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METHODS FOR IDENTIFYING NOVEL
GENE EDITING ELEMENTS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application 1s a continuation of application
Ser. No. 15/679,619 filed Aug. 17, 2017, which claims the
benelit of U.S. Provisional Application No. 62/376,383, filed

Aug. 17, 2016, which 1s incorporated herein by reference in
its entirety.

STATEMENT AS TO FEDERALLY SPONSORED
RESEARCH

[0002] This invention was made with government support
under grant numbers M100706 and NMI 10049 awarded by
the National Institutes of Health. The government has cer-
tain rights 1n the imvention.

REFERENCE TO AN ELECTRONIC SEQUENCE
LISTING

[0003] The contents of the electronic sequence listing
(“BROD-0720US_CON_ST26.xml,” Size 1s 4,551 bytes
and 1t was created on Oct. 17, 2023) 1s herein incorporated
by reference 1n 1ts entirety.

TECHNICAL FIELD

[0004] The embodiments disclosed herein are directed to
methods for identifying novel Clustered Regularly Inter-
spaced Short Palindromic Repeats (CRISPR) elements and/
or loci.

BACKGROUND

[0005] The subject matter disclosed herein i1s generally
directed to CRISPR, which is currently best understood as a
programmable bacterial immune system that acquires phage
genomic sequences upon infection and then uses these
sequences to target the phage for destruction upon subse-
quent infection. Bacteriophages are viral elements that infect
bacteria and hijack bacterial machinery to replicate, quickly
leading to bacterial lysis and release of replicated phage
virions to propagate the infection. Hence, bacterial popula-
tions that do not possess immunity to a specific phage
species are rapidly depleted upon infection, providing a
strong positive selective pressure for the acquisition of
phage immunity 1n bacteria. Possessing the ability to defend
against phage infection and adapt to infection by novel
phages, CRISPR immune systems are widespread and
highly conserved in bacteria. Initial investigations 1nto the
diversity of these systems has uncovered multiple program-
mable nucleases that are capable of mitigating phage infec-
tion 1n bacteria and have enabled engineered genome editing,
in mammalian cells.

[0006] CRISPR systems are located in bacterial genomes
by searching for a set of regularly interspaced short repeti-
tive genomic elements, termed the CRISPR array. The short
genomic repeat elements of the CRISPR array are termed
direct repeats and {flank 1ntervening heterogeneous
sequences termed spacers, which specily the nucleic acid
targets to be mampulated by the CRISPR machinery. The
genetic locus surrounding the array (CRISPR locus) con-
tains a set of CRISPR-associated (Cas) genes typically
located within 10 kb of the array. Mimimally, Cas genes
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contained in the CRISPR locus encode one or more CRISPR
cllector proteins responsible phage interference, such as the
well known Cas9-nuclease. Cumulatively, the array 1s tran-
scribed and processed into CRISPR RNAs (crRNAs) com-
posed of individual spacers and flanking direct repeat
sequence, which complex with CRISPR eflector proteins
and guide them to nucleic acid targets for phage interfer-
ence. CRISPR locit may also encode a set of Cas proteins
responsible for CRISPR array adaptation in response to
novel phage challenge.

[0007] A minimal ensemble of two proteins, Casl and
Cas2, facilitate adaptation by acquiring spacer sequences
from novel phage genomes and inserting them into the
CRISPR array flanked by direct repeats. In contrast to the
identification of diverse CRISPR eflectors capable of medi-
ating phage interference, Casl and Cas2 remain the only
bactenial proteins known to drive CRISPR array adaptation.
Hence, classification of CRISPR loci has been primarily
guided by the diversity of constituent CRISPR eflector
genes 1n an individual locus. Currently the diversity of Cas
proteins 1n CRISPR loci has been divided into type I-V,
which are further subdivided into class 1 1f interference 1s
mediated by greater than 1 effector, or class 2 if a single
cllector protein 1s responsible for interference. Class 1
CRISPR loci (types: 1, 111, and 1V), are observed much more
frequently 1n bacterial and archeal genomes than class 2 loci

(types: 11, V).

SUMMARY OF THE INVENTION

[0008] In one aspect, the invention provides a method for
identifying novel CRISPR eflector elements, comprising:
classitying, by a processor, a CRISPR locus using an unsu-
pervised machine learning applied to all or a subset of
CRISPR locus elements as an 1nitial set of inputs; 1dentify-
ing, using the processor, putative novel eflector elements 1n
the CRISPR locus, and optionally screening each identified
putative novel eflector element for one or more biological
functions. In one embodiment, the unsupervised machine
learning comprises hierarchical clustering. In another
embodiment, hierarchical clustering comprises; generating,
by the processor and prior to the classifying step, a prelimi-
nary set ol CRISPR locus classes by separating a set of
known CRISPR loci based, at least in part, on a sequence
similarity and/or domain similarity between one or more
protein elements of the CRISPR loci; generating, by the
processor, a distance matrix data structure based, at least in
part, on cumulative similarities between constituent proteins
in each CRISPR locus class; and wherein the putative
CRISPR loci are classified by applying the hierarchical
clustering model to the distance matrix. In another embodi-
ment, the CRISPR loci are separated based on a domain
similarity. In another embodiment, the domain similarity 1s
determined using a hidden markov model. In another
embodiment, the cumulative similarities between constitute
proteins 1s determined, at least in part, by calculating a
Euclidean distance between each CRISPR locus. In another
embodiment, the unsupervised clustering model 1s an unsu-
pervised neural network model. In another embodiment, the
unsupervised neural network model 1s trained using a set of
known CRISPR loci that include spacer and repeat elements

of the known CRISPR loci.

[0009] In another aspect, the invention provides an 1so0-
lated CRISPR eflector, or a polynucleic acid sequence
encoding said effector, identified by the method according to
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any one of the preceding claims. In one embodiment, the
invention provides for use of such a CRISPR eflector for
genome or transcriptome editing or modification in eukary-
otic cells.

[0010] These and other aspects, objects, features, and
advantages of the example embodiments will become appar-
ent to those having ordinary skill 1in the art upon consider-
ation ol the following detailed description of 1llustrated
example embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 1s a schematic of an example anatomy of a
CRISPR locus.
[0012] FIG. 2 1s a schematic showing an example CRISPR

classification scheme.

[0013] FIG. 3 1s a block diagram showing a hierarchical
clustering approach in accordance with certain example
embodiments.

[0014] FIG. 4 1s a schematic showing calculation of a
distance matrix in accordance with certain example embodi-
ments.

[0015] FIG. 5 shows example results showing clustering
around known Cas genes.

[0016] FIG. 6 show another set of example results show-
ing conserved bacterial loci that cluster around minimal
CRISPR arrays.

[0017] FIG. 7 shows another set of example results show-
ing clustering around a novel integrase element.

[0018] FIG. 8 1s a schematic showing an alternative unsu-
pervised machine learning approach in accordance with
certain example embodiments.

[0019] FIG. 9 1s a block diagram depicting a computing
machine and a module, in accordance with certain example
embodiments.

DETAILED DESCRIPTION OF THE EXAMPLE
EMBODIMENTS
[0020] General Definitions
[0021] Unless defined otherwise, technical and scientific

terms used herein have the same meanming as commonly
understood by one of ordinary skill in the art to which this
disclosure pertains. Definitions of common terms and tech-
niques 1n molecular biology may be found in Molecular
Cloning: A Laboratory Manual, 27 edition (1989) (Sam-
brook, Fritsch, and Mamniatis); Molecular Cloning: A Labo-
ratory Manual, 47 edition (2012) (Green and Sambrook);
Current Protocols i Molecular Biology (1987) (F. M.
Ausubel et al. eds.); the series Methods 1n Enzymology
(Academic Press, Inc.): PCR 2: A Practical Approach (1993)
(M. J. MacPherson, B. D. Hames, and G. R. Taylor eds.):
Antibodies, A Laboratory Manual (1988) (Harlow and Lane,
eds.): Antibodies A Laboratory Manual, 2" edition 2013 (E.
A. Greenfield ed.); Amimal Cell Culture (1987) (R.I. Fresh-
ney, ed.); Benjamin Lewin, Genes IX, published by Jones
and Bartlet, 2008 (ISBN 0763752223);, Kendrew et al.
(eds.), The Encyclopedia of Molecular Biology, published
by Blackwell Science Ltd., 1994 (ISBN 0632021829); Rob-
ert A. Meyers (ed.), Molecular Biology and Biotechnology:
a Comprehensive Desk Reference, published by VCH Pub-
lishers, Inc., 1995 (ISBN 9780471185710); Singleton et al.,
Dictionary of Microbiology and Molecular Biology 2nd ed.,
I. Wiley & Sons (New York, N.Y. 1994), March, Advanced

Organic Chemistry Reactions, Mechanisms and Structure
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4th ed., John Wiley & Sons (New York, N.Y. 1992); and
Marten H. Hotker and Jan van Deursen, Transgenic Mouse
Methods and Protocols, 27 edition (2011).

[0022] As used herein, the singular forms *“a” “an”, and
“the” include both singular and plural referents unless the
context clearly dictates otherwise.

[0023] The term “optional” or “optionally” means that the
subsequent described event, circumstance or substituent
may or may not occur, and that the description includes
instances where the event or circumstance occurs and
instances where 1t does not.

[0024] The recitation of numerical ranges by endpoints
includes all numbers and fractions subsumed within the
respective ranges, as well as the recited endpoints.

[0025] The terms “about” or “approximately” as used
herein when referring to a measurable value such as a
parameter, an amount, a temporal duration, and the like, are
meant to encompass variations of and from the specified
value, such as variations of +/-10% or less, +/=5% or less,
+/—1% or less, and +/-0.1% or less of and from the specified
value, 1nsofar such variations are appropriate to perform in
the disclosed 1invention. It 1s to be understood that the value
to which the modifier “about” or “approximately” refers 1s
itself also specifically, and preferably, disclosed.

[0026] Retference throughout this specification to “one
embodiment”, “an embodiment,” “an example embodi-
ment,” means that a particular feature, structure or charac-
teristic described in connection with the embodiment 1s
included 1n at least one embodiment of the present invention.
Thus, appearances of the phrases “in one embodiment,” “in
an embodiment,” or “an example embodiment” 1n various
places throughout this specification are not necessarily all
referring to the same embodiment, but may. Furthermore,
the particular features, structures or characteristics may be
combined 1n any suitable manner, as would be apparent to a
person skilled 1n the art from this disclosure, 1n one or more
embodiments. Furthermore, while some embodiments
described herein include some but not other {features
included 1n other embodiments, combinations of features of
different embodiments are meant to be within the scope of
the invention. For example, 1n the appended claims, any of
the claimed embodiments can be used 1n any combination.
[0027] All publications, published patent documents, and
patent applications cited herein are hereby incorporated by
reference to the same extent as though each individual
publication, published patent document, or patent applica-
tion was specifically and individually indicated as being
incorporated by reference.

- Y

Overview

[0028] Embodiments disclosed herein provide methods
for identitying new CRISPR loci and eflectors, as well as
different CRISPR loci combinations found in various organ-
1sms. Class-1I CRISPR systems contain single-gene eflec-
tors that have been engineered for transformative biological
discovery and biomedical applications. Discovery of addi-
tional single-gene or multicomponent CRISPR eflectors
may enhance existing CRISPR applications, such as preci-
sion genome engineering. Comprehensive characterization
of CRISPR-loci may identily novel functional roles of
CRISPR loc1 enabling new tools for biomedicine and bio-
logical discovery. CRISPR loc1 have enormous feature com-
plexity, but classification of CRISPR loci has been focused
on a small fraction of highly abundant features. Increased
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genome sequencing has enhanced the sampling of this
teature complexity. Presently, approximately 1,000 to 2,000
prokaryotic genomes are added per week, and on track to
reach approximately one million genomes per week by
2019-2020 (Land et al., Funct Integr Genomics, 2013;
NCBI). Novel effectors and functional roles of CRISPR may
have previously eluded discovery because of bias 1n hypoth-
esis-driven CRISPR classification. The present method uses
an unsupervised learning method to increase feature sam-
pling and to enable comprehensive classification of CRISPR
loci.

[0029] FIG. 1 provides a general anatomy of a CRISPR
locus. FIG. 2 provides an overview ol current CRISPR
classification.

EXAMPLE PROCESS.

(1]

S

[0030] FIG. 3 1s a block flow diagram depicting a method
300 to 1dentity novel CRISPR elements. Method 300 begins
at block 305 where CRISPR objects for all genomes are
sampled to determine an initial degree of similarity. In
certain example embodiments, a local alignment algorithm
may be used to determine an 1nitial degree of similarity. An
example local alignment algorithm 1s Blast+. Objects can be
clustered based on this initial similarity score. For example,
the alignment algorithm may be 1terated over the population
of CRISPR objects to break into a set of initial classes.
Alternatively, the 1imitial degree of similarity may be deter-
mined based on domain prediction. For example, hidden
markov models trained on known domains may used to
capture relevant features and predict whether a given protein
contains a given domain. The initial clustering can be done
on the basis of similarity between protein domains. A
CRISPR object may be defined as any one of the cas genes,
leaders, repeats, spacers, or combinations thereof. Example
objects that may serve as a basis for the initial clustering
analysis are shown i FIGS. 1-2. As shown in FIG. 3,
grouping based on similarity may be done based on indi-
vidual CRISPR objects or objects may be grouped by
organism. In certain example embodiments, both groupings
may be performed, including in parallel. The method then
proceeds to block 310.

[0031] At block 310, the FEuclidean distance between
CRISPR objects/groups 1s determined. The CRISPR objects
provided as mput are compared to other known CRISPR
loc1. Turning to FIG. 4, an example distance matrix calcu-
lation 1s provided. Two loci are represented, each comprised
of a set of CRISPR objects. The “CDS” refers to an object
cluster generated as described above. So, for example, locus
1 has a protein from cluster “14,” cluster *“10,” and so on. An
example distance matrix 1s represented at the bottom of FIG.
4. Each column 1n the matrix represents an object with the
value “0” indicating the absence of a particular object in
from a given cluster and the value of “1” representing the

presence ol an object from a given cluster. As can be seen
in FIG. 4, both Locus 1 and Locus 2 comprise CDS 14, CDS

10, CDS 1, CDS 4, etc. This 1s captured 1n the data matrix
where values of “1” in the same column represent the
presence of that object 1n the loci. However, each locus
turther comprises different objects not found in the other

loci, such as CDS 253, CDS 941, and CDS 153 1n loc1 1, and
CDS 189, CDS 2011, CDS 21, etc. 1n loc1 2. Thus, columns
related to those objects will show a *“1” 1n the loci containming,
that object and a “0” 1n the loc1 not containing the object.
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The Fuclidean distance 1s then determined based at least 1n
part on the derived distance matrix. The method then pro-
ceeds to block 315.

[0032] At block 315, hierarchical clustering i1s then per-
formed based, at least in part, on the calculated Fuclidean
distance to generate a final clustering used to classity the
individual CRISPR objects or group of CRISPR objects. In
certain example embodiments, the method may generate a
dendrogram showing the distance between different objects
or groups ol objects.

[0033] The results of the hierarchical clustering may then
be used to identily clustering around features of interest.
FIG. 5 shows example results showing clustering around
known Cas genes. FIG. 6 show another set of example
results showing conserved bacterial loci that cluster around
minimal CRISPR arrays. FIG. 7 shows another set of
example results showing clustering around a novel integrase
clement. In this way, new CRISPR elements may be 1den-
tified, including loci1 that may contained non-canonical
objects and associated functions not typically found 1in
known loci.

[0034] In certain example embodiments, identified
CRISPR elements are further assessed by assaying for one
or more biological functions. For example, assays may be
run on the integrase identified mm FIG. 6 to veniy the
predicted integrase function.

[0035] In certain other example embodiments, the method
may comprise the use of a neural network. To determine
underlying structural features of CRISPR loci the data sets
of known CRISPR objects, groups of CRISPR objects, or
entire loc1 may be used. Alternatively, the clustering of loci
identified using the above hierarchical clustering method
may be used to provide an mnitial mput set for the neural
network. See FIG. 8. Additional sets of CRISPR objects
and/or groups ol objects may then be applied as imputs. The
neural network may be used to classity said object or group
of objects based on the similarity of CRISPR objects the
neural network has previously processed as inputs. In certain
example embodiments, the neural network 1s a self organiz-
ing map (SOM). When a pattern 1s presented to a SOM, a
neuron with closest weight vector 1s considered a winner and
it weights are adapted to the pattern, as well as the weights
of the nearest neighbor nodes. In other example embodi-
ments, the neural network may be based on an adaptive
resonance theory. The neural network 1s composed of two
layers, a comparison field and recognition field. The recog-
nition field determines the best matching neuron based on
the vector transferred from the comparison field.

[0036] Certain embodiments described herein may be per-
formed on a programmable computer programed to execute
the steps described 1n detail above.

CRISPR-Cas Systems

[0037] CRISPR-Cas system activity, such as CRISPR-Cas
system design may involve target disruption, such as target
mutation, such as leading to gene knockout. CRISPR-Cas
system activity, such as CRISPR-Cas system design may
involve replacement of particular target sites, such as lead-
ing to target correction. CISPR-Cas system design may
involve removal of particular target sites, such as leading to
target deletion. CRISPR-Cas system activity may ivolve
modulation of target site functionality, such as target site
activity or accessibility, leading for instance to (transcrip-
tional and/or epigenetic) gene or genomic region activation
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or gene or genomic region silencing. The skilled person will

understand that modulation of target site functionality may

involve CRISPR eflector mutation (such as for instance
generation of a catalytically mactive CRISPR eflector) and/
or functionalization (such as for instance fusion of the

CRISPR effector with a heterologous functional domain,

such as a transcriptional activator or repressor), as described

herein elsewhere.

[0038] The present mvention may be further illustrated

and extended based on aspects of CRISPR-Cas development

and use as set forth 1n the following articles and particularly
as relates to delivery of a CRISPR protein complex and uses
of an RNA guided endonuclease 1n cells and organisms:

[0039] 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. Jlarlg,, W.
Marratlini, L A, & Zhang, F. Selence February 15;
339(6“21) 819- 23 (2013);

[0040] RNA-guided editing of bacterial genomes using
CRISPR-Cas systems. Jiang W., Bikard D., Cox D.,
Zhang F, Marratlim1 L A. Nat Biotechnol March; 31(3):
233-9 (2013);

[0041] One-Step Generation of Mice Carrying Muta-
tions 1n Multiple Genes by CRISPR/Cas-Mediated
Genome Engineering. Wang H., Yang H., Shivalila C
S., Dawlaty M M., Cheng A W., Zhang F., Jaenisch R.
Cell May 9; 153(4):910-8 (2013);

[0042] Optical control of mammalian endogenous tran-
scription and epigenetic states. Konermann S, Brigham
M D, Trevino A E, Hsu P D, Heidenreich M, Cong L,
Platt R I, Scott D A, Church G M, Zhang F. Nature.
August 22; 500(7463):472-6. doi: 10.1038/Na-
ture12466. Epub 2013 Aug. 23 (2013);

[0043] Double Nicking by RNA-Guided CRISPR Cas9
for Enhanced Genome Editing Specificity. Ran, F A.,
Hsu, P D., Lin, C Y., Gootenberg, J S., Konermann, S.,
Trevino, A E., Scott, D A., Inoue, A., Matoba, S.,
Zhang, Y., & Zhang, F. Cell August 28. pi1: S0092-
8674(13)01015-5 (2013-A);

[0044] DNA targeting specificity of RNA-guided Cas9
nucleases. Hsu, P., Scott, D., Weinstein, J., Ran, F A.,
Konermann, S., Agarwala, V., L1, Y., Fine, E., Wu, X.,
Shalem, O., Cradick, T J., Marrathm, L. A., Bao, G., &
Zhang, F. Nat Biotechnol do1:10.1038/nbt.2647 (2013);

[0045] Genome engineering using the CRISPR-Cas9
system. Ran, F A., Hsu, P D., Wright, ., Agarwala, V.,
Scott, D A., Zhang, F. Nature Protocols November;
8(11):2281-308 (2013-B);

[0046] Genome-Scale CRISPR-Cas9 Knockout Screen-
ing 1n Human Cells. Shalem, O., Sanjana, N E., Harte-
nian, E., Shi, X., Scott, DA Mikkelson, T., Heckl, D.,

Ebert, B L., Reet D E., Deench I G., Zhang, F.
Science December 12. (2013). [Epub ahead of print];

[0047] Crystal structure of cas9 in complex with guide
RNA and target DNA. Nishimasu, H., Ran, FA., Hsu,
PD., Konermann, S., Shehata, S 1., Dohmae, N., Ishi-
tani, R., Zhang, F., Nureki, O. Cell February 27,
156(5):935-49 (2014);

[0048] Genome-wide binding of the CRISPR endonu-
clease Cas9 1n mammalian cells. Wu X., Scott D A.,
Kriz A J., Chiu A C., Hsu P D., Dadon D B., Cheng A
W., Trevino A E., Konermann S., Chen S., Jaenisch R.,
Zhang F., Sharp P A. Nat Biotechnol. April 20. doa:
10.1038/nbt.2889 (2014);
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[0049] CRISPR-Cas9 Knockin Mice for Genome Edit-
ing and Cancer Modeling. Platt R J, Chen S, Zhou Y,
Yim M I, Swiech L, Kempton H R, Dah]man I E,
Parnas O, Fisenhaure T M, Jovanovic M, Graham D B,
Jhunjhunwala S, Heidenreich M, Xavier R I, Langer R,
Anderson D G, Hacohen N, Regev A, Feng G, Sharp P
A, Zhang F. Cell 159(2): 440-455 DOI: 10.1016/;.cell.
2014.09.014(2014);

[0050] Development and Applications of CRISPR-Cas9
for Genome Engineering, Hsu P D, Lander E S, Zhang,
F., Cell. June 5; 157(6):1262-78 (2014);

[0051] Genetic screens 1 human cells using the
CRISPR/Cas9 system, Wang T, Wei1 J I, Sabatin1 D M,
Lander E S., Science. January 3; 343(6166): 80-84.
do1:10.1126/science. 1246981 (2014);

[0052] Rational design of highly active sgRNAs for
CRISPR-Cas9-mediated gene inactivation, Doench J
G, Hartenian E, Graham D B, Tothova Z, Hegde M,
Smith I, Sullender M, Fbert B L., Xavier R J, Root D E.,
(published online 3 Sep. 2014) Nat Biotechnol. Decem-
ber; 32(12):1262-7 (2014);

[0053] In vivo interrogation of gene function in the
mammalian brain using CRISPR-Cas9, Swiech L,
Heidenreich M, Banerjee A, Habib N, L1 Y, Trombetta
I, Sur M, Zhang F., (published online 19 Oct. 2014) Nat
Biotechnol. January; 33(1):102-6 (2015);

[0054] Genome-scale transcriptional activation by an
engineered CRISPR-Cas9 complex, Konermann S,
Brigham M D, Trevino A E, Joung J, Abudayyeh O O,
Barcena C, Hsu P D, Habib N, Gootenberg J S, Nishi-
masu H, Nureki O, Zhang F., Nature. January 29;
517(7536):583-8 (2015);

[0055] A split-Cas9 architecture for inducible genome
editing and transcription modulation, Zetsche B, Volz S

E, Zhang F., (published online 2 Feb. 20135) Nat Bio-
technol. February, 33(2):139-42 (2013);

[0056] Genome-wide CRISPR Screen mm a Mouse
Model of Tumor Growth and Metastasis, Chen S,
Sanjana N E, Zheng K, Shalem O, Lee K, Sh1 X, Scott
D A, Song I, Pan I Q, Weissleder R, Lee H, Zhang F,

Sharp P A. Cell 160, 1246-1260, Mar. 12, 2015 (mul-
tiplex screen 1n mouse); and
[0057] In vivo genome editing using Staphyviococcus

aureus CasY, Ran I A, Cong L, Yan W X, Scott D A,

Gootenberg J S, Kriz A I, Zetsche B, Shalem O, Wu X,

Makarova K S, Koomin E V, Sharp P A, Zhang F.,

(published online 1 Apr. 2015), Nature. Aprnil 9; 520

(7546):186-91 (2015);

[0058] Shalem et al., “High-throughput functional
genomics using CRISPR-Cas9,” Nature Reviews
Genetics 16, 299-311 (May 2013).

[0059] Xu et al., “Sequence determinants of
improved CRISPR sgRNA design,” Genome
Research 25, 1147-1157 (August 2015).

[0060] Parnas et al., “A Genome-wide CRISPR
Screen 1n Primary Immune Cells to Dissect Regula-
tory Networks,” Cell 162, 675-686 (Jul. 30, 2015).

[0061] Ramanan et al., CRISPR/Cas9 cleavage of

viral DNA efliciently suppresses hepatitis B virus,”
Scientific Reports 5:10833. do1: 10.1038/srep10833

(Jun. 2, 2015)

[0062] Nishimasu et al., Crystal Structure of Staphy-
lococcus aureus Cas9,” Cell 162, 1113-1126 (Aug.
277, 2015)
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[0063] BCLI11A enhancer dissection by Cas9-medi-
ated 1n situ saturating mutagenesis, Canver et al.,
Nature 327(7577):192-7 (Nov. 12, 2015) doa:
10.1038/naturel13521. Epub 2015 Sep. 16.

[0064] Cpil Is a Single RNA-Guided Endonuclease
of a Class 2 CRISPR-Cas System, Zetsche et al., Cell
163, 759-71 (Sep. 25, 2015).

[0065] Discovery and Functional Characterization of
Diverse Class 2 CRISPR-Cas Systems, Shmakov et
al., Molecular Cell, 60(3), 385-397 do1: 10.1016/;.
molcel.2015.10.008 Epub Oct. 22, 2015.

[0066] Rationally engineered Cas9 nucleases with

improved specificity, Slaymaker et al., Science 2016
Jan. 1 351(6268): 84-88 doi: 10.1126/science.

aad5227. Epub 2015 Dec. 1. [Epub ahead of print].

[0067] Gao et al, “Engineered Cpil Enzymes with
Altered PAM Specificities,” bioRxiv 091611; doa:
http://dx.do1.org/10.1101/091611 (Dec. 4, 2016)
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[0070] Wang et al. (2013) used the CRISPR-Cas system

for the one-step generation of mice carrying mutations
in multiple genes which were traditionally generated 1n
multiple steps by sequential recombination 1n embry-
onic stem cells and/or time-consuming intercrossing of
mice with a single mutation. The CRISPR-Cas system
will greatly accelerate the 1n vivo study of functionally
redundant genes and of epistatic gene interactions.

[0071] Konermann et al. (2013) addressed the need 1n

the art for versatile and robust technologies that enable
optical and chemical modulation of DNA-binding
domains based CRISPR Cas9 enzyme and also Tran-
scriptional Activator Like Effectors.

[0072] Ran et al. (2013-A) described an approach that

combined a Cas9 nickase mutant with paired guide

RNAs to introduce targeted double-strand breaks. This
addresses the i1ssue of the Cas9 nuclease from the

cach of which 1s incorporated herein by reference, may be
considered in the practice of the instant invention, and
discussed brietly below:

[0068] Cong et al. engineered type II CRISPR-Cas

microbial CRISPR-Cas system being targeted to spe-
cific genomic loci by a guide sequence, which can
tolerate certain mismatches to the DNA target and
thereby promote undesired off-target mutagenesis.

systems for use in eukaryotic cells based on both
Streptococcus thermophilus Cas9 and also Streptococ-
cus pyogenes Cas9 and demonstrated that Cas9 nucle-
ases can be directed by short RNAs to induce precise
cleavage of DNA 1n human and mouse cells. Their
study further showed that Cas9 as converted into a
nicking enzyme can be used to facilitate homology-
directed repair 1n eukaryotic cells with minimal muta-
genic activity. Additionally, their study demonstrated
that multiple guide sequences can be encoded 1nto a
single CRISPR array to enable simultaneous editing of
several at endogenous genomic loci sites within the
mammalian genome, demonstrating easy programima-
bility and wide applicability of the RNA-guided nucle-
ase technology. This ability to use RNA to program
sequence specilic DNA cleavage in cells defined a new
class of genome engineering tools. These studies fur-
ther showed that other CRISPR loci are likely to be
transplantable into mammalian cells and can also medi-
ate mammalian genome cleavage. Importantly, 1t can be
envisaged that several aspects of the CRISPR-Cas
system can be further improved to increase its efli-
ciency and versatility.

[0069] Jiang et al. used the clustered, regularly inter-
spaced, short palindromic repeats (CRISPR )-associated
Cas9 endonuclease complexed with dual-RNAs to
introduce precise mutations 1 the genomes ol Strep-
tococcus pneumoniae and Escherichia coli. The
approach relied on dual-RNA:Cas9-directed cleavage
at the targeted genomic site to kill unmutated cells and
circumvents the need for selectable markers or counter-
selection systems. The study reported reprogramming,
dual-RNA:Cas9 specificity by changing the sequence
of short CRISPR RNA (crRNA) to make single- and
multinucleotide changes carried on editing templates.
The study showed that simultaneous use of two crR-
NAs enabled multiplex mutagenesis. Furthermore,
when the approach was used in combination with
recombineering, 1 S. preumoniae, 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.

Because individual nicks in the genome are repaired
with high fidelity, simultaneous nicking via appropri-
ately oflset guide RNAs 1s required for double-stranded
breaks and extends the number of specifically recog-
nmzed bases for target cleavage. The authors demon-
strated that using paired nicking can reduce ofl-target
activity by 30- to 1,500-fold mn cell lines and to
facilitate gene knockout i mouse zygotes without
sacrificing on-target cleavage efliciency. This versatile
strategy enables a wide variety of genome editing
applications that require high specificity.

[0073] Hsu et al. (2013) characterized SpCas9 targeting

specificity 1 human cells to inform the selection of
target sites and avoid ofl-target effects. The study
evaluated >700 guide RNA vanants and SpCas9-1n-
duced indel mutation levels at =100 predicted genomic
off-target loc1 1 2931 and 293FT cells. The authors
that SpCas9 tolerates mismatches between guide RNA
and target DNA at different positions in a sequence-
dependent manner, sensitive to the number, position
and distribution of mismatches. The authors further
showed that SpCas9-mediated cleavage 1s unatiected
by DNA methylation and that the dosage of SpCas9 and
gRINA can be titrated to minimize ofl-target modifica-
tion. Additionally, to facilitate mammalian genome
engineering applications, the authors reported provid-
ing a web-based software tool to guide the selection
and validation of target sequences as well as ofl-target
analyses.

[0074] Ran et al. (2013-B) described a set of tools for

Cas9-mediated genome editing via non-homologous
end joming (NHEJ) or homology-directed repair
(HDR) 1n mammalian cells, as well as generation of
modified cell lines for downstream functional studies.
To minimize off-target cleavage, the authors further
described a double-nicking strategy using the Cas9
nickase mutant with paired guide RNAs. The protocol
provided by the authors experimentally derived guide-
lines for the selection of target sites, evaluation of
cleavage efliciency and analysis of off-target activity.
The studies showed that beginning with target design,
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gene modifications can be achieved within as little as
1-2 weeks, and modified clonal cell lines can be derived
within 2-3 weeks.

[0075] Shalem et al. described a new way to interrogate
gene function on a genome-wide scale. Their studies
showed that delivery of a genome-scale CRISPR-Cas9
knockout (GeCKO) 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
identily genes essential for cell viability 1n cancer and
pluripotent stem cells. Next, in a melanoma model, the
authors screened for genes whose loss 1s mvolved 1n
resistance to vemurafenib, a therapeutic that inhibits
mutant protein kinase BRAF. Their studies showed that
the highest-ranking candidates included previously
validated genes NF1 and MED12 as well as novel hits
NF2, CUL3, TADA2B, and TADAI. The authors
observed a high level of consistency between indepen-
dent guide RNAs targeting the same gene and a high
rate of hit confirmation, and thus demonstrated the
promise of genome-scale screenming with Cas9.

[0076] Nishimasu et al. reported the crystal structure of
Streptococcus pyogenes Cas9 in complex with sgRNA
and its target DNA at 2.5 A° resolution. The structure
revealed a bilobed architecture composed of target
recognition and nuclease lobes, accommodating the
seRNA:DNA heteroduplex 1 a positively charged
groove at their interface. Whereas the recognition lobe
1s essential for binding sgRNA and DNA, the nuclease
lobe contains 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 nuclease lobe also con-
tamns a carboxyl-terminal domain responsible for the
interaction with the protospacer adjacent motit (PAM).
This high-resolution structure and accompanying func-
tional analyses have revealed the molecular mechanism
of RNA-guided DNA targeting by Cas9, thus paving
the way {for the rational design of new, versatile
genome-editing technologies.

[0077] Wu et al. mapped genome-wide binding sites of
a catalytically 1nactive Cas9 (dCas9) from Streptococ-
cus pyvogenes loaded with single guide RNAs (sgR-
NAs) 1n 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 by a S-nucleo-
tide seed region 1n the sgRINA and an NGG protospacer
adjacent motif (PAM). Chromatin inaccessibility
decreases dCas9 binding to other sites with matching
seed sequences; thus 70% of off-target sites are asso-
ciated with genes. The authors showed that targeted
sequencing of 295 dCas9 binding sites i mESCs
transfected with catalytically active Cas9 identified
only one site mutated above background levels. The
authors proposed a two-state model for Cas9 binding
and cleavage, 1n which a seed match triggers binding
but extensive pairing with target DNA 1s required for
cleavage.

[0078] Platt et al. established a Cre-dependent Cas9
knockin mouse. The authors demonstrated in vivo as

well as ex vivo genome editing using adeno-associated
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virus (AAV)-, lentivirus-, or particle-mediated delivery
of guide RNA in neurons, immune cells, and endothe-
lial cells.

[0079] Hsuetal. (2014)1s a review article that discusses
generally CRISPR-Cas9 history from yogurt to genome
editing, including genetic screening of cells.

[0080] Wang et al. (2014) relates to a pooled, loss-o1-
function genetic screening approach suitable for both
positive and negative selection that uses a genome-
scale lentiviral single guide RNA (sgRNA) library.

[0081] Doench et al. created a pool of sgRNAs, tiling
across all possible target sites of a panel of six endog-
enous mouse and three endogenous human genes and
quantitatively assessed their ability to produce null
alleles of their target gene by antibody staining and
flow cytometry. The authors showed that optimization
of the PAM mmproved activity and also provided an
on-line tool for designing sgRNAs.

[0082] Swiech et al. demonstrate that AAV-mediated
SpCas9 genome editing can enable reverse genetic
studies of gene function in the brain.

[0083] Konermann et al. (2015) discusses the ability to
attach multiple eflector domains, e.g., transcriptional
activator, functional and epigenomic regulators at
appropriate positions on the guide such as stem or
tetraloop with and without linkers.

[0084] Zetsche et al. demonstrates that the Cas9 enzyme
can be split into two and hence the assembly of Cas9
for activation can be controlled.

[0085] Chen et al. relates to multiplex screening by
demonstrating that a genome-wide 1 vivo CRISPR-
Cas9 screen 1n mice reveals genes regulating lung
metastasis.

[0086] Ranetal. (2015) relates to SaCas9 and 1ts ability
to edit genomes and demonstrates that one cannot
extrapolate from biochemical assays.

[0087] Shalem et al. (20135) described ways 1n which
catalytically mactive Cas9 (dCas9) fusions are used to
synthetically repress (CRISPR1) or activate (CRISPRa)
expression, showing. advances using Cas9 for genome-
scale screens, including arrayed and pooled screens,
knockout approaches that inactivate genomic loci and
strategies that modulate transcriptional activity.

[0088] Xu et al. (2015) assessed the DNA sequence

features that contribute to single guide RNA (sgRNA)
cilictency 1 CRISPR-based screens. The authors
explored efliciency of CRISPR/Cas9 knockout and
nucleotide preference at the cleavage site. The authors

also found that the sequence preference for CRISPR1/a

1s substantially different from that for CRISPR/Cas9
knockout.

[0089] Parnas et al. (2015) imtroduced genome-wide
pooled CRISPR-Cas9 libraries mto dendritic cells
(DCs) to identify genes that control the induction of
tumor necrosis factor (ITnf) by bacterial lipopolysac-
charide (LPS). Known regulators of Tlr4 signaling and
previously unknown candidates were identified and
classified into three functional modules with distinct

cilects on the canonical responses to LPS.

[0090] Ramanan et al (20135) demonstrated cleavage of
viral episomal DNA (cccDNA) 1n infected cells. The
HBYV genome exists 1n the nuclei of infected hepato-
cytes as a 3.2kb double-stranded episomal DNA spe-
cies called covalently closed circular DNA (cccDNA),
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which 1s a key component 1n the HBV life cycle whose
replication 1s not inhibited by current therapies. The
authors showed that sgRNAs specifically targeting
highly conserved regions of HBV robustly suppresses
viral replication and depleted cccDNA.

[0091] Nishimasu et al. (2013) reported the crystal
structures of SaCas9 in complex with a single guide
RNA (sgRNA) and 1ts double-stranded DNA targets,
containing the 3'-TTGAAT-3' PAM and the
SNTTGGGT-3' PAM. A structural comparison of
SaCas9 with SpCas9 highlighted both structural con-
servation and divergence, explaining their distinct PAM
specificities and orthologous sgRINA recognition.

[0092] Canver et al. (2015) demonstrated a CRISPR-
Cas9-based functional 1nvestigation of non-coding
genomic elements. The authors we developed pooled
CRISPR-Cas9 guide RNA libraries to perform 1n situ
saturating mutagenesis of the human and mouse
BCL11A enhancers which revealed critical features of
the enhancers.

[0093] Zetsche et al. (2013) reported characterization of
Cpil, a class 2 CRISPR nuclease from Francisella
novicida U112 having {features distinct from Cas9.
Cpil 1s a single RNA-guided endonuclease lacking
tracrRINA, utilizes a T-rich protospacer-adjacent motif,
and cleaves DNA via a staggered DN A double-stranded
break.

[0094] Shmakov et al. (2015) reported three distinct
Class 2 CRISPR-Cas systems. Two system CRISPR
enzymes (C2c¢1 and C2¢3) contain RuvC-like endonu-
clease domains distantly related to Cpil. Unlike Cpfl,
C2cl depends on both crRNA and tracrRNA for DNA
cleavage. The third enzyme (C2c2) contains two pre-
dicted HEPN RNase domains and is tracrRNA 1nde-

pendent.

[0095] Slaymaker et al (2016) reported the use of struc-
ture-guided protein engineering to improve the speci-
ficity of Streptococcus pvogenes Cas9 (SpCas9). The
authors developed “enhanced specificity” SpCas9 (eS-
pCas9) variants which maintained robust on-target
cleavage with reduced ofi-target eflects.

[0096] The methods and tools provided herein are exem-
plified for Cas9, a type Il nuclease that requires a tracrRNA.
Orthologs of Cas9 have been 1dentified 1n different bacterial
species as described previously (e.g. W020140937712). Fur-
ther type II nucleases with similar properties can be 1denti-
fied using methods described 1n the art (Shmakov et al. 2015,
60:385-397; Abudayeh et al. 2016, Science, 5; 353(6299)).
In particular embodiments, such methods for i1dentifying
novel CRISPR eflector proteins may comprise the steps of
selecting sequences from the database encoding a seed
which identifies the presence of a CRISPR Cas locus,
identifying loci located within 10 kb of the seed comprising
Open Reading Frames (ORFs) 1n the selected sequences,
selecting therefrom loci comprising ORFs of which only a
single ORF encodes a novel CRISPR effector having greater
than 700 amino acids and no more than 90% homology to a
known CRISPR eflector. In particular embodiments, the
seed 1s a protein that 1s common to the CRISPR-Cas system,
such as Casl. In further embodiments, the CRISPR array 1s
used as a seed to 1dentily new eflector proteins.

[0097] The effectiveness of the present invention has been
demonstrated. Preassembled recombinant CRISPR-Cas9
complexes comprising Cas9 and crRNA may be transiected,
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for example by electroporation, resulting in high mutation
rates and absence of detectable ofl-target mutations. Hur, J.
K. et al, Targeted mutagenesis in mice by electroporation of
Cp1l nibonucleoproteins, Nat Biotechnol. 2016 Jun. 6. doa:
10.1038/nbt.3596. [Epub ahead of print]. Genome-wide
analyses shows that Cp1l 1s hughly specific. By one measure,
in vitro cleavage sites determined for SpCas9 1in human
HEK293T cells were significantly fewer that for SpCas9.
Kim, D. et al., Genome-wide analysis reveals specificities of
Cpil endonucleases 1n human cells, Nat Biotechnol. 2016
Jun. 6. do1: 10.1038/nbt.3609. [Epub ahead of print]. An
cllicient multiplexed system employing Cas9 has been dem-
onstrated 1n Drosophila employing gRNAs processed from
an array containing inventing tRINAs. Port, F. et al, Expan-
sion of the CRISPR toolbox 1n an animal with tRNA-flanked
Cas9 and Cpil gRNAs. doi: http://dx.do1.org/10.1101/
046417.

[0098] Also, “Dimeric CRISPR RNA-gumided Fokl nucle-
ases for highly specific genome editing”, Shengdar Q. Tsa,
Nicolas Wyvekens, Cyd Khayter, Jennifer A. Foden, Vishal
Thapar, Deepak Reyon, Mathew J. Goodwin, Martin .
Aryee, J. Keith Joung Nature Biotechnology 32(6): 569-77
(2014), relates to dimeric RNA-guided Fokl Nucleases that
recognize extended sequences and can edit endogenous
genes with high efliciencies in human cells.

[0099] With respect to general information on CRISPR-
Cas Systems, components thereof, and delivery of such
components, 1ncluding methods, materials, delivery
vehicles, vectors, particles, AAV, and making and using
thereol, including as to amounts and formulations, all usetul

in the practice of the nstant invention, reference 1s made to:
U.S. Pat. Nos. 8,697,359, 8,771,945, 8,795,965, 8,865,406,

8,871,445, 8,889,356, 8,889,418, 8,895,308, 8,906,616,
8,932,814, 8,945,839, 8,993,233 and 8,999,641; US Patent
Publications US 2014-0310830 (U.S. application Ser. No.
14/105,031), US 2014-0287938 Al (U.S. application Ser.
No. 14/213,991), US 2014-0273234 Al (U.S. application
Ser. No. 14/293,674), US2014-0273232 Al (U.S. applica-
tion Ser. No. 14/290,575), US 2014-0273231 (U.S. applica-
tion Ser. No. 14/259,420), US 2014-0256046 Al (U.S.
application Ser. No. 14/226,274), US 2014-0248702 Al
(U.S. application Ser. No. 14/238,458), US 2014-0242°700
Al (U.S. application Ser. No. 14/222,930), US 2014-
0242699 Al (U.S. application Ser. No. 14/183,512), US
2014-0242664 Al (U.S. application Ser. No. 14/104,990),
US 2014-0234972 Al (U.S. application Ser. No. 14/183,
4'71), US 2014-0227787 Al (U.S. application Ser. No.
14/256,912), US 2014-0189896 Al (U.S. application Ser.
No. 14/105,033), US 2014-0186938 (U.S. application Ser.
No. 14/105,017), US 2014-0186919 Al (U.S. application
Ser. No. 14/104,977), US 2014-0186843 Al (U.S. applica-
tion Ser. No. 14/104,900), US 2014-0179770 Al (U.S.
application Ser. No. 14/104,837) and US 2014-0179006 A1l
(U.S. application Ser. No. 14/183,486), US 2014-0170733
(U.S. application Ser. No. 14/183,429); US 20135-0184139
(U.S. application Ser. No. 14/324,960); Ser. No. 14/054,414
European Patent Applications EP 2 771 468 (EP13818570.
7), EP 2 764 103 (EP13824232.6), and EP 2 784 162
(EP14170383.5); and PCT Patent Publications WO 2014/
093661 (PCT/US2013/074743), WO 2014/093694 (PCT/
US2013/074790), WO 2014/093595 (PCT/US2013/
074611), WO 2014/093718 (PCT/US2013/074825), WO
2014/093709 (PCT/US2013/074812), WO 2014/093622
(PCT/US2013/074667), WO 2014/093635 (PCT/US2013/
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074691), WO 2014/0936355 (PCT/US2013/074736), WO
2014/093712 (PCT/US2013/074819), WO 2014/093701
(PCT/US2013/074800), WO 2014/018423 (PCT/US2013/
051418), WO 2014/204723 (PCT/US2014/041790), WO
2014/204724 (PCT/US2014/041800), WO 2014/204725
(PCT/US2014/041803), WO 2014/2047726 (PCT/US2014/
041804), WO 2014/204727 (PCT/US2014/041806), WO
2014/204728 (PCT/US2014/041808), WO 2014/204729
(PCT/US2014/041809), WO 2015/089351 (PCT/US2014/
069897), WO 2015/089334 (PCT/US2014/069902), WO
2015/089364 (PCT/US2014/069923), WO 2015/089427
(PCT/US2014/070068), WO 2015/089462 (PCT/US2014/
070127), WO 2015/089419 (PCT/US2014/070057), WO
2015/089465 (PCT/US2014/070135), WO 2015/089486
(PCT/US2014/070175), PCT/US2015/051691,  PCT/
US2015/051830. Reference 1s also made to U.S. provisional
patent applications 61/758,468; 61/802,174; 61/806,375;
61/814,263; 61/819,803 and 61/828,130, filed on Jan. 30,
2013; Mar. 15, 2013; Mar. 28, 2013; Apr. 20, 2013; May 6,
2013 and May 28, 2013 respectively. Reference 1s also made
to U.S. provisional patent application 61/836,123, filed on
Jun. 17, 2013. Reference 1s additionally made to U.S.
provisional patent applications 61/835,931, 61/833,936,
61/835,973, 61/836,080, 61/836,101, and 61/836,127, each
filed Jun. 17, 2013. Further reference 1s made to U.S.
provisional patent applications 61/862,468 and 61/862,355
filed on Aug. 5, 2013; 61/871,301 filed on Aug. 28, 2013;
61/960,777 filed on Sep. 25, 2013 and 61/961,980 filed on
Oct. 28, 2013. Reference 1s yet further made to: PCT/
US2014/62558 filed Oct. 28, 2014, and U.S. Provisional
Patent Applications Ser. Nos. 61/915,148, 61/915,150,
61/915,153, 61/915,203, 61/915,251, 61/915,301, 61/913,
267, 61/915,260, and 61/915,397, each filed Dec. 12, 2013;
61/757,972 and 61/768,959, filed on Jan. 29, 2013 and Feb.
25, 2013; 62/010,888 and 62/010,879, both filed Jun. 11,
2014; 62/010,329, 62/010,439 and 62/010,441, each filed
Jun. 10, 2014; 61/939,228 and 61/939,242, each filed Feb.
12, 2014; 61/980,012, filed Apr. 15, 2014; 62/038,338, filed
Aug. 17, 2014; 62/055,484, 62/055,460 and 62/055,487,
cach filed Sep. 25, 2014; and 62/069,243, filed Oct. 27,
2014. Reference 1s made to PCT application designating,
inter alia, the United States, application No. PCT/US14/
41806, filed Jun. 10, 2014. Reference 1s made to U.S.
provisional patent application 61/930,214 filed on Jan. 22,
2014. Reference 1s made to PCT application designating,
inter alia, the United States, application No. PCT/US14/
41806, filed Jun. 10, 2014.

[0100] Mention 1s also made of U.S. application 62/180,
709, 17 Jun. 2015, PROTECTED GUIDE RNAS (PGR-
NAS); U.S. application 62/091,455, filed, 12 Dec. 2014,
PROTECTED GUIDE RNAS (PGRNAS); U.S. application
62/096,708, 24 Dec. 2014, PROTECTED GUIDE RNAS
(PGRNAS); U.S. applications 62/091,462, 12 Dec. 2014,
62/096,324, 23 Dec. 2014, 62/180,681, 17 Jun. 2015, and
62/237,496, 5 Oct. 2015, DEAD GUIDES FOR CRISPR
TRANSCRIPTION FACTORS; U.S. application 62/091,
456, 12 Dec. 2014 and 62/180,692, 17 Jun. 2015,
ESCORTED AND FUNCTIONALIZED GUIDES FOR
CRISPR-CAS SYSTEMS; U.S. application 62/091,461, 12
Dec. 2014, DELIVERY, USE AND THERAPEUTIC
APPLICATIONS OF THE CRISPR-CAS SYSTEMS AND
COMPOSITIONS FOR GENOME EDITING AS TO
HEMATOPOETIC STEM CELLS (HSCs); U.S. application
62/094,903, 19 Dec. 2014, UNBIASED IDENTIFICATION
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OF DOUBLE-STRAND BREAKS AND GENOMIC
REARRANGEMENT BY GENOME-WISE INSERT CAP-
TURE SEQUENCING; U.S. application 62/096,761, 24
Dec. 2014, ENGINEERING OF SYSTEMS, METHODS
AND OPTIMIZED ENZYME AND GUIDE SCAFFOLDS
FOR SEQUENCE MANIPULATION; U.S. application
62/098,059, 30 Dec. 2014, 62/181,641, 18 Jun. 2015, and
62/181,667, 18 Jun. 2015, RNA-TARGETING SYSTEM;

U.S. application 62/096,656, 24 Dec. 2014 and 62/181,151,
17 Jun. 2015, CRISPR HAVING OR ASSOCIATED WITH
DESTABILIZATION DOMAINS; U.S. application 62/096,
697, 24 Dec. 2014, CRISPR HAVING OR ASSOCIATED
WITH AAV; U.S. application 62/098,138, 30 Dec. 2014,
ENGINEERED CRISPR COMPLEX INSERTIONAL
TARGETING SYSTEMS; U.S. application 62/151,052, 22
Apr. 2015, CELLULAR TARGETING FOR EXTRACEL-
LULAR EXOSOMAL REPORTING; U.S. application
62/054,490, 24 Sep. 2014, DELIVERY, USE AND THERA-
PEUTIC APPLICATIONS OF THE CRISPR-CAS SYS-
TEMS AND COMPOSITIONS FOR TARGETING DIS-
ORDERS AND DISEASES USING PARTICLE
DELIVERY COMPONENTS; U.S. application 61/939,154,
12 Feb. 2014, SYSTEMS, METHODS AND COMPOSI-
TIONS FOR SEQUENCE MANIPULATION WITH OPTI-
MIZED FUNCTIONAL CRISPR-CAS SYSTEMS; U.S.
application 62/055,484, 25 Sep. 2014, SYSTEMS, METH-
ODS AND COMPOSITIONS FOR SEQUENCE MANIPU-
LATION WITH OPTIMIZED FUNCTIONAL CRISPR-
CAS SYSTEMS; U.S. application 62/087,537, 4 Dec. 2014,
SYSTEMS, METHODS AND COMPOSITIONS FOR
SEQUENCE MANIPULATION WITH OPTIMIZED
FUNCTIONAL CRISPR-CAS SYSTEMS; U.S. application
62/054,651, 24 Sep. 2014, DELIVERY, USE AND THERA-
PEUTIC APPLICATIONS OF THE CRISPR-CAS SYS-
TEMS AND COMPOSITIONS FOR MODELING COM-
PETITION OF MULTIPLE CANCER MUTATIONS IN
VIVO; U.S. application 62/067,886, 23 Oct. 2014, DELIV-
ERY, USE AND THERAPEUTIC APPLICATIONS OF
THE CRISPR-CAS SYSTEMS AND COMPOSITIONS
FOR MODELING COMPETITION OF MULTIPLE CAN:-
CER MUTATIONS IN VIVO; U.S. applications 62/034,
675, 24 Sep. 2014 and 62/181,002, 17 Jun. 2015, DELIV-
ERY, USE AND THERAPEUTIC APPLICATIONS OF
THE CRISPR-CAS SYSTEMS AND COMPOSITIONS IN
NEURONAL CELLS/TISSUES; U.S. application 62/054,
528, 24 Sep. 2014, DELIVERY, USE AND THERAPEU-
TIC APPLICATIONS OF THE CRISPR-CAS SYSTEMS
AND COMPOSITIONS IN IMMUNE DISEASES OR DIS-
ORDERS; U.S. application 62/055,454, 25 Sep. 2014,
DELIVERY, USE AND THERAPEUTIC APPLICATIONS
OF THE CRISPR-CAS SYSTEMS AND COMPOSITIONS
FOR TARGETING DISORDERS AND DISEASES USING
CELL PENETRATION PEPTIDES (CPP); U.S. application
62/055,460, 25 Sep. 2014, MULTIFUNCTIONAL-CRISPR
COMPLEXES AND/OR OPTIMIZED ENZYME LINKED
FUNCTIONAL-CRISPR COMPLEXES; U.S. application
62/087,475, 4 Dec. 2014 and 62/181,690, 18 Jun. 2013,
FUNCTIONAL SCREENING WITH OPTIMIZED FUNC-
TIONAL CRISPR-CAS SYSTEMS; U.S. application
62/055,487, 25 Sep. 2014, FUNCTIONAJ SCREENING
WITH OPTIMIZED FUNCTIONAL CRISPR-CAS SYS-
TEMS; U.S. application 62/087,546, 4 Dec. 2014 and
62/181,687, 18 Jun. 2015, MULTIFUNCTIONAL CRISPR
COMPLEXES AND/OR OPTIMIZED ENZYME LINKED
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FUNCTIONAL-CRISPR COMPLEXES; and U.S. applica-
tion 62/098,285, 30 Dec. 2014, CRISPR MEDIATED IN
VIVO MODELING AND GENETIC SCREENING OF
TUMOR GROWTH AND METASTASIS.

[0101] Mention 1s made of U.S. applications 62/181,639,
18 Jun. 2015 and 62/207,318, 19 Aug. 2015, ENGINEER-
ING AND OPTIMIZATION OF SYSTEMS, METHODS,
ENZYME AND GUIDE SCAFFOLDS OF CAS9
ORTHOLOGS AND VARIANTS FOR SEQUENCE
MANIPULATION. Mention 1s made of U.S. applications
62/181,663, 18 Jun. 2015 and 62/245,264, 22 Oct. 2013,

NOVEL CRISPR ENZYMES AND SYSTEMS, U.S. appli-
cations 62/181,675, 18 Jun. 2013, 62/285,349, 22 Oct. 2015,
62/296,522, 17 Feb. 2016, and 62/320,231, 8 Apr. 2016,
NOVEL CRISPR ENZYMES AND SYSTEMS, U.S. appli-
cation 62/232,067, 24 Sep. 2015, U.S. application Ser. No.
14/9°75,085, 18 Dec. 2015, FEuropean application No.
16150428.7, U.S. application 62/205,733, 16 Aug. 2015,
U.S. application 62/201,542, 5 Aug. 2015, U.S. application
62/193,507, 16 Jul. 2015, and U.S. application 62/181,739,
18 Jun. 2015, each entitled NOVEL CRISPR ENZYMES
AND SYSTEMS and of U.S. application 62/245,270, 22
Oct. 2015, NOVEL CRISPR ENZYMES AND SYSTEMS.
Mention 1s also made of U.S. application 61/939,256, 12
Feb. 2014, and WO 2015/089473 (PCT/US2014/0701352),
12 Dec. 2014, each entitled ENGINEERING OF SYS-
TEMS, METHODS AND OPTIMIZED GUIDE COMPO-
SITIONS WITH NEW ARCHITECTURES FOR
SEQUENCE MANIPULATION. Mention 1s also made of
PCT/US2015/043504, 15 Aug. 2015, U.S. application
62/180,699, 17 Jun. 2015, and U.S. application 62/038,358,
17 Aug. 2014, each entitled GENOME EDITING USING
CAS9 NICKASES.

[0102] In addition, mention 1s made of PCT application
PCT/US14/700577, Attorney Reference 47627.99.2060 and

BI-2013/107 entitled “DELIVERY, USE AND THERA-
PEUTIC APPLICATIONS OF THE CRISPR-CAS SYS-
TEMS AND COMPOSITIONS FOR TARGETING DIS-
ORDERS AND DISEASES USING PARTICLE
DELIVERY COMPONENTS (claiming priority from one or
more or all of US provisional patent applications: 62/054,
490, filed Sep. 24, 2014, 62/010,441, filed Jun. 10, 2014; and
61/915,118, 61/915,215 and 61/915,148, each filed on Dec.
12, 2013) (“‘the Particle Delivery PCT™), incorporated herein
by reference, and of PCT application PCT/US14/70127,
Attorney Reference 47627.99.2091 and BI-2013/101
entitled “DELIVERY, USE AND THERAPEUTIC APPLI-
CATIONS OF THE CRISPR-CAS SYSTEMS AND COM-
POSITIONS FOR GENOME EDITING”(claiming priority
from one or more or all of US provisional patent applica-
tions: 61/915,176; 61/915,192; 61/915,215; 61/915,107,
61/915,145; 61/915,148; and 61/915,153 each filed Dec. 12,
2013) (*the Eye PCT”), incorporated herein by reference,
with respect to a method of preparing an sgRNA-and-Cas9
protein containing particle comprising admixing a mixture
comprising an sgRNA and Cas9 protein (and optionally
HDR template) with a mixture comprising or consisting
essentially of or consisting of surfactant, phospholipid,
biodegradable polymer, lipoprotein and alcohol; and par-
ticles from such a process. For example, wherein Cas9
protein and sgRNA were mixed together at a suitable, e.g.,
3:1 to 1:3 or 2:1 to 1:2 or 1:1 molar ratio, at a suitable
temperature, e.g., 15-30° C., e.g., 20-25° C., e.g., room
temperature, for a suitable time, e.g., 15-45, such as 30
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minutes, advantageously 1n sterile, nuclease free bufler, e.g.,
1xPBS. Separately, particle components such as or compris-
ing: a surfactant, e.g., cationic lipid, e.g., 1,2-dioleoyl-3-
trimethylammonium-propane (DOTAP); phospholipid, e.g.,
dimyristoylphosphatidylcholine (DMPC); biodegradable
polymer, such as an ethylene-glycol polymer or PEG, and a
lipoprotein, such as a low-density lipoprotein, e.g., choles-
terol were dissolved in an alcohol, advantageously a C1-6
alkyl alcohol, such as methanol, ethanol, 1sopropanol, e.g.,
100% ethanol. The two 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-sn-glycero-3-phos-
phocholine (DMPC), polyethylene glycol (PEG), and cho-
lesterol) For example DOTAP:DMPC:PEG:Cholesterol
Molar Ratios may be DOTAP 100, DMPC 0, PEG 0,
Cholesterol 0; or DOTAP 90, DMPC 0, PEG 10, Cholesterol
0; or DOTAP 90, DMPC 0, PEG 3, Cholesterol 5. DOTAP
100, DMPC 0, PEG 0, Cholesterol 0. That application
accordingly comprehends admixing sgRNA, Cas9 protein
and components that form a particle; as well as particles
from such admixing. Aspects of the instant invention can
involve particles; for example, particles using a process
analogous to that of the Particle Delivery PCT or that of the
Eve PCT, e.g., by admixing a mixture comprising sgRINA
and/or Cas9 as 1n the 1nstant invention and components that
form a particle, e.g., as in the Particle Delivery PCT or 1n the
Eve PCT, to form a particle and particles from such admix-
ing (or, ol course, other particles mvolving sgRNA and/or
Cas9 as 1n the instant invention).

[0103] The subject mvention may be used as part of a
research program wherein there 1s transmission of results or
data. A computer system (or digital device) may be used to
receive, transmit, display and/or store results, analyze the
data and/or results, and/or produce a report of the results
and/or data and/or analysis. A computer system may be
understood as a logical apparatus that can read instructions
from media (e.g. software) and/or network port (e.g. from
the internet), which can optionally be connected to a server
having fixed media. A computer system may comprise one
or more of a CPU, disk drives, mput devices such as
keyboard and/or mouse, and a display (e.g. a monitor). Data
communication, such as transmission of instructions or
reports, can be achieved through a communication medium
to a server at a local or a remote location. The communi-
cation medium can 1include any means of transmitting and/or
receiving data. For example, the communication medium
can be a network connection, a wireless connection, or an
internet connection. Such a connection can provide for
communication over the World Wide Web. It 1s envisioned
that data relating to the present invention can be transmitted
over such networks or connections (or any other suitable
means for transmitting mformation, including but not lim-
ited to mailing a physical report, such as a print-out) for
reception and/or for review by a receiver. The receiver can
be but 1s not limited to an individual, or electronic system
(e.g. one or more computers, and/or one or more servers). In
some embodiments, the computer system comprises one or
more processors. Processors may be associated with one or
more controllers, calculation units, and/or other units of a
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computer system, or implanted in firmware as desired. If
implemented 1n software, the routines may be stored 1n any
computer readable memory such as in RAM, ROM, flash
memory, a magnetic disk, a laser disk, or other suitable
storage medium. Likewise, this software may be delivered to
a computing device via any known delivery method includ-
ing, for example, over a communication channel such as a
telephone line, the internet, a wireless connection, etc., or
via a transportable medium, such as a computer readable
disk, tlash drive, etc. The various steps may be implemented
as various blocks, operations, tools, modules and techniques
which, 1 turn, may be implemented 1n hardware, firmware,
soltware, or any combination of hardware, firmware, and/or
software. When implemented 1n hardware, some or all of the
blocks, operations, techniques, etc. may be implemented in,
for example, a custom integrated circuit (IC), an application
specific 1ntegrated circuit (ASIC), a field programmable
logic array (FPGA), a programmable logic array (PLA), etc.
A client-server, relational database architecture can be used
in embodiments of the invention. A client-server architecture
1s a network architecture 1n which each computer or process
on the network 1s etther a client or a server. Server computers

are typically powerful computers dedicated to managing
disk drives (file servers), printers (print servers), or network

"y

traflic (network servers). Client computers include PCs
(personal computers) or workstations on which users run
applications, as well as example output devices as disclosed
herein. Client computers rely on server computers for
resources, such as files, devices, and even processing power.
In some embodiments of the mnvention, the server computer
handles all of the database functionality. The client computer
can have software that handles all the front-end data man-
agement and can also recerve data input from users. A
machine readable medium comprising computer-executable
code may take many forms, imncluding but not limited to, a
tangible storage medium, a carrier wave medium or physical
transmission medium. Non-volatile storage media include,
for example, optical or magnetic disks, such as any of the
storage devices 1n any computer(s) or the like, such as may
be used to implement the databases, etc. shown in the
drawings. Volatile storage media include dynamic memory,
such as main memory of such a computer platform. Tangible
transmission media include coaxial cables; copper wire and
fiber optics, including the wires that comprise a bus within
a computer system. Carrier-wave transmission media may
take the form of electric or electromagnetic signals, or
acoustic or light waves such as those generated during radio
frequency (RF) and infrared (IR) data communications.
Common forms of computer-readable media therefore
include for example: a floppy disk, a flexible disk, hard disk,
magnetic tape, any other magnetic medium, a CD-ROM,
DVD or DVD-ROM, any other optical medium, punch cards
paper tape, any other physical storage medium with patterns
of holes, a RAM, a ROM, a PROM and EPROM, a FLLASH-
EPROM, any other memory chip or cartridge, a carrier wave
transporting data or instructions, cables or links transporting
such a carrier wave, or any other medium from which a
computer may read programming code and/or data. Many of
these forms of computer readable media may be mvolved in
carrying one or more sequences of one or more instructions
to a processor for execution. Accordingly, the nvention
comprehends performing any method herein-discussed and
storing and/or transmitting data and/or results therefrom
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and/or analysis thereot, as well as products from performing
any method heremn-discussed, including intermediates.
[0104] Throughout this disclosure there has been mention
of CRISPR or CRISPR-Cas complexes or systems. CRISPR
systems or complexes can target nucleic acid molecules,
e.g., CRISPR-Cas9 complexes can target and cleave or nick
or simply sit upon a target DNA molecule (depending 11 the
Cas9 has mutations that render 1t a nickase or “dead”). Such
systems or complexes are amenable for achieving tissue-
specific and temporally controlled targeted deletion of can-
didate disease genes. Examples include but are not limited
to genes mvolved 1n cholesterol and fatty acid metabolism,
amyloid diseases, dominant negative diseases, latent viral
infections, among other disorders. Accordingly, target
sequences for such systems or complexes can be in candi-
date disease genes, €.g.:

Digeage GENE SPACER PAMMechanism References

Hypercho- HMG- GCCAAZA CGGKnockout Fluvastatin:

lester- CR TTGGAC a review of
olemia GACCC 1ts pharma-
TCG cology and
(SEQ. usgse 1n the
I1.D. management
No . of hyper-
1) cholester-
olaemia.
(Plosker GL
et al.
Drugs 1996,
51(3) :
433-459)
Hypercho- SQLE CGAGGA TGG Knockout Potential
lester- GACCCC role of
olemia CGTTTC nonstatin
GG cholesterol
(SEQ. lowering
1.D. agents
No . (Trapani
2 ) et al.
IUBMB
Life,
Volume 63,
Issue 11,
pages
564-971,
November
2011)
Hyper- DGAT CCCGCC AGG Knockout DGAT1 in-
lipi- 1 GCCGCC hibitors
demla GTGGCT ags anti-
CG obegity
(SEQ. and anti-
I.D. diabetic
No. agents.
3) (Birch AM
et al.
Current
Opinion
in Drug
Discovery
& Develop-
ment
(2010,
12(4) :
489-496)
Leukemia BCR- TGAGCT AGGKnockout Killing of
ABL CTACGA leukemic
GATCCA cells with
CA a BCR/ABL
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-continued

Digeasge GENE SPACER PAM Mechanism References

fusion gene
by RNA in-
terference
(RNAL) .
(Fuchs et
al. Onco-
gene 2002,
21(37) :
5716-5724)

[0105] Thus, the present invention, with regard to
CRISPR or CRISPR-Cas complexes contemplates correc-
tion ol hematopoietic disorders. For example, Severe Com-
bined Immune Deficiency (SCID) results from a defect in
lymphocytes T maturation, always associated with a func-
tional defect in lymphocytes B (Cavazzana-Calvo et al.,
Annu. Rev. Med., 2005, 56, 585-602; Fischer et al., Immu-
nol. Rev., 2005, 203, 98-109). In the case of Adenosine
Deaminase (ADA) deficiency, one of the SCID forms,
patients can be treated by injection of recombinant Adenos-
ine Deaminase enzyme. 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 1n SCID
have been identified (Cavazzana-Calvo et al., Annu. Rev.
Med., 20035, 56, 585-602; Fischer et al., Immunol. Rev.,
2003, 203, 98-109). There are four major causes for SCID:
(1) the most frequent form of SCID, SCID-X1 (X-linked
SCID or X-SCID), 1s caused by mutation in the IL2RG gene,
resulting 1n the absence of mature T lymphocytes and NIK
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.,
Nature, 1993, 377, 65-68), which 1nactivation results in the
same syndrome as gamma C 1nactivation; (11) mutation 1n
the ADA gene results 1n a defect in purine metabolism that
1s lethal for lymphocyte precursors, which i turn results 1n
the quasi absence of B, T and NK cells; (1) V(D)J recom-
bination 1s an essential step 1n the maturation of 1mmuno-
globulins and T lymphocytes receptors (TCRs). Mutations 1n
Recombination Activating Gene 1 and 2 (RAG]1 and RAG2)
and Artemis, three genes involved 1n this process, result 1n
the absence of mature T and B lymphocytes; and (iv)
Mutations 1n other genes such as CD45, mvolved 1n T cell
specific signaling have also been reported, although they
represent a minority of cases (Cavazzana-Calvo et al., Annu.
Rev. Med., 2005, 56, 585-602; Fischer et al., Immunol. Rev.,
2005, 203, 98-109). In aspect of the invention, relating to
CRISPR or CRISPR-Cas complexes contemplates system,
the invention contemplates that 1t may be used to correct
ocular defects that arise from several genetic mutations
turther described 1n Genetic Diseases of the Eye, Second
Edition, edited by Elias 1. Traboulsi, Oxiord University
Press, 2012. Non-limiting examples of ocular defects to be
corrected include macular degeneration (MD), retinitis pig-
mentosa (RP). Non-limiting examples of genes and proteins
associated with ocular defects include but are not limited to
the following proteins: (ABCA4) ATP-binding cassette,
sub-family A (ABC1), member 4 ACHM1 achromatopsia
(rod monochromacy) 1 ApoE Apolipoprotein E (ApoE)
CIQTNEF5 (CTRPS) Clqg and tumor necrosis factor related
protein 5 (C1QTNEF3JS) C2 Complement component 2 (C2)

11
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C3 Complement components (C3) CCL2 Chemokine (C-C
motif) Ligand 2 (CCL2) CCR2 Chemokine (C-C motif)
receptor 2 (CCR2) CD36 Cluster of Differentiation 36 CFB
Complement factor B CFH Complement factor CFH H
CFHR1 complement factor H-related 1 CFHR3 complement
tactor H-related 3 CNGB3 cyclic nucleotide gated channel
beta 3 CP ceruloplasmin (CP) CRP C reactive protein (CRP)
CST3 cystatin C or cystatin 3 (CST3) CTSD Cathepsin D
(CTSD) CX3CR1 chemokine (C-X3-C motil) receptor 1
ELOVL4 Elongation of very long chain fatty acids 4
ERCC6 excision repair cross-complementing rodent repair

deficiency, complementation group 6 FBLNS5 Fibulin-5
FBLNS Fibulin 5 FBLNG6 Fibulin 6 FSCN2 fascin (FSCN2)
HMCNI1 Hemicentin 1 HMCNI1 hemicentin 1 HTRA1 HtrA
serine peptidase 1 (HTRA1) HTRA1 HitrA serine peptidase
1 IL-6 Interleukin 6 IL-8 Interleukin 8 LOC387715 Hypo-
thetical protein PLEKHA1 Pleckstrin homology domain-
containing family A member 1 (PLEKHA1) PROMI1 Pro-
minin 1(PROMI1 or CD133) PRPH2 Peripherin-2 RPGR
retinitis pigmentosa G'TPase regulator SERPING1 serpin
peptidase inhibitor, clade G, member 1 (Cl-inhibitor)
TCOF1 Treacle TIMP3 Metalloproteinase inhibitor 3
(TIMP3) TLR3 Toll-like receptor 3 The present invention,
with regard to CRISPR or CRISPR-Cas complexes contem-
plates also contemplates delivering to the heart. For the
heart, a myocardium tropic adena-associated virus (AAVM)
1s preferred, in particular AAVM41 which showed prefer-

ential gene transier in the heart (see, e.g., Lin-Yanga et al.,
PNAS, Mar. 10, 2009, vol. 106, no. 10). For example, US
Patent Publication No. 20110023139, describes use of zinc
finger nucleases to genetically modify cells, amimals and
proteins associated with cardiovascular disease. Cardiovas-
cular diseases generally include high blood pressure, heart
attacks, heart failure, and stroke and TIA. By way of
example, the chromosomal sequence may comprise, but 1s
not limited to, IL1B (interleukin 1, beta), XDH (xanthine
dehydrogenase), TP33 (tumor protein p53), PTGIS (prosta-
glandin 12 (prostacyclin) synthase), MB (myoglobin), 114
(interleukin 4), ANGPT1 (angiopoietin 1), ABCGS8 (ATP-
binding cassette, sub-family G (WHITE), member 8), CTSK
(cathepsin K), PTGIR (prostaglandin 12 (prostacyclin)
receptor (IP)), KCNIJ11 (potassium inwardly-rectifying
channel, subfamily J, member 11), INS (nsulin), 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-sis) oncogene
homolog)), KCNI5 (potassium inwardly-rectifying channel,
subfamily J, member 5), KCNN3 (potassium intermediate/
small conductance calcium-activated channel, subfamily N,
member 3), CAPN10 (calpain 10), PTGES (prostaglandin E
synthase), ADRA2B (adrenergic, alpha-2B-, receptor),
ABCGS5 (ATP-binding cassette, sub-family G (WHITE),
member 5), PRDX2 (peroxiredoxin 2), CAPNS (calpain 5),
PARP14 (poly (ADP-nbose) polymerase family, member
14), MEX3C (mex-3 homolog C (C. elegans)), ACE angio-
tensin I converting enzyme (peptidyl-dipeptidase A) 1), TNF
(tumor necrosis factor (INF superfamily, member 2)), IL6
(interleukin 6 (interferon, beta 2)), STN (statin), SERPINE1
(serpin peptidase inhibitor, clade E (nexin, plasminogen
activator inhibitor type 1), member 1), ALB (albumin),
ADIPOQ (adiponectin, C1Q) and collagen domain contain-
ing), APOB (apolipoprotein B (including Ag(x) antigen)),
APOE (apolipoprotein E), LEP (leptin), MTHFR (3,10-




US 2024/0047011 Al

methylenetetrahydrofolate reductase (NADPH)), APOAI
(apolipoprotein A-I), EDNI1 (endothelin 1), NPPB (natri-
uretic peptide precursor B), NOS3 (nitric oxide synthase 3
(endothelial cell)), PPARG (peroxisome proliferator-acti-
vated receptor gamma), PLAT (plasminogen activator, tis-
sue), PTGS2 (prostaglandin-endoperoxide synthase 2 (pros-
taglandin G/H synthase and cyclooxygenase)), CETP
(cholesteryl ester transier protein, plasma), AGTR1 (angio-
tensin II receptor, type 1), HMGCR (3-hydroxy-3-methyl-
glutaryl-Coenzyme A reductase), IGF1 (insulin-like growth
factor 1 (somatomedin C)), SELE (selectin E), REN (renin),
PPARA (peroxisome proliferator-activated receptor alpha),
PON1 (paraoxonase 1), KNG1 (kimnogen 1), CCL2
(chemokine (C-C motil) ligand 2), LPL (lipoprotein lipase),
VWEF (von Willebrand factor), F2 (coagulation factor II
(thrombin)), ICAMI1 (ntercellular adhesion molecule 1),
TGFBI1 (transforming growth factor, beta 1), NPPA (natri-
uretic peptide precursor A), IL10 (nterleukin 10), EPO
(erythropoietin), SOD1 (superoxide dismutase 1, soluble),
VCAMI1 (vascular cell adhesion molecule 1), IFNG (inter-
feron, gamma), LPA (lipoprotein, Lp(a)), MPO (myeloper-
oxidase), ESR1 (estrogen receptor 1), MAPK1 (mitogen-
activated protein kinase 1), HP (haptoglobin), F3
(coagulation factor III (thromboplastin, tissue factor)),
CST3 (cystatin C), COG2 (component of oligomeric golgi

complex 2), MMP9 (matrix metallopeptidase 9 (gelatinase
B, 92 kDa gelatinase, 92 kDa type IV collagenase)), SER -

PINC1 (serpin peptidase ihibitor, clade C (antithrombin),
member 1), F8 (coagulation factor VIII, procoagulant com-
ponent), HMOX1 (heme oxygenase (decycling) 1), APOC3
(apolipoprotein C-I1I), IL8 (interleukin 8), PROK1 (proki-
neticin 1), CBS (cystathionine-beta-synthase), NOS2 (nitric
oxide synthase 2, inducible), TLR4 (toll-like receptor 4),
SELP (selectin P (granule membrane protein 140 kDa,
antigen CD62)), ABCA1 (ATP-binding cassette, sub-family
A (ABC1), member 1), AGT (angiotensinogen (serpin pep-
tidase inhibitor, clade A, member 8)), LDLR (low density
lipoprotein receptor), GPT (glutamic-pyruvate transaminase
(alanine aminotransferase)), VEGFA (vascular endothelial
growth factor A), NR3C2 (nuclear receptor subfamily 3,
group C, member 2), IL18 (interleukin 18 (interferon-
gamma-inducing factor)), NOS1 (nitric oxide synthase 1
(neuronal)), NR3C1 (nuclear receptor subfamily 3, group C,
member 1 (glucocorticoid receptor)), FGB (fibrinogen beta
chain), HGF (hepatocyte growth factor (hepapoietin A;
scatter factor)), IL1A (interleukin 1, alpha), RETN (resistin),
AKT1 (v-akt murine thymoma viral oncogene homolog 1),
LIPC (lipase, hepatic), HSPD1 (heat shock 60 kDa protein
1 (chaperonin)), MAPKI14 (mitogen-activated protein
kinase 14), SPP1 (secreted phosphoprotein 1), ITGB3 (inte-
orin, beta 3 (platelet glycoprotein 111a, antigen CD61)),
CAT (catalase), UTS2 (urotensin 2), THBD (thrombomodu-
lin), F10 (coagulation factor X), CP (ceruloplasmin (ferroxi-
dase)), TNFRSF11B (tumor necrosis factor receptor super-
family, 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, mem-
ber D), MAPKS (mitogen-activated protein kinase 8), MYC
(v-myc myelocytomatosis viral oncogene homolog (avian)),
FN1 (fibronectin 1), CMAI1 (chymase 1, mast cell), PLAU

(plasminogen activator, urokinase), GNB3 (guanine nucleo-
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tide binding protein (G protein), beta polypeptide 3),
ADRB2 (adrenergic, beta-2-, receptor, surface), APOAS
(apolipoprotein A-V), SOD2 (superoxide dismutase 2, mito-
chondrial), F5 (coagulation factor V (proaccelerin, labile
factor)), VDR (vitamin D (1,25-dihydroxyvitamin D3)
receptor), ALOXS (arachidonate 5-lipoxygenase), HLA-
DRB1 (major histocompatibility complex, class 11, DR beta
1), PARP1 (poly (ADP-nbose) polymerase 1), CD40LG
(CD40 ligand), PON2 (paraoxonase 2), AGER (advanced
glycosylation end product-specific receptor), IRS1 (insulin
receptor substrate 1), PTGS1 (prostaglandin-endoperoxide
synthase 1 (prostaglandin G/H synthase and cyclooxy-
genase)), ECE1 (endothelin converting enzyme 1), F7 (co-
agulation factor VII (serum prothrombin conversion accel-
crator)), URN (interleukin 1 receptor antagonist), EPHX?2
(epoxide hydrolase 2, cytoplasmic), IGFBP1 (insulin-like
growth factor binding protein 1), MAPK10 (mitogen-acti-
vated protemn kinase 10), FAS (Fas (TNF receptor super-
family, member 6)), ABCB1 (ATP-binding cassette, sub-
family B (MDR/TAP), member 1), JUN (Jjun oncogene),
IGFBP3 (insulin-like growth factor binding protein 3),
CD14 (CD14 molecule), PDESA (phosphodiesterase 5A,
cGMP-specific), AGTR2 (angiotensin II receptor, type 2),
CD40 (CD40 molecule, TNF receptor supertamily member
5), LCAT (lecithin-cholesterol acyltransierase), CCR5
(chemokine (C-C motif) receptor 5), MMPI1 (matrix metal-
lopeptidase 1 (interstitial collagenase)), TIMP1 (TIMP met-
allopeptidase inhibitor 1), ADM (adrenomedullin), DYT10
(dystomia 10), STAT3 (signal transducer and activator of
transcription 3 (acute-phase response factor)), MMP3 (ma-
trix metallopeptidase 3 (stromelysin 1, progelatinase)), ELN
(elastin), USF1 (upstream transcription factor 1), CFH
(complement factor H), HSPA4 (heat shock 70 kDa protein
4), MMP12 (matrix metallopeptidase 12 (macrophage
clastase)), MME (membrane metallo-endopeptidase), F2R
(coagulation factor II (thrombin) receptor), SELL (selectin
L), CTSB (cathepsin B), ANXAS (annexin AS), ADRBI
(adrenergic, beta-1-, receptor), CYBA (cytochrome b-243,
alpha polypeptide), FGA (fibrinogen alpha chain), GGT1
(gamma-glutamyltransierase 1), LIPG (lipase, endothelial),
HIF1A (hypoxia inducible factor 1, alpha subunit (basic
helix-loop-helix transcription factor)), CXCR4 (chemokine
(C-X-C motit) receptor 4), PROC (protein C (inactivator of
coagulation factors Va and VIlla)), SCARBI1 (scavenger
receptor class B, member 1), CD79A (CD79a molecule,
immunoglobulin-associated alpha), PLITP (phospholipid
transier protein), ADDI1 (adducin 1 (alpha)), FGG (fibrino-
gen gamma chain), SAA1 (serum amyloid Al), KCNH2
(potassium voltage-gated channel, subfamily H (eag-re-
lated), member 2), DPP4 (dipeptidyl-peptidase 4), G6PD
(glucose-6-phosphate dehydrogenase), NPR1 (natriuretic

peptide receptor A/guanylate cyclase A (atrionatriuretic pep-
tide receptor A)), VIN (vitronectin), KIAAQ10I

(KIAAO0101), FOS (FBJ] murine osteosarcoma viral onco-
gene homolog), TLR2 (toll-like receptor 2), PPIG (pepti-
dylprolyl 1somerase G (cyclophilin G)), IL1R1 (interleukin
1 receptor, type 1), AR (androgen receptor), CYP1A1 (cy-
tochrome P450, family 1, subfamily A, polypeptide 1),
SERPINA1 (serpin peptldase inhibitor, clade A (alpha-1
antiproteinase, antitrypsin), member 1), MTR (5-methyltet-
rahydrofolate-homocysteine methyltransierase), RBP4 (reti-

nol binding protein 4, plasma), APOA4 (apolipoprotein
A-1V), CDKN2A (cyclin-dependent kinase inhibitor 2A

(melanoma, p16, mhibits CDK4)), FGEF2 (fibroblast growth
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tactor 2 (basic)), EDNRB (endothelin receptor type B),
I'TGAZ2 (integrin, alpha 2 (CD49B, alpha 2 subunit of VL A-2
receptor)), CABIN1 (calcineurin binding protein 1), SHBG
(sex hormone-binding globulin), HMGB1 (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), GJA1 (gap
junction protein, alpha 1, 43 kDa), CAV1 (caveolin 1,
caveolae protein, 22 kDa), ESR2 (estrogen receptor 2 (ER
beta)), LTA (lymphotoxin alpha (TNF superfamily, member
1)), GDF15 (growth differentiation factor 15), BDNF (brain-
derived neurotrophic factor), CYP2D6 (cytochrome P450,
family 2, subfamily D, polypeptide 6), NGF (nerve growth
factor (beta polypeptide)), SP1 (Spl transcription factor),
TGIF1 (TGFB-induced factor homeobox 1), SRC (v-src
sarcoma (Schmidt-Ruppin A-2) viral oncogene homolog
(avian)), EGF (epidermal growth factor (beta-urogastrone)),
PIK3CG (phosphoinositide-3-kinase, catalytic, gamma
polypeptide), HLA-A (major histocompatibility complex,
class I, A), KCNQI1 (potassium voltage-gated channel, KQT-
like subfamily, member 1), CNR1 (cannabinoid receptor 1
(brain)), FBN1 (fibrillin 1), CHKA (choline kinase alpha),
BEST1 (bestrophin 1), APP (amyloid beta (A4) precursor
protein), CI'NNBI1 (catenin (cadherin-associated protein),
beta 1, 88 kDa), IL2 (interleukin 2), CD36 (CD36 molecule
(thrombospondin receptor)), PRKABI1 (protein kinase,
AMP-activated, beta 1 non-catalytic subunit), TPO (thyroid
peroxidase), ALDH7A1 (aldehyde dehydrogenase 7 family,
member Al), CX3CR1 (chemokine (C-X3-C motif) receptor
1), TH (tyrosine hydroxylase), F9 (coagulation factor 1X),
GHI1 (growth hormone 1), TF (transferrin), HFE (hemochro-
matosis), IL17A (interleukin 17A), PTEN (phosphatase and
tensin homolog), GSTMI1 (glutathione S-transierase mu 1),
DMD (dystrophin), GATA4 (GATA binding protein 4),
F13A1 (coagulation factor XIII, Al polypeptide), TIR
(transthyretin), FABP4 (fatty acid binding protein 4, adipo-
cyte), PON3 (paraoxonase 3), APOCI1 (apolipoprotein C-I),
INSR (insulin receptor), TNFRSF1B (tumor necrosis factor
receptor superfamily, member 1), HTR2A (5-hydroxytrypt-
amine (serotonin) receptor 2A), CSF3 (colony stimulating
tactor 3 (granulocyte)), CYP2C9 (cytochrome P4350, family
2, subfamily C, polypeptide 9), TXN (thioredoxin),
CYP11B2 (cytochrome P450, family 11, subfamily B, poly-
peptide 2), PTH (parathyroid hormone), CSF2 (colony
stimulating factor 2 (granulocyte-macrophage)), KDR (ki-

nase isert domain receptor (a type III receptor tyrosine

kinase)), PLA2G2A (phospholipase A2, group IIA (platelets,
synovial fluid)), B2ZM (beta-2-microglobulin), THBSI
(thrombospondin 1), GCG (glucagon), RHOA (ras homolog
gene family, member A), ALDH?2 (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)-like 2), NOTCHI1 (Notch homolog 1, translocation-asso-
ciated (Drosophila)), UGT1A1 (UDP glucuronosyltransier-
ase 1 family, polypeptide Al), IFNAI1 (interferon, alpha 1),
PPARD (peroxisome proliferator-activated receptor delta),
SIRT1 (sirtuin (silent mating type information regulation 2
homolog) 1 (S. cerevisiae)), GNRHI1 (gonadotropin-releas-
ing hormone 1 (lutetmzing-releasing hormone)), PAPPA
(pregnancy-associated plasma protein A, pappalysin 1),
ARR3 (arrestin 3, retinal (X-arrestin)), NPPC (natriuretic
peptide precursor C), AHSP (alpha hemoglobin stabilizing
protein), PTK2 (PTK2 protein tyrosine kinase 2), IL13
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(interleukin 13), MTOR (mechanistic target of rapamycin
(serine/threonine kinase)), ITGB2 (integrin, beta 2 (comple-
ment component 3 receptor 3 and 4 subunit)), GSTTI
(glutathione S-transierase theta 1), IL6ST (interleukin 6
signal transducer (gpl30, oncostatin M receptor)), CPB2

(carboxypeptidase B2 (plasma)), CYPI1A2 (cytochrome
P450, family 1, subfamily A, polypeptide 2), HNF4 A (hepa-
tocyte nuclear factor 4, alpha), SLC6A4 (solute carrier

family 6 (neurotransmitter transporter, serotonin), member
4), PLA2G6 (phospholipase A2, group VI (cytosolic, cal-
cium-independent)), TNFSF11 (tumor necrosis factor (li-
gand) superfamily, member 11), SLC8A1 (solute carrier
family 8 (sodium/calcium exchanger), member 1), F2RL1
(coagulation factor II (thrombin) receptor-like 1), AKR1A1l
(aldo-keto reductase family 1, member Al (aldehyde
reductase)), ALDHO9A1 (aldehyde dehydrogenase 9 family,
member Al), BGLAP (bone gamma-carboxyglutamate (gla)
protein), MTTP (microsomal triglyceride transier protein),
MTRR (5-methyltetrahydrofolate-homocysteine methyl-
transierase reductase), SULT1A3 (sulifotransierase family,
cytosolic, 1A, phenol-preferring, member 3), RAGE (renal
tumor antigen), C4B (complement component 4B (Chido
blood group), P2ZRY 12 (purinergic receptor P2Y, G-protein
coupled, 12), RNLS (renalase, FAD-dependent amine oxi-
dase), CREB1 (cAMP responsive element binding protein
1), POMC (proopiomelanocortin), RAC1 (ras-related C3
botulinum toxin substrate 1 (rho family, small GTP binding
protein Racl)), LMNA (lamin NC), CD59 (CD59 molecule,
complement regulatory protein), SCN5A (sodium channel,
voltage-gated, type V, alpha subunit), CYP1B1 (cytochrome
P450, family 1, subfamily B, polypeptide 1), MIF (macro-
phage migration inhibitory factor (glycosylation-inhibiting
factor)), MMP13 (matrix metallopeptidase 13 (collagenase
3)), TITMP2 (TITMP metallopeptidase inhibitor 2),
CYP19A1 (cytochrome P4350, family 19, subfamily A, poly-
peptide 1), CYP21A2 (cytochrome P450, family 21, sub-
family A, polypeptide 2), PIPN22 (protein tyrosine phos-
phatase, non-receptor type 22 (lymphoid)), MYHI14
(myosin, heavy chain 14, non-muscle), MBL2 (mannose-
binding lectin (protein C) 2, soluble (opsonic defect)),
SELPLG (selectin P ligand), AOC3 (amine oxidase, copper
containing 3 (vascular adhesion protein 1)), CTSL1 (cathe-
psin LL1), PCNA (proliferating cell nuclear antigen), 1GF2
(insulin-like growth factor 2 (somatomedin A)), ITGBI
(integrin, beta 1 (fibronectin receptor, beta polypeptide,
antigen CD29 includes MDF2, MSK12)), CAST (calpasta-
tin), CXCL12 (chemokine (C-X-C motil) ligand 12 (stromal
cell-derived factor 1)), IGHE (immunoglobulin heavy con-
stant epsilon), KCNE1 (potassium voltage-gated channel,
Isk-related family, member 1), TFRC (transferrin receptor
(p90, CD71)), COL1A1 (collagen, type 1, alpha 1), COL1A2
(collagen, type 1, alpha 2), IL2RB (interleukin 2 receptor,
beta), PLA2G10 (phospholipase A2, group X), ANGPT2
(angiopoietin 2), PROCR (protein C receptor, endothelial
(EPCR)), NOX4 (NADPH oxidase 4), HAMP (hepcidin
antimicrobial peptide), PTPN11 (protein tyrosine phos-
phatase, non-receptor type 11), SLC2A1 (solute carrier
tamily 2 (facilitated glucose transporter), member 1), IL2RA
(interleukin 2 receptor, alpha), CCLS (chemokine (C-C
motif) ligand 5), IRF1 (interferon regulatory factor 1),
CFLAR (CASP8 and FADD-like apoptosis regulator),
CALCA (calcitonin-related polypeptide alpha), EIF4E (eu-
karyotic translation inmitiation factor 4E), GSTP1 (gluta-
thione S-transferase p1 1), JAK2 (Janus kinase 2), CYP3AS5
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(cytochrome P450, family 3, subfamily A, polypeptide 3),
HSPG2 (heparan sulfate proteoglycan 2), CCL3 (chemokine
(C-C motil) ligand 3), MYDR88 (myeloid differentiation

primary response gene (88)), VIP (vasoactive intestinal
peptide), SOAT1 (sterol O-acyltransierase 1), ADRBKI

(adrenergic, beta, receptor kinase 1), NR4A?2 (nuclear recep-
tor subfamily 4, group A, member 2), MMP8 (matrix
metallopeptidase 8 (neutrophil collagenase)), NPR2 (natri-
uretic peptide receptor B/guanylate cyclase B (atrionatri-
uretic peptide receptor B)), GCH1 (GTP cyclohydrolase 1),
EPRS (glutamyl-prolyl-tRNA synthetase), PPARGCIA

(peroxisome proliferator-activated receptor gamma, coacti-
vator 1 alpha), F12 (coagulation factor XII (Hageman fac-
tor)), PECAMI (platelet/endothelial cell adhesion mol-
ecule), CCL4 (chemokine (C-C motil) ligand 4), SERPINA3
(serpin peptidase mhibitor, clade A (alpha-1 antiproteinase,
antitrypsin), member 3), CASR (calcium-sensing receptor),
GJAS (gap junction protein, alpha 5, 40 kDa), FABP2 ({atty
acid binding protein 2, intestinal), TTF2 (transcription ter-
mination factor, RNA polymerase II), PROSI (protein S
(alpha)), CTF1 (cardiotrophin 1), SGCB (sarcoglycan, beta
(43 kDa dystrophin-associated glycoproten)), YMEILI1
(YMEIl-like 1 (S. cerevisiae)), CAMP (cathelicidin antimi-
crobial peptide), ZC3H12A (zinc finger CCCH-type con-
taining 12A), AKR1B1 (aldo-keto reductase family 1, mem-
ber B1 (aldose reductase)), DES (desmin), MMP7 (matrlx
metallopeptidase 7 (matrilysin, uterine)), AHR (aryl hydro-
carbon receptor), CSF1 (colony stimulating factor 1 (mac-
rophage)), HDACO (histone deacetylase 9), C1 GF (connec-
tive tissue growth {factor), KCNMAI1 (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
response 1), PRL (prolactin), IL15 (interleukin 135), DRD4
(dopamine receptor D4), CAMK2G (calctum/calmodulin-
dependent protein kinase II gamma), SLC22A2 (solute
carrier family 22 (organic cation transporter), member 2),
CCL11 (chemokine (C-C motif) hgand 11), PGF (B321
placental growth factor), THPO (thrombopoietin), GP6 (gly-
coprotein VI (platelet)), TACRI1 (tachykinin receptor 1),
NTS (neurotensin), HNFI1IA (HNF1 homeobox A), SST
(somatostatin), KCNDI1 (potassium voltage-gated channel,
Shal-related subfamily, member 1), LOC64662°7 (phospho-
lipase inhibitor), TBXASI (thromboxane A synthase 1
(platelet)), CYP2I2 (cytochrome P4350, family 2, subfamily
I, polypeptide 2), TBXA2R (thromboxane A2 receptor),
ADHIC (alcohol dehydrogenase 1C (class I), gamma poly-
peptide), ALOX12 (arachidonate 12-lipoxygenase), AHSG
(alpha-2-HS-glycoprotein), BHMT (betaine-homocysteine
methyltransierase), GJA4 (gap junction protein, alpha 4, 37
kDa), SLC25A4 (solute carrier family 25 (mitochondrial
carrier; adenine nucleotide translocator), member 4), ACLY
(ATP citrate lyase), ALOXS5AP (arachidonate 5-lipoxy-
genase-activating protein), NUMAT1 (nuclear mitotic appa-
ratus protemn 1), CYP27B1 (cytochrome P450, family 27,
subfamily B, polypeptide 1), CYSLTR2 (cysteinyl leukot-
riene receptor 2), SOD3 (superoxide dismutase 3, extracel-
lular), LTC4S (leukotriene C4 synthase), UCN (urocortin),
GHRL (ghrelin/obestatin prepropeptide), APOC2 (apolipo-
protein C-II), CLEC4A (C-type lectin domain family 4,
member A), KBTBDI10 (kelch repeat and BTB (POZ)
domain containing 10), TNC (tenascin C), TYMS (thymudy-
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late synthetase), SHCI (SHC (Src¢ homology 2 domain
containing) transforming proten 1), LRP1 (low density
lipoprotein receptor-related protein 1), SOCS3 (suppressor

of cytokine signaling 3), ADHIB (alcohol dehydrogenase
1B (class I), beta polypeptide), KLLK3 (kallikrein-related

peptidase 3), HSD11B1 (hydroxysteroid (11-beta) dehydro-

genase 1), VKORCI (vitamin K epoxide reductase complex,

subunit 1), SERPINB2 (serpin peptidase inhibitor, clade B
(ovalbumin), member 2), TNS1 (tensin 1), RNF19A (ring
finger protein 19A), EPOR (erythropoietin receptor),
ITGAM (integrin, alpha M (complement component 3
receptor 3 subunit)), PITX2 (paired-like homeodomain 2),
MAPK7 (mitogen-activated protein kinase 7), FCGR3A (Fc
fragment of IgG, low afthmty 111la, receptor (CD16a)),
LEPR (leptin receptor), ENG (endoglin), GPX1 (glutathione
peroxidase 1), GOT2 (glutamic-oxaloacetic transaminase 2,
mitochondral (aspartate aminotransierase 2)), HRH1 (his-
tamine receptor H1), NR112 (nuclear receptor subfamily 1,
group I, member 2), CRH (corticotropin releasing hormone),
HTR1A (3-hydroxytryptamine (serotonin) receptor 1A),
VDACI] (voltage-dependent anion channel 1), HPSE (hepa-
ranase), SF'TPD (surfactant protein D), TAP2 (transporter 2,
ATP-binding cassette, sub-family B (MDR/TAP)), RNF123
(ring finger protein 123), PTK2B (PTK2B protein tyrosine
kinase 2 beta), NTRK?2 (neurotrophic tyrosine Kinase, recep-
tor, type 2), IL6R (interleukin 6 receptor), ACHE (acetyl-
cholinesterase (Yt blood group)), GLP1R (glucagon-like
peptide 1 receptor), GHR (growth hormone receptor), GSR
(glutathione reductase), NQO1 (NAD(P)H dehydrogenase,
quinone 1), NR5A1 (nuclear receptor subfamily 5, group A,
member 1), GIB2 (gap junction protein, beta 2, 26 kDa),
SLC9A1 (solute carner family 9 (sodium/hydrogen
exchanger), member 1), MAOA (monoamine oxidase A),
PCSK9 (proprotein convertase subtilisin‘kexin type 9),
FCGR2Z2A (Fc¢ fragment of IgG, low afhinity Ila, receptor
(CD32)), SERPINF1 (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 (sphin-
gomyelin phosphodiesterase 1, acid lysosomal), UCP2 (un-
coupling protein 2 (mitochondnal, proton carrier)), TFAP2A
(transcription factor AP-2 alpha (activating enhancer bind-
ing protein 2 alpha)), C4BPA (complement component 4
binding protein, alpha), SERPINF2 (serpin peptidase inhibi-
tor, clade F (alpha-2 antiplasmin, pigment epithelium
derived factor), member 2), TYMP (thymidine phosphory-
lase), ALPP (alkaline phosphatase, placental (Regan
1sozyme)), CXCR2 (chemokine (C-X-C motil) receptor 2),
SLC39A3 (solute carrier family 39 (zinc transporter), mem-
ber 3), ABCG2 (ATP-binding cassette, sub-family G
(WHITE), member 2), ADA (adenosine deaminase), JAK?3
(Janus kinase 3), HSPA1A (heat shock 70 kDa protem 1A),
FASN (fatty acid synthase), FGF1 (fibroblast growth factor
1 (acidic)), F11 (coagulation factor XI), ATP7A (ATl Pase,
Cu++ transporting, alpha polypeptide), CR1 (complement
component (3b/4b) receptor 1 (Knops blood group)), GFAP
(glhial fibrillary acidic protein), ROCK1 (Rho-associated,
colled-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 (peroxiredoxin 3),
ADORAI1 (adenosine Al receptor), WRN (Werner syn-
drome, RecQ helicase-like), CXCR3 (chemokine (C-X-C
motif) receptor 3), CD81 (CD81 molecule), SMAD7/
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(SMAD family member 7), LAMC2 (laminin, gamma 2),
MAP3K5 (mitogen-activated protein kinase 5), CHGA
(chromogranin A (parathyroid secretory protein 1)), IAPP
(1slet amyloid polypeptide), RHO (rhodopsin), ENPP1 (ec-
tonucleotide pyrophosphatase/phosphodiesterase 1),

PTHLH (parathyroid hormone-like hormone), NRG1 (neu-
regulin 1), VEGFC (vascular endothelial growth factor C),
ENPEP (glutamyl aminopeptidase (aminopeptidase A)),
CEBPB (CCAAT/enhancer binding protein (C/EBP), beta),
NAGLU (N-acetylglucosaminidase, alpha-), F2RL3 (coagu-
lation {factor II (thrombin) receptor-like 3), CX3CLI1
(chemokine (C-X3-C motif) ligand 1), BDKRBI1 (bradyki-
nin receptor Bl), ADAMTS13 (ADAM metallopeptidase
with thrombospondin type 1 motif, 13), ELANE (elastase,
neutrophil expressed), ENPP2 (ectonucleotide pyrophos-
phatase/phosphodiesterase 2), CISH (cytokine inducible
SH2-contaiming protein), GAST (gastrin), MYOC (myoci-
lin, ftrabecular meshwork 1nducible glucocorticoid
response), ATP1A2 (ATPase, Na+/K+ transporting, alpha 2
polypeptide), NF1 (neurofibromin 1), GIB1 (gap junction
protein, beta 1, 32 kDa), MEF2A (myocyte enhancer factor
2A), VCL (vinculin), BMPR2 (bone morphogenetic protein
receptor, type Il (serine/threonine kinase)), TUBB (tubulin,
beta), CDC42 (cell division cycle 42 (GTP binding protein,
25 kDa)), KRT18 (keratin 18), HSF1 (heat shock transcrip-
tion factor 1), MYB (v-myb myeloblastosis viral oncogene
homolog (avian)), PRKAA2 (protein kinase, AMP-acti-
vated, alpha 2 catalytic subunit), ROCK2 (Rho-associated,
colled-coil contaiming protein kinase 2), TFPI (tissue factor
pathway 1nhibitor (lipoprotein-associated coagulation
inhibitor)), PRKGI1 (protein kinase, cGMP-dependent, type
I), BMP2 (bone morphogenetic protein 2), CITNNDI
(catenin (cadherin-associated protein), delta 1), CTH (cys-
tathionase (cystathionine gamma-lyase)), C1SS (cathepsin
S), VAV2 (vav 2 guanine nucleotide exchange factor),
NPY2R (neuropeptide Y receptor Y2), IGFBP2 (insulin-like
growth factor binding protein 2, 36 kDa), CD28 (CD28
molecule), GSTAI (glutathione S-transierase alpha 1), PPIA
(peptidylprolyl 1somerase A (cyclophilin A)), APOH (apo-
lipoprotein H (beta-2-glycoprotein 1)), SI00A8 (S100 cal-
cium binding protein AS8), IL11 (interleukin 11), ALOX15
(arachidonate 13-lipoxygenase), FBLN1 (fibulin 1), NR1H3
(nuclear receptor subfamily 1, group H, member 3), SCD
(stearoyl-CoA desaturase (delta-9-desaturase)), GIP (gastric
inhibitory polypeptide), CHGB (chromogranin B (secre-
togranin 1)), PRKCB (protein kinase C, beta), SRD5AI
(steroid-5-alpha-reductase, alpha polypeptide 1 (3-0x0-5
alpha-steroid delta 4-dehydrogenase alpha 1)), HSD11B2
(hydroxysteroid (11-beta) dehydrogenase 2), CALCRL (cal-
citonin receptor-like), GALNT2 (UDP-N-acetyl-alpha-D-
galactosamine.polypeptide N-acetylgalactosaminyltransier-
ase 2 (GalNAc-T2)), ANGPTL4 (angiopoictin-like 4),
KCNN4 (potassium 1ntermediate/small conductance cal-
cium-activated channel, subfamily N, member 4), PIK3C2A
(phosphoinositide-3-kinase, class 2, alpha polypeptide),
HBEGF (heparin-binding EGF-like growth {factor),
CYP7A1 (cytochrome P450, family 7, subfamily A, poly-
peptide 1), HLA-DRB5S (major histocompatibility complex,
class II, DR beta 5), BNIP3 (BCL2/adenovirus E1B 19 kDa
interacting protein 3), GCKR (glucokinase (hexokinase 4)
regulator), SI00A12 (S100 calctum binding protein Al2),
PADI4 (peptidyl arginine deiminase, type 1V), HSPA14
(heat shock 70 kDa protein 14), CXCR1 (chemokine
(C-X-C motit) receptor 1), H19 (H19, imprinted maternally
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expressed transcript (non-protein coding)), KRTAP19-3
(keratin associated protein 19-3), IDDM2 (insulin-depen-
dent diabetes mellitus 2), RAC2 (ras-related C3 botulinum

toxin substrate 2 (rho family, small GTP binding protein
Rac2)), RYR1 (ryanodine receptor 1 (skeletal)), CLOCK

(clock homolog (mouse)), NGFR (nerve growth factor
receptor (INFR 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-acti-

vated, gamma 2 non-catalytic subunit), CHAT (choline
acetyltransferase), PTGDS (prostaglandin D2 synthase 21
kDa (brain)), NR1H2 (nuclear receptor subfamily 1, group
H, member 2), TEK (TEK tyrosine kinase, endothelial),
VEGFB (vascular endothelial growth factor B), MEF2C
(myocyte enhancer factor 2C), MAPKAPK?2 (mitogen-acti-
vated protein Kkinase-activated protein kinase 2),
TNFRSF11A (tumor necrosis factor receptor superiamily,
member 11a, NFKB activator), HSPA9 (heat shock 70 kDa
protein 9 (mortalin)), CYSLTR1 (cysteinyl leukotriene
receptor 1), MAT1A (methionine adenosyltransierase 1,
alpha), OPRL1 (opiate receptor-like 1), IMPA1 (inositol
(myo)-1(or 4)-monophosphatase 1), CLCN2 (chloride chan-
nel 2), DLD (dihydrolipoamide dehydrogenase), PSMAG6
(proteasome (prosome, macropain) subunit, alpha type, 6),
PSMBS (proteasome (prosome, macropain) subunit, beta
type, 8 (large multifunctional peptidase 7)), CHI3L1 (chiti-
nase 3-like 1 (cartilage glycoprotein-39)), ALDHI1BI1 (alde-
hyde dehydrogenase 1 family, member B1), PARP2 (poly
(ADP-ribose) polymerase 2), STAR (steroidogenic acute
regulatory protein), LBP (lipopolysaccharide binding pro-
tein), ABCC6 (ATP-binding cassette, sub-family C(CFTR/
MRP), member 6), RGS2 (regulator of G-protein signaling
2, 24 kDa), EFNB2 (ephrin-B2), GIJB6 (gap junction pro-
tein, beta 6, 30 kDa), APOA2 (apolipoprotein A-11), AMPD1
(adenosine monophosphate deaminase 1), DYSF (dysterlin,

limb girdle muscular dystrophy 2B (autosomal recessive)),
FDFT1 (farnesyl-diphosphate farnesyltransterase 1), EDN2

(endothelin 2), CCR6 (chemokine (C-C motil) receptor 6),
GJB3 (gap junction protein, beta 3, 31 kDa), IL1IRLI1
(interleukin 1 receptor-like 1), ENTPDI1 (ectonucleoside
triphosphate diphosphohydrolase 1), BBS4 (Bardet-Biedl
syndrome 4), CELSR2 (cadherin, EGF LAG seven-pass

G-type receptor 2 (flamingo homolog, Drosophila)), F11R
(F11 receptor), RAPGEF3 (Rap guanine nucleotide

exchange factor (GEF) 3), HYAL]1 (hyaluronoglucosamini-
dase 1), ZNF239 (zinc finger protein 259), ATOX1 (ATX1
antioxidant protein 1 homolog (yeast)), ATF6 (activating
transcription factor 6), KHK (ketohexokinase (fructoki-
nase)), SAT1 (spermidine/spermine N1-acetyltransierase 1),
GGH (gamma-glutamyl hydrolase (conjugase, folylpolyg-
ammaglutamyl hydrolase)), TIMP4 (TIMP metallopeptidase
inhibitor 4), SLC4A4 (solute carrier family 4, sodium bicar-
bonate cotransporter, member 4), PDE2A (phosphodies-
terase 2A, cGMP-stimulated), PDE3B (phosphodiesterase
3B, cGMP-inhibited), FADS1 (fatty acid desaturase 1),
FADS2 (fatty acid desaturase 2), TMSB4X (thymosin beta
4, X-linked), TXNIP (thioredoxin interacting protein),
LIMS]1 (LIM and senescent cell antigen-like domains 1),
RHOB (ras homolog gene family, member B), LY96 (lym-
phocyte antigen 96), FOXO1 (forkhead box O1), PNPLA2
(patatin-like phospholipase domain containing 2), TRH
(thyrotropin-releasing hormone), GJC1 (gap junction pro-
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tein, gamma 1, 45 kDa), SLC17A5 (solute carrier family 17
(anion/sugar transporter), member 5), FTO (fat mass and
obesity associated), GJD2 (gap junction protein, delta 2, 36
kDa), PSRCI1 (proline/serine-rich coiled-coil 1), CASP12
(caspase 12 (gene/pseudogene)), GPBARI1 (G protein-
coupled bile acid receptor 1), PXK (PX domain containing

serine/threomine kinase), IL33 (interleukin 33), TRIBI
(tribbles homolog 1 (Drosophila)), PBX4 (pre-B-cell leu-
kemia homeobox 4), NUPRI1 (nuclear protein, transcrip-
tional regulator, 1), 15-September (15 kDa selenoprotein),
CILP2 (cartilage intermediate layer protein 2), TERC (telo-
merase RNA component), GG12 (gamma-glutamyltransier-
ase 2), MT-CO1 (mitochondrially encoded cytochrome c
oxidase I), and UOX (urate oxidase, pseudogene). In an
additional embodiment, the chromosomal sequence may
turther be selected from Ponl (paraoxonase 1), LDLR (LDL
receptor), ApoE (Apolipoprotein E), Apo B-100 (Apolipo-
protein B-100), ApoA (Apolipoprotein(a)), ApoAl (Apoli-
poprotein Al), CBS (Cystathionine B-synthase), Glycopro-
tein IIb/IIb, MTHRF (5,10-methylenetetrahydrofolate
reductase (NADPH), and combinations thereot. In one itera-
tion, the chromosomal sequences and proteins encoded by
chromosomal sequences mvolved 1n cardiovascular disease
may be chosen from CacnalC, Sodl, Pten, Ppar(alpha), Apo
E, Leptin, and combinations thereof. The text herein accord-
ingly provides exemplary targets as to CRISPR or CRISPR-
Cas systems or complexes.

OTHER EXAMPLE EMBODIMENTS

[0106] FIG. 9 depicts a computing machine 2000 and a
module 2050 1n accordance with certain example embodi-
ments. The computing machine 2000 may correspond to any
of the various computers, servers, mobile devices, embed-
ded systems, or computing systems presented herein. The
module 2050 may comprise one or more hardware or
software elements configured to facilitate the computing
machine 2000 in performing the various methods and pro-
cessing functions presented herein. The computing machine
2000 may include various internal or attached components
such as a processor 2010, system bus 2020, system memory
2030, storage media 2040, input/output interface 2060, and
a network interface 2070 for communicating with a network
2080.

[0107] The computing machine 2000 may be implemented
as a conventional computer system, an embedded controller,
a laptop, a server, a mobile device, a smartphone, a set-top
box, a kiosk, a vehicular information system, one more
processors associated with a television, a customized
machine, any other hardware platiorm, or any combination
or multiplicity thereof. The computing machine 2000 may
be a distributed system configured to function using multiple
computing machines interconnected via a data network or
bus system.

[0108] The processor 2010 may be configured to execute
code or 1structions to pertorm the operations and function-
ality described herein, manage request flow and address
mappings, and to perform calculations and generate com-
mands. The processor 2010 may be configured to monitor
and control the operation of the components in the comput-
ing machine 2000. The processor 2010 may be a general
PUrpose processor, a processor core, a multiprocessor, a
reconiigurable processor, a microcontroller, a digital signal
processor (“DSP”), an application specific integrated circuit
(“ASIC”), a graphics processing unit (“GPU”), a field pro-
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grammable gate array (“FPGA”), a programmable logic
device (“PLD”), a controller, a state machine, gated logic,
discrete hardware components, any other processing unit, or
any combination or multiplicity thereof. The processor 2010
may be a single processing unit, multiple processing units,
a single processing core, multiple processing cores, special
pUrpose processing cores, Co-processors, or any combina-
tion thereol. According to certain embodiments, the proces-
sor 2010 along with other components of the computing
machine 2000 may be a virtualized computing machine
executing within one or more other computing machines.

[0109] The system memory 2030 may include non-vola-
tile memories such as read-only memory (“ROM™), pro-
grammable read-only memory (“PROM”), erasable pro-
grammable read-only memory (“EPROM™), tflash memory,
or any other device capable of storing program instructions
or data with or without applied power. The system memory
2030 may also include volatile memories such as random
access memory (“RAM™), static random access memory
(“SRAM?”), dynamic random access memory (“DRAM”),
and synchronous dynamic random access memory
(“SDRAM?”). Other types of RAM also may be used to
implement the system memory 2030. The system memory
2030 may be implemented using a single memory module or
multiple memory modules. While the system memory 2030
1s depicted as being part of the computing machine 2000,
one skilled in the art will recognize that the system memory
2030 may be separate from the computing machine 2000
without departing from the scope of the subject technology.
It should also be appreciated that the system memory 2030
may 1nclude, or operate 1n conjunction with, a non-volatile
storage device such as the storage media 2040.

[0110] The storage media 2040 may include a hard disk, a
floppy disk, a compact disc read only memory (“CD-
ROM?”), a digital versatile disc (*DVD”), a Blu-ray disc, a
magnetic tape, a flash memory, other non-volatile memory
device, a solid state drive (“SSD”), any magnetic storage
device, any optical storage device, any electrical storage
device, any semiconductor storage device, any physical-
based storage device, any other data storage device, or any
combination or multiplicity thereof. The storage media 2040
may store one or more operating systems, application pro-
grams and program modules such as module 2050, data, or
any other information. The storage media 2040 may be part
of, or connected to, the computing machine 2000. The
storage media 2040 may also be part of one or more other
computing machines that are 1n communication with the
computing machine 2000 such as servers, database servers,
cloud storage, network attached storage, and so forth.

[0111] The module 2050 may comprise one or more
hardware or software elements configured to facilitate the
computing machine 2000 with performing the various meth-
ods and processing functions presented herein. The module
2050 may include one or more sequences ol instructions
stored as software or firmware 1n association with the system
memory 2030, the storage media 2040, or both. The storage
media 2040 may therefore represent examples of machine or
computer readable media on which instructions or code may
be stored for execution by the processor 2010. Machine or
computer readable media may generally refer to any
medium or media used to provide instructions to the pro-
cessor 2010. Such machine or computer readable media
associated with the module 2050 may comprise a computer
software product. It should be appreciated that a computer
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software product comprising the module 2050 may also be
associated with one or more processes or methods for
delivering the module 2050 to the computing machine 2000
via the network 2080, any signal-bearing medium, or any
other communication or delivery technology. The module
2050 may also comprise hardware circuits or information for
configuring hardware circuits such as microcode or configu-
ration information for an FPGA or other PLD.

[0112] The mput/output (*“I/O”) mnterface 2060 may be

configured to couple to one or more external devices, to
receive data from the one or more external devices, and to
send data to the one or more external devices. Such external
devices along with the various internal devices may also be
known as peripheral devices. The I/O iterface 2060 may
include both electrical and physical connections for operably
coupling the various peripheral devices to the computing
machine 2000 or the processor 2010. The I/O mtertace 2060
may be configured to communicate data, addresses, and
control signals between the peripheral devices, the comput-
ing machine 2000, or the processor 2010. The I/O interface
2060 may be configured to implement any standard inter-
face, such as small computer system interface (“SCSI”),
serial-attached SCSI (*SAS”), fiber channel, peripheral
component interconnect (“PCI”), PCI express (PCle), serial
bus, parallel bus, advanced technology attached (“ATA™),
serial ATA (“SATA”), universal serial bus (“USB”), Thun-
derbolt, FireWire, various video buses, and the like. The I/O
interface 2060 may be configured to implement only one
interface or bus technology. Alternatively, the 1/O interface
2060 may be configured to implement multiple interfaces or
bus technologies. The I/0 interface 2060 may be configured
as part of, all of, or to operate 1n conjunction with, the
system bus 2020. The I/O interface 2060 may include one or
more buflers for buflering transmissions between one or
more external devices, internal devices, the computing
machine 2000, or the processor 2010.

[0113] The I/O mterface 2060 may couple the computing
machine 2000 to various input devices including mice,
touch-screens, scanners, biometric readers, electronic digi-
tizers, sensors, receivers, touchpads, trackballs, cameras,
microphones, keyboards, any other pointing devices, or any
combinations thereof. The I/O interface 2060 may couple
the computing machine 2000 to various output devices
including video displays, speakers, printers, projectors, tac-
tile feedback devices, automation control, robotic compo-
nents, actuators, motors, fans, solenoids, valves, pumps,
transmitters, signal emitters, lights, and so forth.

[0114] The computing machine 2000 may operate 1 a
networked environment using logical connections through
the network intertace 2070 to one or more other systems or
computing machines across the network 2080. The network
2080 may include wide area networks (WAN), local area
networks (LAN), intranets, the Internet, wireless access
networks, wired networks, mobile networks, telephone net-
works, optical networks, or combinations thereof. The net-
work 2080 may be packet switched, circuit switched, of any
topology, and may use any communication protocol. Com-
munication links within the network 2080 may involve
various digital or an analog communication media such as
fiber optic cables, free-space optics, waveguides, electrical
conductors, wireless links, antennas, radio-frequency com-
munications, and so forth.

[0115] The processor 2010 may be connected to the other
clements of the computing machine 2000 or the various
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peripherals discussed herein through the system bus 2020. It
should be appreciated that the system bus 2020 may be
within the processor 2010, outside the processor 2010, or
both. According to some embodiments, any of the processor
2010, the other elements of the computing machine 2000, or
the various peripherals discussed herein may be integrated
into a single device such as a system on chip (*SOC”),
system on package (“SOP”), or ASIC device.

[0116] Embodiments may comprise a computer program
that embodies the functions described and 1llustrated herein,
wherein the computer program 1s implemented 1 a com-
puter system that comprises instructions stored in a
machine-readable medium and a processor that executes the
istructions. However, 1t should be apparent that there could
be many different ways of implementing embodiments in
computer programming, and the embodiments should not be
construed as limited to any one set of computer program
instructions. Further, a skilled programmer would be able to
write such a computer program to implement an embodi-
ment of the disclosed embodiments based on the appended
flow charts and associated description 1n the application text.
Theretfore, disclosure of a particular set of program code
instructions 1s not considered necessary for an adequate
understanding of how to make and use embodiments. Fur-
ther, those skilled 1n the art will appreciate that one or more
aspects of embodiments described herein may be performed
by hardware, software, or a combination thereof, as may be
embodied 1n one or more computing systems. Moreover, any
reference to an act being performed by a computer should
not be construed as being performed by a single computer as
more than one computer may pertorm the act.

[0117] The example embodiments described herein can be
used with computer hardware and software that perform the
methods and processing functions described herein. The
systems, methods, and procedures described herein can be
embodied in a programmable computer, computer-execut-
able software, or digital circuitry. The software can be stored
on computer-readable media. For example, computer-read-
able media can include a tfloppy disk, RAM, ROM, hard
disk, removable media, flash memory, memory stick, optical
media, magneto-optical media, CD-ROM, etc. Digital cir-
cuitry can include integrated circuits, gate arrays, building
block logic, field programmable gate arrays (FPGA), etc.

[0118] The example systems, methods, and acts described
in the embodiments presented previously are illustrative,
and, 1n alternative embodiments, certain acts can be per-
formed 1n a different order, in parallel with one another,
omitted entirely, and/or combined between diflerent
example embodiments, and/or certain additional acts can be
performed, without departing from the scope and spirit of
vartous embodiments. Accordingly, such alternative
embodiments are included 1n the invention claimed herein.

[0119] Although specific embodiments have been
described above in detail, the description 1s merely for
purposes of illustration. It should be appreciated, therefore,
that many aspects described above are not intended as
required or essential elements unless explicitly stated oth-
erwise. Modifications of, and equivalent components or acts
corresponding to, the disclosed aspects of the example
embodiments, in addition to those described above, can be
made by a person of ordinary skill 1n the art, having the
benelit of the present disclosure, without departing from the
spirit and scope of embodiments defined 1n the following
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claims, the scope of which 1s to be accorded the broadest
interpretation so as to encompass such modifications and
equivalent structures.

[0120] Various modifications and variations of the
described methods, pharmaceutical compositions, and kits
of the mvention will be apparent to those skilled 1n the art
without departing from the scope and spirit of the invention.
Although the invention has been described in connection
with specific embodiments, 1t will be understood that it 1s
capable of further modifications and that the invention as
claimed should not be unduly limited to such specific
embodiments. Indeed, wvarious modifications of the
described modes for carrying out the invention that are
obvious to those skilled 1n the art are intended to be within
the scope of the invention. This application 1s 1ntended to
cover any variations, uses, or adaptations of the mvention
following, in general, the principles of the invention and
including such departures from the present disclosure come
within known customary practice within the art to which the
invention pertamns and may be applied to the essential
teatures herein before set forth.

SEQUENCE LISTING

Sequence total quantity: 4

SEQ ID NO: 1 moltype = DNA length = 20

FEATURE Location/Qualifiers
source 1..20
mol type = other DNA
organism = Homo sapilens

SEQUENCE: 1
gccaaattgg acgaccctceyg
SEQ ID NO: 2

moltype = DNA length = 20

FEATURE Location/Qualifiers
source 1..20
mol type = other DNA
organism = Homo sapiens

SEQUENCE : 2
cgaggagacc cccgtttegg
SEQ ID NO: 3

moltype = DNA length = 20

FEATURE Location/Qualifiers
source 1..20
mol type = other DNA
organism = Homo sgapiens

SEQUENCE: 3
ccegecgecg cecgtggetceg
SEQ ID NO: 4

moltype = DNA length = 20

FEATURE Location/Qualifiers
source 1..20
mol type = other DNA
organism = Homo sapilens

SEQUENCE: 4
tgagctctac gagatccaca

What 1s claimed 1s:

1. A computer-implemented method to select a CRISPR-
Cas eflector for use 1n treating one or more disease etiologies
comprising;

by at least one computing device:

classitying a CRISPR locus using an unsupervised
machine learning applied to all or a subset of
CRISPR locus elements as an mnitial set of inputs;

e

ector elements in the

identifying putative novel ¢
CRISPR locus; and
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.

screening each identified putative novel eflector ele-
ment for one or more biological functions 1n a model
of a target disease.

2. The method of claim 1, wherein the one or more
biological functions i1s nuclease activity or DNA binding
activity.

3. The method of claim 1, wherein the one or more
diseases or disease etiologies comprises hematopoietic dis-
orders, ocular defects, cardiovascular diseases, hypercholes-
terolemia, hyperlipidemia, leukemaa.

4. The method of claim 3, wherein the hematopoietic
disorders comprise Severe Combined Immune Deficiency
(SCID).

5. The method of claim 3, wherein the ocular defects
comprise macular degeneration (MD), retinitis pigmentosa
(RP).

6. The method of claim 3, wherein the cardiovascular
diseases comprise high blood pressure, heart attack, heart
tailure, stroke, transient 1schemic attack (TIA).

7. The method of claim 1, wheremn the unsupervised
machine learning comprises hierarchical clustering.

20

20

20

20

8. The method of claim 7, wherein hierarchical clustering
COmprises:
generating, by the at least one computing device and prior
to the classifying step, a preliminary set of CRISPR
locus classes by separating a set of known CRISPR loci
based, at least 1n part, on a sequence similarity and/or
domain similarity between one or more protein ele-

ments of the CRISPR loci:;

generating, by the at least one computing device, a
distance matrix data structure based, at least 1n part, on
cumulative similarities between constituent proteins 1n

each CRISPR locus class; and
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wherein the putative CRISPR loci are classified by apply-
ing the hierarchical clustering model to the distance
matrix.

9. The method of claim 8, wherein the CRISPR loci are
separated based on a domain similarity.

10. The method of claim 9, wherein the domain similarity
1s determined using a hidden Markov model.

11. The method of claim 8, wherein the cumulative

similarities between constitute proteins 1s determined, at
least 1n part, by calculating a Euclidean distance between

each CRISPR locus.

12. The method of claim 1, wherein the unsupervised
clustering model 1s an unsupervised neural network model.

13. The method of claim 12, wherein the unsupervised
neural network model 1s tramned using a set of known
CRISPR loci1 that include spacer and repeat elements of the

known CRISPR loci.

14. The method of claim 1, wherein the one or more
biological functions of the putative novel eflector are
screened for activity against one or more loci associated
with a disease.
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15. The method of claim 14, one or more loci1 are selected
from the group consisting of tumor antigen selected from
human telomerase reverse transcriptase (hTERT), survivin,
mouse double minute 2 homolog (MDM2), cytochrome
P450 1B 1 (CYPIB), HER2/neu, Wilms’ tumor gene 1
(WT1), livin, alphafetoprotein (AFP), carcinoembryonic
antigen (CEA), mucin 16 (MUCI16), MUCI, prostate-spe-
cific membrane antigen (PSMA), p53 or cyclin (DI).

16. The method of claim 14, one or more loci are selected
from the group consisting of B cell maturation antigen
(BCMA), transmembrane activator and CAML Interactor
(TACI), or B-cell activating factor receptor (BAFF-R),
CD19, PD-1, CD38, CDI138, CS-1, CD33, CD26, CD30,
CD53, CD70, CD92, CD100, CDI148, CD130, CD200,

CD261, CD262, or CD362.

17. The method of claim 14, wherein the one or more loci
1s transthyretin (TTR)

18. The method of claim 14, wherein the one or more loci
1s PCSKO9.

19. The method of claim 14, wherein the one or more loci
1s BCL11A.
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