22

3-105-4 Features

Location/Qualifiers

source 1..22

20
26

20
21

60
   

   
19

 M
ar

 2
02

6



3-105-5 Residues ggttcgcgtc cgcccgcgtg at 22

3-106 Sequences
3-106-1 Sequence Number [ID] 106
3-106-2 Molecule Type DNA
3-106-3 Length 18
3-106-4 Features

Location/Qualifiers
misc_feature 1..18
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..18
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-106-5 Residues gggactcccc gggtggtg 18

3-107 Sequences
3-107-1 Sequence Number [ID] 107
3-107-2 Molecule Type DNA
3-107-3 Length 23
3-107-4 Features

Location/Qualifiers
misc_feature 1..23
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..23
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-107-5 Residues gagaggtggt cctgtcgcct atg 23

3-108 Sequences
3-108-1 Sequence Number [ID] 108
3-108-2 Molecule Type DNA
3-108-3 Length 24
3-108-4 Features

Location/Qualifiers
misc_feature 1..24
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..24
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-108-5 Residues gaccctgtgt ttcaagtctc tctg 24

3-109 Sequences
3-109-1 Sequence Number [ID] 109
3-109-2 Molecule Type DNA
3-109-3 Length 23
3-109-4 Features

Location/Qualifiers
misc_feature 1..23
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..23
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-109-5 Residues cccagcaggt cacagctgac atc 23

3-110 Sequences
3-110-1 Sequence Number [ID] 110
3-110-2 Molecule Type DNA
3-110-3 Length 23
3-110-4 Features

Location/Qualifiers
misc_feature 1..23
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..23
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-110-5 Residues ggccatccag tacattcaat acg 23

3-111 Sequences
3-111-1 Sequence Number [ID] 111
3-111-2 Molecule Type DNA
3-111-3 Length 32
3-111-4 Features

Location/Qualifiers
misc_feature 1..32
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..32
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-111-5 Residues agcacagtat gtattctata aaataatacg ac 32

3-112 Sequences

3-105-5 Residues 22

3-106

3-106-1

3-106-2 DNA
3-106-3 18

3-106-4 Features

Location/Qualifiers

source 1..18

3-106-5 Residues 18

3-107

3-107-2 DNA
3-107-3 23

3-107-4 Features

Location/Qualifiers

source 1..23

3-107-5 Residues 23

3-108

3-108-2 DNA
3-108-3 24

3-108-4 Features

Location/Qualifiers

source 1..24

3-108-5 Residues 24

3-109

3-109-2 DNA
3-109-3 23

3-109-4 Features

Location/Qualifiers

source 1..23

3-109-5 Residues 23

3-110

3-110-1

3-110-2 DNA
3-110-3 23

3-110-4 Features

Location/Qualifiers

source 1..23

Residues 23

3-111

3-111-2 DNA
3-111-3 32

3-111-4 Features misc_feature 1..32

Location/Qualifiers

source 1..32

3-111-5 Residues

3-112

20
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3-112-1 Sequence Number [ID] 112
3-112-2 Molecule Type DNA
3-112-3 Length 22
3-112-4 Features

Location/Qualifiers
misc_feature 1..22
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..22
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-112-5 Residues gcagaagccg tgactcacag ca 22

3-113 Sequences
3-113-1 Sequence Number [ID] 113
3-113-2 Molecule Type DNA
3-113-3 Length 22
3-113-4 Features

Location/Qualifiers
misc_feature 1..22
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..22
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-113-5 Residues gtgggagggg acagagacca tg 22

3-114 Sequences
3-114-1 Sequence Number [ID] 114
3-114-2 Molecule Type DNA
3-114-3 Length 28
3-114-4 Features

Location/Qualifiers
misc_feature 1..28
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..28
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-114-5 Residues cttgtgcttg tgattctgtc cttactgc 28

3-115 Sequences
3-115-1 Sequence Number [ID] 115
3-115-2 Molecule Type DNA
3-115-3 Length 28
3-115-4 Features

Location/Qualifiers
misc_feature 1..28
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..28
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-115-5 Residues ccttacctgt tcctcttcct tatccagc 28

3-116 Sequences
3-116-1 Sequence Number [ID] 116
3-116-2 Molecule Type DNA
3-116-3 Length 25
3-116-4 Features

Location/Qualifiers
misc_feature 1..25
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..25
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-116-5 Residues cgagaagtcg atgcagacac ttcaa 25

3-117 Sequences
3-117-1 Sequence Number [ID] 117
3-117-2 Molecule Type DNA
3-117-3 Length 22
3-117-4 Features

Location/Qualifiers
misc_feature 1..22
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..22
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-117-5 Residues atacccagtc cacatccctg cc 22

3-118 Sequences
3-118-1 Sequence Number [ID] 118
3-118-2 Molecule Type DNA

3-112-1 112

3-112-2 DNA
3-112-3 22

3-112-4 Features

Location/Qualifiers

source 1..22

3-112-5 Residues 22

3-113

3-113-1

3-113-2 DNA
3-113-3 22

3-113-4 Features

Location/Qualifiers

source 1..22

3-113-5 Residues 22

3-114

3-114-1

3-114-2 DNA
3-114-3 28

3-114-4 Features misc_feature 1..28

Location/Qualifiers

3-114-5 Residues 28

3-115

3-115-1

3-115-2 DNA
3-115-3 28

3-115-4 Features

Location/Qualifiers

3-115-5 Residues 28

3-116

3-116-1 116

3-116-2 DNA
3-116-3 25

3-116-4 Features

Location/Qualifiers

source 1..25

3-116-5 Residues 25

3-117

3-117-1 117

3-117-2 DNA
22

3-117-4 Features

Location/Qualifiers

source 1..22

3-117-5 Residues

3-118

3-118-1

3-118-2 DNA

20
26

20
21
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3-118-3 Length 23
3-118-4 Features

Location/Qualifiers
misc_feature 1..23
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..23
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-118-5 Residues gctgaagact ggcgagcaca gct 23

3-119 Sequences
3-119-1 Sequence Number [ID] 119
3-119-2 Molecule Type DNA
3-119-3 Length 26
3-119-4 Features

Location/Qualifiers
misc_feature 1..26
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..26
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-119-5 Residues cctctgcatc tccctcagga agtatt 26

3-120 Sequences
3-120-1 Sequence Number [ID] 120
3-120-2 Molecule Type DNA
3-120-3 Length 26
3-120-4 Features

Location/Qualifiers
misc_feature 1..26
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..26
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-120-5 Residues gacctgaatg ttgtggctga gagtcc 26

3-121 Sequences
3-121-1 Sequence Number [ID] 121
3-121-2 Molecule Type DNA
3-121-3 Length 20
3-121-4 Features

Location/Qualifiers
misc_feature 1..20
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..20
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-121-5 Residues gcctcctgtc cccaggtccc 20

3-122 Sequences
3-122-1 Sequence Number [ID] 122
3-122-2 Molecule Type DNA
3-122-3 Length 22
3-122-4 Features

Location/Qualifiers
misc_feature 1..22
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..22
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-122-5 Residues ccctcacgtt cctgtccagc aa 22

3-123 Sequences
3-123-1 Sequence Number [ID] 123
3-123-2 Molecule Type DNA
3-123-3 Length 22
3-123-4 Features

Location/Qualifiers
misc_feature 1..22
note=source = /note="Description of Artificial Sequence: Synthetic pr imer"
source 1..22
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-123-5 Residues cactaggctt gggctgccct ct 22

3-124 Sequences
3-124-1 Sequence Number [ID] 124
3-124-2 Molecule Type DNA
3-124-3 Length 2503
3-124-4 Features misc_feature 1..2503

3-118-3 23

3-118-4 Features

Location/Qualifiers

source 1..23

3-118-5 Residues 23

3-119

3-119-2 DNA
3-119-3 26

3-119-4 Features misc_feature 1..26

Location/Qualifiers

source 1..26

3-119-5 Residues 26

3-120

3-120-2 DNA
3-120-3 26

3-120-4 Features misc_feature 1..26

Location/Qualifiers

source 1..26

3-120-5 Residues 26

3-121

3-121-1

3-121-2 DNA
3-121-3 20

3-121-4 Features

Location/Qualifiers

source 1..20

3-121-5 Residues 20

3-122

3-122-1

3-122-2 DNA
3-122-3 22

3-122-4 Features

Location/Qualifiers

source 1..22

3-122-5 Residues 22

3-123

3-123-2 DNA
3-123-3 22

3-123-4 Features

Location/Qualifiers

source 1..22

3-123-5 Residues 22

3-124

3-124-2 DNA
3-124-3 2503

3-124-4 Features

20
26

20
21
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Location/Qualifiers note=source = /note="Description of Artificial Sequence: Synthetic po lynucleotide"
source 1..2503
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-124-5 Residues accagaaagt ctctagctgt ccagaggaca tagcacagag gcccatggtc cctatttcaa 60

acccaggcca ccagactgag ctgggacctt gggacagaca agtcatgcag aagttagggg 120
accttctcct cccttttcct ggatcctgag tacctctcct ccctgacctc aggcttcctc 180
ctagtgtcac cttggcccct cttagaagcc aattaggccc tcagtttctg cagcggggat 240
taatatgatt atgaacaccc ccaatctccc agatgctgat tcagccagga gcttaggagg 300
gggaggtcac tttataaggg tctggggggg tcagaaccca gagtcatcca gctggagccc 360
tgagtggctg agctcaggcc ttcgcagcat tcttgggtgg gagcagccac gggtcagcca 420
caagggccac agccatgaat ggcacagaag gccctaactt ctacgtgccc ttctccaatg 480
cgacgggtgt ggtacgcagc cccttcgagt acccacagta ctacctggct gagccatggc 540
agttctccat gctggccgcc tacatgtttc tgctgatcgt gctgggcttc cccatcaact 600
tcctcacgct ctacgtcacc gtccagcaca agaagctgcg cacgcctctc aactacatcc 660
tgctcaacct agccgtggct gacctcttca tggtcctagg tggcttcacc agcaccctct 720
acacctctct gcatggatac ttcgtcttcg ggcccacagg atgcaatttg gagggcttct 780
ttgccaccct gggcggtatg agccgggtgt gggtggggtg tgcaggagcc cgggagcatg 840
gaggggtctg ggagagtccc gggcttggcg gtggtggctg agaggccttc tcccttctcc 900
tgtcctgtca atgttatcca aagccctcat atattcagtc aacaaacacc attcatggtg 960
atagccgggc tgctgtttgt gcagggctgg cactgaacac tgccttgatc ttatttggag 1020
caatatgcgc ttgtctaatt tcacagcaag aaaactgagc tgaggctcaa agaagtcaag 1080
cgccctgctg gggcgtcaca cagggacggg tgcagagttg agttggaagc ccgcatctat 1140
ctcgggccat gtttgcagca ccaagcctct gtttcccttg gagcagctgt gctgagtcag 1200
acccaggctg ggcactgagg gagagctggg caagccagac ccctcctctc tgggggccca 1260
agctcagggt gggaagtgga ttttccattc tccagtcatt gggtcttccc tgtgctgggc 1320
aatgggctcg gtcccctctg gcatcctctg cctcccctct cagcccctgt cctcaggtgc 1380
ccctccagcc tccctgccgc gttccaagtc tcctggtgtt gagaaccgca agcagccgct 1440
ctgaagcagt tcctttttgc tttagaataa tgtcttgcat ttaacaggaa aacagatggg 1500
gtgctgcagg gataacagat cccacttaac agagaggaaa actgaggcag ggagagggga 1560
agagactcat ttagggatgt ggccaggcag caacaagagc ctaggtctcc tggctgtgat 1620
ccaggaatat ctctgctgag atgcaggagg agacgctaga agcagccatt gcaaagctgg 1680
gtgacgggga gagcttaccg ccagccacaa gcgtctctct gccagccttg ccctgtctcc 1740
cccatgtcca ggctgctgcc tcggtcccat tctcagggaa tctctggcca ttgttgggtg 1800
tttgttgcat tcaataatca cagatcactc agttctggcc agaaggtggg tgtgccactt 1860
acgggtggtt gttctctgca gggtcagtcc cagtttacaa atattgtccc tttcactgtt 1920
aggaatgtcc cagtttggtt gattaactat atggccactc tccctatgga acttcatggg 1980
gtggtgagca ggacagatgt ctgaattcca tcatttcctt cttcttcctc tgggcaaaac 2040
attgcacatt gcttcatggc tcctaggaga ggcccccaca tgtccgggtt atttcatttc 2100
ccgagaaggg agagggagga aggactgcca attctgggtt tccaccacct ctgcattcct 2160
tcccaacaag gaactctgcc ccacattagg atgcattctt ctgctaaaca cacacacaca 2220
cacacacaca cacaacacac acacacacac acacacacac acacacacaa aactccctac 2280
cgggttccca gttcaatcct gaccccctga tctgattcgt gtcccttatg ggcccagagc 2340
gctaagcaaa taacttcccc cattccctgg aatttctttg cccagctctc ctcagcgtgt 2400
ggtccctctg ccccttcccc ctcctcccag caccaagctc tctccttccc caaggcctcc 2460
tcaaatccct ctcccactcc tggttgcctt cctagctacc ctc 2503

3-125 Sequences
3-125-1 Sequence Number [ID] 125
3-125-2 Molecule Type DNA
3-125-3 Length 2500
3-125-4 Features

Location/Qualifiers
misc_feature 1..2500
note=source = /note="Description of Artificial Sequence: Synthetic po lynucleotide"
source 1..2500
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-125-5 Residues ctgctgcctg ctctgtcccc tttaagtatt gacatcctca aaaccctctt tggaaaaagc 60

acaggccaca gatcttactg tgacttgtgt ttctttctcc taggtgtacc ttcaaccttg 120
ataaaaataa acctctaaat caattgagat ctgcctccgt cacttttttt ttttcaaaga 180
ctcagagtct cactctgttg cccaggctgg agtgtagtgg tgcgatcttg gctcattgca 240
ccctccacct cctgggttca agtggttctc gtgcctcagc ttcctgagta gctgggatta 300
caggggtgca ccaccacatc tggctaattt ttgtattttt agtagagaca gggtttcacc 360
atgttgccca ggctggtctc aaacccttga cctcaggtga tccacccgcc tcggcctctc 420
aaagtactgg gattataggc atgagccacg gcacccggcc ctctgtcact ttttgattta 480
caacatgtat ctctaatttt aaaggatcct tttttaaaat atgtatataa tttccattta 540
tcttttaaaa tttaataatc attctttgtt atcatgtaat acccaattta tatttaaatt 600
tactcaatca acctatgttt taaaaaaatt caatagaata gattagaacc tcatagaata 660
gaaaatatca gagtgcattt cctgtagtaa tggtaagtgt tgtttttgaa atcatttcta 720
ttatatatgt atcactgcat actgtgtagc cgtgaggtaa aatatgtttc tttgtactat 780
ggtcaaaaaa agtcagcctc tgtgatgccc aatgacctcc atcttcttct ttaggttttc 840
tcgagcaagg cttaatggtc agtgatacca acaggctgtg gcagcattac aagacgacca 900
cgcagttcaa gctggatgtg ttgtccctgg tccccaccga cctggcttac ttaaaggtgg 960
gcacaaacta cccagaagtg aggttcaacc gcctactgaa gttttcccgg ctctttgaat 1020

Location/Qualifiers

source 1..2503

3-124-5 Residues

1140

2503

3-125-4

Location/Qualifiers

organism=synthetic construct

20
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tctttgaccg cacagagaca aggaccaact accccaatat gttcaggatt gggaacttgg 1080
tcttgtacat tctcatcatc atccactgga atgcctgcat ctactttgcc atttccaagt 1140
tcattggttt tgggacagac tcctgggtct acccaaacat ctcaatccca gagcatgggc 1200
gcctctccag gaagtacatt tacagtctct actggtccac cttgaccctt accaccattg 1260
gtgagacccc accccccgtg aaagatgagg agtatctctt tgtggtcgta gacttcttgg 1320
tgggtgttct gatttttgcc accattgtgg gcaatgtggg ctccatgatc tcgaatatga 1380
atgcctcacg ggcagagttc caggccaaga ttgattccat caagcagtac atgcagttcc 1440
gcaaggtcac caaggacttg gagacgcggg ttatccggtg gtttgactac ctgtgggcca 1500
acaagaagac ggtggatgag aaggaggtgc tcaagagcct cccagacaag ctgaaggctg 1560
agatcgccat caacgtgcac ctggacacgc tgaagaaggt tcgcatcttc caggactgtg 1620
aggcagggct gctggtggag ctggtgctga agctgcgacc cactgtgttc agccctgggg 1680
attatatctg caagaaggga gatattggga aggagatgta catcatcaac gagggcaagc 1740
tggccgtggt ggctgatgat ggggtcaccc agttcgtggt cctcagcgat ggcagctact 1800
tcggggagat cagcattctg aacatcaagg ggagcaagtc ggggaaccgc aggacggcca 1860
acatccgcag cattggctac tcagacctgt tctgcctctc aaaggacgat ctcatggagg 1920
ccctcaccga gtaccccgaa gccaagaagg ccctggagga gaaaggacgg cagatcctga 1980
tgaaagacaa cctgatcgat gaggagctgg ccagggcggg cgcggacccc aaggaccttg 2040
aggagaaagt ggagcagctg gggtcctccc tggacaccct gcagaccagg tttgcacgcc 2100
tcctggctga gtacaacgcc acccagatga agatgaagca gcgtctcagc caactggaaa 2160
gccaggtgaa gggtggtggg gacaagcccc tggctgatgg ggaagttccc ggggatgcta 2220
caaaaacaga ggacaaacaa cagtgaaaat gcagcatctg tctcctgctt cacagggtcg 2280
actgtcaggg tgaccgtatg tggccgcagc tgtgtggcat ggaacttggt cagggttgaa 2340
ttccagctct actcaccctt tgaaagctgt gtgactgcct gagagaacct gtttcttcac 2400
ctaaaaaatg ggactttttg tctcagtccc agtgaagtgc caggtttgat tgtgaagtcc 2460
gcatgaaaca ctgcaccagg cagggctttg caaagtgcaa 2500

3-126 Sequences
3-126-1 Sequence Number [ID] 126
3-126-2 Molecule Type DNA
3-126-3 Length 2500
3-126-4 Features

Location/Qualifiers
misc_feature 1..2500
note=source = /note="Description of Artificial Sequence: Synthetic po lynucleotide"
source 1..2500
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-126-5 Residues actttgaggc aattttactg tagctggtat tttagtcaat ttttagataa attagttgtt 60

tatatcaaag taaataattc acattctaaa gggaattatt tatttagtaa attttctgga 120
aattgagtgt ctgtgtgtgt gtgtttccca atcagtggtc cttctgactt taaattcttt 180
aaaatcggtt ctggttgtta taatccctta tacatatcca actcactcta ggtagtatgt 240
aattttgtaa gttattttcc ctctctttgc tctatcctat aattgctctc catcccaagg 300
ctgcagtgag ttgcccttca aagtaatgct gggacctgct ttttttccag tttggacatt 360
gccttattat atgttcaatg tcatttcact ggagcagaaa gttagtgaag tcaactttat 420
gccaggtctt tgtattttac caaaaggaaa tttcactatt aaataaccca gttgccattt 480
ctgagtcctg attctactgt tctaaatttt tcaagtgatc tttttttatt tctgggacac 540
ttgcatacct aattgtcaag tttaatttat gatcctcgtt actctctaag tgtttaattg 600
agttagtggt tatagctgac tcataaaccc ataaaaccct tcactggtaa actaattagc 660
cactgcacct gccctttaaa taattaacat tgttcattac taacaatcgg catcggagtt 720
attaaaagtt accttactgc tcagttgtct agaggctttc aaactttttt gatcatgatc 780
cagagtaaaa aatgcatttc acaggccaac tcaggataca cacacacaca cacacactcc 840
cctactatct atcagactct gatattttct attctattat tctctatctt ctttcattta 900
aaaatgtatt gacttactaa agaggttttt cagcttaaaa atttttattt agaccaattc 960
atggggtact catgcaattt tgttacatgt atacaatgca tagtgatcaa gtcagggtgt 1020
ttagggtgtt tattactcga gtacaataca tgttttgaaa ctatagtcac cctactctgt 1080
tgcaaacgtt gaatatattc ttactgtatg tttgtatcct ttaatccact tttctttatg 1140
cgctcctctc cccaccactc acccttccca gtctctgtta tctttccact ctctgtctct 1200
atgtgatcaa aatttttagc tcccacatat atgtgagaac gtgtgatatt tatcgttttg 1260
ggtctggctt atttcactaa gataatgacc ttcagtccca tccattttgg tgcaaatgac 1320
atgattttat ccttttttat ggccaaatag catttaccag ccattgaatg ggttatgaca 1380
gcttcaaaaa cactggctct cataaattca tacaatgaaa cagaatgtta aaaataatca 1440
ataaaggttt ctttcaaaat cagaacttac tcgtttcctt ccccatcata cacccatcta 1500
gtagtgccaa ttccttcata gtttgaagcc cagtaataaa cacaggcatt aatgtgcaga 1560
ataaacagca agtatccagt tgttcgaata actctgtcag agagaataga tgcaaagtaa 1620
gattcatgtt gtttctgaaa tacagcctat tttaacattt tcttttcctt aaagtcacca 1680
gcgaacccct tgctttggat ttgtgaactg ttaactctca ttagtacagt acaaagtgat 1740
ggtgccattg catgttttct gatggcaatg tcttgactgg gattgacaga gtgtaaagaa 1800
aaaaaaaaga aaaagaaaac ttcctctctt ttcacagatg ttgtgagtca actccgtgaa 1860
agacatgcct caaaggtcac ttcttcagtt taagtcccat aaaatacact atgctaattt 1920
aactggatat ctctgaaaag ctcatgagac tttatgctac gatgaatggc aactagaggt 1980
ttcggtgcaa gtaaaattta gaacaacaaa cgaatgaaat tcagattagg aatgaattat 2040
catgagaaag gtttaaagtt aacttgcaaa agagtatgtt tttctgtact tgttttgaca 2100
gaggcagata ataagtccta ttttcttagt ccagtattct aaaatctgat atgattttca 2160
tactcttatt tcacttaaaa tatccacatc tgttctagaa catagtccta tattttatat 2220
agccaaagct gaaattatat cctttttttg aagagggggg tcatatccct gccaaattcc 2280
gtctaaaatg ttgtaccatt gctttttccc cttcccccaa gtatactgag ttatacttta 2340
cctgtagata tatgctttgt ccattataga ctctaggtga tgattaaatt caaaaaatga 2400

3-126

3-126-1

3-126-2

3-126-3

3-126-4 Features misc_feature 1..2500

Location/Qualifiers

3-126-5 Residues
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agtgtactat atagaaaagc aaaagaaatc caaaagcatg ttagtcttaa atatatatat 2460
ttaaataaaa ctatatgaaa tagattttat tactgaaaat 2500

3-127 Sequences
3-127-1 Sequence Number [ID] 127
3-127-2 Molecule Type DNA
3-127-3 Length 30
3-127-4 Features

Location/Qualifiers
source 1..30
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-127-5 Residues ccaccattct gcagagccag cagaggcagg 30

3-128 Sequences
3-128-1 Sequence Number [ID] 128
3-128-2 Molecule Type RNA
3-128-3 Length 20
3-128-4 Features

Location/Qualifiers
misc_feature 1..20
note=source = /note="Description of Artificial Sequence: Synthetic ol igonucleotide"
source 1..20
mol_type=other RNA
organism=synthetic construct

NonEnglishQualifier Value
3-128-5 Residues ccattctgca gagccagcag 20

3-129 Sequences
3-129-1 Sequence Number [ID] 129
3-129-2 Molecule Type DNA
3-129-3 Length 23
3-129-4 Features

Location/Qualifiers
source 1..23
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-129-5 Residues ccattctgca gagccagcag agg 23

3-130 Sequences
3-130-1 Sequence Number [ID] 130
3-130-2 Molecule Type DNA
3-130-3 Length 24
3-130-4 Features

Location/Qualifiers
source 1..24
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-130-5 Residues ccattctgca gagccagagg cagg 24

3-131 Sequences
3-131-1 Sequence Number [ID] 131
3-131-2 Molecule Type DNA
3-131-3 Length 21
3-131-4 Features

Location/Qualifiers
source 1..21
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-131-5 Residues ccattctgca gagcccagag g 21

3-132 Sequences
3-132-1 Sequence Number [ID] 132
3-132-2 Molecule Type DNA
3-132-3 Length 22
3-132-4 Features

Location/Qualifiers
source 1..22
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-132-5 Residues ccattctgca gagccagaga gg 22

3-133 Sequences
3-133-1 Sequence Number [ID] 133
3-133-2 Molecule Type DNA
3-133-3 Length 19
3-133-4 Features

Location/Qualifiers
source 1..19
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-133-5 Residues ccattctgca gagcagagg 19

3-134 Sequences

2500

3-127

3-127-1

3-127-2

3-127-3

3-127-4 Features

Location/Qualifiers

3-127-5 Residues 30

3-128

3-128-1

3-128-2

3-128-3

3-128-4 Features

Location/Qualifiers

3-128-5 Residues

3-129

129

3-129-5 Residues 23

3-130

3-130-1 130

3-130-3

3-130-4 Features

Location/Qualifiers

3-130-5 Residues

3-131

3-131-1

3-131-2

3-131-3

3-131-4 Features

Location/Qualifiers

3-131-5 Residues

3-132-1

3-132-2

3-132-3

Features

Location/Qualifiers

3-132-5 Residues

3-133

3-133-1

3-133-2

3-133-3

3-133-4 Features

Location/Qualifiers

NonEnglishQualifier Value

3-133-5 Residues

3-134
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3-134-1 Sequence Number [ID] 134
3-134-2 Molecule Type DNA
3-134-3 Length 22
3-134-4 Features

Location/Qualifiers
source 1..22
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-134-5 Residues ccattctgca gagccccaga gg 22

3-135 Sequences
3-135-1 Sequence Number [ID] 135
3-135-2 Molecule Type DNA
3-135-3 Length 25
3-135-4 Features

Location/Qualifiers
source 1..25
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-135-5 Residues ccattctgca gagccaggag gcagg 25

3-136 Sequences
3-136-1 Sequence Number [ID] 136
3-136-2 Molecule Type DNA
3-136-3 Length 67
3-136-4 Features

Location/Qualifiers
modified_base 18..61
mod_base=OTHER
note=a, c, t, g, unknown or other
source 1..67
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-136-5 Residues ccattctgca gagccagnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 60

ncagagg 67

3-137 Sequences
3-137-1 Sequence Number [ID] 137
3-137-2 Molecule Type DNA
3-137-3 Length 55
3-137-4 Features

Location/Qualifiers
modified_base 18..52
mod_base=OTHER
note=a, c, t, g, unknown or other
source 1..55
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-137-5 Residues ccattctgca gagccagnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnagg 55

3-138 Sequences
3-138-1 Sequence Number [ID] 138
3-138-2 Molecule Type DNA
3-138-3 Length 23
3-138-4 Features

Location/Qualifiers
source 1..23
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-138-5 Residues ccattctgca gagccagaag agg 23

3-139 Sequences
3-139-1 Sequence Number [ID] 139
3-139-2 Molecule Type DNA
3-139-3 Length 25
3-139-4 Features

Location/Qualifiers
source 1..25
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-139-5 Residues ccattctgca gagccagcac agagg 25

3-140 Sequences
3-140-1 Sequence Number [ID] 140
3-140-2 Molecule Type DNA
3-140-3 Length 22
3-140-4 Features

Location/Qualifiers
source 1..22
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value

3-134-1 134

3-134-2

22

3-134-5 22

3-135

3-135-1 135

25

3-135-5 25

3-136

3-136-1

3-136-2

3-136-3 67

3-136-5 Residues

67

3-137

3-137-1 137

3-137-2 DNA
3-137-3 55

3-137-4 Features modified_base 18..52

Location/Qualifiers

source 1..55

55

3-138

3-138-1 138

3-138-2 DNA
3-138-3 23

3-138-4 Features source 1..23

Location/Qualifiers

3-138-5 Residues 23

3-139

3-139-1 139

3-139-2 DNA
3-139-3 25

3-139-4 Features source 1..25

Location/Qualifiers

3-139-5 Residues

3-140

3-140-1 140

3-140-2 DNA
3-140-3 Length 22

3-140-4 Features

Location/Qualifiers
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3-140-5 Residues ccattctgca gagccacaga gg 22

3-141 Sequences
3-141-1 Sequence Number [ID] 141
3-141-2 Molecule Type DNA
3-141-3 Length 24
3-141-4 Features

Location/Qualifiers
source 1..24
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-141-5 Residues ccattctgca gagccagtca gagg 24

3-142 Sequences
3-142-1 Sequence Number [ID] 142
3-142-2 Molecule Type RNA
3-142-3 Length 18
3-142-4 Features

Location/Qualifiers
misc_feature 1..18
note=source = /note="Description of Artificial Sequence: Synthetic ol igonucleotide"
source 1..18
mol_type=other RNA
organism=synthetic construct

NonEnglishQualifier Value
3-142-5 Residues ttggcatggt gctgacgg 18

3-143 Sequences
3-143-1 Sequence Number [ID] 143
3-143-2 Molecule Type DNA
3-143-3 Length 30
3-143-4 Features

Location/Qualifiers
source 1..30
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-143-5 Residues ccagcctccg tcagcgaccc atgccaagac 30

3-144 Sequences
3-144-1 Sequence Number [ID] 144
3-144-2 Molecule Type RNA
3-144-3 Length 20
3-144-4 Features

Location/Qualifiers
misc_feature 1..20
note=source = /note="Description of Artificial Sequence: Synthetic ol igonucleotide"
source 1..20
mol_type=other RNA
organism=synthetic construct

NonEnglishQualifier Value
3-144-5 Residues cgggctggag ctgttcgcgc 20

3-145 Sequences
3-145-1 Sequence Number [ID] 145
3-145-2 Molecule Type DNA
3-145-3 Length 30
3-145-4 Features

Location/Qualifiers
source 1..30
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-145-5 Residues gatgccagcg cgaacagctc cagcccgagt 30

3-146 Sequences
3-146-1 Sequence Number [ID] 146
3-146-2 Molecule Type DNA
3-146-3 Length 30
3-146-4 Features

Location/Qualifiers
source 1..30
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-146-5 Residues agaagagggt gccagcgggt atgaggagtg 30

3-147 Sequences
3-147-1 Sequence Number [ID] 147
3-147-2 Molecule Type RNA
3-147-3 Length 20
3-147-4 Features

Location/Qualifiers
misc_feature 1..20
note=source = /note="Description of Artificial Sequence: Synthetic ol igonucleotide"
source 1..20
mol_type=other RNA
organism=synthetic construct

3-140-5 Residues 22

3-141-1 141

3-141-3 24

3-141-4 Features

Location/Qualifiers

3-141-5 Residues 24

3-142

RNA
3-142-3

3-142-4 Features

3-142-5 Residues 18

3-143-1

3-143-2 DNA
3-143-3

3-143-4 Features source 1..30

Location/Qualifiers

3-143-5 Residues

3-144-5 cgggctggag ctgttcgcgc 20

145

3-145-5 30

146

3-146-5 30

147
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NonEnglishQualifier Value
3-147-5 Residues agagggtgcc agcgggtatg 20

3-148 Sequences
3-148-1 Sequence Number [ID] 148
3-148-2 Molecule Type DNA
3-148-3 Length 23
3-148-4 Features

Location/Qualifiers
source 1..23
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-148-5 Residues ctgggagagg gagcccctcc agg 23

3-149 Sequences
3-149-1 Sequence Number [ID] 149
3-149-2 Molecule Type DNA
3-149-3 Length 23
3-149-4 Features

Location/Qualifiers
source 1..23
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-149-5 Residues aaaggtggga gacacctcct tgg 23

3-150 Sequences
3-150-1 Sequence Number [ID] 150
3-150-2 Molecule Type DNA
3-150-3 Length 23
3-150-4 Features

Location/Qualifiers
source 1..23
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-150-5 Residues tccaaccttc aggcaaggtg ggg 23

3-151 Sequences
3-151-1 Sequence Number [ID] 151
3-151-2 Molecule Type DNA
3-151-3 Length 23
3-151-4 Features

Location/Qualifiers
source 1..23
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-151-5 Residues aggaagtctg gccgatctgc tgg 23

3-152 Sequences
3-152-1 Sequence Number [ID] 152
3-152-2 Molecule Type DNA
3-152-3 Length 23
3-152-4 Features

Location/Qualifiers
source 1..23
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-152-5 Residues ctctgaggcc ctggagatcc tgg 23

3-153 Sequences
3-153-1 Sequence Number [ID] 153
3-153-2 Molecule Type DNA
3-153-3 Length 23
3-153-4 Features

Location/Qualifiers
source 1..23
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-153-5 Residues ttggcatggg tcgctgacgg agg 23

3-154 Sequences
3-154-1 Sequence Number [ID] 154
3-154-2 Molecule Type DNA
3-154-3 Length 23
3-154-4 Features

Location/Qualifiers
source 1..23
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-154-5 Residues cgggctggag ctgttcgcgc tgg 23

3-155 Sequences
3-155-1 Sequence Number [ID] 155
3-155-2 Molecule Type DNA

3-147-5 Residues 20

3-148

3-148-1 148

3-148-2 DNA
3-148-3 23

3-148-4 Features source 1..23

Location/Qualifiers

3-148-5 Residues 23

3-149

3-149-1 149

3-149-2

3-149-3 23

3-149-4 Features source 1..23

Location/Qualifiers

3-149-5 Residues 23

3-150-1 150

3-150-2 DNA
3-150-3 23

3-150-4 Features

Location/Qualifiers

3-150-5 Residues 23

3-151

3-151-1 151

3-151-2 DNA
3-151-3 23

3-151-4 Features source 1..23

Location/Qualifiers

3-151-5 Residues 23

3-152

3-152-1 152

3-152-3 23

3-152-4 Features source 1..23

Location/Qualifiers

3-152-5 Residues 23

3-153

3-153-1 153

3-153-3 23

3-153-4 Features source 1..23

Location/Qualifiers

3-153-5 Residues 23

3-154

3-154-1 154

3-154-3

3-154-4 Features source 1..23

Location/Qualifiers

3-154-5 Residues 23

3-155

3-155-1

DNA
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3-155-3 Length 23
3-155-4 Features

Location/Qualifiers
source 1..23
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-155-5 Residues agagggtgcc agcgggtatg agg 23

3-156 Sequences
3-156-1 Sequence Number [ID] 156
3-156-2 Molecule Type DNA
3-156-3 Length 23
3-156-4 Features

Location/Qualifiers
misc_feature 1..23
note=source = /note="Description of Artificial Sequence: Synthetic ol igonucleotide"
source 1..23
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-156-5 Residues cctccgtcag cgacccatgc caa 23

3-157 Sequences
3-157-1 Sequence Number [ID] 157
3-157-2 Molecule Type DNA
3-157-3 Length 24
3-157-4 Features

Location/Qualifiers
misc_feature 1..24
note=source = /note="Description of Artificial Sequence: Synthetic ol igonucleotide"
source 1..24
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-157-5 Residues cctccgatca gcgacccatg ccaa 24

3-158 Sequences
3-158-1 Sequence Number [ID] 158
3-158-2 Molecule Type DNA
3-158-3 Length 25
3-158-4 Features

Location/Qualifiers
misc_feature 1..25
note=source = /note="Description of Artificial Sequence: Synthetic ol igonucleotide"
source 1..25
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-158-5 Residues cctccgtgtc agcgacccat gccaa 25

3-159 Sequences
3-159-1 Sequence Number [ID] 159
3-159-2 Molecule Type DNA
3-159-3 Length 24
3-159-4 Features

Location/Qualifiers
misc_feature 1..24
note=source = /note="Description of Artificial Sequence: Synthetic ol igonucleotide"
source 1..24
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-159-5 Residues cctccgttca gcgacccatg ccaa 24

3-160 Sequences
3-160-1 Sequence Number [ID] 160
3-160-2 Molecule Type DNA
3-160-3 Length 24
3-160-4 Features

Location/Qualifiers
misc_feature 1..24
note=source = /note="Description of Artificial Sequence: Synthetic ol igonucleotide"
source 1..24
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-160-5 Residues cctccgctca gcgacccatg ccaa 24

3-161 Sequences
3-161-1 Sequence Number [ID] 161
3-161-2 Molecule Type DNA
3-161-3 Length 22
3-161-4 Features

Location/Qualifiers
misc_feature 1..22
note=source = /note="Description of Artificial Sequence: Synthetic ol igonucleotide"
source 1..22

3-155-3 23

3-155-4 Features

Location/Qualifiers

3-155-5 Residues 23

3-156

3-156-1 156

3-156-2 DNA
3-156-3 23

3-156-4 Features

Location/Qualifiers

source 1..23

3-156-5 Residues 23

3-157

3-157-1 157

3-157-2 DNA
3-157-3 24

3-157-4 Features

Location/Qualifiers

3-157-5 Residues 24

3-158

3-158-1 158

3-158-2 DNA
3-158-3 25

3-158-4 Features

Location/Qualifiers

source 1..25

3-158-5 Residues

3-159

3-159-1

3-159-2 DNA
3-159-3

3-159-4 Features

Location/Qualifiers

source 1..24

3-159-5 Residues 24

3-160

3-160-1 160

3-160-2 DNA
3-160-3

3-160-4 Features misc_feature 1..24

Location/Qualifiers

source 1..24

3-160-5 Residues 24

3-161-1 161

3-161-2 DNA
3-161-3 22

3-161-4 Features misc_feature 1..22

source 1..22
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mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-161-5 Residues cctcctcagc gacccatgcc aa 22

3-162 Sequences
3-162-1 Sequence Number [ID] 162
3-162-2 Molecule Type DNA
3-162-3 Length 22
3-162-4 Features

Location/Qualifiers
misc_feature 1..22
note=source = /note="Description of Artificial Sequence: Synthetic ol igonucleotide"
source 1..22
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-162-5 Residues cctccgcagc gacccatgcc aa 22

3-163 Sequences
3-163-1 Sequence Number [ID] 163
3-163-2 Molecule Type DNA
3-163-3 Length 21
3-163-4 Features

Location/Qualifiers
misc_feature 1..21
note=source = /note="Description of Artificial Sequence: Synthetic ol igonucleotide"
source 1..21
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-163-5 Residues cctctcagcg acccatgcca a 21

3-164 Sequences
3-164-1 Sequence Number [ID] 164
3-164-2 Molecule Type DNA
3-164-3 Length 19
3-164-4 Features

Location/Qualifiers
misc_feature 1..19
note=source = /note="Description of Artificial Sequence: Synthetic ol igonucleotide"
source 1..19
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-164-5 Residues cctccgcgac ccatgccaa 19

3-165 Sequences
3-165-1 Sequence Number [ID] 165
3-165-2 Molecule Type DNA
3-165-3 Length 19
3-165-4 Features

Location/Qualifiers
misc_feature 1..19
note=source = /note="Description of Artificial Sequence: Synthetic ol igonucleotide"
source 1..19
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-165-5 Residues cctcagcgac ccatgccaa 19

3-166 Sequences
3-166-1 Sequence Number [ID] 166
3-166-2 Molecule Type DNA
3-166-3 Length 18
3-166-4 Features

Location/Qualifiers
misc_feature 1..18
note=source = /note="Description of Artificial Sequence: Synthetic ol igonucleotide"
source 1..18
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-166-5 Residues ctcagcgacc catgccaa 18

3-167 Sequences
3-167-1 Sequence Number [ID] 167
3-167-2 Molecule Type DNA
3-167-3 Length 23
3-167-4 Features

Location/Qualifiers
misc_feature 1..23
note=source = /note="Description of Artificial Sequence: Synthetic ol igonucleotide"
source 1..23
mol_type=other DNA
organism=synthetic construct

3-161-5 Residues 22

3-162

3-162-2 DNA
3-162-3 22

3-162-4 Features misc_feature 1..22

Location/Qualifiers

source 1..22

3-162-5 Residues 22

3-163

3-163-2 DNA
3-163-3 21

3-163-4 Features

Location/Qualifiers

source 1..21

3-163-5 Residues 21

3-164

3-164-1

3-164-2 DNA
3-164-3 19

3-164-4 Features

Location/Qualifiers

source 1..19

3-164-5 Residues 19

3-165

3-165-1

3-165-2 DNA
3-165-3 19

3-165-4 Features

Location/Qualifiers

source 1..19

3-165-5

3-166

3-166-2 DNA
3-166-3 18

3-166-4 Features

Location/Qualifiers

source 1..18

3-166-5 Residues 18

3-167

3-167-2 DNA
3-167-3 23

3-167-4 Features misc_feature 1..23

Location/Qualifiers

source 1..23
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NonEnglishQualifier Value
3-167-5 Residues ccagcgcgaa cagctccagc ccg 23

3-168 Sequences
3-168-1 Sequence Number [ID] 168
3-168-2 Molecule Type DNA
3-168-3 Length 24
3-168-4 Features

Location/Qualifiers
misc_feature 1..24
note=source = /note="Description of Artificial Sequence: Synthetic ol igonucleotide"
source 1..24
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-168-5 Residues ccagcgccga acagctccag cccg 24

3-169 Sequences
3-169-1 Sequence Number [ID] 169
3-169-2 Molecule Type DNA
3-169-3 Length 24
3-169-4 Features

Location/Qualifiers
misc_feature 1..24
note=source = /note="Description of Artificial Sequence: Synthetic ol igonucleotide"
source 1..24
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-169-5 Residues ccagcgtcga acagctccag cccg 24

3-170 Sequences
3-170-1 Sequence Number [ID] 170
3-170-2 Molecule Type DNA
3-170-3 Length 21
3-170-4 Features

Location/Qualifiers
misc_feature 1..21
note=source = /note="Description of Artificial Sequence: Synthetic ol igonucleotide"
source 1..21
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-170-5 Residues ccagcgaaca gctccagccc g 21

3-171 Sequences
3-171-1 Sequence Number [ID] 171
3-171-2 Molecule Type DNA
3-171-3 Length 21
3-171-4 Features

Location/Qualifiers
misc_feature 1..21
note=source = /note="Description of Artificial Sequence: Synthetic ol igonucleotide"
source 1..21
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-171-5 Residues ccagcggaca gctccagccc g 21

3-172 Sequences
3-172-1 Sequence Number [ID] 172
3-172-2 Molecule Type DNA
3-172-3 Length 19
3-172-4 Features

Location/Qualifiers
misc_feature 1..19
note=source = /note="Description of Artificial Sequence: Synthetic ol igonucleotide"
source 1..19
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-172-5 Residues ccagaacagc tccagcccg 19

3-173 Sequences
3-173-1 Sequence Number [ID] 173
3-173-2 Molecule Type DNA
3-173-3 Length 18
3-173-4 Features

Location/Qualifiers
misc_feature 1..18
note=source = /note="Description of Artificial Sequence: Synthetic ol igonucleotide"
source 1..18
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-173-5 Residues ccagcgagct ccagcccg 18

3-167-5 Residues 23

3-168

3-168-2 DNA
3-168-3 24

3-168-4 Features misc_feature 1..24

Location/Qualifiers

source 1..24

3-168-5 Residues 24

3-169

3-169-2 DNA
3-169-3 24

3-169-4 Features

Location/Qualifiers

source 1..24

3-169-5 Residues 24

3-170

3-170-1

3-170-2 DNA
3-170-3 21

3-170-4 Features

Location/Qualifiers

source 1..21

3-170-5 Residues 21

3-171

3-171-2 DNA
3-171-3 21

3-171-4 Features

Location/Qualifiers

source 1..21

3-171-5 Residues 21

3-172

3-172-2 DNA
3-172-3 19

3-172-4 Features misc_feature 1..19

Location/Qualifiers

source 1..19

3-172-5 Residues 19

3-173

3-173-2 DNA
3-173-3 18

3-173-4 Features

Location/Qualifiers

source 1..18

3-173-5 Residues 18
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3-174 Sequences
3-174-1 Sequence Number [ID] 174
3-174-2 Molecule Type DNA
3-174-3 Length 21
3-174-4 Features

Location/Qualifiers
misc_feature 1..21
note=source = /note="Description of Artificial Sequence: Synthetic ol igonucleotide"
source 1..21
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-174-5 Residues ccagcgcaca gctccagccc g 21

3-175 Sequences
3-175-1 Sequence Number [ID] 175
3-175-2 Molecule Type DNA
3-175-3 Length 16
3-175-4 Features

Location/Qualifiers
misc_feature 1..16
note=source = /note="Description of Artificial Sequence: Synthetic ol igonucleotide"
source 1..16
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-175-5 Residues ccagcgctcc agcccg 16

3-176 Sequences
3-176-1 Sequence Number [ID] 176
3-176-2 Molecule Type DNA
3-176-3 Length 24
3-176-4 Features

Location/Qualifiers
misc_feature 1..24
note=source = /note="Description of Artificial Sequence: Synthetic ol igonucleotide"
source 1..24
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-176-5 Residues agagggtgcc agcgggttat gagg 24

3-177 Sequences
3-177-1 Sequence Number [ID] 177
3-177-2 Molecule Type DNA
3-177-3 Length 25
3-177-4 Features

Location/Qualifiers
misc_feature 1..25
note=source = /note="Description of Artificial Sequence: Synthetic ol igonucleotide"
source 1..25
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-177-5 Residues agagggtgcc agcgggtata tgagg 25

3-178 Sequences
3-178-1 Sequence Number [ID] 178
3-178-2 Molecule Type DNA
3-178-3 Length 24
3-178-4 Features

Location/Qualifiers
misc_feature 1..24
note=source = /note="Description of Artificial Sequence: Synthetic ol igonucleotide"
source 1..24
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-178-5 Residues agagggtgcc agcgggtaat gagg 24

3-179 Sequences
3-179-1 Sequence Number [ID] 179
3-179-2 Molecule Type DNA
3-179-3 Length 36
3-179-4 Features

Location/Qualifiers
modified_base 18..36
mod_base=OTHER
note=a, c, t, g, unknown or other
misc_feature 1..36
note=source = /note="Description of Artificial Sequence: Synthetic ol igonucleotide"
source 1..36
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value

3-174

3-174-1

3-174-2 DNA
3-174-3 21

3-174-4 Features

Location/Qualifiers

source 1..21

3-174-5 Residues 21

3-175

3-175-1

3-175-2 DNA
3-175-3 16

3-175-4 Features

Location/Qualifiers

source 1..16

3-175-5 Residues 16

3-176

3-176-1

3-176-2 DNA
3-176-3 24

3-176-4 Features misc_feature 1..24

Location/Qualifiers

source 1..24

3-176-5 Residues 24

3-177

177

3-177-2 DNA
3-177-3 25

3-177-4 Features

Location/Qualifiers

source 1..25

3-177-5 Residues 25

3-178

3-178-1

3-178-2 DNA
3-178-3 Length 24

3-178-4 Features

Location/Qualifiers

source 1..24

Residues 24

3-179

3-179-1

3-179-2 DNA
3-179-3 36

3-179-4 Features modified_base 18..36

Location/Qualifiers

misc_feature 1..36

source 1..36
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3-179-5 Residues agagggtgcc agcgggtnnn nnnnnnnnnn nnnnnn 36

3-180 Sequences
3-180-1 Sequence Number [ID] 180
3-180-2 Molecule Type DNA
3-180-3 Length 19
3-180-4 Features

Location/Qualifiers
misc_feature 1..19
note=source = /note="Description of Artificial Sequence: Synthetic ol igonucleotide"
source 1..19
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-180-5 Residues agagggtgcc agtatgagg 19

3-181 Sequences
3-181-1 Sequence Number [ID] 181
3-181-2 Molecule Type DNA
3-181-3 Length 21
3-181-4 Features

Location/Qualifiers
misc_feature 1..21
note=source = /note="Description of Artificial Sequence: Synthetic ol igonucleotide"
source 1..21
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-181-5 Residues agagggtgcc agcgggtgag g 21

3-182 Sequences
3-182-1 Sequence Number [ID] 182
3-182-2 Molecule Type DNA
3-182-3 Length 17
3-182-4 Features

Location/Qualifiers
misc_feature 1..17
note=source = /note="Description of Artificial Sequence: Synthetic ol igonucleotide"
source 1..17
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-182-5 Residues agagggtgcc agcgagg 17

3-183 Sequences
3-183-1 Sequence Number [ID] 183
3-183-2 Molecule Type DNA
3-183-3 Length 20
3-183-4 Features

Location/Qualifiers
misc_feature 1..20
note=source = /note="Description of Artificial Sequence: Synthetic ol igonucleotide"
source 1..20
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-183-5 Residues agagggtgcc agcggggagg 20

3-184 Sequences
3-184-1 Sequence Number [ID] 184
3-184-2 Molecule Type DNA
3-184-3 Length 79
3-184-4 Features

Location/Qualifiers
source 1..79
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-184-5 Residues ctacgtgccc ttctccaatg cgacgggtgt ggtacgcagc cccttcgagt acccacagta 60

ctacctggct gagccatgg 79

3-185 Sequences
3-185-1 Sequence Number [ID] 185
3-185-2 Molecule Type DNA
3-185-3 Length 79
3-185-4 Features

Location/Qualifiers
source 1..79
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-185-5 Residues gggcacaaac tacccagaag tgaggttcaa ccgcctactg aagttttccc ggctctttga 60

attctttgac cgcacagag 79

3-186 Sequences
3-186-1 Sequence Number [ID] 186
3-186-2 Molecule Type DNA

3-179-5 Residues 36

3-180-1 180

3-180-2

3-180-3 19

3-180-4

Location/Qualifiers

source 1..19

3-180-5 Residues 19

3-181-1 181

3-181-3 21

3-181-4

Location/Qualifiers

3-181-5 Residues 21

3-182

3-182-1 182

3-182-2

3-182-3 17

3-182-4

Location/Qualifiers

source 1..17

3-182-5 Residues 17

3-183

3-183-1

3-183-2

3-183-4

Location/Qualifiers

source 1..20

3-183-5 Residues 20

3-184

3-184-1

3-184-2

3-184-4 source 1..79

Location/Qualifiers

3-184-5

79

3-185

185

3-185-4

3-185-5 Residues

79

3-186

3-186-1

3-186-2
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3-186-3 Length 79
3-186-4 Features

Location/Qualifiers
source 1..79
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-186-5 Residues atgcctgtgt ttattactgg gcttcaaact atgaaggaat tggcactact agatgggtgt 60

atgatgggga aggaaacga 79

3-187 Sequences
3-187-1 Sequence Number [ID] 187
3-187-2 Molecule Type DNA
3-187-3 Length 79
3-187-4 Features

Location/Qualifiers
source 1..79
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-187-5 Residues cggcgagccg cgggcagggg ccggagcccg cgcccggagg cggggtggag ggggtcgggg 60

ctcgcggcgt cgcactgaa 79

3-188 Sequences
3-188-1 Sequence Number [ID] 188
3-188-2 Molecule Type DNA
3-188-3 Length 79
3-188-4 Features

Location/Qualifiers
source 1..79
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-188-5 Residues tcgggcctcc gaaaccatga actttctgct gtcttgggtg cattggagcc ttgccttgct 60

gctctacctc caccatgcc 79

3-189 Sequences
3-189-1 Sequence Number [ID] 189
3-189-2 Molecule Type DNA
3-189-3 Length 64
3-189-4 Features

Location/Qualifiers
source 1..64
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-189-5 Residues tttctggggt gtaaaaactc tttgattggc tgctgcacgc gcctgcccgc gccctccatt 60

ggct 64

3-190 Sequences
3-190-1 Sequence Number [ID] 190
3-190-2 Molecule Type DNA
3-190-3 Length 66
3-190-4 Features

Location/Qualifiers
source 1..66
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-190-5 Residues gagaagacac gcgaccggcg cgaggagggg gttgggagag gagcgggggg agactgagtg 60

gcgcgt 66

3-191 Sequences
3-191-1 Sequence Number [ID] 191
3-191-2 Molecule Type DNA
3-191-3 Length 66
3-191-4 Features

Location/Qualifiers
source 1..66
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-191-5 Residues agagagcatc ccgtctaccc gcctgagctg tccctcctgg acagcaccga cccacgcgcc 60

tggctg 66

3-192 Sequences
3-192-1 Sequence Number [ID] 192
3-192-2 Molecule Type DNA
3-192-3 Length 57
3-192-4 Features

Location/Qualifiers
source 1..57
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-192-5 Residues cgcgccgccc agtatttgct acattccccg gagctgggtg cctcagaggc cgctgcg 57

3-193 Sequences
3-193-1 Sequence Number [ID] 193
3-193-2 Molecule Type DNA

3-186-3 79

3-186-4 Features source 1..79

Location/Qualifiers

3-186-5 Residues

79

3-187

3-187-1

3-187-2

3-187-3

3-187-4 source 1..79

79

3-188-1

3-188-2

3-188-3

3-188-4 Features

79

3-189-2

3-189-3

3-189-4 Features

Location/Qualifiers

64

3-190-3

3-190-4 Features

Location/Qualifiers

3-191

3-191-1

3-191-2 DNA
3-191-3 66

3-191-4 source 1..66

Location/Qualifiers

3-191-5 Residues

66

3-192

3-192-1 192

3-192-2 DNA
3-192-3 57

3-192-4 Features source 1..57

Location/Qualifiers

3-192-5 Residues

20
26

20
21

60
   

   
19

 M
ar

 2
02

6



3-193-3 Length 120
3-193-4 Features

Location/Qualifiers
misc_feature 1..120
note=source = /note="Description of Artificial Sequence: Synthetic po lynucleotide"
source 1..120
mol_type=other DNA
organism=synthetic construct

NonEnglishQualifier Value
3-193-5 Residues aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 60

aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 120

3-194 Sequences
3-194-1 Sequence Number [ID] 194
3-194-2 Molecule Type AA
3-194-3 Length 6
3-194-4 Features

Location/Qualifiers
MOD_RES 2
note=Aminohexanoyl
REGION 1..6
note=source = /note="Description of Artificial Sequence: Synthetic pe ptide"
source 1..6
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-194-5 Residues RXRRRR 6

3-195 Sequences
3-195-1 Sequence Number [ID] 195
3-195-2 Molecule Type DNA
3-195-3 Length 66
3-195-4 Features

Location/Qualifiers
source 1..66
mol_type=genomic DNA
organism=Homo sapiens

NonEnglishQualifier Value
3-195-5 Residues agccaatgga gggcgcgggc aggcgcgtgc gagcagccaa tcaaagagtt tttacacccc 60

gagaaa 66

3-193-3 120

3-193-4 Features

Location/Qualifiers

source 1..120

aaaaaaaaaa aa aaaaaaaaaa 60
aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 120

3-194

3-194-1 194

3-194-2 AA
3-194-3 6

3-194-4 Features MOD_RES 2
Location/Qualifiers

REGION 1..6

source 1..6

6

3-195

3-195-1

3-195-2 DNA

3-195-4 Features

66
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