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(57) ABSTRACT

A method of modifying a gene encoding or processed into a
non-coding RNA molecule having no RNA silencing activ-
ity in a eukaryotic cell, with the proviso that said eukaryotic
cell is not a plant cell, is disclosed. The method comprising
introducing into the eukaryotic cell a DNA editing agent
conferring a silencing specificity of said non-coding RNA
molecule towards a target RNA of interest. A method of
modifying a gene encoding or processed into a RNA silenc-
ing molecule to a target RNA in a eukaryotic cell is also
disclosed. Methods of disease prevention and treatment,
methods of inducing cell apoptosis and methods of gener-
ating a eukaryotic non-human organism are also disclosed.
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MODIFYING THE SPECIFICITY OF
NON-CODING RNA MOLECULES FOR
SILENCING GENE EXPRESSION IN
EUKARYOTIC CELLS

FIELD AND BACKGROUND OF THE
INVENTION

[0001] The present invention, in some embodiments
thereof, relates to modifying genes that encode or are
processed into non-coding RNA molecules, including RNA
silencing molecules and, more particularly, but not exclu-
sively, to the use of same for silencing endogenous or
exogenous target RNA of interest in eukaryotic cells which
are not plant cells.

[0002] Among the approximately 25,000 annotated genes
in the human genome, mutations in over 3,000 have already
been linked to disease phenotypes and more disease relevant
genetic variations are being uncovered at a staggeringly
rapid pace. Emerging therapeutic strategies that can modify
nucleic acids within disease-affected cells and tissues have
potential for the treatment of monogenic, highly penetrant
diseases, such as Severe Combined Immunodeficiency
(SCID), hemophilia and certain enzyme deficiencies, owing
to their well-defined genetics and often lack of safe, effective
alternative treatments. Two of the most powerful genetic
therapeutic technologies developed thus far are gene
therapy, which enables restoration of missing gene function
by viral transgene expression, and RNA interference
(RNAI), which mediates repression of defective genes by
knockdown of the target mRNA.

[0003] Gene therapy has been used to successfully treat
monogenic recessive disorders affecting the hematopoietic
system, such as SCID and Wiskott-Aldrich syndrome, by
semi-randomly integrating functional genes into the genome
of hematopoietic stem/progenitor cells [Gaspar et al., Sci.
Transi. Med. (2011) 3: 97ra79; Howe et al., J. Clin. Invest.
(2008) 118: 3143-3150]. RNAi has been used to repress the
function of genes implicated in cancer, age-related macular
degeneration and transthyretin (TTR)-related amyloidosis,
among others in clinical trials. Despite promise and recent
success, gene therapy and RNAi have limitations that pre-
clude their utility for a large number of diseases. For
example, viral gene therapy may cause mutagenesis at the
integration site and result in dysregulated transgene expres-
sion [Howe et al. (2008), supra]. Meanwhile, the use of
RNAI is limited to targets for which gene knockdown is
beneficial. Also, RNAi often cannot fully repress gene
expression due to the transient nature of the delivered
siRNA and the lack of silencing amplification mechanisms
like in plants or nematodes, and is therefore, unlikely to
provide a benefit for diseases in which complete repression
of gene function is necessary for therapy. The current main
obstacle of RNA-based therapeutics is efficient and effective
RNA delivery into cells. Although some delivery agents can
enhance therapeutic RNA endocytosis, only a very small
fraction, less than 0.01%, escapes from the endosomes and
are biologically active [Steven F Dowdy, Nature Biotechnol
(2017) 35, 222-229].

[0004] Recent advances in genome editing techniques
have made it possible to alter DNA sequences in living cells
by editing only a few of the billions of nucleotides in the
cells of human patients. In the past decade, the tools and
expertise for using genome editing in human somatic cells
and pluripotent cells have increased to such an extent that
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the approach is now being developed widely as a strategy to
treat human disease. The fundamental process depends on
creating a site-specific DNA double-strand break (DSB) in
the genome and then allowing the cell’s endogenous DSB
repair machinery to fix the break (such as by non-homolo-
gous end-joining (NHEJ) or homologous recombination
(HR)) in which the latter can allow precise nucleotide
changes to be made to the DNA sequence [Porteus, Annu
Rev Pharmacol Toxicol. (2016) 56:163-90].

[0005] Three primary approaches use mutagenic genome
editing (NHEJ) of cells as potential therapeutics: (a) knock-
ing out functional genetic elements by creating spatially
precise insertions or deletions, (b) creating insertions or
deletions that compensate for underlying frameshift muta-
tions; hence reactivating partly- or non-functional genes,
and (c) creating defined genetic deletions. Although several
different therapeutic applications use editing by NHEJ, the
broadest applications of therapeutic editing will probably
harness genome editing by homologous recombination
(HR), although a rare event is highly accurate as it relies on
a template to copy the correct sequence during the repair
process.

[0006] Currently the four major types of therapeutic appli-
cations to HR-mediated genome editing are: (a) gene cor-
rection (i.e. correction of diseases that are caused by point
mutations in single genes), (b) functional gene correction
(i.e. correction of diseases that are caused by mutations
scattered throughout the gene), (¢) safe harbor gene addition
(i.e. when precise regulation is not required or when supra
physiologic levels of a therapeutic transgene are desired),
and (d) targeted transgene addition (i.e. when precise regu-
lation is required) [Porteus (2016), supra]. Previous work on
genome editing of RNA molecules in various eukaryotic
organisms (e.g. murine, human, shrimp, plants), focused on
knocking-out miRNA gene activity or changing their bind-
ing site in target RNAs, for example:

[0007] With regard to genome editing in human cells,
Jiang et al. [Jiang et al., RNA Biology (2014) 11 (10):
1243-9] used CRISPR/Cas9 to deplete human miR-93 from
a cluster by targeting its 5' region in Hel.a cells. Various
small indels were induced in the targeted region containing
the Drosha processing site (i.e. the position at which Drosha,
a double-stranded RNA-specific RNase Il enzyme, binds,
cleaves and thereby processes primary miRNAs (pri-miR-
NAs) into pre-miRNA in the nucleus of a host cell) and seed
sequences (i.e. the conserved heptametrical sequences
which are essential for the binding of the miRNA to mRNA,
typically situated at positions 2-7 from the miRNA 5'-end).
According to Jiang et al. even a single nucleotide deletion
led to complete knockout of the target miRNA with high
specificity.

[0008] With regard to genome editing in murine species,
Zhao et al. [Zhao et al., Scientific Reports (2014) 4:3943]
provided a miRNA inhibition strategy employing the
CRISPR system in murine cells. Zhao used specifically
designed gRNAs to cut miRNA gene at a single site by Cas9,
resulting in knockdown of the miRNA in these cells.

[0009] With regard to plant genome editing, Bortesi and
Fischer [Bortesi and Fischer, Biotechnology Advances
(2015) 33: 41-52] discussed the use of CRISPR-Cas tech-
nology in plants as compared to ZFNs and TALENs, and
Basak and Nithin [Basak and Nithin, Front Plant Sci. (2015)
6: 1001] teach that CRISPR-Cas technology has been
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applied for knockdown of protein-coding genes in model
plants such as Arabidopsis and tobacco and crops like wheat,
maize, and rice.

[0010] In addition to disruption of miRNA activity or
target binding sites, gene silencing using artificial microR-
NAs (amiRNAs) mediated gene silencing of endogenous
and exogenous target genes were used [Tiwari et al. Plant
Mol Biol (2014) 86: 1]. Similar to microRNAs, amiRNAs
are single-stranded, approximately 21 nucleotides (nt) long,
and designed by replacing the mature miRNA sequences of
duplex within pre-miRNAs [Tiwari et al. (2014) supra].
These amiRNAs are introduced as a transgene within an
artificial expression cassette (including a promoter, termi-
nator etc.) [Carbonell et al., Plant Physiology (2014) pp.
113.234989], are processed via small RNA biogenesis and
silencing machinery and downregulate target expression.
According to Schwab et al. [Schwab et al. The Plant Cell
(2006) Vol. 18, 1121-1133], amiRNAs are active when
expressed under tissue-specific or inducible promoters and
can be used for specific gene silencing in plants, especially
when several related, but not identical, target genes need to
be downregulated.

[0011] Senis et al. [Senis et al., Nucleic Acids Research
(2017) Vol. 45(1): e3] disclose engineering of a promoterless
anti-viral RNA1 hairpin into an endogenous miRNA locus.
Specifically, Senis et al. insert an amiRNA precursor trans-
gene (hairpin pri-amiRNA) adjacent to a naturally occurring
miRNA gene (e.g. miR122) by homology-directed DNA
recombination that is induced by sequence-specific nuclease
such as Cas9 or TALEN. This approach uses promoter- and
terminator-free amiRNAs by utilizing transcriptionally
active DNA that expresses natural miRNA (miR122), that is,
the endogenous promoter and terminator drove and regu-
lated the transcription of the inserted amiRNA transgene.

[0012] Various DNA-free methods of introducing RNA
and/or proteins into cells have been previously described.
For example, RNA transfection using electroporation and
lipofection has been described in U.S. Patent Application
No. 20160289675. Direct delivery of Cas9/gRNA ribo-
nucleoprotein (RNP) complexes to cells by microinjection
of Cas9 protein and gRNA complexes was described by Cho
[Cho et al., “Heritable gene knockout in Caenorhabditis
elegans by direct injection of Cas9-sgRNA ribonucleopro-
teins,” Genetics (2013) 195:1177-1180]. Delivery of Cas9
protein/gRNA complexes via electroporation was described
by Kim [Kim et al., “Highly efficient RNA-guided genome
editing in human cells via delivery of purified Cas9 ribo-
nucleoproteins” Genome Res. (2014) 24:1012-1019]. Deliv-
ery of Cas9 protein-associated gRNA complexes via lipo-
somes was reported by Zuris [Zuris et al., “Cationic lipid-
mediated delivery of proteins enables efficient protein-based
genome editing in vitro and in vivo” Nat Biotechnol. (2014)
doi: 10.1038/nbt.3081].

SUMMARY OF THE INVENTION

[0013] According to an aspect of some embodiments of
the present invention there is provided a method of modi-
fying a gene encoding or processed into a non-coding RNA
molecule having no RNA silencing activity in a eukaryotic
cell, with the proviso that the eukaryotic cell is not a plant
cell, the method comprising introducing into the eukaryotic
cell a DNA editing agent conferring a silencing specificity of
the non-coding RNA molecule towards a target RNA of
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interest, thereby modifying the gene encoding or processed
into the non-coding RNA molecule.

[0014] According to an aspect of some embodiments of
the present invention there is provided a method of modi-
fying a gene encoding or processed into a non-coding RNA
molecule having no RNA silencing activity in a eukaryotic
cell, with the proviso that the eukaryotic cell is not a plant
cell, the method comprising introducing into the eukaryotic
cell a DNA editing agent conferring a silencing specificity of
the non-coding RNA molecule towards a target RNA of
interest.

[0015] According to an aspect of some embodiments of
the present invention there is provided a method of modi-
fying a gene encoding or processed into a RNA silencing
molecule to a target RNA in a eukaryotic cell, with the
proviso that the eukaryotic cell is not a plant cell, the method
comprising introducing into the eukaryotic cell a DNA
editing agent which redirects a silencing specificity of the
RNA silencing molecule towards a second target RNA, the
target RNA and the second target RNA being distinct,
thereby modifying the gene encoding the RNA silencing
molecule.

[0016] According to an aspect of some embodiments of
the present invention there is provided a method of modi-
fying a gene encoding or processed into a RNA silencing
molecule to a target RNA in a eukaryotic cell, with the
proviso that the eukaryotic cell is not a plant cell, the method
comprising introducing into the eukaryotic cell a DNA
editing agent which redirects a silencing specificity of the
RNA silencing molecule towards a second target RNA, the
target RNA and the second target RNA being distinct.
[0017] According to an aspect of some embodiments of
the present invention there is provided a method of treating
an infectious disease in a subject in need thereof, the method
comprising modifying a gene encoding or processed into a
non-coding RNA molecule or encoding or processed into an
RNA silencing molecule according to the method of some
embodiments of the invention, wherein the target RNA of
interest is associated with onset or progression of the infec-
tious disease, thereby treating the infectious disease in the
subject.

[0018] According to an aspect of some embodiments of
the present invention there is provided a method of treating
a monogenic recessive disorder in a subject in need thereof,
the method comprising modifying a gene encoding or pro-
cessed into a non-coding RNA molecule or encoding or
processed into an RNA silencing molecule according to the
method of some embodiments of the invention, wherein the
target RNA of interest is associated with the monogenic
recessive disorder, thereby treating the monogenic recessive
disorder in the subject.

[0019] According to an aspect of some embodiments of
the present invention there is provided a method of treating
an autoimmune disease in a subject in need thereof, the
method comprising modifying a gene encoding or processed
into a non-coding RNA molecule or encoding or processed
into an RNA silencing molecule according to the method of
some embodiments of the invention, wherein the target RNA
of interest is associated with the autoimmune disease,
thereby treating the autoimmune disease in the subject.
[0020] According to an aspect of some embodiments of
the present invention there is provided a method of treating
a cancerous disease in a subject in need thereof, the method
comprising modifying a gene encoding or processed into a
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non-coding RNA molecule or encoding or processed into an
RNA silencing molecule according to the method of some
embodiments of the invention, wherein the target RNA of
interest is associated with the cancerous disease, thereby
treating the cancerous disease in the subject.

[0021] According to an aspect of some embodiments of
the present invention there is provided a method of enhanc-
ing efficacy and/or specificity of a chemotherapeutic agent in
a subject in need thereof, the method comprising modifying
a gene encoding or processed into a non-coding RNA
molecule or encoding or processed into an RNA silencing
molecule according to the method of some embodiments of
the invention, wherein the target RNA of interest is associ-
ated with enhancement of efficacy and/or specificity of the
chemotherapeutic agent, thereby enhancing efficacy and/or
specificity of a chemotherapeutic agent in the subject.
[0022] According to an aspect of some embodiments of
the present invention there is provided a method of inducing
cell apoptosis in a subject in need thereof, the method
comprising modifying a gene encoding or processed into a
non-coding RNA molecule or encoding or processed into an
RNA silencing molecule according to the method of some
embodiments of the invention, wherein the target RNA of
interest is associated with the apoptosis, thereby inducing
cell apoptosis in the subject.

[0023] According to an aspect of some embodiments of
the present invention there is provided a method of gener-
ating a eukaryotic non-human organism, with the proviso
that the organism is not a plant, wherein at least some of the
cells of the organism comprise a modified gene encoding or
processed into a non-coding RNA molecule comprising a
silencing specificity towards a target RNA of interest, the
method comprising modifying a gene according to the
method of some embodiments of the invention, thereby
generating the eukaryotic non-human organism.

[0024] According to some embodiments of the invention,
the gene encoding or processed into the non-coding RNA
molecule is endogenous to the eukaryotic cell.

[0025] According to some embodiments of the invention,
the gene encoding the RNA silencing molecule is endog-
enous to the eukaryotic cell.

[0026] According to some embodiments of the invention,
modifying the gene encoding or processed into the non-
coding RNA molecule comprises imparting the non-coding
RNA molecule with at least 45% complementarity towards
the target RNA of interest.

[0027] According to some embodiments of the invention,
modifying the gene encoding the RNA silencing molecule
comprises imparting the RNA silencing molecule with at
least 45% complementarity towards the second target RNA.
[0028] According to some embodiments of the invention,
the silencing specificity of the non-coding RNA molecule is
determined by measuring a RNA or protein level of the
target RNA of interest.

[0029] According to some embodiments of the invention,
the silencing specificity of the RNA silencing molecule is
determined by measuring a RNA or protein level of the
second target RNA.

[0030] According to some embodiments of the invention,
the silencing specificity of the non-coding RNA molecule or
the RNA silencing molecule is determined phenotypically.
[0031] According to some embodiments of the invention,
determined phenotypically is effected by determination of at
least one phenotype selected from the group consisting of a
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cell size, a growth rate/inhibition, a cell shape, a cell
membrane integrity, a tumor size, a tumor shape, a pigmen-
tation of an organism, an infection parameter and an inflam-
mation parameter.

[0032] According to some embodiments of the invention,
the silencing specificity of the non-coding RNA molecule or
the RNA silencing molecule is determined genotypically.
[0033] According to some embodiments of the invention,
the phenotype is determined prior to a genotype.

[0034] According to some embodiments of the invention,
the genotype is determined prior to a phenotype.

[0035] According to some embodiments of the invention,
the non-coding RNA molecule or the RNA silencing mol-
ecule is processed from a precursor.

[0036] According to some embodiments of the invention,
the non-coding RNA molecule or the RNA silencing mol-
ecule is a RNA interference (RNAi) molecule.

[0037] According to some embodiments of the invention,
the RNAi molecule is selected from the group consisting of
a small interfering RNA (siRNA), a short hairpin RNA
(shRNA), a microRNA (miRNA), a Piwi-interacting RNA
(piRNA) and trans-acting siRNA (tasiRNA).

[0038] According to some embodiments of the invention,
the non-coding RNA molecule is selected from the group
consisting of a small nuclear RNA (snRNA), a small nucleo-
lar RNA (snoRNA), a long non-coding RNA (IncRNA), a
ribosomal RNA (rRNA), transfer RNA (tRNA), a repeat-
derived RNA, and a transposable element RNA.

[0039] According to some embodiments of the invention,
the RNAi molecule is modified to preserve originality of
structure and to be recognized by cellular RNAIi factors.
[0040] According to some embodiments of the invention,
modifying the gene is affected by a modification selected
from the group consisting of a deletion, an insertion, a point
mutation and a combination thereof.

[0041] According to some embodiments of the invention,
the modification is in a stem region of the non-coding RNA
molecule or the RNA silencing molecule.

[0042] According to some embodiments of the invention,
the modification is in a loop region of the non-coding RNA
molecule or the RNA silencing molecule.

[0043] According to some embodiments of the invention,
the modification is in a non-structured region of the non-
coding RNA molecule or the RNA silencing molecule.
[0044] According to some embodiments of the invention,
the modification is in a stem region and a loop region of the
non-coding RNA molecule or the RNA silencing molecule.
[0045] According to some embodiments of the invention,
the modification is in a stem region and a loop region and in
non-structured region of the non-coding RNA molecule or
the RNA silencing molecule.

[0046] According to some embodiments of the invention,
the modification is an insertion.

[0047] According to some embodiments of the invention,
the modification is a deletion.

[0048] According to some embodiments of the invention,
the modification is a point mutation.

[0049] According to some embodiments of the invention,
the modification comprises a modification of at most 200
nucleotides.

[0050] According to some embodiments of the invention,
the method further comprises introducing into the eukaryotic
cell donor oligonucleotides.
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[0051] According to some embodiments of the invention,
the DNA editing agent comprises at least one gRNA opera-
tively linked to a plant expressible promoter.

[0052] According to some embodiments of the invention,
the DNA editing agent does not comprise an endonuclease.
[0053] According to some embodiments of the invention,
the DNA editing agent comprises an endonuclease.

[0054] According to some embodiments of the invention,
the DNA editing agent comprises a DNA editing system
selected from the group consisting of a meganuclease, a zinc
finger nucleases (ZFN), a transcription-activator like effec-
tor nuclease (TALEN) and CRISPR.

[0055] According to some embodiments of the invention,
the endonuclease comprises Cas9.

[0056] According to some embodiments of the invention,
the DNA editing agent is applied to the cell as DNA, RNA
or RNP.

[0057] According to some embodiments of the invention,
the DNA editing agent is linked to a reporter for monitoring
expression in a eukaryotic cell.

[0058] According to some embodiments of the invention,
the reporter is a fluorescent protein.

[0059] According to some embodiments of the invention,
the target RNA of interest or the second target RNA is
endogenous to the eukaryotic cell.

[0060] According to some embodiments of the invention,
the target RNA of interest or the second target RNA is
associated with a cancer.

[0061] According to some embodiments of the invention,
the target RNA of interest or the second target RNA is
exogenous to the eukaryotic cell.

[0062] According to some embodiments of the invention,
the target RNA of interest or the second target RNA is
associated with an infectious disease.

[0063] According to some embodiments of the invention,
the eukaryotic cell is obtained from a eukaryotic organism
selected from the group consisting of a mammal, an insect,
a nematode, a bird, a reptile, a fish, a crustacean, a fungi and
an algae.

[0064] According to some embodiments of the invention,
the eukaryotic cell is a mammalian cell.

[0065] According to some embodiments of the invention,
the mammalian cell comprises a human cell.

[0066] According to some embodiments of the invention,
the eukaryotic cell is a totipotent stem cell.

[0067] Unless otherwise defined, all technical and/or sci-
entific terms used herein have the same meaning as com-
monly understood by one of ordinary skill in the art to which
the invention pertains. Although methods and materials
similar or equivalent to those described herein can be used
in the practice or testing of embodiments of the invention,
exemplary methods and/or materials are described below. In
case of conflict, the patent specification, including defini-
tions, will control. In addition, the materials, methods, and
examples are illustrative only and are not intended to be
necessarily limiting.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0068] Some embodiments of the invention are herein
described, by way of example only, with reference to the
accompanying drawings. With specific reference now to the
drawings in detail, it is stressed that the particulars shown
are by way of example and for purposes of illustrative
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discussion of embodiments of the invention. In this regard,
the description taken with the drawings makes apparent to
those skilled in the art how embodiments of the invention
may be practiced.

[0069] In the drawings:

[0070] FIG. 1 is a flow chart of an embodiment compu-
tational pipeline to generate Genome Editing Induced Gene
Silencing (GEiGS) templates. The computational GEiGS
pipeline applies biological metadata and enables an auto-
matic generation of GEiGS DNA templates that are used to
minimally edit miRNA genes, leading to a new gain of
function, i.e. redirection of their silencing capacity to target
sequence of interest.

[0071] FIG. 2 is an embodiment flowchart of GEiGS
replacement of miRNA with siRNA targeting Green Fluo-
rescent Protein (GFP), generating silencing of the stably
expressed GFP gene in human cell lines.

[0072] FIGS. 3A-B are photographs illustrating knock
down of GFP expression levels in human cells. Control cells
(FIG. 3A) stably express GFP at high levels as compared to
cells stably expressing siGFP in which GFP expression is
silenced (FIG. 3B).

[0073] FIG. 4 is an embodiment flowchart of GEiGS cells
stably expressing siGFP. All positive transfection events are
red fluorescent proteins (RFP)+GFP. However, since GEiGS
cells stably express siGFP, positive transfected cells show
only red fluorescent expression.

[0074] FIG. 5 is an embodiment flowchart of GEiGS cells
stably expressing siRNA targeting p53. All positive trans-
fection events are GFP and evade chemotherapy or the
hDM?2 inhibitor Nutlin3-induced cell death.

[0075] FIG. 6 is an embodiment flowchart of GEiGS cells
stably expressing siRNA targeting pro-apoptotic genes in
human cancer cell line U20S. All positive transfection
events are RFP and evade chemotherapy-induced cell death.
[0076] FIG. 7 is an embodiment flowchart of GEiGS cells
generated resistant to lentivirus infection (GFP is used as the
virus marker gene or as the exogenous gene).

[0077] FIG. 8 is an embodiment flowchart of GEiGS cells
generated resistant to virus infection (i.e. immunization of
cells towards an exogenous viral gene).

[0078] FIG. 9 is an embodiment drawing illustrating the
main stages required to design RNA silencing molecule and
with minimally edited miRNA gene bases.

[0079] FIG. 10 is a graph illustrating the diverse non-
coding RNA types that are actively engaged in RNA inter-
ference (RNAi). The list provides non-coding RNA types
that are both Dicer substrates (proven to be bound by Dicer)
and are processed into small silencing RNA (their small
RNAs are proven to be bound by Argonaute proteins) (axis
y). Each type has multiple slightly different subtypes (axis
X).

[0080] FIGS. 11A-E is an embodiment example of human
non-coding RNAs that show the non-coding RNA precursor
and its derived Ago-bound small RNAs. Shown are the
AGO2- and AGO3-bound small RNAs mapped to Dicer-
bound non-coding RNAs precursors. (FIG. 11A) shows the
let7 microRNA and its primary (marked in blue line) and
secondary mature miRNA sites (represented by gray bars).
(FIGS. 11B-E) show examples of other biotypes where the
small RNA mapping shows a signature analog to the one
found in microRNAs.

[0081] FIGS. 12A-E are embodiment examples of GEiGS
oligo designs. The selections of non-coding RNA precursors
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that give rise to mature small RNA molecules are high-
lighted in green. Sequence differences between the GEiGS
oligos and the wild type sequence are highlighted in red.
(FIG. 12A) Embodiment examples of GEiGS oligo designs
in which the GEiGS precursors preserve identical secondary
structure as the wild-type (wt) non-coding RNA. Design
based on the Human microRNA-100. From left to right:
wild-type microRNA, GEIGS design with matching struc-
ture and minimal sequence changes, and GEiGS design with
matching structure and maximal sequence changes. Of note,
the GeiGS designs were based on 21nt siRNAs targeting
Human heparin-binding vascular endothelial growth factor
(VEGF); (FIG. 12B) Embodiment examples of GEiGS oligo
designs in which the GEiGS precursors do not preserve the
secondary structure as the wt non-coding RNA. Design
based on the Human microRNA-100. From left to right:
wild-type microRNA, GEiGS design with non-matching
structure and minimal sequence changes, and GEiGS design
with non-matching structure and maximal sequence
changes. Of note, the GeiGS designs were based on 21nt
siRNAs targeting Human heparin-binding vascular endothe-
lial growth factor (VEGF); (FIG. 12C) Embodiment
examples of GEiGS oligo designs in which the GEiGS
precursors preserve identical secondary structure as the wt
non-coding RNA. Design based on the CID_001033 tRNA.
From left to right: wild-type tRNA, GEiGS design with
matching structure and minimal sequence changes, and
GEiGS design with matching structure and maximal
sequence changes. Of note, the GeiGS designs were based
on 21nt siRNAs targeting the ber/abl e8a2 fusion protein
gene; (FIG. 12D) Embodiment examples of GEiGS oligo
designs in which the GEiGS precursors do not preserve the
secondary structure as the wt non-coding RNA. Design
based on the CID_001033 tRNA. From left to right, wild-
type tRNA, GEiGS design with non-matching structure and
minimal sequence changes, and GEiGS design with non-
matching structure and maximal sequence changes. The
GEiGS designs were based on 21nt siRNAS targeting the
ber/abl e8a2 fusion protein gene; (FIG. 12E) Embodiment
examples of GEiGS oligo designs in which the precursor
structure does not play a role in the biogenesis, hence, it is
not required to be maintained. Design based on the Brassica
rapa bnTAS3B tasiRNA. From left to right: wild-type
tasiRNA, GEiGS design with minimal sequence changes,
and GEiGS design with maximal sequence changes. Of note,
the circular structure is not inherent to the molecule and was
applied for convenience; tasiRNA biogenesis, unlike miR-
NAs and tRNAs, does not rely on the precursor secondary
structure (as discussed in detail in Borges and Martienssen
(2015) Nature Reviews Molecular Cell Biology | AOP,
published online 4 Nov. 2015; doi:10.1038/nrm4085).
Below the full molecules there is a detail of the section
containing modifications. The GEiGS designs were based on
21nt siRNAS targeting the ber/abl e8a2 fusion protein gene;

[0082] FIG. 13 illustrates PDS3 Phenotype/Genotype:
bleached phenotype plants were selected and genotyped
through internal amplicon PCR followed by restriction
digest analysis with Btsal (NEB) in order to verify donor
presence vs. wild type sequence. Lane 1: Treated plants with
NO DONOR, restricted, Lanes 2-4: PDS3 treated plants
containing DONOR restricted, Lane 5: Positive plasmid
DONOR control unrestricted, Lane 6: Water no template
control, Lane 7: Positive Plasmid DONOR restricted, Lane
8: Plants bombarded with negative DONOR restricted, Lane
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9: Untreated control plants restricted. Subsequent external
PCR amplification of the amplicon was processed and
sequenced in order to validate the insertion.

[0083] FIG. 14 illustrates ADH1 Phenotype/Genotype:
Plants were selected through Allyl alcohol resistance and
genotyped through internal amplicon PCR followed by Becl
(NEB) restriction digest in order to verify donor presence.
Lane 1: Allyl alcohol sensitive control plant restricted, Lane
2-4: Allyl alcohol resistant plants containing DONOR
restricted, Lane5: Positive plasmid DONOR control unre-
stricted, Lane 6: no template control, Lane7: Positive Plas-
mid DONOR restricted, Lane 8: Plant bombarded with
non-specific DONOR restricted, Lane 9: Non Allyl alcohol
treated control restricted.

[0084] FIG. 15 is a graph illustrating gene expression
analysis in miR-173 modified plant targeting AtPDS3 tran-
script. Analysis of AtPDS3 expression was carried out
through qRT-PCR, in regenerating bombarded plants with
GEiGS #4 and SWAP3 compared to plants bombarded with
GEiGS #5 and SWAP1 and 2 (GFP). Of note, a reduction of
82% in gene expression level, on the average, was observed,
when miR-173 was modified to target AtPDS3, compared to
control plants (Error bars present SD; p-value <0.01 calcu-
lated on Ct values).

[0085] FIG. 16 is a graph illustrating gene expression
analysis in miR-390 modified plant targeting AtPDS3 tran-
script. Analysis of AtADH1 expression was carried out
through qRT-PCR, in regenerating bombarded plants with
GEiGS #1 and SWAPI11, compared to plants bombarded
with GEiGS #5 and SWAP1 and 2 (GFP). Of note, a
reduction of 82% in gene expression level, on the average,
was observed, when miR-390 was modified to target
AtADHI, compared to control plants (Error bars represent
SD; p-value <0.01 calculated on Ct values).

DESCRIPTION OF SPECIFIC EMBODIMENTS
OF THE INVENTION

[0086] The present invention, in some embodiments
thereof, relates to modifying genes that encode or are
processed into non-coding RNA molecules, including RNA
silencing molecules and, more particularly, but not exclu-
sively, to the use of same for silencing endogenous or
exogenous target RNA of interest in eukaryotic cells which
are not plant cells.

[0087] The principles and operation of the present inven-
tion may be better understood with reference to the drawings
and accompanying descriptions.

[0088] Before explaining at least one embodiment of the
invention in detail, it is to be understood that the invention
is not necessarily limited in its application to the details set
forth in the following description or exemplified by the
Examples. The invention is capable of other embodiments or
of being practiced or carried out in various ways. Also, it is
to be understood that the phraseology and terminology
employed herein is for the purpose of description and should
not be regarded as limiting.

[0089] Two of the most powerful genetic therapeutic tech-
nologies developed thus far are gene therapy, which enables
restoration of missing gene function by viral transgene
expression, and RNAi, which mediates repression of defec-
tive genes by knockdown of the target mRNA. Recent
advances in genome editing techniques have also made it
possible to alter DNA sequences in living cells by editing a
few nucleotides in cells of human patients such as by
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genome editing (NHEJ and HR) following induction of
site-specific double-strand breaks (DSBs) at desired loca-
tions in the genome.

[0090] While reducing the present invention to practice,
the present inventors have devised a gene editing technology
utilizing non-coding RNA molecules designed to target and
interfere with any target gene of interest (endogenous or
exogenous to the eukaryotic cell). The gene editing tech-
nology described herein does not necessitate the classical
molecular genetic and transgenic tools comprising expres-
sion cassettes that have a promoter, terminator, selection
marker. Moreover, the gene editing technology of some
embodiments of the invention comprises genome editing of
a non-coding RNA molecule (e.g. endogenous) yet it is
stable and heritable.

[0091] As is shown herein below and in the Examples
section which follows, the present inventors have designed
a Genome Editing Induced Gene Silencing (GEiGS) plat-
form capable of utilizing a eukaryotic cell’s endogenous
non-coding RNA molecules including e.g. RNA silencing
molecules (e.g. siRNA, miRNA, piRNA, tasiRNA, tRNA,
rRNA, antisense RNA, etc.) and modifying them to target
any RNA target of interest (see exemplary flowchart in FIG.
2). Using GEiGS, the present method enables screening of
potential non-coding RN A molecules, editing a few nucleo-
tides in these endogenous RNA molecules, and thereby
redirecting their activity and/or specificity to effectively and
specifically target any RNA of interest including, for
instance, endogenous RNA coding for mutated proteins (e.g.
oncogenes in cancers) or exogenous RNA encoded by
pathogens (see exemplary flowchart in FIG. 1). Taken
together, GEiGS can be utilized as a novel technology for
modulation of endogenous gene expression and also to
immunize organisms to different biotic and abiotic stresses
such as e.g. cancer, viruses, insects, fungi, nematodes, heat,
drought, starvation etc.

[0092] Thus, according to one aspect of the present inven-
tion there is provided a method of modifying a gene encod-
ing or processed into a non-coding RNA molecule having no
RNA silencing activity in a eukaryotic cell, with the proviso
that the eukaryotic cell is not a plant cell, the method
comprising introducing into the eukaryotic cell a DNA
editing agent conferring a silencing specificity of the non-
coding RNA molecule towards a target RNA of interest,
thereby modifying the gene encoding or processed into the
non-coding RNA molecule.

[0093] According to another aspect of the invention there
is provided a method of modifying a gene encoding or
processed into a RNA silencing molecule to a target RNA in
a eukaryotic cell, with the proviso that the eukaryotic cell is
not a plant cell, the method comprising introducing into the
eukaryotic cell a DNA editing agent which redirects a
silencing specificity of the RNA silencing molecule towards
a second target RNA, the target RNA and the second target
RNA being distinct, thereby modifying the gene encoding
the RNA silencing molecule.

[0094] The term “eukaryotic cell” as used herein refers to
any cell of a eukaryotic organism. Eukaryotic organisms
include single- and multi-cellular organisms. Single cell
eukaryotic organisms include, but are not limited to, yeast,
protozoans, slime molds and algae. Multi-cellular eukary-
otic organisms include, but are not limited to, animals (e.g.
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mammals, insects, nematodes, birds, fish, reptiles and crus-
taceans), fungi and algae (e.g. brown algae, red algae, green
algae).

[0095] According to one embodiment, the eukaryotic cell
is not a cell of a plant.

[0096] According to a one embodiment, the eukaryotic
cell is an animal cell.

[0097] According to a one embodiment, the eukaryotic
cell is a cell of a vertebrate.

[0098] According to a one embodiment, the eukaryotic
cell is a cell of an invertebrate.

[0099] According to a specific embodiment, the inverte-
brate cell is a cell of an insect, a snail, a clam, an octopus,
a starfish, a sea-urchin, a jellyfish, and a worm.

[0100] According to a specific embodiment, the inverte-
brate cell is a cell of a crustacean. Exemplary crustaceans
include, but are not limited to, shrimp, prawns, crabs,
lobsters and crayfishes.

[0101] According to a specific embodiment, the inverte-
brate cell is a cell of a fish. Exemplary fish include, but are
not limited to, Salmon, Tuna, Pollock, Catfish, Cod, Had-
dock, Prawns, Sea bass, Tilapia, Arctic char and Carp.
[0102] According to a one embodiment, the eukaryotic
cell is a mammalian cell.

[0103] According to a specific embodiment, the mamma-
lian cell is a cell of a non-human organism, such as but not
limited to, a rodent, a rabbit, a pig, a goat, a ruminant (e.g.
cattle, sheep, antelope, deer, and giraffe), a dog, a cat, a
horse, and non-human primate.

[0104] According to a specific embodiment, the eukary-
otic cell is a cell of human being.

[0105] According to one embodiment, the eukaryotic cell
is a primary cell, a cell line, a somatic cell, a germ cell, a
stem cell, an embryonic stem cell, an adult stem cell, a
hematopoietic stem cell, a mesenchymal stem cell, an
induced pluripotent stem cell (iPS), a gamete cell, a zygote
cell, a blastocyst cell, an embryo, a fetus and/or a donor cell.
[0106] As used herein, the phrase “stem cells” refers to
cells which are capable of remaining in an undifferentiated
state (e.g., totipotent, pluripotent or multipotent stem cells)
for extended periods of time in culture until induced to
differentiate into other cell types having a particular, spe-
cialized function (e.g., fully differentiated cells). Totipotent
cells, such as embryonic cells within the first couple of cell
divisions after fertilization are the only cells that can dif-
ferentiate into embryonic and extra-embryonic cells and are
able to develop into a viable human being. Preferably, the
phrase “pluripotent stem cells” refers to cells which can
differentiate into all three embryonic germ layers, i.e.,
ectoderm, endoderm and mesoderm or remaining in an
undifferentiated state. The pluripotent stem cells include
embryonic stem cells (ESCs) and induced pluripotent stem
cells (iPS). The multipotent stem cells include adult stem
cells and hematopoietic stem cells.

[0107] The phrase “embryonic stem cells” refers to
embryonic cells which are capable of differentiating into
cells of all three embryonic germ layers (i.e., endoderm,
ectoderm and mesoderm), or remaining in an undifferenti-
ated state. The phrase “embryonic stem cells” may comprise
cells which are obtained from the embryonic tissue formed
after gestation (e.g., blastocyst) before implantation of the
embryo (i.e., a pre-implantation blastocyst), extended blas-
tocyst cells (EBCs) which are obtained from a post-implan-
tation/pre-gastrulation stage blastocyst (see WO2006/
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040763), embryonic germ (EG) cells which are obtained
from the genital tissue of a fetus any time during gestation,
preferably before 10 weeks of gestation, and cells originat-
ing from an unfertilized ova which are stimulated by par-
thenogenesis (parthenotes).

[0108] The embryonic stem cells of some embodiments of
the invention can be obtained using well-known cell-culture
methods. For example, human embryonic stem cells can be
isolated from human blastocysts. Human blastocysts are
typically obtained from human in vivo preimplantation
embryos or from in vitro fertilized (IVF) embryos. Alterna-
tively, a single cell human embryo can be expanded to the
blastocyst stage.

[0109] It will be appreciated that commercially available
stem cells can also be used according to some embodiments
of the invention. Human ES cells can be purchased from the
NIH human embryonic stem cells registry [www(dot)grants
(dot) nih (dot) gov/stem_cells/registry/current (dot) htm].
[0110] In addition, embryonic stem cells can be obtained
from various species, including mouse (Mills and Bradley,
2001), golden hamster [Doetschman et al., 1988, Dev Biol.
127: 224-7], rat [Iannaccone et al., 1994, Dev Biol. 163:
288-92] rabbit [Giles et al. 1993, Mol Reprod Dev. 36:
130-8; Graves & Moreadith, 1993, Mol Reprod Dev. 1993,
36: 424-33], several domestic animal species [Notarianni et
al., 1991, J Reprod Fertil Suppl. 43: 255-60; Wheeler 1994,
Reprod Fertil Dev. 6: 563-8; Mitalipova et al., 2001, Clon-
ing. 3: 59-67] and non-human primate species (Rhesus
monkey and marmoset) [Thomson et al., 1995, Proc Natl
Acad Sci USA. 92: 7844-8; Thomson et al., 1996, Biol
Reprod. 55: 254-9].

[0111] “Induced pluripotent stem cells” (iPS; embryonic-
like stem cells) refers to cells obtained by de-differentiation
of adult somatic cells which are endowed with pluripotency
(i.e., being capable of differentiating into the three embry-
onic germ cell layers, i.e., endoderm, ectoderm and meso-
derm). According to some embodiments of the invention,
such cells are obtained from a differentiated tissue (e.g., a
somatic tissue such as skin) and undergo de-differentiation
by genetic manipulation which reprogram the cell to acquire
embryonic stem cells characteristics. According to some
embodiments of the invention, the induced pluripotent stem
cells are formed by inducing the expression of Oct-4, Sox2,
Kfl4 and c-Myc in a somatic stem cell.

[0112] Induced pluripotent stem cells (iPS) (embryonic-
like stem cells) can be generated from somatic cells by
genetic manipulation of somatic cells, e.g., by retroviral
transduction of somatic cells such as fibroblasts, hepato-
cytes, gastric epithelial cells with transcription factors such
as Oct-3/4, Sox2, c-Myc, and KLF4 [such as described in
Park et al. Reprogramming of human somatic cells to
pluripotency with defined factors. Nature (2008) 451:141-
146].

[0113] The phrase “adult stem cells” (also called “tissue
stem cells” or a stem cell from a somatic tissue) refers to any
stem cell derived from a somatic tissue [of either a postnatal
or prenatal animal (especially the human)]. The adult stem
cell is generally thought to be a multipotent stem cell,
capable of differentiation into multiple cell types. Adult stem
cells can be derived from any adult, neonatal or fetal tissue
such as adipose tissue, skin, kidney, liver, prostate, pancreas,
intestine, bone marrow and placenta.

[0114] According to one embodiment, the stem cells uti-
lized by some embodiments of the invention are bone
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marrow (BM)-derived stem cells including hematopoietic,
stromal or mesenchymal stem cells [Dominici, M et al.,
(2001) J. Biol. Regul. Homeost. Agents. 15: 28-37]. BM-
derived stem cells may be obtained from iliac crest, femora,
tibiae, spine, rib or other medullar spaces.

[0115] Hematopoietic stem cells (HSCs), which may also
referred to as adult tissue stem cells, include stem cells
obtained from blood or bone marrow tissue of an individual
at any age or from cord blood of a newborn individual.
Preferred stem cells according to this aspect of some
embodiments of the invention are embryonic stem cells,
preferably of a human or primate (e.g., monkey) origin.
[0116] Placental and cord blood stem cells may also be
referred to as “young stem cells”.

[0117] Mesenchymal stem cells (MSCs), the formative
pluripotent blast cells, give rise to one or more mesenchymal
tissues (e.g., adipose, osseous, cartilaginous, elastic and
fibrous connective tissues, myoblasts) as well as to tissues
other than those originating in the embryonic mesoderm
(e.g., neural cells) depending upon various influences from
bioactive factors such as cytokines. Although such cells can
be isolated from embryonic yolk sac, placenta, umbilical
cord, fetal and adolescent skin, blood and other tissues, their
abundance in the BM far exceeds their abundance in other
tissues and as such isolation from BM is presently preferred.
[0118] Adult tissue stem cells can be isolated using vari-
ous methods known in the art such as those disclosed by
Alison, M. R. [J Pathol. (2003) 200(5): 547-50]. Fetal stem
cells can be isolated using various methods known in the art
such as those disclosed by Eventov-Friedman S, et al. [PLoS
Med. (2006) 3: ¢215].

[0119] Hematopoietic stem cells can be isolated using
various methods known in the arts such as those disclosed by
“Handbook of Stem Cells” edit by Robert Lanze, Elsevier
Academic Press, 2004, Chapter 54, pp609-614, isolation and
characterization of hematopoietic stem cells, by Gerald J
Spangrude and William B Stayton.

[0120] Methods of isolating, purifying and expanding
mesenchymal stem cells (MSCs) are known in the arts and
include, for example, those disclosed by Caplan and Hayne-
sworth in U.S. Pat. No. 5,486,359 and Jones E. A. et al.,
2002, Isolation and characterization of bone marrow multi-
potential mesenchymal progenitor cells, Arthritis Rheum.
46(12): 3349-60.

[0121] According to one embodiment, the eukaryotic cell
is isolated from its natural environment (e.g. human body).
[0122] According to one embodiment, the eukaryotic cell
is a healthy cell.

[0123] According to one embodiment, the eukaryotic cell
is a diseased cell or a cell prone to a disease.

[0124] According to one embodiment, the eukaryotic cell
is a cancer cell.
[0125] According to one embodiment, the eukaryotic cell

is an immune cell (e.g. T cell, B cell, macrophage, NK cell,
etc.).

[0126] According to one embodiment, the eukaryotic cell
is a cell infected by a pathogen (e.g. by a bacterial, viral or
fungal pathogen).

[0127] As used herein, the term “non-coding RNA mol-
ecule” refers to a RNA sequence that is not translated into an
amino acid sequence and does not encode a protein.
[0128] According to one embodiment, the non-coding
RNA molecule is typically subject to the RNA silencing
processing mechanism or activity. However, also contem-
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plated herein are a few changes in nucleotides (e.g. up to 24
nucleotides) which may elicit a processing mechanism that
results in RNA interference or translation inhibition.
[0129] According to a specific embodiment, the non-
coding RNA molecule is endogenous (naturally occurring,
e.g. native) to the cell.

[0130] It will be appreciated that the non-coding RNA
molecule can also be exogenous to the cell (i.e. externally
added and which is not naturally occurring in the cell).
[0131] According to some embodiments, the non-coding
RNA molecule comprises an intrinsic translational inhibi-
tion activity.

[0132] According to some embodiments, the non-coding
RNA molecule comprises an intrinsic RNAIi activity.
[0133] According to some embodiments, the non-coding
RNA molecule does not comprise an intrinsic translational
inhibition activity or an intrinsic RNAi activity (i.e. the
non-coding RNA molecule does not have an RNA silencing
activity).

[0134] According to an embodiment of the invention, the
non-coding RNA molecule is specific to a target RNA (e.g.,
a natural target RNA) and does not cross inhibit or silence
a second target RNA or target RNA of interest unless
designed to do so (as discussed below) exhibiting 100% or
less global homology to the target gene, e.g., less than 99%,
less than 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, 90%,
89%, 88%, 87%, 86%, 85%, 84%, 83%, 82%, 81% global
homology to the target gene; as determined at the RNA or
protein level by RT-PCR, Western blot, Immunohistochem-
istry and/or flow cytometry or any other detection methods.
[0135] According to one embodiment, the non-coding
RNA molecule is a RNA silencing or RNA interference
(RNAi) molecule.

[0136] The term “RNA silencing” or RNAi refers to a
cellular regulatory mechanism in which non-coding RNA
molecules (the “RNA silencing molecule” or “RNAi mol-
ecule”) mediate, in a sequence specific manner, co- or
post-transcriptional inhibition of gene expression or trans-
lation.

[0137] According to one embodiment, the RNA silencing
molecule is capable of mediating RNA repression during
transcription (co-transcriptional gene silencing).

[0138] According to a specific embodiment, co-transcrip-
tional gene silencing includes epigenetic silencing (e.g.
chromatic state that prevents gene expression).

[0139] According to one embodiment, the RNA silencing
molecule is capable of mediating RNA repression after
transcription (post-transcriptional gene silencing).

[0140] Post-transcriptional genes silencing (PTGS) typi-
cally refers to the process of degradation or cleavage of
messenger RNA (mRNA) molecules which decrease their
activity by preventing translation. For example, and as
discussed in detail below, a guide strand of a RNA silencing
molecule pairs with a complementary sequence in a mRNA
molecule and induces cleavage by e.g. Argonaute 2 (Ago2).
[0141] Co-transcriptional gene silencing typically refers to
inactivation of gene activity (i.e. transcription repression)
and typically occurs in the cell nucleus. Such gene activity
repression is mediated by epigenetic-related factors, such as
e.g. methyl-transferases, that methylate target DNA and
histones. Thus, in co-transcriptional gene silencing, the
association of a small RNA with a target RNA (small
RNA-transcript interaction) destabilizes the target nascent
transcript and recruits DNA- and histone-modifying
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enzymes (i.e. epigenetic factors) that induce chromatin
remodeling into a structure that repress gene activity and
transcription. Also, in co-transcriptional gene silencing,
chromatin-associated long non-coding RNA scaffolds may
recruit chromatin-modifying complexes independently of
small RNAs. These co-transcriptional silencing mechanisms
form RNA surveillance systems that detect and silence
inappropriate transcription events, and provide a memory of
these events via self-reinforcing epigenetic loops [as
described in D. Hoch and D. Moazed, RNA-mediated epi-
genetic regulation of gene expression, Nat Rev Genet.
(2015) 16(2): 71-84].

[0142] According to an embodiment of the invention, the
RNAIi biogenesis/processing machinery generates the RNA
silencing molecule.

[0143] According to an embodiment of the invention, the
RNAIi biogenesis/processing machinery generates the RNA
silencing molecule, but no specific target has been identified.
[0144] According to one embodiment, the non-coding
RNA molecule is a capable of inducing RNA interference
(RNAI).

[0145] Following is a detailed description of non-coding
RNA molecules which comprise an intrinsic RNAi activity
(e.g. are RNA silencing molecules) that can be used accord-
ing to specific embodiments of the present invention.
[0146] According to one embodiment, the non-coding
RNA molecule or the RNA silencing molecule is processed
from a precursor.

[0147] According to one embodiment, the non-coding
RNA molecule or RNA silencing molecule is processed
from a single stranded RNA (ssRNA) precursor.

[0148] According to one embodiment, the non-coding
RNA molecule or the RNA silencing molecule is processed
from a duplex-structured single-stranded RNA precursor.
[0149] According to one embodiment, the non-coding
RNA molecule or RNA silencing molecule is processed
from a dsRNA precursor (e.g. comprising perfect and imper-
fect base pairing).

[0150] According to one embodiment, the non-coding
RNA molecule or the RNA silencing molecule is processed
from a non-structured RNA precursor.

[0151] According to one embodiment, the non-coding
RNA molecule or the RNA silencing molecule is processed
from a protein-coding RNA precursor.

[0152] According to one embodiment, the non-coding
RNA molecule or the RNA silencing molecule is processed
from a non-coding RNA precursor.

[0153] According to one embodiment, the dsRNA can be
derived from two different complementary RNAs, or from a
single RNA that folds on itself to form dsRNA.

[0154] Perfect and imperfect based paired RNA (i.e.
double stranded RNA, dsRNA), siRNA and shRNA—The
presence of long dsRNAs in cells stimulates the activity of
a ribonuclease 1l enzyme referred to as dicer. Dicer, also
known as endoribonuclease Dicer or helicase with RNase
motif, is an enzyme that in humans is encoded by the
DICERI1 gene. Dicer is involved in the processing of the
dsRNA into short pieces of dsRNA known as short inter-
fering RNAs (siRNAs). siRNAs derived from dicer activity
are typically about 21 to about 23 nucleotides in length and
comprise about 19 base pair duplexes with two 3' nucleo-
tides overhangs.

[0155] Accordingly, some embodiments of the invention
contemplate modifying a gene encoding a dsRNA to redirect
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a silencing specificity (including silencing activity) towards
a second target RNA (i.e. RNA of interest).

[0156] According to one embodiment dsRNA precursors
longer than 21 bp are used. Various studies demonstrate that
long dsRNAs can be used to silence gene expression without
inducing the stress response or causing significant off-target
effects—see for example [Strat et al., Nucleic Acids
Research, 2006, Vol. 34, No. 13 3803-3810; Bhargava A et
al. Brain Res. Protoc. 2004; 13:115-125; Diallo M., et al.,
Oligonucleotides. 2003; 13:381-392; Paddison P. J., et al.,
Proc. Natl Acad. Sci. USA. 2002; 99:1443-1448; Tran N., et
al., FEBS Lett. 2004; 573:127-134].

[0157] The term “siRNA” refers to small inhibitory RNA
duplexes (generally between 18-30 base pairs) that induce
the RNA interference (RNAi) pathway. Typically, siRNAs
are chemically synthesized as 21 mers with a central 19 bp
duplex region and symmetric 2-base 3'-overhangs on the
termini, although it has been recently described that chemi-
cally synthesized RNA duplexes of 25-30 base length can
have as much as a 100-fold increase in potency compared
with 21 mers at the same location. The observed increased
potency obtained using longer RNAs in triggering RNAI is
suggested to result from providing Dicer with a substrate
(27mer) instead of a product (21mer) and that this improves
the rate or efficiency of entry of the siRNA duplex into
RISC.

[0158] It has been found that position, but not the com-
position, of the 3'-overhang influences potency of a siRNA
and asymmetric duplexes having a 3'-overhang on the anti-
sense strand are generally more potent than those with the
3'-overhang on the sense strand (Rose et al., 2005).

[0159] The strands of a double-stranded interfering RNA
(e.g., a siRNA) may be connected to form a hairpin or
stem-loop structure (e.g., a shRNA). Thus, as mentioned, the
RNA silencing molecule of some embodiments of the inven-
tion may also be a short hairpin RNA (shRNA).

[0160] The term short hairpin RNA, “shRNA”, as used
herein, refers to a RNA molecule having a stem-loop struc-
ture, comprising a first and second region of complementary
sequence, the degree of complementarity and orientation of
the regions being sufficient such that base pairing occurs
between the regions, the first and second regions being
joined by a loop region, the loop resulting from a lack of
base pairing between nucleotides (or nucleotide analogs)
within the loop region. The number of nucleotides in the
loop is a number between and including 3 to 23, or 5 to 15,
or7to 13, or 4 to 9, or 9 to 11. Some of the nucleotides in
the loop can be involved in base-pair interactions with other
nucleotides in the loop. Examples of oligonucleotide
sequences that can be used to form the loop include
5'-CAAGAGA-3' and 5'-UUACAA-3' (International Patent
Application Nos. W02013126963 and W02014107763). It
will be recognized by one of skill in the art that the resulting
single chain oligonucleotide forms a stem-loop or hairpin
structure comprising a double-stranded region capable of
interacting with the RNAi machinery.

[0161] The RNA silencing molecule of some embodi-
ments of the invention need not be limited to those mol-
ecules containing only RNA, but further encompasses
chemically-modified nucleotides and non-nucleotides.
[0162] Various types of siRNAs are contemplated by the
present invention, including trans-acting siRNAs (Ta-siR-
NAs), repeat-associated siRNAs (Ra-siRNAs) and natural-
antisense transcript-derived siRNAs (Nat-siRNAs).

Aug. 27, 2020

[0163] According to one embodiment, silencing RNA
includes “piRNA” which is a class of Piwi-interacting RN As
of about 26 and 31 nucleotides in length. piRNAs typically
form RNA-protein complexes through interactions with
Piwi proteins, i.e. antisense piRNAs are typically loaded
into Piwi proteins (e.g. Piwi, Ago3 and Aubergine (Aub)).
[0164] miRNA—According to another embodiment the
RNA silencing molecule may be a miRNA.

[0165] The term “microRNA”, “miRNA”, and “miR” are
synonymous and refer to a collection of non-coding single-
stranded RNA molecules of about 19-28 nucleotides in
length, which regulate gene expression. miRNAs are found
in a wide range of organisms, including viruses, and have
been shown to play a role in development, homeostasis, and
disease etiology.

[0166] Initially the pre-miRNA is present as a long non-
perfect double-stranded stem loop RNA that is further
processed by Dicer into a siRNA-like duplex, comprising
the mature guide strand (miRNA) and a similar-sized frag-
ment known as the passenger strand (miRNA*). The
miRNA and miRNA* may be derived from opposing arms
of'the pri-miRNA and pre-miRNA. miRNA* sequences may
be found in libraries of cloned miRNAs but typically at
lower frequency than the miRNAs.

[0167] Although initially present as a double-stranded
species with miRNA*, the miRNA eventually becomes
incorporated as a single-stranded RNA into a ribonucleop-
rotein complex known as the RNA-induced silencing com-
plex (RISC). Various proteins can form the RISC, which can
lead to variability in specificity for miRNA/miRNA*
duplexes, binding site of the target gene, activity of miRNA
(repress or activate), and which strand of the miRNA/
miRNA* duplex is loaded in to the RISC.

[0168] When the miRNA strand of the miRNA:miRNA*
duplex is loaded into the RISC, the miRNA* is removed and
degraded. The strand of the miRNA:miRNA* duplex that is
loaded into the RISC is the strand whose 5' end is less tightly
paired. In cases where both ends of the miRNA:miRNA*
have roughly equivalent 5' pairing, both miRNA and
miRNA* may have gene silencing activity.

[0169] The RISC identifies target nucleic acids based on
high levels of complementarity between the miRNA and the
mRNA, especially by nucleotides 2-8 of the miRNA (re-
ferred as “seed sequence”).

[0170] A number of studies have looked at the base-
pairing requirement between miRNA and its mRNA target
for achieving efficient inhibition of translation (reviewed by
Bartel 2004, Cell 116-281). Computational studies, analyz-
ing miRNA binding on whole genomes have suggested a
specific role for bases 2-8 at the 5' of the miRNA (also
referred to as “seed sequence”) in target binding but the role
of the first nucleotide, found usually to be “A” was also
recognized (Lewis et al 2005 Cell 120-15). Similarly,
nucleotides 1-7 or 2-8 were used to identify and validate
targets by Krek et al. (2005, Nat Genet 37-495). The target
sites in the mRNA may be in the 5' UTR, the 3' UTR or in
the coding region. Interestingly, multiple miRNAs may
regulate the same mRNA target by recognizing the same or
multiple sites. The presence of multiple miRNA binding
sites in most genetically identified targets may indicate that
the cooperative action of multiple RISCs provides the most
efficient translational inhibition.

[0171] miRNAs may direct the RISC to downregulate
gene expression by either of two mechanisms: mRNA
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cleavage or translational repression. The miRNA may
specify cleavage of the mRNA if the mRNA has a certain
degree of complementarity to the miRNA. When a miRNA
guides cleavage, the cut is typically between the nucleotides
pairing to residues 10 and 11 of the miRNA. Alternatively,
the miRNA may repress translation if the miRNA does not
have the requisite degree of complementarity to the miRNA.
Translational repression may be more prevalent in animals
since animals may have a lower degree of complementarity
between the miRNA and binding site.

[0172] It should be noted that there may be variability in
the 5' and 3' ends of any pair of miRNA and miRNA*. This
variability may be due to variability in the enzymatic
processing of Drosha and Dicer with respect to the site of
cleavage. Variability at the 5' and 3' ends of miRNA and
miRNA* may also be due to mismatches in the stem
structures of the pri-miRNA and pre-miRNA. The mis-
matches of the stem strands may lead to a population of
different hairpin structures. Variability in the stem structures
may also lead to variability in the products of cleavage by
Drosha and Dicer.

[0173] It will be appreciated that the pre-miRNA sequence
may comprise from 45-90, 60-80 or 60-70 nucleotides while
the pri-miRNA sequence may comprise from 45-30,000,
50-25,000, 100-20,000, 1,000-1,500 or 80-100 nucleotides.
[0174] According to one embodiment, the miRNA com-
prises miR-150 (e.g. human miR-150, e.g. as set forth in
SEQ ID NO: 13).

[0175] According to one embodiment, the miRNA com-
prises miR-210 (e.g. human miR-210, e.g. as set forth in
SEQ ID NO: 14).

[0176] According to one embodiment, the miRNA com-
prises Let-7 (e.g. human Let-7, e.g. as set forth in SEQ ID
NO: 15).

[0177] According to one embodiment, the miRNA com-
prises miR-184 (e.g. human miR-184, e.g. as set forth in
SEQ ID NO: 16).

[0178] According to one embodiment, the miRNA com-
prises miR-204 (e.g. human miR-204, e.g. as set forth in
SEQ ID NO: 17).

[0179] According to one embodiment, the miRNA com-
prises miR-25 (e.g. human miR-25, e.g. as set forth in SEQ
ID NO: 18).

[0180] According to one embodiment, the miRNA com-
prises miR-34 (e.g. human miR-34a/b/c, e.g. as set forth in
SEQ ID NOs: 19-21, respectively).

[0181] Additional miRNAs are provided in Table 1B,
hereinbelow.
[0182] Antisense—Antisense is a single stranded RNA

designed to prevent or inhibit expression of a gene by
specifically hybridizing to its mRNA. Downregulation of a
target RNA can be effected using an antisense polynucle-
otide capable of specifically hybridizing with an mRNA
transcript encoding the target RNA.

[0183] As mentioned, the non-coding RNA molecule may
not comprise a canonical (intrinsic) RNAI activity (e.g. is
not a canonical RNA silencing molecule, or its target has not
been identified). Such non-coding RNA molecules include
the following:

[0184] According to one embodiment, the non-coding
RNA molecule is a transfer RNA (tRNA). The term “tRNA”
refers to a RNA molecule that serves as the physical link
between nucleotide sequence of nucleic acids and the amino
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acid sequence of proteins, formerly referred to as soluble
RNA or sRNA. tRNA is typically about 76 to 90 nucleotides
in length.

[0185] According to one embodiment, the non-coding
RNA molecule is a ribosomal RNA (rRNA). The term
“rRNA” refers to the RNA component of the ribosome i.e.
of either the small ribosomal subunit or the large ribosomal
subunit.

[0186] According to one embodiment, the non-coding
RNA molecule is a small nuclear RNA (snRNA or U-RNA).
The terms “sRNA” or “U-RNA” refer to the small RNA
molecules found within the splicing speckles and Cajal
bodies of the cell nucleus in eukaryotic cells. snRNA is
typically about 150 nucleotides in length.

[0187] According to one embodiment, the non-coding
RNA molecule is a small nucleolar RNA (snoRNA). The
term “snoRNA” refers to the class of small RNA molecules
that primarily guide chemical modifications of other RNAs,
e.g. rRNAs, tRNAs and snRNAs. snoRNA is typically
classified into one of two classes: the C/D box snoRNAs are
typically about 70-120 nucleotides in length and are asso-
ciated with methylation, and the H/ACA box snoRNAs are
typically about 100-200 nucleotides in length and are asso-
ciated with pseudouridylation.

[0188] Similar to snoRNAs are the scaRNAs (i.e. Small
Cajal body RNA genes) which perform a similar role in
RNA maturation to snoRNAs, but their targets are spli-
ceosomal snRNAs and they perform site-specific modifica-
tions of spliceosomal snRNA precursors (in the Cajal bodies
of the nucleus).

[0189] According to one embodiment, the non-coding
RNA molecule is an extracellular RNA (exRNA). The term
“exRNA” refers to RNA species present outside of the cells
from which they were transcribed (e.g. exosomal RNA).
[0190] According to one embodiment, the non-coding
RNA molecule is a long non-coding RNA (IncRNA). The
term “IncRNA” or “long ncRNA” refers to non-protein
coding transcripts typically longer than 200 nucleotides.
[0191] According to one embodiment, non-limiting
examples of non-coding RN A molecules include, but are not
limited to, microRNA (miRNA), piwi-interacting RNA
(piRNA), short interfering RNA (siRNA), short-hairpin
RNA (shRNA), trans-acting siRNA (tasiRNA), small
nuclear RNA (snRNA or URNA), small nucleolar RNA
(snoRNA), Small Cajal body RNA (scaRNA), transfer RNA
(tRNA), ribosomal RNA (rRNA), extracellular RNA
(exRNA), repeat-derived RNA, transposable element RNA
and long non-coding RNA (IncRNA).

[0192] According to one embodiment, non-limiting
examples of RNAi molecules include, but are not limited to,
small interfering RNA (siRNA), short hairpin RNA
(shRNA), microRNA (miRNA), Piwi-interacting RNA
(piRNA) and trans-acting siRNA (tasiRNA).

[0193] As mentioned above, the methods of some embodi-
ments of the invention are utilized to redirect a silencing
activity and/or specificity of the non-coding RNA molecule
(or to generate a silencing activity and/or specificity if the
non-coding RNA molecule does not have an intrinsic capa-
bility to silence a RNA molecule) towards a second target
RNA or towards a target RNA of interest.

[0194] According to one embodiment, the target RNA and
the second target RNA are distinct.

[0195] According to one embodiment, the method of
modifying a gene encoding or processed into a RNA silenc-
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ing molecule to a target RNA in a eukaryotic cell, with the
proviso that the eukaryotic cell is not a plant cell, comprises
introducing into the eukaryotic cell a DNA editing agent
which redirects a silencing activity and/or specificity of the
RNA silencing molecule towards a second target RNA, the
target RNA and the second target RNA being distinct,
thereby modifying the gene encoding the RNA silencing
molecule.

[0196] As used herein, the term “redirects a silencing
specificity” refers to reprogramming the original specificity
of the non-coding RNA (e.g. RNA silencing molecule)
towards a non-natural target of the non-coding RNA (e.g.
RNA silencing molecule). Accordingly, the original speci-
ficity of the non-coding RNA is destroyed (i.e. loss of
function) and the new specificity is towards a RNA target
distinct of the natural target (i.e. RNA of interest), i.e., gain
of function. It will be appreciated that only gain of function
occurs in cases that the non-coding RNA has no silencing
activity.

[0197] As used herein, the term “target RNA™ refers to a
RNA sequence naturally bound by a non-coding RNA
molecule. Thus, the target RNA is considered by the skilled
artisan as a substrate for the non-coding RNA.

[0198] As used herein, the term “second target RNA”
refers to a RNA sequence (coding or non-coding) not
naturally bound by a non-coding RNA molecule. Thus, the
second target RNA is not a natural substrate of the non-
coding RNA.

[0199] As used herein, the term “target RNA of interest”
refers to a RNA sequence (coding or non-coding) to be
silenced by the designed non-coding RNA molecule.
[0200] As used herein, the phrase “silencing a target gene”
refer to the absence or observable reduction in the level of
protein and/or mRNA product from the target gene. Thus,
silencing of a target gene can be by 5%, 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, 90%, 95% or 100% as com-
pared to a target gene not targeted by the designed non-
coding RNA molecule of the invention.

[0201] The consequences of silencing can be confirmed by
examination of the outward properties of a eukaryotic cell or
organism, or by biochemical techniques (as discussed
below).

[0202] It will be appreciated that the designed non-coding
RNA molecule of some embodiments of the invention can
have some off-target specificity effect/s provided that it does
not affect the growth, differentiation or function of the
eukaryotic cell or organism.

[0203] According to one embodiment, the second target
RNA or target RNA of interest is endogenous to the eukary-
otic cell. Exemplary endogenous second target RNA or
target RNA of interest include, but are not limited to, a
product of a gene associated with cancer and/or apoptosis.
Exemplary target genes associated with cancer include, but
are not limited to, p53, BAX, PUMA, NOXA and FAS genes
as discussed in detail herein below.

[0204] According to one embodiment, the second target
RNA or target RNA of interest is exogenous to the eukary-
otic cell (also referred to herein as heterologous). In such a
case, the second target RNA or target RNA of interest is a
product of a gene that is not naturally part of the eukaryotic
cell genome (i.e. which expresses the non-coding RNA).
Exemplary exogenous target RNAs include, but are not
limited to, products of a gene associated with an infectious
disease, such as a gene of a pathogen (e.g. an insect, a virus,
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a bacteria, a fungi, a nematode), as further discussed herein
below. An exogenous target RNA (coding or non-coding)
may comprise a nucleic acid sequence which shares
sequence identity with an endogenous RNA sequence (e.g.
may be partially homologous to an endogenous nucleic acid
sequence) of the eukaryotic organism.

[0205] The specific binding of an endogenous non-coding
RNA molecule with a target RNA can be determined by
computational algorithms (such as BLAST) and verified by
methods including e.g. Northern blot, In Situ hybridization,
QuantiGene Plex Assay etc.

[0206] By use of the term “complementarity” or “comple-
mentary” is meant that the non-coding RNA molecule (or at
least a portion of it that is present in the processed small
RNA form, or at least one strand of a double-stranded
polynucleotide or portion thereof, or a portion of a single
strand polynucleotide) hybridizes under physiological con-
ditions to the target RNA, or a fragment thereof, to effect
regulation or function or suppression of the target gene. For
example, in some embodiments, a non-coding RNA mol-
ecule has 100 percent sequence identity or at least about 30,
40, 45, 50, 55, 60, 65, 70, 75, 80, 83, 84, 85, 86, 87, 88, 89,
90, 91, 92, 93, 94, 95, 96, 97, 98, or 99 percent sequence
identity when compared to a sequence of 10, 11, 12, 13, 14,
15,16,17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30,
31, 32,33, 34,35,36,37, 38, 39, 40, 41, 42, 43, 44, 45, 46,
47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 70, 80,
90, 100, 150, 200, 300, 400, 500 or more contiguous
nucleotides in the target RNA (or family members of a given
target gene).

[0207] As used herein, a non-coding RNA molecules, or
their processed small RNA forms, are said to exhibit “com-
plete complementarity” when every nucleotide of one of the
sequences read 5' to 3' is complementary to every nucleotide
of the other sequence when read 3' to 5'. A nucleotide
sequence that is completely complementary to a reference
nucleotide sequence will exhibit a sequence identical to the
reverse complement sequence of the reference nucleotide
sequence.

[0208] Methods for determining sequence complementar-
ity are well known in the art and include, but not limited to,
bioinformatics tools which are well known in the art (e.g.
BLAST, multiple sequence alignment).

[0209] According to one embodiment, if the non-coding
RNA molecule is or processed into a siRNA, the comple-
mentarity is in the range of 90-100% (e.g. 100%) to its target
sequence.

[0210] According to one embodiment, if the non-coding
RNA molecule is or processed into a miRNA or piRNA the
complementarity is in the range of 33-100% to its target
sequence.

[0211] According to one embodiment, if the non-coding
RNA molecule is a miRNA, the seed sequence complemen-
tarity (i.e. nucleotides 2-8 from the 5') is in the range of
85-100% (e.g. 100%) to its target sequence.

[0212] According to one embodiment, the non-coding
RNA can be further processed into a small RNA form (e.g.
pre-miRNA is processed into a mature miRNA). In such a
case, homology is measured based on the processed small
RNA form (e.g. the mature miRNA sequence).

[0213] As used herein, the term “small RNA form” refers
to the mature small RNA being capable of hybridizing with
a target RNA (or fragment thereof). According to one
embodiment, the small RNA form has a silencing activity.
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[0214] According to one embodiment, the complementar-
ity to the target sequence is at least about 33% of the
processed small RNA form (e.g. 33% of the 21-24 nt). Thus,
for example, if the non-coding RNA molecule is a miRNA,
33% of the mature miRNA sequence (e.g. of the 21 nt)
comprises seed complementation (e.g. 7 nt out of the 21 nt).
[0215] According to one embodiment, the complementar-
ity to the target sequence is at least about 45% of the
processed small RNA form (e.g. 45% of the 21-28 nt). Thus,
for example, if the non-coding RNA molecule is a miRNA,
45% of the mature miRNA sequence (e.g. 21 nt) comprises
seed complementation (e.g. 9-10 nt out of the 21 nt).
[0216] According to one embodiment, the non-coding
RNA (i.e. prior to modification) is typically selected as one
having about 10%, 20%, 30%, 33%, 40%, 50%, 60%, 70%,
80%, 85%, 90%, 95%, 96%, 97%, 98% or up to 99%
complementarity towards the sequence of the second target
RNA or target RNA of interest.

[0217] According to a specific embodiment, the non-
coding RNA molecule (i.e. prior to modification) is typically
selected as one having no more than 99% complementarity
towards the sequence of the second target RNA or target
RNA of interest.

[0218] According to a specific embodiment, the non-
coding RNA molecule (i.e. prior to modification) is typically
selected as one having no more than 98% complementarity
towards the sequence of the second target RNA or target
RNA of interest.

[0219] According to a specific embodiment, the non-
coding RNA molecule (i.e. prior to modification) is typically
selected as one having no more than 97% complementarity
towards the sequence of the second target RNA or target
RNA of interest.

[0220] According to a specific embodiment, the non-
coding RNA molecule (i.e. prior to modification) is typically
selected as one having no more than 96% complementarity
towards the sequence of the second target RNA or target
RNA of interest.

[0221] According to a specific embodiment, the non-
coding RNA molecule (i.e. prior to modification) is typically
selected as one having no more than 95% complementarity
towards the sequence of the second target RNA or target
RNA of interest.

[0222] According to a specific embodiment, the non-
coding RNA molecule (i.e. prior to modification) is typically
selected as one having no more than 90% complementarity
towards the sequence of the second target RNA or target
RNA of interest.

[0223] According to a specific embodiment, the non-
coding RNA molecule (i.e. prior to modification) is typically
selected as one having no more than 85% complementarity
towards the sequence of the second target RNA or target
RNA of interest.

[0224] According to a specific embodiment, the non-
coding RNA molecule (i.e. prior to modification) is typically
selected as one having no more than 50% complementarity
towards the sequence of the second target RNA or target
RNA of interest.

[0225] According to a specific embodiment, the non-
coding RNA molecule (i.e. prior to modification) is typically
selected as one having no more than 33% complementarity
towards the sequence of the second target RNA or target
RNA of interest.
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[0226] According to one embodiment, the non-coding
RNA molecule (e.g. RNA silencing molecule) is designed so
as to comprise at least about 33%, 40%, 45%, 50%, 60%,
70%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99% or even 100% complementarity towards the
sequence of the second target RNA or target RNA of interest.
[0227] According to a specific embodiment, the non-
coding RNA molecule (e.g. RNA silencing molecule) is
designed so as to comprise a minimum of 33% complemen-
tarity towards the second target RNA or target RNA of
interest (e.g. 85-100% seed match).

[0228] According to a specific embodiment, the non-
coding RNA molecule (e.g. RNA silencing molecule) is
designed so as to comprise a minimum of 40% complemen-
tarity towards the second target RNA or target RNA of
interest.

[0229] According to a specific embodiment, the non-
coding RNA molecule (e.g. RNA silencing molecule) is
designed so as to comprise a minimum of 45% complemen-
tarity towards the second target RNA or target RNA of
interest.

[0230] According to a specific embodiment, the non-
coding RNA molecule (e.g. RNA silencing molecule) is
designed so as to comprise a minimum of 50% complemen-
tarity towards the second target RNA or target RNA of
interest.

[0231] According to a specific embodiment, the non-
coding RNA molecule (e.g. RNA silencing molecule) is
designed so as to comprise a minimum of 60% complemen-
tarity towards the second target RNA or target RNA of
interest.

[0232] According to a specific embodiment, the non-
coding RNA molecule (e.g. RNA silencing molecule) is
designed so as to comprise a minimum of 70% complemen-
tarity towards the second target RNA or target RNA of
interest.

[0233] According to a specific embodiment, the non-
coding RNA molecule (e.g. RNA silencing molecule) is
designed so as to comprise a minimum of 80% complemen-
tarity towards the second target RNA or target RNA of
interest.

[0234] According to a specific embodiment, the non-
coding RNA molecule (e.g. RNA silencing molecule) is
designed so as to comprise a minimum of 85% complemen-
tarity towards the second target RNA or target RNA of
interest.

[0235] According to a specific embodiment, the non-
coding RNA molecule (e.g. RNA silencing molecule) is
designed so as to comprise a minimum of 90% complemen-
tarity towards the second target RNA or target RNA of
interest.

[0236] According to a specific embodiment, the non-
coding RNA molecule (e.g. RNA silencing molecule) is
designed so as to comprise a minimum of 95% complemen-
tarity towards the second target RNA or target RNA of
interest.

[0237] According to a specific embodiment, the non-
coding RNA molecule (e.g. RNA silencing molecule) is
designed so as to comprise a minimum of 96% complemen-
tarity towards the second target RNA or target RNA of
interest.

[0238] According to a specific embodiment, the non-
coding RNA molecule (e.g. RNA silencing molecule) is
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designed so as to comprise a minimum of 97% complemen-
tarity towards the second target RNA or target RNA of
interest.

[0239] According to a specific embodiment, the non-
coding RNA molecule (e.g. RNA silencing molecule) is
designed so as to comprise a minimum of 98% complemen-
tarity towards the second target RNA or target RNA of
interest.

[0240] According to a specific embodiment, the non-
coding RNA molecule (e.g. RNA silencing molecule) is
designed so as to comprise a minimum of 99% complemen-
tarity towards the second target RNA or target RNA of
interest.

[0241] According to a specific embodiment, the non-
coding RNA molecule (e.g. RNA silencing molecule) is
designed so as to comprise 100% complementarity towards
the second target RNA or target RNA of interest.

[0242] In order to generate silencing activity and/or speci-
ficity of a non-coding RN A molecule or redirect a silencing
activity and/or specificity of a non-coding RNA molecule
(e.g. RNA silencing molecule) towards a second target RNA
or target RNA of interest, the gene encoding a non-coding
RNA molecule (e.g. RNA silencing molecule) is modified
using a DNA editing agent.

[0243] Following is a description of various non-limiting
examples of methods and DNA editing agents used to
introduce nucleic acid alterations to a gene encoding a
non-coding RNA molecule (e.g. RNA silencing molecule)
and agents for implementing same that can be used accord-
ing to specific embodiments of the present disclosure.
[0244] Genome FEditing using engineered endonu-
cleases—this approach refers to a reverse genetics method
using artificially engineered nucleases to typically cut and
create specific double-stranded breaks (DSBs) at a desired
location(s) in the genome, which are then repaired by
cellular endogenous processes such as, homologous recom-
bination (HR) or non-homologous end-joining (NHEJD).
NHEJ directly joins the DNA ends in a double-stranded
break (DSB) with or without minimal ends trimming, while
HR utilizes a homologous donor sequence as a template (i.e.
the sister chromatid formed during S-phase) for regenerat-
ing/copying the missing DNA sequence at the break site. In
order to introduce specific nucleotide modifications to the
genomic DNA, a donor DNA repair template containing the
desired sequence must be present during HR (exogenously
provided single stranded or double stranded DNA).

[0245] Genome editing cannot be performed using tradi-
tional restriction endonucleases since most restriction
enzymes recognize a few base pairs on the DNA as their
target and these sequences often will be found in many
locations across the genome resulting in multiple cuts which
are not limited to a desired location. To overcome this
challenge and create site-specific single- or double-stranded
breaks (DSBs), several distinct classes of nucleases have
been discovered and bioengineered to date. These include
the meganucleases, Zinc finger nucleases (ZFNs), transcrip-
tion-activator like effector nucleases (TALENs) and
CRISPR/Cas9 (and all their variants) system.

[0246] Meganucleases—Meganucleases are commonly
grouped into four families: the LAGLIDADG family, the
GIY-YIG family, the His-Cys box family and the HNH
family. These families are characterized by structural motifs,
which affect catalytic activity and recognition sequence. For
instance, members of the LAGLIDADG family are charac-
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terized by having either one or two copies of the conserved
LAGLIDADG motif. The four families of meganucleases
are widely separated from one another with respect to
conserved structural elements and, consequently, DNA rec-
ognition sequence specificity and catalytic activity. Mega-
nucleases are found commonly in microbial species and
have the unique property of having very long recognition
sequences (>14 bp) thus making them naturally very specific
for cutting at a desired location.

[0247] This can be exploited to make site-specific double-
stranded breaks (DSBs) in genome editing. One of skill in
the art can use these naturally occurring meganucleases,
however the number of such naturally occurring meganucle-
ases is limited. To overcome this challenge, mutagenesis and
high throughput screening methods have been used to create
meganuclease variants that recognize unique sequences. For
example, various meganucleases have been fused to create
hybrid enzymes that recognize a new sequence.

[0248] Alternatively, DNA interacting amino acids of the
meganuclease can be altered to design sequence specific
meganucleases (see e.g., U.S. Pat. No. 8,021,867). Mega-
nucleases can be designed using the methods described in
e.g., Certo, M T et al. Nature Methods (2012) 9:073-975;
U.S. Pat. Nos. 8,304,222; 8,021,867, 8,119,381, 8,124,369,
8,129,134, 8,133,697, 8,143,015; 8,143,016; 8,148,098; or
8,163,514, the contents of each are incorporated herein by
reference in their entirety. Alternatively, meganucleases with
site specific cutting characteristics can be obtained using
commercially available technologies e.g., Precision Biosci-
ences’ Directed Nuclease Editor™ genome editing technol-
ogy.

[0249] ZFNs and TALENs—Two distinct classes of engi-
neered nucleases, zinc-finger nucleases (ZFNs) and tran-
scription activator-like effector nucleases (TALENS), have
both proven to be effective at producing targeted double-
stranded breaks (DSBs) (Christian et al., 2010; Kim et al.,
1996; Li et al., 2011; Mahfouz et al., 2011; Miller et al.,
2010).

[0250] Basically, ZFNs and TALENs restriction endonu-
clease technology utilizes a non-specific DNA cutting
enzyme which is linked to a specific DNA binding domain
(either a series of zinc finger domains or TALE repeats,
respectively). Typically a restriction enzyme whose DNA
recognition site and cleaving site are separate from each
other is selected. The cleaving portion is separated and then
linked to a DNA binding domain, thereby yielding an
endonuclease with very high specificity for a desired
sequence. An exemplary restriction enzyme with such prop-
erties is Fokl. Additionally Fokl has the advantage of requir-
ing dimerization to have nuclease activity and this means the
specificity increases dramatically as each nuclease partner
recognizes a unique DNA sequence. To enhance this effect,
Fokl nucleases have been engineered that can only function
as heterodimers and have increased catalytic activity. The
heterodimer functioning nucleases avoid the possibility of
unwanted homodimer activity and thus increase specificity
of the double-stranded break (DSB).

[0251] Thus, for example to target a specific site, ZFNs
and TALENSs are constructed as nuclease pairs, with each
member of the pair designed to bind adjacent sequences at
the targeted site. Upon transient expression in cells, the
nucleases bind to their target sites and the Fokl domains
heterodimerize to create a double-stranded break (DSB).
Repair of these double-stranded breaks (DSBs) through the
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non-homologous end-joining (NHEJ) pathway often results
in small deletions or small sequence insertions (Indels).
Since each repair made by NHEJ is unique, the use of a
single nuclease pair can produce an allelic series with a
range of different insertions or deletions at the target site.
[0252] In general NHE] is relatively accurate (about 85%
of DSBs in human cells are repaired by NHEJ within about
30 min from detection) in gene editing erroneous NHEJ is
relied upon as when the repair is accurate the nuclease will
keep cutting until the repair product is mutagenic and the
recognition/cut site/PAM motif is gone/mutated or that the
transiently introduced nuclease is no longer present.
[0253] The deletions typically range anywhere from a few
base pairs to a few hundred base pairs in length, but larger
deletions have been successfully generated in cell culture by
using two pairs of nucleases simultaneously (Carlson et al.,
2012; Lee et al., 2010). In addition, when a fragment of
DNA with homology to the targeted region is introduced in
conjunction with the nuclease pair, the double-stranded
break (DSB) can be repaired via homologous recombination
(HR) to generate specific modifications (Li et al., 2011;
Miller et al., 2010; Urnov et al., 2005).

[0254] Although the nuclease portions of both ZFNs and
TALENs have similar properties, the difference between
these engineered nucleases is in their DNA recognition
peptide. ZFNs rely on Cys2-His2 zinc fingers and TALENs
on TALEs. Both of these DNA recognizing peptide domains
have the characteristic that they are naturally found in
combinations in their proteins. Cys2-His2 Zinc fingers are
typically found in repeats that are 3 bp apart and are found
in diverse combinations in a variety of nucleic acid inter-
acting proteins. TALEs on the other hand are found in
repeats with a one-to-one recognition ratio between the
amino acids and the recognized nucleotide pairs. Because
both zinc fingers and TALEs happen in repeated patterns,
different combinations can be tried to create a wide variety
of sequence specificities. Approaches for making site-spe-
cific zinc finger endonucleases include, e.g., modular assem-
bly (where Zinc fingers correlated with a triplet sequence are
attached in a row to cover the required sequence), OPEN
(low-stringency selection of peptide domains vs. triplet
nucleotides followed by high-stringency selections of pep-
tide combination vs. the final target in bacterial systems),
and bacterial one-hybrid screening of zinc finger libraries,
among others. ZFNs can also be designed and obtained
commercially from e.g., Sangamo Biosciences™ (Rich-
mond, Calif.).

[0255] Method for designing and obtaining TALENSs are
described in e.g. Reyon et al. Nature Biotechnology 2012
May; 30(5):460-5; Miller et al. Nat Biotechnol. (2011) 29:
143-148; Cermak et al. Nucleic Acids Research (2011) 39
(12): e82 and Zhang et al. Nature Biotechnology (2011) 29
(2): 149-53. A recently developed web-based program
named Mojo Hand was introduced by Mayo Clinic for
designing TAL and TALEN constructs for genome editing
applications (can be accessed through www(dot)talendesign
(dot)org). TALEN can also be designed and obtained com-
mercially from e.g., Sangamo Biosciences™ (Richmond,
Calif.).

[0256] T-GEE system (TargetGene’s Genome Editing
Engine)—A programmable nucleoprotein molecular com-
plex containing a polypeptide moiety and a specificity
conferring nucleic acid (SCNA) which assembles in-vivo, in
a target cell, and is capable of interacting with the prede-
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termined target nucleic acid sequence is provided. The
programmable nucleoprotein molecular complex is capable
of specifically modifying and/or editing a target site within
the target nucleic acid sequence and/or modifying the func-
tion of the target nucleic acid sequence. Nucleoprotein
composition comprises (a) polynucleotide molecule encod-
ing a chimeric polypeptide and comprising (i) a functional
domain capable of modifying the target site, and (ii) a
linking domain that is capable of interacting with a speci-
ficity conferring nucleic acid, and (b) specificity conferring
nucleic acid (SCNA) comprising (i) a nucleotide sequence
complementary to a region of the target nucleic acid flanking
the target site, and (ii) a recognition region capable of
specifically attaching to the linking domain of the polypep-
tide. The composition enables modifying a predetermined
nucleic acid sequence target precisely, reliably and cost-
effectively with high specificity and binding capabilities of
molecular complex to the target nucleic acid through base-
pairing of specificity-conferring nucleic acid and a target
nucleic acid. The composition is less genotoxic, modular in
their assembly, utilize single platform without customiza-
tion, practical for independent use outside of specialized
core-facilities, and has shorter development time frame and
reduced costs.

[0257] CRISPR-Cas system and all its variants (also
referred to herein as “CRISPR”)—Many bacteria and
archaea contain endogenous RNA-based adaptive immune
systems that can degrade nucleic acids of invading phages
and plasmids. These systems consist of clustered regularly
interspaced short palindromic repeat (CRISPR) nucleotide
sequences that produce RNA components and CRISPR
associated (Cas) genes that encode protein components. The
CRISPR RNAs (crRNAs) contain short stretches of homol-
ogy to the DNA of specific viruses and plasmids and act as
guides to direct Cas nucleases to degrade the complementary
nucleic acids of the corresponding pathogen. Studies of the
type II CRISPR/Cas system of Streptococcus pyogenes have
shown that three components form a RNA/protein complex
and together are sufficient for sequence-specific nuclease
activity: the Cas9 nuclease, a ctrRNA containing 20 base
pairs of homology to the target sequence, and a trans-
activating crRNA (tracrRNA) (Jinek et al. Science (2012)
337: 816-821).

[0258] It was further demonstrated that a synthetic chime-
ric guide RNA (gRNA) composed of a fusion between
crRNA and tracrRNA could direct Cas9 to cleave DNA
targets that are complementary to the crRNA in vitro. It was
also demonstrated that transient expression of Cas9 in
conjunction with synthetic gRNAs can be used to produce
targeted double-stranded breaks (DSBs) in a variety of
different species (Cho et al., 2013; Cong et al., 2013;
DiCarlo et al., 2013; Hwang et al., 2013a,b; Jinek et al.,
2013; Mali et al., 2013).

[0259] The CRISPR/Cas system for genome editing con-
tains two distinct components: a gRNA and an endonuclease
e.g. Cas9.

[0260] The gRNA (also referred to herein as short guide
RNA (sgRNA)) is typically a 20-nucleotide sequence encod-
ing a combination of the target homologous sequence (cr-
RNA) and the endogenous bacterial RNA that links the
crRNA to the Cas9 nuclease (tracrRNA) in a single chimeric
transcript. The gRNA/Cas9 complex is recruited to the target
sequence by the base-pairing between the gRNA sequence
and the complement genomic DNA. For successful binding
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of Cas9, the genomic target sequence must also contain the
correct Protospacer Adjacent Motif (PAM) sequence imme-
diately following the target sequence. The binding of the
gRNA/Cas9 complex localizes the Cas9 to the genomic
target sequence so that the Cas9 can cut both strands of the
DNA causing a double-strand break (DSB). Just as with
ZFNs and TALENs, the double-stranded breaks (DSBs)
produced by CRISPR/Cas can undergo homologous recom-
bination or NHEJ and are susceptible to specific sequence
modification during DNA repair.

[0261] The Cas9 nuclease has two functional domains:
RuvC and HNH, each cutting a different DNA strand. When
both of these domains are active, the Cas9 causes double
strand breaks (DSBs) in the genomic DNA.

[0262] A significant advantage of CRISPR/Cas is that the
high efficiency of this system is coupled with the ability to
easily create synthetic gRNAs. This creates a system that
can be readily modified to target modifications at different
genomic sites and/or to target different modifications at the
same site. Additionally, protocols have been established
which enable simultaneous targeting of multiple genes. The
majority of cells carrying the mutation present biallelic
mutations in the targeted genes.

[0263] However, apparent flexibility in the base-pairing
interactions between the gRNA sequence and the genomic
DNA target sequence allows imperfect matches to the target
sequence to be cut by Cas9.

[0264] Modified versions of the Cas9 enzyme containing
a single inactive catalytic domain, either RuvC- or HNH-,
are called ‘nickases’. With only one active nuclease domain,
the Cas9 nickase cuts only one strand of the target DNA,
creating a single-strand break or ‘nick’. A single-strand
break, or nick, is mostly repaired by single strand break
repair mechanism involving proteins such as but not only,
PARP (sensor) and XRCC1/LIG III complex (ligation). If a
single strand break (SSB) is generated by topoisomerase [
poisons or by drugs that trap PARP1 on naturally occurring
SSBs then these could persist and when the cell enters into
S-phase and the replication fork encounter such SSBs they
will become single ended DSBs which can only be repaired
by HR. However, two proximal, opposite strand nicks
introduced by a Cas9 nickase are treated as a double-strand
break, in what is often referred to as a ‘double nick” CRISPR
system. A double-nick, which is basically non-parallel DSB,
can be repaired like other DSBs by HR or NHEJ depending
on the desired effect on the gene target and the presence of
a donor sequence and the cell cycle stage (HR is of much
lower abundance and can only occur in S and G2 stages of
the cell cycle). Thus, if specificity and reduced off-target
effects are crucial, using the Cas9 nickase to create a
double-nick by designing two gRNAs with target sequences
in close proximity and on opposite strands of the genomic
DNA would decrease off-target effect as either gRNA alone
will result in nicks that are not likely to change the genomic
DNA, even though these events are not impossible.

[0265] Modified versions of the Cas9 enzyme containing
two inactive catalytic domains (dead Cas9, or dCas9) have
no nuclease activity while still able to bind to DNA based on
gRNA specificity. The dCas9 can be utilized as a platform
for DNA transcriptional regulators to activate or repress
gene expression by fusing the inactive enzyme to known
regulatory domains. For example, the binding of dCas9
alone to a target sequence in genomic DNA can interfere
with gene transcription.
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[0266] There are a number of publicly available tools
available to help choose and/or design target sequences as
well as lists of bioinformatically determined unique gRNAs
for different genes in different species, such as but not
limited to, the Feng Zhang lab’s Target Finder, the Michael
Boutros lab’s Target Finder (E-CRISP), the RGEN Tools:
Cas-OFFinder, the CasFinder: Flexible algorithm for iden-
tifying specific Cas9 targets in genomes and the CRISPR
Optimal Target Finder.

[0267] Inorderto usethe CRISPR system, both gRNA and
a Cas endonuclease (e.g. Cas9) should be expressed or
present (e.g., as a ribonucleoprotein complex) in a target
cell. The insertion vector can contain both cassettes on a
single plasmid or the cassettes are expressed from two
separate plasmids. CRISPR plasmids are commercially
available such as the px330 plasmid from Addgene (75
Sidney St, Suite 550A+Cambridge, Mass. 02139). Use of
clustered regularly interspaced short palindromic repeats
(CRISPR)-associated (Cas)-guide RNA technology and a
Cas endonuclease for modifying mammalian genomes are
also at least disclosed by Bauer et al. [J Vis Exp. (2015)
(95):e52118. doi: 10.3791/52118], which is specifically
incorporated herein by reference in its entirety. Cas endo-
nucleases that can be used to effect DNA editing with gRNA
include, but are not limited to, Cas9, Cpfl (Zetsche et al.,
2015, Cell. 163(3):759-71), C2cl, C2¢2, and C2¢3 (Shma-
kov et al., Mol Cell. 2015 Nov. 5; 60(3):385-97).

[0268] According to a specific embodiment, the CRISPR
comprises a short guide RNA (sgRNA) comprising a nucleic
acid sequence as set forth in SEQ ID NOs: 5-6 or SEQ ID
Nos 165-236.

[0269] “Hit and run” or “in-out”—involves a two-step
recombination procedure. In the first step, an insertion-type
vector containing a dual positive/negative selectable marker
cassette is used to introduce the desired sequence alteration.
The insertion vector contains a single continuous region of
homology to the targeted locus and is modified to carry the
mutation of interest. This targeting construct is linearized
with a restriction enzyme at a one site within the region of
homology, introduced into the cells, and positive selection is
performed to isolate homologous recombination mediated
events. The DNA carrying the homologous sequence can be
provided as a plasmid, single or double stranded oligo.
These homologous recombinants contain a local duplication
that is separated by intervening vector sequence, including
the selection cassette. In the second step, targeted clones are
subjected to negative selection to identify cells that have lost
the selection cassette via intra-chromosomal recombination
between the duplicated sequences. The local recombination
event removes the duplication and, depending on the site of
recombination, the allele either retains the introduced muta-
tion or reverts to wild type. The end result is the introduction
of the desired modification without the retention of any
exogenous sequences.

[0270] The “double-replacement” or “tag and exchange”
strategy—involves a two-step selection procedure similar to
the hit and run approach, but requires the use of two different
targeting constructs. In the first step, a standard targeting
vector with 3' and 5' homology arms is used to insert a dual
positive/negative selectable cassette near the location where
the mutation is to be introduced. After the system compo-
nents have been introduced to the cell and positive selection
applied, HR mediated events could be identified. Next, a
second targeting vector that contains a region of homology
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with the desired mutation is introduced into targeted clones,
and negative selection is applied to remove the selection
cassette and introduce the mutation. The final allele contains
the desired mutation while eliminating unwanted exogenous
sequences.

[0271] According to a specific embodiment, the DNA
editing agent comprises a DNA targeting module (e.g.,
gRNA).

[0272] According to a specific embodiment, the DNA
editing agent does not comprise an endonuclease.

[0273] According to a specific embodiment, the DNA
editing agent comprises a nuclease (e.g. an endonuclease)
and a DNA targeting module (e.g., gRNA).

[0274] According to a specific embodiment, the DNA
editing agent is CRISPR/Cas, e.g. gRNA and Cas9.

[0275] According to a specific embodiment, the DNA
editing agent is TALEN.

[0276] According to a specific embodiment, the DNA
editing agent is ZFN.

[0277] According to a specific embodiment, the DNA
editing agent is meganuclease.

[0278] According to one embodiment, the DNA editing
agent is linked to a reporter for monitoring expression in a
eukaryotic cell.

[0279] According to one embodiment, the reporter is a
fluorescent reporter protein.

[0280] The term “a fluorescent protein” refers to a poly-
peptide that emits fluorescence and is typically detectable by
flow cytometry, microscopy or any fluorescent imaging
system, therefore can be used as a basis for selection of cells
expressing such a protein.

[0281] Examples of fluorescent proteins that can be used
as reporters are, without being limited to, the Green Fluo-
rescent Protein (GFP), the Blue Fluorescent Protein (BFP)
and the red fluorescent proteins (e.g. dsRed, mCherry, RFP).
A non-limiting list of fluorescent or other reporters includes
proteins detectable by luminescence (e.g. luciferase) or
colorimetric assay (e.g. GUS). According to a specific
embodiment, the fluorescent reporter is a red fluorescent
protein (e.g. dsRed, mCherry, RFP) or GFP.

[0282] A review of new classes of fluorescent proteins and
applications can be found in Trends in Biochemical Sciences
[Rodriguez, Erik A.; Campbell, Robert E.; Lin, John Y.; Lin,
Michael Z.; Miyawaki, Atsushi; Palmer, Amy E.; Shu,
Xiaokun; Zhang, Jin; Tsien, Roger Y. “The Growing and
Glowing Toolbox of Fluorescent and Photoactive Proteins”.
Trends in Biochemical Sciences. doi: 10.1016/j.tibs. 2016.
Sept.10].

[0283] According to another embodiment, the reporter is
an antibiotic selection marker. Examples of antibiotic selec-
tion markers that can be used as reporters are, without being
limited to, neomycin phosphotransferase 1I (aptll) and
hygromycin phosphotransferase (hpt). Additional marker
genes which can be used in accordance with the present
teachings include, but are not limited to, gentamycin acetyl-
transferase (accC3) resistance and bleomycin and phleomy-
cin resistance genes.

[0284] It will be appreciated that the enzyme NPTII inac-
tivates by phosphorylation a number of aminoglycoside
antibiotics such as kanamycin, neomycin, geneticin (or
G418) and paromomycin. Of these, G418 is routinely used
for selection of transformed mammalian cells.

[0285] Regardless of the DNA editing agent used, the
method of the invention is employed such that the gene
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encoding the non-coding RNA molecule (e.g. RNA silenc-
ing molecule) is modified by at least one of a deletion, an
insertion or a point mutation.

[0286] According to one embodiment, the modification is
in a structured region of the non-coding RNA molecule or
the RNA silencing molecule.

[0287] According to one embodiment, the modification is
in a stem region of the non-coding RNA molecule or the
RNA silencing molecule.

[0288] According to one embodiment, the modification is
in a loop region of the non-coding RNA molecule or the
RNA silencing molecule.

[0289] According to one embodiment, the modification is
in a stem region and a loop region of the non-coding RNA
molecule or the RNA silencing molecule.

[0290] According to one embodiment, the modification is
in a non-structured region of the non-coding RNA molecule
or the RNA silencing molecule.

[0291] According to one embodiment, the modification is
in a stem region and a loop region and in non-structured
region of the non-coding RNA molecule or the RNA silenc-
ing molecule.

[0292] According to a specific embodiment, the modifi-
cation comprises a modification of about 10-250 nucleo-
tides, about 10-200 nucleotides, about 10-150 nucleotides,
about 10-100 nucleotides, about 10-50 nucleotides, about
1-50 nucleotides, about 1-10 nucleotides, about 50-150
nucleotides, about 50-100 nucleotides or about 100-200
nucleotides (as compared to the native non-coding RNA
molecule, e.g. RNA silencing molecule).

[0293] According to one embodiment, the modification
comprises a modification of at most 1, 2,3, 4, 5,6,7,8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 22, 24, 26, 28, 30,
32,34, 36,38, 40,42, 44, 46, 48, 50, 60, 70, 80, 90, 100, 110,
120, 130, 140, 150, 160, 170, 180, 190, 200 or at most 250
nucleotides (as compared to the native non-coding RNA
molecule, e.g. RNA silencing molecule).

[0294] According to one embodiment, the modification
can be in a consecutive nucleic acid sequence (e.g. at least
5, 10, 20, 30, 40, 50, 100, 150, 200 bases).

[0295] According to one embodiment, the modification
can be in a non-consecutive manner, e.g. throughout a 20,
50, 100, 150, 200, 500, 1000 nucleic acid sequence.
[0296] According to a specific embodiment, the modifi-
cation comprises a modification of at most 200 nucleotides.
[0297] According to a specific embodiment, the modifi-
cation comprises a modification of at most 150 nucleotides.
[0298] According to a specific embodiment, the modifi-
cation comprises a modification of at most 100 nucleotides.
[0299] According to a specific embodiment, the modifi-
cation comprises a modification of at most 50 nucleotides.
[0300] According to a specific embodiment, the modifi-
cation comprises a modification of at most 25 nucleotides.
[0301] According to a specific embodiment, the modifi-
cation comprises a modification of at most 20 nucleotides.
[0302] According to a specific embodiment, the modifi-
cation comprises a modification of at most 15 nucleotides.
[0303] According to a specific embodiment, the modifi-
cation comprises a modification of at most 10 nucleotides.
[0304] According to a specific embodiment, the modifi-
cation comprises a modification of at most 5 nucleotides.
[0305] According to one embodiment, the modification
depends on the structure of the RNA silencing molecule.



US 2020/0270604 A1l

[0306] Accordingly, when the RNA silencing molecule
contains a non-essential structure (i.e. a secondary structure
of'the RNA silencing molecule which does not play a role in
its proper biogenesis and/or function) or is purely dsRNA
(i.e. the RNA silencing molecule having a perfect or almost
perfect dsRNA), a few modifications (e.g. 20-30 nucleo-
tides, e.g. 1-10 nucleotides, e.g. 5 nucleotides) are intro-
duced in order to redirect the silence specificity of the RNA
silencing molecule.

[0307] According to another embodiment, when the RNA
silencing molecule has an essential structure (i.e. the proper
biogenesis and/or activity of the RNA silencing molecule is
dependent on its secondary structure), larger modifications
(e.g. 10-200 nucleotides, e.g. 50-150 nucleotides, e.g., more
than 30 nucleotides and not exceeding 200 nucleotides,
30-200 nucleotides, 35-200 nucleotides, 35-150 nucleotides,
35-100 nucleotides) are introduced in order to redirect the
silence specificity of the RNA silencing molecule.

[0308] According to one embodiment, the modification is
such that the recognition/cut site/PAM motif of the RNA
silencing molecule is modified to abolish the original PAM
recognition site.

[0309] According to a specific embodiment, the modifi-
cationis inatleast 1,2, 3,4, 5, 6,7, 8,9, 10 or more nucleic
acids in a PAM motif.

[0310] According to one embodiment, the modification
comprises an insertion.

[0311] According to a specific embodiment, the insertion
comprises an insertion of about 10-250 nucleotides, about
10-200 nucleotides, about 10-150 nucleotides, about 10-100
nucleotides, about 10-50 nucleotides, about 1-50 nucleo-
tides, about 50-150 nucleotides, about 50-100 nucleotides or
about 100-200 nucleotides (as compared to the native non-
coding RNA molecule, e.g. RNA silencing molecule).
[0312] According to a specific embodiment, the insertion
comprises an insertion of about 10-250 nucleotides, about
10-200 nucleotides, about 10-150 nucleotides, about 10-100
nucleotides, about 10-50 nucleotides, about 1-50 nucleo-
tides, about 1-10 nucleotides, about 50-150 nucleotides,
about 50-100 nucleotides or about 100-200 nucleotides (as
compared to the native non-coding RNA molecule, e.g.
RNA silencing molecule).

[0313] According to one embodiment, the insertion com-
prises an insertion of at most 1, 2, 3, 4, 5, 6,7, 8, 9, 10, 11,
12,13, 14,15, 16, 17, 18, 19, 20, 22, 24, 26, 28, 30, 32, 34,
36, 38, 40, 42, 44, 46, 48, 50, 60, 70, 80, 90, 100, 110, 120,
130, 140, 150, 160, 170, 180, 190, 200 or at most 250
nucleotides (as compared to the native non-coding RNA
molecule, e.g. RNA silencing molecule).

[0314] According to a specific embodiment, the insertion
comprises an insertion of at most 200 nucleotides.

[0315] According to a specific embodiment, the insertion
comprises an insertion of at most 150 nucleotides.

[0316] According to a specific embodiment, the insertion
comprises an insertion of at most 100 nucleotides.

[0317] According to a specific embodiment, the insertion
comprises an insertion of at most 50 nucleotides.

[0318] According to a specific embodiment, the insertion
comprises an insertion of at most 25 nucleotides.

[0319] According to a specific embodiment, the insertion
comprises an insertion of at most 20 nucleotides.

[0320] According to a specific embodiment, the insertion
comprises an insertion of at most 15 nucleotides.
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[0321] According to a specific embodiment, the insertion
comprises an insertion of at most 10 nucleotides.

[0322] According to a specific embodiment, the insertion
comprises an insertion of at most 5 nucleotides.

[0323] According to one embodiment, the modification
comprises a deletion.

[0324] According to a specific embodiment, the deletion
comprises a deletion of about 10-250 nucleotides, about
10-200 nucleotides, about 10-150 nucleotides, about 10-100
nucleotides, about 10-50 nucleotides, about 1-50 nucleo-
tides, about 1-10 nucleotides, about 50-150 nucleotides,
about 50-100 nucleotides or about 100-200 nucleotides (as
compared to the native non-coding RNA molecule, e.g.
RNA silencing molecule).

[0325] According to one embodiment, the deletion com-
prises a deletion of at most 1, 2, 3,4, 5, 6, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 22, 24, 26, 28, 30, 32, 34,
36, 38, 40, 42, 44, 46, 48, 50, 60, 70, 80, 90, 100, 110, 120,
130, 140, 150, 160, 170, 180, 190, 200 or at most 250
nucleotides (as compared to the native non-coding RNA
molecule, e.g. RNA silencing molecule).

[0326] According to a specific embodiment, the deletion
comprises a deletion of at most 200 nucleotides.

[0327] According to a specific embodiment, the deletion
comprises a deletion of at most 150 nucleotides.

[0328] According to a specific embodiment, the deletion
comprises a deletion of at most 100 nucleotides.

[0329] According to a specific embodiment, the deletion
comprises a deletion of at most 50 nucleotides.

[0330] According to a specific embodiment, the deletion
comprises a deletion of at most 25 nucleotides.

[0331] According to a specific embodiment, the deletion
comprises a deletion of at most 20 nucleotides.

[0332] According to a specific embodiment, the deletion
comprises a deletion of at most 15 nucleotides.

[0333] According to a specific embodiment, the deletion
comprises a deletion of at most 10 nucleotides.

[0334] According to a specific embodiment, the deletion
comprises a deletion of at most 5 nucleotides.

[0335] According to one embodiment, the modification
comprises a point mutation.

[0336] According to a specific embodiment, the point
mutation comprises a point mutation of about 10-250
nucleotides, about 10-200 nucleotides, about 10-150 nucleo-
tides, about 10-100 nucleotides, about 10-50 nucleotides,
about 1-50 nucleotides, about 1-10 nucleotides, about
50-150 nucleotides, about 50-100 nucleotides or about 100-
200 nucleotides (as compared to the native non-coding RNA
molecule, e.g. RNA silencing molecule).

[0337] According to one embodiment, the point mutation
comprises a point mutation in at most 1, 2, 3, 4, 5, 6, 7, 8,
9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 22, 24, 26, 28,
30,32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 60, 70, 80, 90, 100,
110, 120, 130, 140, 150, 160, 170, 180, 190, 200 or at most
250 nucleotides (as compared to the native non-coding RNA
molecule, e.g. RNA silencing molecule).

[0338] According to a specific embodiment, the point
mutation comprises a point mutation in at most 200 nucleo-
tides.

[0339] According to a specific embodiment, the point
mutation comprises a point mutation in at most 150 nucleo-
tides.
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[0340] According to a specific embodiment, the point
mutation comprises a point mutation in at most 100 nucleo-
tides.

[0341] According to a specific embodiment, the point
mutation comprises a point mutation in at most 50 nucleo-
tides.

[0342] According to a specific embodiment, the point
mutation comprises a point mutation in at most 25 nucleo-
tides.

[0343] According to a specific embodiment, the point
mutation comprises a point mutation in at most 20 nucleo-
tides.

[0344] According to a specific embodiment, the point
mutation comprises a point mutation in at most 15 nucleo-
tides.

[0345] According to a specific embodiment, the point
mutation comprises a point mutation in at most 10 nucleo-
tides.

[0346] According to a specific embodiment, the point
mutation comprises a point mutation in at most 5 nucleo-
tides.

[0347] According to one embodiment, the modification
comprises a combination of any of a deletion, an insertion
and/or a point mutation.

[0348] According to one embodiment, the modification
comprises nucleotide replacement (e.g. nucleotide swap-
ping).

[0349] According to a specific embodiment, the swapping

comprises swapping of about 10-250 nucleotides, about
10-200 nucleotides, about 10-150 nucleotides, about 10-100
nucleotides, about 10-50 nucleotides, about 1-50 nucleo-
tides, about 1-10 nucleotides, about 50-150 nucleotides,
about 50-100 nucleotides or about 100-200 nucleotides (as
compared to the native non-coding RNA molecule, e.g.
RNA silencing molecule).

[0350] According to one embodiment, the nucleotide
swapping comprises a nucleotide replacement in at most 1,
2,3,4,5,6,7,8,09, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50,
60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180,
190, 200 or at most 250 nucleotides (as compared to the
native non-coding RNA molecule, e.g. RNA silencing mol-
ecule).

[0351] According to a specific embodiment, the nucleotide
swapping comprises a nucleotide replacement in at most 200
nucleotides.

[0352] According to a specific embodiment, the nucleotide
swapping comprises a nucleotide replacement in at most 150
nucleotides.

[0353] According to a specific embodiment, the nucleotide
swapping comprises a nucleotide replacement in at most 100
nucleotides.

[0354] According to a specific embodiment, the nucleotide
swapping comprises a nucleotide replacement in at most 50
nucleotides.

[0355] According to a specific embodiment, the nucleotide
swapping comprises a nucleotide replacement in at most 25
nucleotides.

[0356] According to a specific embodiment, the nucleotide
swapping comprises a nucleotide replacement in at most 20
nucleotides.

[0357] According to a specific embodiment, the nucleotide
swapping comprises a nucleotide replacement in at most 15
nucleotides.
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[0358] According to a specific embodiment, the nucleotide
swapping comprises a nucleotide replacement in at most 10
nucleotides.

[0359] According to a specific embodiment, the nucleotide
swapping comprises a nucleotide replacement in at most 5
nucleotides.

[0360] According to one embodiment, the gene encoding
the non-coding RNA molecule (e.g. RNA silencing mol-
ecule) is modified by swapping a sequence of an endogenous
RNA silencing molecule (e.g. miRNA) with a RNA silenc-
ing sequence of choice (e.g. siRNA).

[0361] According to a specific embodiment, the sequence
of'a siRNA used for gene swapping of an endogenous RNA
silencing molecule (e.g. miRNA) comprising a nucleic acid
sequence selected from the group consisting of SEQ ID
NOs: 1-4, SEQ ID Nos: 93-164 or SEQ ID Nos 243-252.
According to one embodiment, the guide strand of the
non-coding RNA molecule (e.g. RNA silencing molecule) is
modified to preserve originality of structure and keep the
same base pairing profile.

[0362] According to one embodiment, the passenger
strand of the non-coding RN A molecule (e.g. RNA silencing
molecule) is modified to preserve originality of structure and
keep the same base pairing profile.

[0363] As used herein, the term “originality of structure”
refers to the secondary RNA structure (i.e. base pairing
profile). Keeping the originality of structure is important for
correct and efficient biogenesis/processing of the non-cod-
ing RNA (e.g. RNA silencing molecule such as siRNA or
miRNA) that is structure- and not purely sequence-depen-
dent.

[0364] According to one embodiment, the non-coding
RNA (e.g. RNA silencing molecule) is modified in the guide
strand (silencing strand) as to comprise about 50-100%
complementarity to the target RNA (as discussed above)
while the passenger strand is modified to preserve the
original (unmodified) non-coding RNA structure.

[0365] According to one embodiment, the non-coding
RNA (e.g. RNA silencing molecule) is modified such that
the seed sequence (e.g. for miRNA nucleotides 2-8 from the
5' terminal) is complimentary to the target sequence.
[0366] According to a specific embodiment, the RNA
silencing molecule (i.e. RNAi molecule) is designed such
that a sequence of the RNAi molecule is modified to
preserve originality of structure and to be recognized by
cellular RNAi processing and executing factors.

[0367] The DNA editing agent of the invention may be
introduced into eukaryotic cells using DNA delivery meth-
ods (e.g. by expression vectors) or using DNA-free methods.
[0368] According to one embodiment, the gRNA (or any
other DNA recognition module used, dependent on the DNA
editing system that is used) can be provided as RNA to the
cell.

[0369] Thus, it will be appreciated that the present tech-
niques relate to introducing the DNA editing agent using
DNA-free methods such as RNA transfection (e.g. mRNA+
gRNA transfection), or Ribonucleoprotein (RNP) transfec-
tion (e.g. protein-RNA complex transfection, e.g. Cas9/
gRNA RNP complex transfection, or any combination of
DNA/RNA/Proteins).

[0370] For example, Cas9 can be introduced as a DNA
expression plasmid, in vitro transcript (i.e. RNA), or as a
recombinant protein bound to the RNA portion in a ribo-
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nucleoprotein particle (RNP). gRNA, for example, can be
delivered either as a DNA plasmid or as an in vitro transcript
(i.e. RNA).

[0371] Any method known in the art for RNA or RNP
transfection can be used in accordance with the present
teachings, such as, but not limited to microinjection [as
described by Cho et al., “Heritable gene knockout in Cae-
norhabditis elegans by direct injection of Cas9-sgRNA
ribonucleoproteins,” Genetics (2013) 195:1177-1180, incor-
porated herein by reference], electroporation [as described
by Kim et al., “Highly efficient RNA-guided genome editing
in human cells via delivery of purified Cas9 ribonucleopro-
teins” Genome Res. (2014) 24:1012-1019, incorporated
herein by reference|, or lipid-mediated transfection e.g.
using liposomes [as described by Zuris et al., “Cationic
lipid-mediated delivery of proteins enables efficient protein-
based genome editing in vitro and in vivo” Nat Biotechnol.
(2014) doi: 10.1038/nbt.3081, incorporated herein by refer-
ence|. Additional methods of RNA transfection are
described in U.S. Patent Application No. 20160289675,
incorporated herein by reference in its entirety.

[0372] One advantage of RNA transfection methods of the
invention is that RNA transfection is essentially transient
and vector-free. A RNA transgene can be delivered to a cell
and expressed therein, as a minimal expressing cassette
without the need for any additional sequences (e.g. viral
sequences).

[0373] According to one embodiment, for expression of
exogenous DNA editing agents of the invention in mamma-
lian cells, a polynucleotide sequence encoding the DNA
editing agent is ligated into a nucleic acid construct suitable
for mammalian cell expression. Such a nucleic acid con-
struct includes a promoter sequence for directing transcrip-
tion of the polynucleotide sequence in the cell in a consti-
tutive or inducible manner.

[0374] The nucleic acid construct (also referred to herein
as an “expression vector”) of some embodiments of the
invention includes additional sequences which render this
vector suitable for replication and integration in eukaryotes
(e.g., shuttle vectors). In addition, typical cloning vectors
may also contain a transcription and translation initiation
sequence, transcription and translation terminator and a
polyadenylation signal. By way of example, such constructs
will typically include a §' LTR, a tRNA binding site, a
packaging signal, an origin of second-strand DNA synthesis,
and a 3' LTR or a portion thereof.

[0375] Eukaryotic promoters typically contain two types
of recognition sequences, the TATA box and upstream
promoter elements. The TATA box, located 25-30 base pairs
upstream of the transcription initiation site, is thought to be
involved in directing RNA polymerase to begin RNA syn-
thesis. The other upstream promoter elements determine the
rate at which transcription is initiated.

[0376] Preferably, the promoter utilized by the nucleic
acid construct of some embodiments of the invention is
active in the specific cell population transformed. Examples
of cell type-specific and/or tissue-specific promoters include
promoters such as albumin that is liver specific [Pinkert et
al., (1987) Genes Dev. 1:268-277], lymphoid specific pro-
moters [Calame et al., (1988) Adv. Immunol. 43:235-275];
in particular promoters of T-cell receptors [Winoto et al.,
(1989) EMBO J. 8:729-733] and immunoglobulins; [Banerji
et al. (1983) Cell 33729-740], neuron-specific promoters
such as the neurofilament promoter [Byrne et al. (1989)
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Proc. Natl. Acad. Sci. USA 86:5473-5477], pancreas-spe-
cific promoters [Edlunch et al. (1985) Science 230:912-916]
or mammary gland-specific promoters such as the milk
whey promoter (U.S. Pat. No. 4,873,316 and European
Application Publication No. 264,166).

[0377] Enhancer elements can stimulate transcription up
to 1,000 fold from linked homologous or heterologous
promoters. Enhancers are active when placed downstream or
upstream from the transcription initiation site. Many
enhancer elements derived from viruses have a broad host
range and are active in a variety of tissues. For example, the
SV40 early gene enhancer is suitable for many cell types.
Other enhancer/promoter combinations that are suitable for
some embodiments of the invention include those derived
from polyoma virus, human or murine cytomegalovirus
(CMYV), the long term repeat from various retroviruses such
as murine leukemia virus, murine or Rous sarcoma virus and
HIV. See, Enhancers and FEukaryotic Expression, Cold
Spring Harbor Press, Cold Spring Harbor, N.Y. 1983, which
is incorporated herein by reference.

[0378] In the construction of the expression vector, the
promoter is preferably positioned approximately the same
distance from the heterologous transcription start site as it is
from the transcription start site in its natural setting. As is
known in the art, however, some variation in this distance
can be accommodated without loss of promoter function.
[0379] Polyadenylation sequences can also be added to the
expression vector in order to increase the efficiency of
mRNA translation. Two distinct sequence elements are
required for accurate and efficient polyadenylation: GU or U
rich sequences located downstream from the polyade-
nylation site and a highly conserved sequence of six nucleo-
tides, AAUAAA, located 11-30 nucleotides upstream. Ter-
mination and polyadenylation signals that are suitable for
some embodiments of the invention include those derived
from SV40.

[0380] In addition to the elements already described, the
expression vector of some embodiments of the invention
may typically contain other specialized elements intended to
increase the level of expression of cloned nucleic acids or to
facilitate the identification of cells that carry the recombi-
nant DNA. For example, a number of animal viruses contain
DNA sequences that promote the extra chromosomal repli-
cation of the viral genome in permissive cell types. Plasmids
bearing these viral replicons are replicated episomally as
long as the appropriate factors are provided by genes either
carried on the plasmid or with the genome of the host cell.
[0381] The vector may or may not include a eukaryotic
replicon. If a eukaryotic replicon is present, then the vector
is amplifiable in eukaryotic cells using the appropriate
selectable marker. If the vector does not comprise a eukary-
otic replicon, no episomal amplification is possible. Instead,
the recombinant DNA integrates into the genome of the
engineered cell, where the promoter directs expression of the
desired nucleic acid.

[0382] The expression vector of some embodiments of the
invention can further include additional polynucleotide
sequences that allow, for example, the translation of several
proteins from a single mRNA such as an internal ribosome
entry site (IRES) and sequences for genomic integration of
the promoter-chimeric polypeptide.

[0383] It will be appreciated that the individual elements
comprised in the expression vector can be arranged in a
variety of configurations. For example, enhancer elements,
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promoters and the like, and even the polynucleotide
sequence(s) encoding a DNA editing agent can be arranged
in a “head-to-tail” configuration, may be present as an
inverted complement, or in a complementary configuration,
as an anti-parallel strand. While such variety of configura-
tion is more likely to occur with non-coding elements of the
expression vector, alternative configurations of the coding
sequence within the expression vector are also envisioned.
[0384] Examples for mammalian expression vectors
include, but are not limited to, pcDNA3, pcDNA3.1(+/-),
pGL3, pZeoSV2(+/-), pSecTag2, pDisplay, pEF/myc/cyto,
pCMV/myc/cyto, pCR3.1, pSinRepS, DH26S, DHBB,
pNMT1, pNMT41, pNMT81, which are available from
Invitrogen, pCI which is available from Promega, pMbac,
pPbac, pBK-RSV and pBK-CMV which are available from
Stratagene, pTRES which is available from Clontech, and
their derivatives.

[0385] Expression vectors containing regulatory elements
from eukaryotic viruses such as retroviruses can be also
used. SV40 vectors include pSVT7 and pMT2. Vectors
derived from bovine papilloma virus include pBV-1MTHA,
and vectors derived from Epstein Bar virus include pHEBO,
and p205. Other exemplary vectors include pMSG,
pAVO09/A*,  pMTO10/A*, pMAMneo-5, baculovirus
pDSVE, and any other vector allowing expression of pro-
teins under the direction of the SV-40 early promoter, SV-40
later promoter, metallothionein promoter, murine mammary
tumor virus promoter, Rous sarcoma virus promoter, poly-
hedrin promoter, or other promoters shown effective for
expression in eukaryotic cells.

[0386] Viruses are very specialized infectious agents that
have evolved, in many cases, to elude host defense mecha-
nisms. Typically, viruses infect and propagate in specific cell
types. The targeting specificity of viral vectors utilizes its
natural specificity to specifically target predetermined cell
types and thereby introduce a recombinant gene into the
infected cell. Thus, the type of vector used by some embodi-
ments of the invention will depend on the cell type trans-
formed. The ability to select suitable vectors according to
the cell type transformed is well within the capabilities of the
ordinary skilled artisan and as such no general description of
selection consideration is provided herein. For example,
bone marrow cells can be targeted using the human T cell
leukemia virus type I (HTLV-I) and kidney cells may be
targeted using the heterologous promoter present in the
baculovirus Autographa californica nucleopolyhedrovirus
(AcMNPV) as described in Liang C Y et al., 2004 (Arch
Virol. 149: 51-60).

[0387] Recombinant viral vectors are useful for in vivo
expression of DNA editing agents since they offer advan-
tages such as lateral infection and targeting specificity.
Lateral infection is inherent in the life cycle of, for example,
retrovirus and is the process by which a single infected cell
produces many progeny virions that bud off and infect
neighboring cells. The result is that a large area becomes
rapidly infected, most of which was not initially infected by
the original viral particles. This contrasts with vertical-type
of infection in which the infectious agent spreads only
through daughter progeny. Viral vectors can also be pro-
duced that are unable to spread laterally. This characteristic
can be useful if the desired purpose is to introduce a
specified gene into only a localized number of targeted cells.
[0388] According to one embodiment, in order to express
a functional DNA editing agent, in cases where the cleaving
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module (nuclease) is not an integral part of the DNA
recognition unit, the expression vector may encode the
cleaving module as well as the DNA recognition unit (e.g.
gRNA in the case of CRISPR/Cas).

[0389] Alternatively, the cleaving module (nuclease) and
the DNA recognition unit (e.g. gRNA) may be cloned into
separate expression vectors. In such a case, at least two
different expression vectors must be transformed into the
same eukaryotic cell.

[0390] Alternatively, when a nuclease is not utilized (i.e.
not administered from an exogenous source to the cell), the
DNA recognition unit (e.g. gRNA) may be cloned and
expressed using a single expression vector.

[0391] According to one embodiment, the DNA editing
agent comprises a nucleic acid agent encoding at least one
DNA recognition unit (e.g. gRNA) operatively linked to a
cis-acting regulatory element active in eukaryotic cells (e.g.,
promoter).

[0392] According to one embodiment, the nuclease (e.g.
endonuclease) and the DNA recognition unit (e.g. gRNA)
are encoded from the same expression vector. Such a vector
may comprise a single cis-acting regulatory element active
in eukaryotic cells (e.g., promoter) for expression of both the
nuclease and the DNA recognition unit. Alternatively, the
nuclease and the DNA recognition unit may each be oper-
ably linked to a cis-acting regulatory element active in
eukaryotic cells (e.g., promoter).

[0393] According to one embodiment, the nuclease (e.g.
endonuclease) and the DNA recognition unit (e.g. gRNA)
are encoded from different expression vectors whereby each
is operably linked to a cis-acting regulatory element active
in eukaryotic cells (e.g., promoter).

[0394] According to one embodiment, the method of some
embodiments of the invention further comprises introducing
into the eukaryotic cell donor oligonucleotides.

[0395] According to one embodiment, when the modifi-
cation is an insertion, the method further comprises intro-
ducing into the eukaryotic cell donor oligonucleotides.
[0396] According to one embodiment, when the modifi-
cation is a deletion, the method further comprises introduc-
ing into the eukaryotic cell donor oligonucleotides.

[0397] According to one embodiment, when the modifi-
cation is a deletion and insertion (e.g. swapping), the method
further comprises introducing into the eukaryotic cell donor
oligonucleotides.

[0398] According to one embodiment, when the modifi-
cation is a point mutation, the method further comprises
introducing into the eukaryotic cell donor oligonucleotides.
[0399] As used herein, the term “donor oligonucleotides”
or “donor oligos” refers to exogenous nucleotides, i.e.
externally introduced into the eukaryotic cell to generate a
precise change in the genome. According to one embodi-
ment, the donor oligonucleotides are synthetic.

[0400] According to one embodiment, the donor oligos are
RNA oligos.

[0401] According to one embodiment, the donor oligos are
DNA oligos.

[0402] According to one embodiment, the donor oligos are
synthetic oligos.

[0403] According to one embodiment, the donor oligo-
nucleotides comprise single-stranded donor oligonucle-
otides (ssODN).
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[0404] According to one embodiment, the donor oligo-
nucleotides comprise double-stranded donor oligonucle-
otides (dsODN).

[0405] According to one embodiment, the donor oligo-
nucleotides comprise double-stranded DNA (dsDNA).
[0406] According to one embodiment, the donor oligo-
nucleotides comprise double-stranded DNA-RNA duplex
(DNA-RNA duplex).

[0407] According to one embodiment, the donor oligo-
nucleotides comprise double-stranded DNA-RNA hybrid
[0408] According to one embodiment, the donor oligo-
nucleotides comprise single-stranded DNA-RNA hybrid
[0409] According to one embodiment, the donor oligo-
nucleotides comprise single-stranded DNA (ssDNA).
[0410] According to one embodiment, the donor oligo-
nucleotides comprise double-stranded RNA (dsRNA).
[0411] According to one embodiment, the donor oligo-
nucleotides comprise single-stranded RNA (s sRNA).
[0412] According to one embodiment, the donor oligo-
nucleotides comprise the DNA or RNA sequence for swap-
ping (as discussed above).

[0413] According to one embodiment, the donor oligo-
nucleotides are provided in a non-expressed vector format or
oligo.

[0414] According to one embodiment, the donor oligo-
nucleotides comprise a DNA donor plasmid.

[0415] According to one embodiment, the donor oligo-
nucleotides comprise about 50-5000, about 100-5000, about
250-5000, about 500-5000, about 750-5000, about 1000-
5000, about 1500-5000, about 2000-5000, about 2500-5000,
about 3000-5000, about 4000-5000, about 50-4000, about
100-4000, about 250-4000, about 500-4000, about 750-
4000, about 1000-4000, about 1500-4000, about 2000-4000,
about 2500-4000, about 3000-4000, about 50-3000, about
100-3000, about 250-3000, about 500-3000, about 750-
3000, about 1000-3000, about 1500-3000, about 2000-3000,
about 50-2000, about 100-2000, about 250-2000, about
500-2000, about 750-2000, about 1000-2000, about 1500-
2000, about 50-1000, about 100-1000, about 250-1000,
about 500-1000, about 750-1000, about 50-750, about 150-
750, about 250-750, about 500-750, about 50-500, about
150-500, about 200-500, about 250-500, about 350-500,
about 50-250, about 150-250, or about 200-250 nucleotides.
[0416] According to a specific embodiment, the donor
oligonucleotides comprising the ssODN (e.g. ssDNA or
ssRNA) comprise about 200-500 nucleotides.

[0417] According to a specific embodiment, the donor
oligonucleotides comprising the dsODN (e.g. dsDNA or
dsRNA) comprise about 250-5000 nucleotides.

[0418] According to one embodiment, for gene swapping
of an endogenous RNA silencing molecule (e.g. miRNA)
with a RNA silencing sequence of choice (e.g. siRNA), the
expression vector, ssODN (e.g. ssDNA or ssRNA) or
dsODN (e.g. dsDNA or dsRNA) need not to be expressed in
a eukaryotic cell and only serves as a non-expressing
template. According to a specific embodiment, in such a case
only the DNA editing agent (e.g. Cas9/sgRNA modules)
need to be expressed if provided in a DNA form.

[0419] According to some embodiments, for gene editing
of an endogenous non-coding RNA molecule (e.g. RNA
silencing molecule) without the use of a nuclease, the DNA
editing agent (e.g., gRNA) may be introduced into the
eukaryotic cell with or without donor oligonucleotides (as
discussed herein).
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[0420] According to one embodiment, introducing into the
eukaryotic cell donor oligonucleotides is effected using any
of the methods described above (e.g. using the expression
vectors or RNP transfection).

[0421] According to one embodiment, the gRNA and the
DNA donor oligonucleotides are co-introduced into the
eukaryotic cell. It will be appreciated that any additional
factors (e.g. nuclease) may be co-introduced therewith.
[0422] According to one embodiment, the gRNA is intro-
duced into the eukaryotic cell prior to the DNA donor
oligonucleotides (e.g. within a few minutes or a few hours).
It will be appreciated that any additional factors (e.g. nucle-
ase) may be introduced prior to, concomitantly with, or
following the gRNA or the DNA donor oligonucleotides.
[0423] According to one embodiment, the gRNA is intro-
duced into the eukaryotic cell subsequent to the DNA donor
oligonucleotides (e.g. within a few minutes or a few hours).
It will be appreciated that any additional factors (e.g. nucle-
ase) may be introduced prior to, concomitantly with, or
following the gRNA or the DNA donor oligonucleotides.
[0424] According to one embodiment, there is provided a
composition comprising at least one gRNA and DNA donor
oligonucleotides for genome editing.

[0425] According to one embodiment, there is provided a
composition comprising at least one gRNA, a nuclease (e.g.
endonuclease) and DNA donor oligonucleotides for genome
editing.

[0426] Various methods can be used to introduce the
expression vector or donor oligos of some embodiments of
the invention into eukaryotic cells (e.g. stem cells). Such
methods are generally described in Sambrook et al., Molecu-
lar Cloning: A Laboratory Manual, Cold Springs Harbor
Laboratory, New York (1989, 1992), in Ausubel et al.,
Current Protocols in Molecular Biology, John Wiley and
Sons, Baltimore, Md. (1989), Chang et al., Somatic Gene
Therapy, CRC Press, Ann Arbor, Mich. (1995), Vega et al.,
Gene Targeting, CRC Press, Ann Arbor Mich. (1995), Vec-
tors: A Survey of Molecular Cloning Vectors and Their Uses,
Butterworths, Boston Mass. (1988) and Gilboa et at. [Bio-
techniques 4 (6): 504-512, 1986] and include, for example,
stable or transient transfection, lipofection, electroporation
and infection with recombinant viral vectors. In addition, see
U.S. Pat. Nos. 5,464,764 and 5,487,992 for positive-nega-
tive selection methods.

[0427] Introduction of nucleic acids by viral infection
offers several advantages over other methods such as lipo-
fection and electroporation, since higher transfection effi-
ciency can be obtained due to the infectious nature of
viruses.

[0428] Currently preferred in vivo nucleic acid transfer
techniques include transfection with viral or non-viral con-
structs, such as adenovirus, lentivirus, Herpes simplex I
virus, or adeno-associated virus (AAV) and lipid-based
systems. Useful lipids for lipid-mediated transfer of the gene
are, for example, DOTMA, DOPE, and DC-Chol [Tonkin-
son et al., Cancer Investigation, 14(1): 54-65 (1996)]. For
gene therapy, the preferred constructs are viruses, most
preferably adenoviruses, AAV, lentiviruses, or retroviruses.
A viral construct such as a retroviral construct includes at
least one transcriptional promoter/enhancer or locus-defin-
ing element(s), or other elements that control gene expres-
sion by other means such as alternate splicing, nuclear RNA
export, or post-translational modification of messenger.
Such vector constructs also include a packaging signal, long
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terminal repeats (LTRs) or portions thereof, and positive and
negative strand primer binding sites appropriate to the virus
used, unless it is already present in the viral construct. In
addition, such a construct typically includes a signal
sequence for secretion of the peptide from a host cell in
which it is placed. Preferably the signal sequence for this
purpose is a mammalian signal sequence or the signal
sequence of the polypeptide variants of some embodiments
of the invention. Optionally, the construct may also include
a signal that directs polyadenylation, as well as one or more
restriction sites and a translation termination sequence. By
way of example, such constructs will typically include a 5'
LTR, a tRNA binding site, a packaging signal, an origin of
second-strand DNA synthesis, and a 3' LTR or a portion
thereof. Other vectors can be used that are non-viral, such as
cationic lipids, polylysine, and dendrimers.

[0429] Other than containing the necessary elements for
the transcription and translation of the inserted coding
sequence, the expression construct of some embodiments of
the invention can also include sequences engineered to
enhance stability, production, purification, yield or toxicity
of the expressed peptide.

[0430] According to a specific embodiment, a bombard-
ment method is used to introduce foreign genes into eukary-
otic cells. According to one embodiment, the method is
transient. An exemplary bombardment method which can be
used in accordance with some embodiments of the invention
is discussed in the examples section which follows. Bom-
bardment of eukaryotic cells (e.g. mammalian cells) is also
taught by Uchida M et al., Biochim Biophys Acta. (2009)
1790(8):754-64, incorporated herein by reference.

[0431] Regardless of the transformation/infection method
employed, the present teachings further select transformed
cells comprising a genome editing event.

[0432] According to a specific embodiment, selection is
carried out such that only cells comprising a successful
accurate modification (e.g. swapping, insertion, deletion,
point mutation) in the specific locus are selected. Accord-
ingly, cells comprising any event that includes a modifica-
tion (e.g. an insertion, deletion, point mutation) in an unin-
tended locus are not selected.

[0433] According to one embodiment, selection of modi-
fied cells can be performed at the phenotypic level, by
detection of a molecular event, by detection of a fluorescent
reporter, or by growth in the presence of selection (e.g.,
antibiotic or other selection marker such as resistance to a
drug i.e. Nutlin3 in the case of TP53 silencing).

[0434] According to one embodiment, selection of modi-
fied cells is performed by analyzing the biogenesis and
occurrence of the newly edited non-coding RNA molecule
(e.g. the presence of new miRNA version, the presence of
novel edited siRNAs, piRNAs, tasiRNAs, etc).

[0435] According to one embodiment, selection of modi-
fied cells is performed by analyzing the silencing activity
and/or specificity of the non-coding RNA molecule (e.g.
RNA silencing molecule) towards a second target RNA or
target RNA of interest by validating at least one eukaryotic
cell or organism phenotype of the organism that encode the
target RNA e.g. cell size, growth rate/inhibition, cell shape,
cell membrane integrity, tumor size, tumor shape, a pigmen-
tation of an organism, infection parameters in an organism
(such as viral load or bacterial load) or inflammation param-
eters in an organism (such as fever or redness).
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[0436] According to one embodiment, the silencing speci-
ficity of the non-coding RNA molecule is determined geno-
typically, e.g. by expression of a gene or lack of expression.
[0437] According to one embodiment, the silencing speci-
ficity of the non-coding RNA molecule is determined phe-
notypically.

[0438] According to one embodiment, a phenotype of the
eukaryotic cell or organism is determined prior to a geno-
type.

[0439] According to one embodiment, a genotype of the
eukaryotic cell or organism is determined prior to a pheno-
type.

[0440] According to one embodiment, selection of modi-
fied cells is performed by analyzing the silencing activity
and/or specificity of the non-coding RNA molecule (e.g.
RNA silencing molecule) towards a second target RNA or
target RNA of interest by measuring a RNA level of the
second target RNA or target RNA of interest. This can be
effected using any method known in the art, e.g. by Northern
blotting, Nuclease Protection Assays, In Situ hybridization,
quantitative RT-PCR or immunoblotting.

[0441] According to one embodiment, selection of modi-
fied cells is performed by analyzing eukaryotic cells or
clones comprising the DNA editing event also referred to
herein as “mutation” or “edit”, dependent on the type of
editing sought e.g., insertion, deletion, insertion-deletion
(Indel), inversion, substitution and combinations thereof.
[0442] Methods for detecting sequence alteration are well
known in the art and include, but not limited to, DNA and
RNA sequencing (e.g., next generation sequencing), elec-
trophoresis, an enzyme-based mismatch detection assay and
a hybridization assay such as PCR, RT-PCR, RNase protec-
tion, in-situ hybridization, primer extension, Southern blot,
Northern Blot and dot blot analysis. Various methods used
for detection of single nucleotide polymorphisms (SNPs)
can also be used, such as PCR based T7 endonuclease,
Hetroduplex and Sanger sequencing, or PCR followed by
restriction digest to detect appearance or disappearance of
unique restriction site/s.

[0443] Another method of validating the presence of a
DNA editing event e.g., Indels comprises a mismatch cleav-
age assay that makes use of a structure selective enzyme
(e.g. endonuclease) that recognizes and cleaves mismatched
DNA.

[0444] According to one embodiment, selection of trans-
formed cells is effected by flow cytometry (FACS) selecting
transformed cells exhibiting fluorescence emitted by the
fluorescent reporter. Following FACS sorting, positively
selected pools of transformed eukaryotic cells, displaying
the fluorescent marker are collected and an aliquot can be
used for testing the DNA editing event as discussed above.
[0445] In cases where antibiotic selection marker was
used, following transformation eukaryotic cell are cultivated
in the presence of selection (e.g., antibiotic), e.g. in a cell
culture. A portion of the cells of the cell culture are then
analyzed (validated) for the DNA editing event, as discussed
above.

[0446] According to one embodiment of the invention, the
method further comprises validating in the transformed cells
complementarity of the endogenous non-coding RNA mol-
ecule (e.g. RNA silencing molecule) towards the second
target RNA.

[0447] As mentioned above, following modification of the
gene encoding the non-coding RNA molecule (e.g. RNA
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silencing molecule), the non-coding RNA molecule (e.g.
RNA silencing molecule) comprises at least about 30%,
33%, 40%, 50%, 60%, 70%, 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or even 100%
complementarity towards the sequence of the second target
RNA or target RNA of interest.

[0448] The specific binding of designed non-coding RNA
molecule with a target RNA of interest can be determined by
any method known in the art, such as by computational
algorithms (e.g. BLAST) and verified by methods including
e.g. Northern blot, In Situ hybridization, QuantiGene Plex
Assay etc.

[0449] It will be appreciated that positive eukaryotic cells
can be homozygous or heterozygous for the DNA editing
event. In case of a heterozygous cell, the cell may comprise
a copy of' a modified gene and a copy of a non-modified gene
of the non-coding RNA molecule (e.g. RNA silencing mol-
ecule). The skilled artisan will select the cells for further
culturing/regeneration according to the intended use.
[0450] According to one embodiment, when a transient
method is desired, eukaryotic cells exhibiting the presence
of a DNA editing event as desired are further analyzed and
selected for the presence of the DNA editing agent, namely,
loss of DNA sequences encoding for the DNA editing agent.
This can be done, for example, by analyzing the loss of
expression of the DNA editing agent (e.g., at the mRNA,
protein) e.g., by fluorescent detection of GFP or q-PCR,
HPLC.

[0451] According to one embodiment, when a transient
method is desired, the eukaryotic cells may be analyzed for
the presence of the nucleic acid construct as described herein
or portions thereof e.g., nucleic acid sequence encoding the
DNA editing agent. This can be affirmed by fluorescent
microscopy, q-PCR, FACS, and or any other method such as
Southern blot, PCR, sequencing, HPLC).

[0452] Positive eukaryotic cell clones may be stored (e.g.,
cryopreserved).
[0453] Alternatively, eukaryotic cells may be further cul-

tured and maintained, for example, in an undifferentiated
state for extended periods of time or may be induced to
differentiate into other cell types, tissues, organs or organ-
isms as required.

[0454] The DNA editing agents and optionally the donor
oligos of some embodiments of the invention can be admin-
istered to a single cell, to a group of cells (e.g. primary cells
or cell lines as discussed above) or to an organism (e.g.
mammal, bird, fish, and insect, as discussed above).
[0455] Accordingly, the DNA editing agents and option-
ally the donor oligos of some embodiments of the invention
(or expression vectors or RNP complex comprising same)
can be administered to an organism per se, or in a pharma-
ceutical composition where it is mixed with suitable carriers
or excipients.

[0456] As used herein a “pharmaceutical composition”
refers to a preparation of one or more of the active ingre-
dients described herein with other chemical components
such as physiologically suitable carriers and excipients. The
purpose of a pharmaceutical composition is to facilitate
administration of a compound to an organism.

[0457] Herein the term “active ingredient” refers to the
DNA editing agents and optionally the donor oligos account-
able for the biological effect.

[0458] Hereinafter, the phrases “physiologically accept-
able carrier” and ‘“pharmaceutically acceptable carrier”
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which may be interchangeably used refer to a carrier or a
diluent that does not cause significant irritation to an organ-
ism and does not abrogate the biological activity and prop-
erties of the administered compound. An adjuvant is
included under these phrases.

[0459] Herein the term “excipient” refers to an inert
substance added to a pharmaceutical composition to further
facilitate administration of an active ingredient. Examples,
without limitation, of excipients include calcium carbonate,
calcium phosphate, various sugars and types of starch,
cellulose derivatives, gelatin, vegetable oils and polyethyl-
ene glycols.

[0460] Techniques for formulation and administration of
drugs may be found in “Remington’s Pharmaceutical Sci-
ences,” Mack Publishing Co., Easton, Pa., latest edition,
which is incorporated herein by reference.

[0461] Suitable routes of administration may, for example,
include oral, rectal, transmucosal, especially transnasal,
intestinal or parenteral delivery, including intramuscular,
subcutaneous and intramedullary injections as well as
intrathecal, direct intraventricular, intracardiac, e.g., into the
right or left ventricular cavity, into the common coronary
artery, intravenous, inrtaperitoneal, intranasal, or intraocular
injections.

[0462] Conventional approaches for drug delivery to the
central nervous system (CNS) include: neurosurgical strat-
egies (e.g., intracerebral injection or intracerebroventricular
infusion); molecular manipulation of the agent (e.g., pro-
duction of a chimeric fusion protein that comprises a trans-
port peptide that has an affinity for an endothelial cell
surface molecule in combination with an agent that is itself
incapable of crossing the BBB) in an attempt to exploit one
of the endogenous transport pathways of the BBB; pharma-
cological strategies designed to increase the lipid solubility
of'an agent (e.g., conjugation of water-soluble agents to lipid
or cholesterol carriers); and the transitory disruption of the
integrity of the BBB by hyperosmotic disruption (resulting
from the infusion of a mannitol solution into the carotid
artery or the use of a biologically active agent such as an
angiotensin peptide). However, each of these strategies has
limitations, such as the inherent risks associated with an
invasive surgical procedure, a size limitation imposed by a
limitation inherent in the endogenous transport systems,
potentially undesirable biological side effects associated
with the systemic administration of a chimeric molecule
comprised of a carrier motif that could be active outside of
the CNS, and the possible risk of brain damage within
regions of the brain where the BBB is disrupted, which
renders it a suboptimal delivery method.

[0463] Alternately, one may administer the pharmaceuti-
cal composition in a local rather than systemic manner, for
example, via injection of the pharmaceutical composition
directly into a tissue region of a patient.

[0464] Pharmaceutical compositions of some embodi-
ments of the invention may be manufactured by processes
well known in the art, e.g., by means of conventional
mixing, dissolving, granulating, dragee-making, levigating,
emulsifying, encapsulating, entrapping or lyophilizing pro-
cesses.

[0465] Pharmaceutical compositions for use in accordance
with some embodiments of the invention thus may be
formulated in conventional manner using one or more
physiologically acceptable carriers comprising excipients
and auxiliaries, which facilitate processing of the active
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ingredients into preparations which, can be used pharma-
ceutically. Proper formulation is dependent upon the route of
administration chosen.

[0466] For injection, the active ingredients of the pharma-
ceutical composition may be formulated in aqueous solu-
tions, preferably in physiologically compatible buffers such
as Hank’s solution, Ringer’s solution, or physiological salt
buffer. For transmucosal administration, penetrants appro-
priate to the barrier to be permeated are used in the formu-
lation. Such penetrants are generally known in the art.
[0467] For oral administration, the pharmaceutical com-
position can be formulated readily by combining the active
compounds with pharmaceutically acceptable carriers well
known in the art. Such carriers enable the pharmaceutical
composition to be formulated as tablets, pills, dragees,
capsules, liquids, gels, syrups, slurries, suspensions, and the
like, for oral ingestion by a patient. Pharmacological prepa-
rations for oral use can be made using a solid excipient,
optionally grinding the resulting mixture, and processing the
mixture of granules, after adding suitable auxiliaries if
desired, to obtain tablets or dragee cores. Suitable excipients
are, in particular, fillers such as sugars, including lactose,
sucrose, mannitol, or sorbitol; cellulose preparations such
as, for example, maize starch, wheat starch, rice starch,
potato starch, gelatin, gum tragacanth, methyl cellulose,
hydroxypropylmethyl-cellulose, sodium carbomethylcellu-
lose; and/or physiologically acceptable polymers such as
polyvinylpyrrolidone (PVP). If desired, disintegrating
agents may be added, such as cross-linked polyvinylpyrroli-
done, agar, or alginic acid or a salt thereof such as sodium
alginate.

[0468] Dragee cores are provided with suitable coatings.
For this purpose, concentrated sugar solutions may be used
which may optionally contain gum arabic, talc, polyvi-
nylpyrrolidone, carbopol gel, polyethylene glycol, titanium
dioxide, lacquer solutions and suitable organic solvents or
solvent mixtures. Dyestuffs or pigments may be added to the
tablets or dragee coatings for identification or to characterize
different combinations of active compound doses.

[0469] Pharmaceutical compositions which can be used
orally, include push-fit capsules made of gelatin as well as
soft, sealed capsules made of gelatin and a plasticizer, such
as glycerol or sorbitol. The push-fit capsules may contain the
active ingredients in admixture with filler such as lactose,
binders such as starches, lubricants such as talc or magne-
sium stearate and, optionally, stabilizers. In soft capsules,
the active ingredients may be dissolved or suspended in
suitable liquids, such as fatty oils, liquid paraffin, or liquid
polyethylene glycols. In addition, stabilizers may be added.
All formulations for oral administration should be in dos-
ages suitable for the chosen route of administration.
[0470] For buccal administration, the compositions may
take the form of tablets or lozenges formulated in conven-
tional manner.

[0471] For administration by nasal inhalation, the active
ingredients for use according to some embodiments of the
invention are conveniently delivered in the form of an
aerosol spray presentation from a pressurized pack or a
nebulizer with the use of a suitable propellant, e.g., dichlo-
rodifluoromethane, trichlorofluoromethane, dichloro-tetra-
fluoroethane or carbon dioxide. In the case of a pressurized
aerosol, the dosage unit may be determined by providing a
valve to deliver a metered amount. Capsules and cartridges
of, e.g., gelatin for use in a dispenser may be formulated
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containing a powder mix of the compound and a suitable
powder base such as lactose or starch.

[0472] The pharmaceutical composition described herein
may be formulated for parenteral administration, e.g., by
bolus injection or continuous infusion. Formulations for
injection may be presented in unit dosage form, e.g., in
ampoules or in multidose containers with optionally, an
added preservative. The compositions may be suspensions,
solutions or emulsions in oily or aqueous vehicles, and may
contain formulatory agents such as suspending, stabilizing
and/or dispersing agents.

[0473] Pharmaceutical compositions for parenteral admin-
istration include aqueous solutions of the active preparation
in water-soluble form. Additionally, suspensions of the
active ingredients may be prepared as appropriate oily or
water based injection suspensions. Suitable lipophilic sol-
vents or vehicles include fatty oils such as sesame oil, or
synthetic fatty acids esters such as ethyl oleate, triglycerides
or liposomes. Aqueous injection suspensions may contain
substances, which increase the viscosity of the suspension,
such as sodium carboxymethyl cellulose, sorbitol or dextran.
Optionally, the suspension may also contain suitable stabi-
lizers or agents which increase the solubility of the active
ingredients to allow for the preparation of highly concen-
trated solutions.

[0474] Alternatively, the active ingredient may be in pow-
der form for constitution with a suitable vehicle, e.g., sterile,
pyrogen-free water based solution, before use.

[0475] The pharmaceutical composition of some embodi-
ments of the invention may also be formulated in rectal
compositions such as suppositories or retention enemas,
using, e.g., conventional suppository bases such as cocoa
butter or other glycerides.

[0476] Pharmaceutical compositions suitable for use in
context of some embodiments of the invention include
compositions wherein the active ingredients are contained in
an amount effective to achieve the intended purpose. More
specifically, a therapeutically effective amount means an
amount of active ingredients (DNA editing agent) effective
to prevent, alleviate or ameliorate symptoms of a disorder
(e.g., cancer or infectious disease) or prolong the survival of
the subject being treated.

[0477] Determination of a therapeutically effective
amount is well within the capability of those skilled in the
art, especially in light of the detailed disclosure provided
herein.

[0478] For any preparation used in the methods of the
invention, the therapeutically effective amount or dose can
be estimated initially from in vitro and cell culture assays.
For example, a dose can be formulated in animal models to
achieve a desired concentration or titer. Such information
can be used to more accurately determine useful doses in
humans.

[0479] Animal models for cancerous diseases are
described e.g. in Yee et al.,, Cancer Growth Metastasis.
(2015) 8(Suppl 1): 115-118. Animal models for infectious
diseases are described e.g. in Shevach, Current Protocols in
Immunology, Published Online: 1 Apr. 2011, DOI: 10.1002/
0471142735.im1900s93.

[0480] Toxicity and therapeutic efficacy of the active
ingredients described herein can be determined by standard
pharmaceutical procedures in vitro, in cell cultures or
experimental animals. The data obtained from these in vitro
and cell culture assays and animal studies can be used in
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formulating a range of dosage for use in human. The dosage
may vary depending upon the dosage form employed and
the route of administration utilized. The exact formulation,
route of administration and dosage can be chosen by the
individual physician in view of the patient’s condition. (See
e.g., Fingl, et al., 1975, in “The Pharmacological Basis of
Therapeutics”, Ch. 1 p.1).

[0481] Dosage amount and interval may be adjusted indi-
vidually to provide the active ingredient at a sufficient
amount to induce or suppress the biological effect (minimal
effective concentration, MEC). The MEC will vary for each
preparation, but can be estimated from in vitro data. Dosages
necessary to achieve the MEC will depend on individual
characteristics and route of administration. Detection assays
can be used to determine plasma concentrations.

[0482] Depending on the severity and responsiveness of
the condition to be treated, dosing can be of a single or a
plurality of administrations, with course of treatment lasting
from several days to several weeks or until cure is effected
or diminution of the disease state is achieved.

[0483] The amount of a composition to be administered
will, of course, be dependent on the subject being treated,
the severity of the affliction, the manner of administration,
the judgment of the prescribing physician, etc.

[0484] Compositions of some embodiments of the inven-
tion may, if desired, be presented in a pack or dispenser
device, such as an FDA approved kit, which may contain one
or more unit dosage forms containing the active ingredient.
The pack may, for example, comprise metal or plastic foil,
such as a blister pack. The pack or dispenser device may be
accompanied by instructions for administration. The pack or
dispenser may also be accommodated by a notice associated
with the container in a form prescribed by a governmental
agency regulating the manufacture, use or sale of pharma-
ceuticals, which notice is reflective of approval by the
agency of the form of the compositions or human or vet-
erinary administration. Such notice, for example, may be of
labeling approved by the U.S. Food and Drug Administra-
tion for prescription drugs or of an approved product insert.
Compositions comprising a preparation of the invention
formulated in a compatible pharmaceutical carrier may also
be prepared, placed in an appropriate container, and labeled
for treatment of an indicated condition, as is further detailed
above.

[0485] The DNA editing agent designed to comprise a
silencing specificity of a non-coding RNA molecule towards
a target RNA of interest can be used for treating various
diseases and conditions as discussed below.

[0486] The term “treating” refers to inhibiting, preventing
or arresting the development of a pathology (disease, dis-
order or condition) and/or causing the reduction, remission,
or regression of a pathology. Those of skill in the art will
understand that various methodologies and assays can be
used to assess the development of a pathology, and similarly,
various methodologies and assays may be used to assess the
reduction, remission or regression of a pathology.

[0487] As used herein, the term “preventing” refers to
keeping a disease, disorder or condition from occurring in a
subject who may be at risk for the disease, but has not yet
been diagnosed as having the disease.

[0488] As used herein, the term “subject” or “subject in
need thereof” includes animals, including mammals, pref-
erably human beings, at any age or gender which suffer from
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the pathology. Preferably, this term encompasses individuals
who are at risk to develop the pathology.

[0489] According to one aspect of the invention, there is
provided a method of treating an infectious disease in a
subject in need thereof, the method comprising modifying a
gene encoding or processed into a non-coding RNA mol-
ecule or encoding or processed into an RNA silencing
molecule according to the method of some embodiments of
the invention, wherein the target RNA of interest is associ-
ated with onset or progression of the infectious disease,
thereby treating the infectious disease in the subject.
[0490] According to one aspect of the invention, there is
provided a DNA editing agent conferring a silencing speci-
ficity of a non-coding RNA molecule having no RNA
silencing activity towards a target RNA of interest, wherein
the target RNA of interest is associated with onset or
progression of an infectious disease, for use in treating an
infectious disease in a subject in need thereof.

[0491] According to one aspect of the invention, there is
provided a DNA editing agent redirecting a silencing speci-
ficity of a gene encoding or processed into a RNA silencing
molecule to a target RNA towards a second target RNA, the
target RNA and the second target RNA being distinct,
wherein the second target RNA is associated with onset or
progression of an infectious disease, for use in treating an
infectious disease in a subject in need thereof.

[0492] The term “infectious diseases™ as used herein refers
to any of chronic infectious diseases, subacute infectious
diseases, acute infectious diseases, viral diseases, bacterial
diseases, protozoan diseases, parasitic diseases, fungal dis-
eases, mycoplasma diseases and prion diseases.

[0493] According to one embodiment, in order to treat an
infectious disease in a subject, the non-coding RNA mol-
ecule (e.g. RNA silencing molecule) is designed to target a
RNA of interest associated with onset or progression of the
infectious disease.

[0494] According to one embodiment, the target RNA of
interest comprises a product of a gene of the eukaryotic cell
conferring resistance to the pathogen (e.g. virus, bacteria,
fungi, etc.). Exemplary genes include, but are not limited to,
CyPA-(Cyclophilins (CyPs)), Cyclophilin A (e.g. for Hepa-
titis C virus infection), CD81, scavenger receptor class B
type I (SR-BI), ubiquitin specific peptidase 18 (USP18),
phosphatidylinositol 4-kinase I1I alpha (PI4K-IIla) (e.g. for
HSV infection) and CCR5—(e.g. for HIV infection).Ac-
cording to one embodiment, the target RNA of interest
comprises a product of a gene of the pathogen.

[0495] According to one embodiment, the virus is an
arbovirus (e.g. Vesicular stomatitis Indiana virus—VSV).
According to one embodiment, the target RNA of interest
comprises a product of a VSV gene, e.g. G protein (G), large
protein (L), phosphoprotein, matrix protein (M) or nucleo-
protein.

[0496] According to one embodiment, the target RNA of
interest includes but is not limited to gag and/or vif genes
(i.e. conserved sequences in HIV-1); P protein (i.e. an
essential subunit of the viral RNA-dependent RNA poly-
merase in RSV); P mRNA (i.e. in PIV); core, NS3, NS4B
and NS5B (i.e. in HCV); VAMP-associated protein (WVAP-
A), La antigen and polypyrimidine tract binding protein
(PTB) (i.e. for HCV).

[0497] According to a specific embodiment, when the
organism is a human, the target RNA of interest includes, but
is not limited to, a gene of a pathogen causing Malaria; a
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gene of HIV virus (e.g. as set forth in GenBank Accession
No: NC_001802.1); a gene of HCV virus (e.g. as set forth in
GenBank Accession No: NC_004102.1); and a gene of
Parasitic worms (e.g. as set forth in GenBank Accession No:
XM_003371604.1).

[0498] According to a specific embodiment, when the
organism is a human, the target RNA of interest includes, but
is not limited to, a gene related to a cancerous disease (e.g.
Homo sapiens mRNA for ber/abl e8a2 fusion protein, as set
forth in GenBank Accession No: AB069693.1) or a gene
related to a myelodysplastic syndrome (MDS) and to vas-
cular diseases (e.g. Human heparin-binding vascular
endothelial growth factor (VEGF) mRNA, as set forth in
GenBank Accession No: M32977.1).

[0499] According to a specific embodiment, when the
organism is a cattle, the target RNA of interest includes, but
is not limited to, a gene of Infectious bovine rhinotracheitis
virus (e.g. as set forth in GenBank Accession No: AJ004801.
1), a type 1 bovine herpesvirus (BHV1), causing e.g. BRD
(Bovine Respiratory Disease complex); a gene of Blu-
etongue disease (BTV virus) (e.g. as set forth in GenBank
Accession No: KP821170.1); a gene of Bovine Virus Diar-
rhhoea (BVD) (e.g. as set forth in GenBank Accession No:
NC_001461.1); a gene of picornavirus (e.g. as set forth in
GenBank Accession No: NC_004004.1), causing e.g. Foot
& Mouth disease; a gene of Parainfluenza virus type 3 (PI3)
(e.g. as set forth in GenBank Accession No: NC_028362.1),
causing e.g. BRD; a gene of Mycobacterium bovis (M.
bovis) (e.g. as set forth in GenBank Accession No: NC
037343.1), causing e.g. Bovine Tuberculosis (bTB).

[0500] According to a specific embodiment, when the
organism is a sheep, the target RNA of interest includes, but
is not limited to, a gene of a pathogen causing Tapeworms
disease (E. granulosus life cycle, Echinococcus granulosus,
Taenia ovis, Taenia hydatigena, Moniezia species) (e.g. as
set forth in GenBank Accession No: AJ012663.1); a gene of
a pathogen causing Flatworms disease (Fasciola hepatica,
Fasciola gigantica, Fascioloides magna, Dicrocoelium den-
driticum, Schistosoma bovis) (e.g. as set forth in GenBank
Accession No: AY644459.1); a gene of a pathogen causing
Bluetongue disease (BTV virus, e.g. as set forth in GenBank
Accession No: KP821170.1); and a gene of a pathogen
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causing Roundworms disease (Parasitic bronchitis, also
known as “hoose’”, Elaecophora schneideri, Haemonchus
contortus, Trichostrongylus species, Teladorsagia circum-
cincta, Cooperia species, Nematodirus species, Dictyocau-
lus filaria, Protostrongylus refescens, Muellerius capillaris,
Oesophagostomum species, Neostrongylus linearis, Chab-
ertia ovina, Trichuris ovis) (e.g. as set forth in GenBank
Accession No: NC_003283.11).

[0501] According to a specific embodiment, when the
organism is a pig, the target RNA of interest includes, but is
not limited to, a gene of African swine fever virus (ASFV)
(causing e.g. African Swine Fever) (e.g. as set forth in
GenBank Accession No: NC_001659.2); a gene of Classical
swine fever virus (causing e.g. Classical Swine Fever) (e.g.
as set forth in GenBank Accession No: NC_002657.1); and
a gene of a picornavirus (causing e.g. Foot & Mouth disease)
(e.g. as set forth in GenBank Accession No: NC_004004.1).
[0502] According to a specific embodiment, when the
organism is a chicken, the target RNA of interest includes,
but is not limited to, a gene of Bird flu (or Avian influenza),
a gene of a variant of avian paramyxovirus 1 (APMV-1)
(causing e.g. Newcastle disease), or a gene of a pathogen
causing Marek’s disease.

[0503] According to a specific embodiment, when the
organism is a tadpole shrimp, the target RNA of interest
includes, but is not limited to, a gene of White Spot
Syndrome Virus (WSSV), a gene of Yellow Head Virus
(YHV), or a gene of Taura Syndrome Virus (TSV).

[0504] According to a specific embodiment, when the
organism is a salmon, the target RNA of interest includes,
but is not limited to, a gene of Infectious Salmon Anaemia
(ISA), a gene of Infectious Hematopoietic Necrosis (IHN),
a gene of Sea lice (e.g. ectoparasitic copepods of the genera
Lepeophtheirus and Caligus).

[0505] Exemplary endogenous non-coding RNA mol-
ecules which may be modified to target the RNA of interest
(e.g. a gene of a pathogen), exemplary sequences of gRNA
(i.e. a DNA editing agent) which may be used to modify the
endogenous non-coding RNA molecules, and exemplary
nucleotide sequences for redirecting a silencing specificity
of the endogenous non-coding RNA molecule towards the
target RNA of interest are provided in Table 1B, hereinbe-
low.

TABLE 1B

Examples of GEiGS oligo designs to generate different traits in various hosts

oligo_seq pam__difference
Sequence of GEiGS seq Number of
oligo, consisting difference sg_seq nucleotide
of the precursor from wt Sequence of changes
sequence with its ~ Number of the CRISPR/ between the
corresponding nucleotide cas9 small wild type
mature replaced changes guide RNA precursor and
by a siRNA between the targetting the the GEiGS
targeting wild type precursor sequence that
Host, trait and miRNA-template the desired precursor  sequence for fall in the
Host (bold); molecule - and the swapping - PAM region
pathogen/pest/disease (italics) Oligo info SEQ ID NO: GeiGs oligo SEQ ID NO:  of the sgRNA  sgRNA_ strand

Bos taurus (Cattle)

AJ004801.1/Infectious bovine
rhinotracheitis virus, a type 1 bovine
herpesvirus (BHV1) causing BRD (Bovine
Respiratory Disease complex)

bta-mir-222 Max change/
perfect structure/

trait-specific siRNA

63 165 3 fw
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TABLE 1B-continued

Examples of GEiGS oligo designs to generate different traits in various hosts

oligo__seq pam__difference
Sequence of GEiGS seq Number of
oligo, consisting difference sg_seq nucleotide
of the precursor from wt Sequence of changes
sequence with its ~ Number of the CRISPR/ between the
corresponding nucleotide cas9 small wild type
mature replaced changes guide RNA precursor and
by a siRNA between the targetting the the GEiGS
targeting wild type precursor sequence that
Host, trait and miRNA-template the desired precursor  sequence for fall in the
Host (bold); molecule - and the swapping - PAM region
pathogen/pest/disease (italics) Oligo info SEQ ID NO: GeiGs oligo SEQ ID NO:  of the sgRNA  sgRNA_ strand
bta-mir-484 Min change/ 94 14 166 3 v

perfect structure/
trait-specific siRNA

bta-mir-222 Max change/ 95 54 167 3 fw
altered structure/
trait-specific siRNA

bta-mir-127 Max change/ 96 58 168 3 v
perfect structure/
non-specific siRNA

KP821170.1/Bluetongue disease (BTV

virus)

bta-mir-222 Max change/ 97 64 169 3 fw
perfect structure/
trait-specific siRNA

bta-mir-484 Min change/ 98 18 170 3 v
perfect structure/
trait-specific siRNA

bta-mir-222 Max change/ 99 53 171 3 fw
altered structure/
trait-specific siRNA

bta-mir-221 Max change/ 100 59 172 3 fw
perfect structure/
non-specific siRNA

NC_ 001461.1/Bovine Virus Diarrhhoea

(BVD)

bta-mir-222 Max change/ 101 65 173 3 fw
perfect structure/
trait-specific siRNA

bta-mir-215 Min change/ 102 15 174 3 v
perfect structure/
trait-specific siRNA

bta-mir-222 Max change/ 103 45 175 3 fw
altered structure/
trait-specific siRNA

bta-mir-99a Max change/ 104 58 176 3 fw
perfect structure/
non-specific siRNA

NC_004004.1/Foot & Mouth disease (a

viral disease caused by a picornavirus)

bta-mir-222 Max change/ 105 65 177 3 fw
perfect structure/
trait-specific siRNA

bta-mir-484 Min change/ 106 18 178 3 v
perfect structure/
trait-specific siRNA

bta-mir-125a Max change/ 107 48 179 3 v
altered structure/
trait-specific siRNA

bta-mir-127 Max change/ 108 63 180 3 v
perfect structure/
non-specific siRNA

NC_028362.1/Parainfluenza virus type 3

(PI3) causing BRD

bta-mir-222 Max change/ 109 64 181 3 fw
perfect structure/
trait-specific siRNA
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TABLE 1B-continued

Examples of GEiGS oligo designs to generate different traits in various hosts

oligo__seq pam__difference
Sequence of GEiGS seq Number of
oligo, consisting difference sg_seq nucleotide
of the precursor from wt Sequence of changes
sequence with its ~ Number of the CRISPR/ between the
corresponding nucleotide cas9 small wild type
mature replaced changes guide RNA precursor and
by a siRNA between the targetting the the GEiGS
targeting wild type precursor sequence that
Host, trait and miRNA-template the desired precursor  sequence for fall in the
Host (bold); molecule - and the swapping - PAM region
pathogen/pest/disease (italics) Oligo info SEQ ID NO: GeiGs oligo SEQ ID NO:  of the sgRNA  sgRNA_ strand
bta-mir-126 Min change/ 110 19 182 3 v

bta-mir-125a

bta-mir-31

perfect structure/

trait-specific siRNA

Max change/ 111 49 183 3 v
altered structure/

trait-specific siRNA

Max change/ 112 60 184 2 v
perfect structure/

non-specific siRNA

NC_037343.1/Bovine Tuberculosis (bTB)
caused by the bacterium Mycobacterium

bovis (M. bovis)

bta-mir-222

bta-mir-26b

bta-mir-125a

bta-mir-127

Homo sapiens (Human)
AB069693.1/Homo sapiens mRNA
for ber/abl e8a2 fusion protein

Max change/ 113 64 185 3 fw
perfect structure/

trait-specific siRNA

Min change/ 114 19 186 3 fw
perfect structure/

trait-specific siRNA

Max change/ 115 36 187 2 v
altered structure/

trait-specific siRNA

Max change/ 116 60 188 3 v
perfect structure/

non-specific siRNA

hsa-mir-98

hsa-mir-30a

hsa-mir-100

hsa-mir-98

M32977.1/Human heparin-binding
vascular endothelial growth factor
(VEGF) mRNA

Max change/ 117 65 189 1 fw
perfect structure/

trait-specific siRNA

Min change/ 118 14 190 3 fw
perfect structure/

trait-specific siRNA

Max change/ 119 38 191 2 fw
altered structure/

trait-specific siRNA

Max change/ 120 61 192 3 fw
perfect structure/

non-specific siRNA

hsa-mir-98

hsa-mir-24-2

hsa-mir-100

hsa-mir-98

NC_001802.1/HIV virus

Max change/ 121 64 193 1 fw
perfect structure/

trait-specific siRNA

Min change/ 122 16 194 3 v
perfect structure/

trait-specific siRNA

Max change/ 123 35 195 2 fw
altered structure/

trait-specific siRNA

Max change/ 124 62 196 1 fw
perfect structure/

non-specific siRNA

hsa-mir-98

Max change/ 125 62 197 1 fw
perfect structure/
trait-specific siRNA
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Examples of GEiGS oligo designs to generate different traits in various hosts

oligo__seq pam__difference
Sequence of GEiGS seq Number of
oligo, consisting difference sg_seq nucleotide
of the precursor from wt Sequence of changes
sequence with its ~ Number of the CRISPR/ between the
corresponding nucleotide cas9 small wild type
mature replaced changes guide RNA precursor and
by a siRNA between the targetting the the GEiGS
targeting wild type precursor sequence that
Host, trait and miRNA-template the desired precursor  sequence for fall in the
Host (bold); molecule - and the swapping - PAM region
pathogen/pest/disease (italics) Oligo info SEQ ID NO: GeiGs oligo SEQ ID NO:  of the sgRNA  sgRNA_ strand
hsa-mir-26b Min change/ 126 15 198 1 v
perfect structure/
trait-specific siRNA
hsa-mir-100 Max change/ 127 32 199 1 fw
altered structure/
trait-specific siRNA
hsa-mir-19b-1 Max change/ 128 60 200 3 v
perfect structure/
non-specific siRNA
NC_004102.1/HCV virus
hsa-mir-98 Max change/ 129 62 201 3 fw
perfect structure/
trait-specific siRNA
hsa-mir-20a Min change/ 130 16 202 3 fw
perfect structure/
trait-specific siRNA
hsa-let-7¢ Max change/ 131 39 203 3 fw
altered structure/
trait-specific siRNA
hsa-mir-98 Max change/ 132 62 204 1 fw
perfect structure/
non-specific siRNA
XM__003371604.1/Parasitic worms
hsa-mir-98 Max change/ 133 66 205 2 fw
perfect structure/
trait-specific siRNA
hsa-mir-20a Min change/ 134 17 206 3 fw
perfect structure/
trait-specific siRNA
hsa-mir-100 Max change/ 135 42 207 1 fw
altered structure/
trait-specific siRNA
hsa-mir-98 Max change/ 136 61 208 1 fw
perfect structure/
non-specific siRNA
Ovis aries (Sheep)
AJ012663.1/Tapeworms disease (E.
granulosus life cycle, Echinococcus
granulosus, Taenia ovis, Taenia
hydatigena, Moniezia species)
oar-mir-127 Max change/ 137 75 209 1 fw
perfect structure/
trait-specific siRNA
oar-mir-125b Min change/ 138 19 210 3 v
perfect structure/
trait-specific siRNA
oar-mir-411la Max change/ 139 65 211 3 v
altered structure/
trait-specific siRNA
oar-mir-382 Max change/ 140 78 212 3 fw
perfect structure/
non-specific siRNA
AY644459.1/Flatworms disease (Fasciola
hepatica, Fasciola gigantica, Fascioloides
magna, Dicrocoelium dendriticum,
Schistosoma bovis)
oar-mir-382 Max change/ 141 73 213 3 fw

perfect structure/
trait-specific siRNA
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TABLE 1B-continued

Examples of GEiGS oligo designs to generate different traits in various hosts

oligo__seq pam__difference
Sequence of GEiGS seq Number of
oligo, consisting difference sg_seq nucleotide
of the precursor from wt Sequence of changes
sequence with its ~ Number of the CRISPR/ between the
corresponding nucleotide cas9 small wild type
mature replaced changes guide RNA precursor and
by a siRNA between the targetting the the GEiGS
targeting wild type precursor sequence that
Host, trait and miRNA-template the desired precursor  sequence for fall in the
Host (bold); molecule - and the swapping - PAM region
pathogen/pest/disease (italics) Oligo info SEQ ID NO: GeiGs oligo SEQ ID NO:  of the sgRNA  sgRNA_ strand
oar-mir-134 Min change/ 142 20 214 3 fw
perfect structure/
trait-specific siRNA
oar-mir-543 Max change/ 143 42 215 3 v
altered structure/
trait-specific siRNA
oar-mir-382 Max change/ 144 76 216 3 fw
perfect structure/
non-specific siRNA
KP821170.1/Bluetongue disease (BTV
virus)
oar-mir-382 Max change/ 145 76 217 3 fw
perfect structure/
trait-specific siRNA
oar-mir-134 Min change/ 146 20 218 3 fw
perfect structure/
trait-specific siRNA
oar-mir-411la Max change/ 147 50 219 3 v
altered structure/
trait-specific siRNA
oar-mir-382 Max change/ 148 75 220 3 fw
perfect structure/
non-specific siRNA
NC_ 003283.11/Roundworms disease
(Parasitic bronchitis, also known as
““hoose™”, Elaecophora schneideri,
Haemonchus contortus, Trichostrongylus
species, Teladorsagia circumcincta,
Cooperia species, Nematodirus species,
Dictyocaulus filaria, Protostrongylus
refescens, Muellerius capillaris,
Oesophagostomum species,
Neostrongylus linearis, Chabertia ovina,
Trichuris ovis)
oar-mir-382 Max change/ 149 75 221 3 fw
perfect structure/
trait-specific siRNA
oar-mir-665 Min change/ 150 14 222 3 v
perfect structure/
trait-specific siRNA
oar-mir-379 Max change/ 151 52 223 1 v
altered structure/
trait-specific siRNA
oar-mir-411la Max change/ 152 78 224 3 v
perfect structure/
non-specific siRNA
Sus scrofa (Pig)
NC_001659.2/African Swine Fever
(disease caused by African swine fever
virus (ASFV))
ssc-mir-186 Max change/ 153 60 225 3 v
perfect structure/
trait-specific siRNA
ssc-mir-122 Min change/ 154 20 226 2 fw
perfect structure/
trait-specific siRNA
ssc-mir-204 Max change/ 155 46 227 3 v

altered structure/
trait-specific siRNA
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TABLE 1B-continued

Examples of GEiGS oligo designs to generate different traits in various hosts

oligo__seq pam__difference
Sequence of GEiGS seq Number of
oligo, consisting difference sg_seq nucleotide
of the precursor from wt Sequence of changes
sequence with its ~ Number of the CRISPR/ between the
corresponding nucleotide cas9 small wild type
mature replaced changes guide RNA precursor and
by a siRNA between the targetting the the GEiGS
targeting wild type precursor sequence that
Host, trait and miRNA-template the desired precursor  sequence for fall in the
Host (bold); molecule - and the swapping - PAM region
pathogen/pest/disease (italics) Oligo info SEQ ID NO: GeiGs oligo SEQ ID NO:  of the sgRNA  sgRNA_ strand
ssc-mir-15b Max change/ 156 60 228 3 fw
perfect structure/
non-specific siRNA
NC_002657.1/Classical Swine Fever
(caused by a small RNA virus with a lipid
envelope, the Classical swine fever virus-
influenza virus)
ssc-mir-204 Max change/ 157 61 229 3 v
perfect structure/
trait-specific siRNA
ssc-mir-122 Min change/ 158 19 230 3 fw
perfect structure/
trait-specific siRNA
ssc-mir-204 Max change/ 159 54 231 3 v
altered structure/
trait-specific siRNA
ssc-mir-186 Max change/ 160 59 232 2 v
perfect structure/
non-specific siRNA
NC__004004.1/Foot & Mouth disease
(a viral disease caused by a picornavirus)
ssc-mir-325 Max change/ 161 60 233 1 v
perfect structure/
trait-specific siRNA
ssc-mir-122 Min change/ 162 19 234 2 fw
perfect structure/
trait-specific siRNA
ssc-mir-204 Max change/ 163 46 235 3 v
altered structure/
trait-specific siRNA
ssc-mir-21 Max change/ 164 60 236 3 fw

perfect structure/
non-specific siRNA

Table 1B provides example GEiGS oligos designed against a variety of targets in several host organisms. For each host-target combination, four oligos are provided: minimum sequence
changes with matching structure and efficient s1IRNA; maximum sequence changes with matching structure and efficient siRNA; maximum sequence changes and non-matching structure
and efficient siRNA; and maximum sequence changes with matching structure and inefficient siRNA.

[0506] Assessing the efficacy of treatment may be carried
out using any method known in the art, such as by assessing
the subject’s physical well-being, by blood tests, by assess-
ing viral/bacterial load, etc.

[0507] According to one aspect of the invention, there is
provided a method of treating a monogenic recessive dis-
order in a subject in need thereof, the method comprising
modifying a gene encoding or processed into a non-coding
RNA molecule or encoding or processed into an RNA
silencing molecule according to the method of some
embodiments of the invention, wherein the target RNA of
interest is associated with the monogenic recessive disorder,
thereby treating the monogenic recessive disorder in the
subject.

[0508] According to one aspect of the invention, there is
provided a DNA editing agent conferring a silencing speci-
ficity of a non-coding RNA molecule having no RNA
silencing activity towards a target RNA of interest, wherein

the target RNA of interest is associated with a monogenic
recessive disorder, for use in treating a monogenic recessive
disorder in a subject in need thereof.

[0509] According to one aspect of the invention, there is
provided a DNA editing agent redirecting a silencing speci-
ficity of a gene encoding or processed into a RNA silencing
molecule to a target RNA towards a second target RNA, the
target RNA and the second target RNA being distinct,
wherein the second target RNA is associated with a mono-
genic recessive disorder, for use in treating a monogenic
recessive disorder in a subject in need thereof.

[0510] As used herein, the term “monogenic recessive
disorder” refers to a disease or condition caused as a result
of a single defective gene on the autosomes.

[0511] According to one embodiment, the monogenic
recessive disorder is a result of a spontaneous or hereditary
mutation.



US 2020/0270604 A1l

[0512] According to one embodiment, the monogenic
recessive disorder is autosomal dominant, autosomal reces-
sive or X-linked recessive.

[0513] Exemplary monogenic recessive disorders include,
but are not limited to, severe combined immunodeficiency
(SCID), hemophilia, enzyme deficiencies, Parkinson’s Dis-
ease, Wiskott-Aldrich syndrome, Cystic Fibrosis, Phenylke-
tonuria, Friedrich’s Ataxia, Duchenne Muscular Dystrophy,
Hunter disease, Aicardi Syndrome, Klinefelter’s Syndrome,
Leber’s hereditary optic neuropathy (LHON).

[0514] According to one embodiment, in order to treat a
monogenic recessive disorder in a subject, the non-coding
RNA molecule (e.g. RNA silencing molecule) is designed to
target a RNA of interest associated with the monogenic
recessive disorder.

[0515] According to one embodiment, when the disorder
is Parkinson’s disease the target RNA of interest comprises
a product of a SNCA (PARK1=4), LRRK?2 (PARKS), Parkin
(PARK2), PINK1 (PARKS®6), DJ-1 (PARK7), or ATP13A2
(PARKDY) gene.

[0516] According to one embodiment, when the disorder
is hemophilia or von Willebrand disease the target RNA of
interest comprises, for example, a product of an anti-throm-
bin gene, of coagulation factor VIII gene or of factor IX
gene.

[0517] Assessing the efficacy of treatment may be carried
out using any method known in the art, such as by assessing
the subject’s physical well-being, by blood tests, bone
marrow aspirate, etc.

[0518] According to one aspect of the invention, there is
provided a method of treating an autoimmune disease in a
subject in need thereof, the method comprising modifying a
gene encoding or processed into a non-coding RNA mol-
ecule or encoding or processed into an RNA silencing
molecule according to the method of some embodiments of
the invention, wherein the target RNA of interest is associ-
ated with the autoimmune disease, thereby treating the
autoimmune disease in the subject.

[0519] According to one aspect of the invention, there is
provided a DNA editing agent conferring a silencing speci-
ficity of a non-coding RNA molecule having no RNA
silencing activity towards a target RNA of interest, wherein
the target RNA of interest is associated with an autoimmune
disease, for use in treating an autoimmune disease in a
subject in need thereof.

[0520] According to one aspect of the invention, there is
provided a DNA editing agent redirecting a silencing speci-
ficity of a gene encoding or processed into a RNA silencing
molecule to a target RNA towards a second target RNA, the
target RNA and the second target RNA being distinct,
wherein the second target RNA is associated with an auto-
immune disease, for use in treating an autoimmune disease
in a subject in need thereof.

[0521] Non-limiting examples of autoimmune diseases
include, but are not limited to, cardiovascular diseases,
rheumatoid diseases, glandular diseases, gastrointestinal dis-
eases, cutaneous diseases, hepatic diseases, neurological
diseases, muscular diseases, nephric diseases, diseases
related to reproduction, connective tissue diseases and sys-
temic diseases.

[0522] Examples of autoimmune cardiovascular diseases
include, but are not limited to atherosclerosis (Matsuura E.
et al., Lupus. 1998; 7 Suppl 2:S135), myocardial infarction
(Vaarala O. Lupus. 1998; 7 Suppl 2:S132), thrombosis
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(Tincani A. et al., Lupus 1998; 7 Suppl 2:S107-9), Wegen-
er’s granulomatosis, Takayasu’s arteritis, Kawasaki syn-
drome (Praprotnik S. et al., Wien Klin Wochenschr 2000
Aug. 25; 112 (15-16):660), anti-factor VIII autoimmune
disease (Lacroix-Desmazes S. et al., Semin Thromb Hemost.
2000; 26 (2):157), necrotizing small vessel vasculitis, micro-
scopic polyangiitis, Churg and Strauss syndrome, pauci-
immune focal necrotizing and crescentic glomerulonephritis
(Noel I H. Ann Med Interne (Paris). 2000 May; 151
(3):178), antiphospholipid syndrome (Flamholz R. et al., J
Clin Apheresis 1999; 14 (4):171), antibody-induced heart
failure (Wallukat G. et al., Am J Cardiol. 1999 Jun. 17; 83
(12A):75H), thrombocytopenic purpura (Moccia F. Ann Ital
Med Int. 1999 April-June; 14 (2):114; Semple J W. et al.,
Blood 1996 May 15; 87 (10):4245), autoimmune hemolytic
anemia (Efremov D G. et al., Leuk Lymphoma 1998 Janu-
ary; 28 (3-4):285; Sallah S. et al., Ann Hematol 1997 March;
74 (3):139), cardiac autoimmunity in Chagas’ disease
(Cunha-Neto E. et al., J Clin Invest 1996 October 15; 98
(8):1709) and anti-helper T lymphocyte autoimmunity (Ca-
porossi A P. et al., Viral Immunol 1998; 11 (1):9). Examples
of autoimmune rheumatoid diseases include, but are not
limited to rheumatoid arthritis (Krenn V. et al., Histol
Histopathol 2000 July; 15 (3):791; Tisch R, McDevitt H O.
Proc Natl Acad Sci units S A 1994 Jan. 18; 91 (2):437) and
ankylosing spondylitis (Jan Voswinkel et al., Arthritis Res
2001; 3 (3): 189).

[0523] Examples of autoimmune glandular diseases
include, but are not limited to, pancreatic disease, Type |
diabetes, thyroid disease, Graves’ disease, thyroiditis, spon-
taneous autoimmune thyroiditis, Hashimoto’s thyroiditis,
idiopathic myxedema, ovarian autoimmunity, autoimmune
anti-sperm infertility, autoimmune prostatitis and Type I
autoimmune polyglandular syndrome. diseases include, but
are not limited to autoimmune diseases of the pancreas, Type
1 diabetes (Castano L. and Eisenbarth G S. Ann. Rev.
Immunol. 8:647; Zimmet P. Diabetes Res Clin Pract 1996
October; 34 Suppl:S125), autoimmune thyroid diseases,
Graves’ disease (Orgiazzi J. Endocrinol Metab Clin North
Am 2000 June; 29 (2):339; Sakata S. et al., Mol Cell
Endocrinol 1993 March; 92 (1):77), spontaneous autoim-
mune thyroiditis (Braley-Mullen H. and Yu S, J Immunol
2000 Dec. 15; 165 (12):7262), Hashimoto’s thyroiditis
(Toyoda N. et al., Nippon Rinsho 1999 August; 57 (8):1810),
idiopathic myxedema (Mitsuma T. Nippon Rinsho. 1999
August; 57 (8):1759), ovarian autoimmunity (Garza K M. et
al., J Reprod Immunol 1998 February; 37 (2):87), autoim-
mune anti-sperm infertility (Diekman A B. et al., Am J
Reprod Immunol. 2000 March; 43 (3):134), autoimmune
prostatitis (Alexander R B. et al., Urology 1997 December;
50 (6):893) and Type | autoimmune polyglandular syndrome
(Hara T. et al., Blood. 1991 Mar. 1; 77 (5):1127).

[0524] Examples of autoimmune gastrointestinal diseases
include, but are not limited to, chronic inflammatory intes-
tinal diseases (Garcia Herola A. et al., Gastroenterol Hepa-
tol. 2000 January; 23 (1):16), celiac disease (Landau Y E.
and Shoenfeld Y. Harefuah 2000 Jan. 16; 138 (2):122),
colitis, ileitis and Crohn’s disease.

[0525] Examples of autoimmune cutaneous diseases
include, but are not limited to, autoimmune bullous skin
diseases, such as, but are not limited to, pemphigus vulgaris,
bullous pemphigoid and pemphigus foliaceus.

[0526] Examples of autoimmune hepatic diseases include,
but are not limited to, hepatitis, autoimmune chronic active
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hepatitis (Franco A. et al., Clin Immunol Immunopathol
1990 March; 54 (3):382), primary biliary cirrhosis (Jones D
E. Clin Sci (Colch) 1996 November; 91 (5):551; Strassburg
C P. et al., Eur J Gastroenterol Hepatol. 1999 June; 11
(6):595) and autoimmune hepatitis (Manns M P. J Hepatol
2000 August; 33 (2):326).

[0527] Examples of autoimmune neurological diseases
include, but are not limited to, multiple sclerosis (Cross A H.
et al., J Neuroimmunol 2001 Jan. 1; 112 (1-2):1), Alzheim-
er’s disease (Oron L. et al., J Neural Transm Suppl. 1997;
49:77), myasthenia gravis (Infante A J. And Kraig E, Int Rev
Immunol 1999; 18 (1-2):83; Oshima M. et al., Eur ] Immu-
nol 1990 December; 20 (12):2563), neuropathies, motor
neuropathies (Kornberg A J. J Clin Neurosci. 2000 May; 7
(3):191); Guillain-Barre syndrome and autoimmune neu-
ropathies (Kusunoki S. Am J Med Sci. 2000 April; 319
(4):234), myasthenia, Lambert-Eaton myasthenic syndrome
(Takamori M. Am J Med Sci. 2000 April; 319 (4):204);
paraneoplastic neurological diseases, cerebellar atrophy,
paraneoplastic cerebellar atrophy and stiff-man syndrome
(Hiemstra H S. et al., Proc Natl Acad Sci units S A 2001 Mar.
27; 98 (7):3988); non-paraneoplastic stiff man syndrome,
progressive cerebellar atrophies, encephalitis, Rasmussen’s
encephalitis, amyotrophic lateral sclerosis, Sydeham chorea,
Gilles de 1a Tourette syndrome and autoimmune polyendo-
crinopathies (Antoine J C. and Honnorat J. Rev Neurol
(Paris) 2000 January; 156 (1):23); dysimmune neuropathies
(Nobile-Orazio E. et al., Electroencephalogr Clin Neuro-
physiol Suppl 1999; 50:419); acquired neuromyotonia,
arthrogryposis multiplex congenita (Vincent A. et al., Ann N
Y Acad Sci. 1998 May 13; 841:482), neuritis, optic neuritis
(Soderstrom M. et al., J Neurol Neurosurg Psychiatry 1994
May; 57 (5):544) and neurodegenerative diseases.

[0528] Examples of autoimmune muscular diseases
include, but are not limited to, myositis, autoimmune myo-
sitis and primary Sjogren’s syndrome (Feist E. et al., Int
Arch Allergy Immunol 2000 September; 123 (1):92) and
smooth muscle autoimmune disease (Zauli D. et al., Biomed
Pharmacother 1999 June; 53 (5-6):234).

[0529] Examples of autoimmune nephric diseases include,
but are not limited to, nephritis and autoimmune interstitial
nephritis (Kelly C J. J Am Soc Nephrol 1990 August; 1
(2):140).

[0530] Examples of autoimmune diseases related to repro-
duction include, but are not limited to, repeated fetal loss
(Tincani A. et al., Lupus 1998; 7 Suppl 2:5107-9).

[0531] Examples of autoimmune connective tissue dis-
eases include, but are not limited to, ear diseases, autoim-
mune ear diseases (Yoo T J. et al., Cell Immunol 1994
August; 157 (1):249) and autoimmune diseases of the inner
ear (Gloddek B. et al., Ann N Y Acad Sci 1997 Dec. 29;
830:266).

[0532] Examples of autoimmune systemic diseases
include, but are not limited to, systemic lupus erythematosus
(Erikson J. et al., Immunol Res 1998; 17 (1-2):49) and
systemic sclerosis (Renaudineau Y. et al., Clin Diagn Lab
Immunol. 1999 March; 6 (2):156); Chan O T. et al., Immu-
nol Rev 1999 June; 169:107).

[0533] According to one embodiment, the autoimmune
disease comprises systemic lupus erythematosus (SLE).
[0534] According to one embodiment, in order to treat an
autoimmune disease in a subject, the non-coding RNA
molecule (e.g. RNA silencing molecule) is designed to target
a RNA of interest associated with the autoimmune disease.
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[0535] According to one embodiment, when the disease is
lupus, the target RNA of interest comprises an antinuclear
antibody (ANA) such as that pathologically produced by B
cells.

[0536] Assessing the efficacy of treatment may be carried
out using any method known in the art, such as by assessing
the subject’s physical well-being, by blood tests, bone
marrow aspirate, etc.

[0537] According to one aspect of the invention, there is
provided a method of treating a cancerous disease in a
subject in need thereof, the method comprising modifying a
gene encoding or processed into a non-coding RNA mol-
ecule or encoding or processed into an RNA silencing
molecule according to the method of some embodiments of
the invention, wherein the target RNA of interest is associ-
ated with the cancerous disease, thereby treating the can-
cerous disease in the subject.

[0538] According to one aspect of the invention, there is
provided a DNA editing agent conferring a silencing speci-
ficity of a non-coding RNA molecule having no RNA
silencing activity towards a target RNA of interest, wherein
the target RNA of interest is associated with a cancerous
disease, for use in treating a cancerous disease in a subject
in need thereof.

[0539] According to one aspect of the invention, there is
provided a DNA editing agent redirecting a silencing speci-
ficity of a gene encoding or processed into a RNA silencing
molecule to a target RNA towards a second target RNA, the
target RNA and the second target RNA being distinct,
wherein the second target RNA is associated with a cancer-
ous disease, for use in treating a cancerous disease in a
subject in need thereof.

[0540] Non-limiting examples of cancers which can be
treated by the method of some embodiments of the invention
can be any solid or non-solid cancer and/or cancer metas-
tasis or precancer, including, but is not limiting to, tumors of
the gastrointestinal tract (colon carcinoma, rectal carcinoma,
colorectal carcinoma, colorectal cancer, colorectal adenoma,
hereditary nonpolyposis type 1, hereditary nonpolyposis
type 2, hereditary nonpolyposis type 3, hereditary nonpoly-
posis type 6; colorectal cancer, hereditary nonpolyposis type
7, small and/or large bowel carcinoma, esophageal carci-
noma, tylosis with esophageal cancer, stomach carcinoma,
pancreatic carcinoma, pancreatic endocrine tumors), endo-
metrial carcinoma, dermatofibrosarcoma protuberans, gall-
bladder carcinoma, Biliary tract tumors, prostate cancer,
prostate adenocarcinoma, renal cancer (e.g., Wilms’ tumor
type 2 or type 1), liver cancer (e.g., hepatoblastoma, hepato-
cellular carcinoma, hepatocellular cancer), bladder cancer,
embryonal rhabdomyosarcoma, germ cell tumor, tropho-
blastic tumor, testicular germ cells tumor, immature tera-
toma of ovary, uterine, epithelial ovarian, sacrococcygeal
tumor, choriocarcinoma, placental site trophoblastic tumor,
epithelial adult tumor, ovarian carcinoma, serous ovarian
cancer, ovarian sex cord tumors, cervical carcinoma, uterine
cervix carcinoma, small-cell and non-small cell lung carci-
noma, nasopharyngeal, breast carcinoma (e.g., ductal breast
cancer, invasive intraductal breast cancer, sporadic; breast
cancer, susceptibility to breast cancer, type 4 breast cancer,
breast cancer-1, breast cancer-3; breast-ovarian cancer),
squamous cell carcinoma (e.g., in head and neck), neuro-
genic tumor, astrocytoma, ganglioblastoma, neuroblastoma,
lymphomas (e.g., Hodgkin’s disease, non-Hodgkin’s lym-
phoma, B cell, Burkitt, cutaneous T cell, histiocytic, lym-
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phoblastic, T cell, thymic), gliomas, adenocarcinoma, adre-
nal tumor, hereditary adrenocortical carcinoma, brain
malignancy (tumor), various other carcinomas (e.g., bron-
chogenic large cell, ductal, Ehrlich-Lettre ascites, epider-
moid, large cell, Lewis lung, medullary, mucoepidermoid,
oat cell, small cell, spindle cell, spinocellular, transitional
cell, undifferentiated, carcinosarcoma, choriocarcinoma,
cystadenocarcinoma), ependimoblastoma, epithelioma,
erythroleukemia (e.g., Friend, lymphoblast), fibrosarcoma,
giant cell tumor, glial tumor, glioblastoma (e.g., multiforme,
astrocytoma), glioma hepatoma, heterohybridoma, hetero-
myeloma, histiocytoma, hybridoma (e.g., B cell), hyper-
nephroma, insulinoma, islet tumor, keratoma, leiomyoblas-
toma, leiomyosarcoma, leukemia (e.g., acute lymphatic,
acute lymphoblastic, acute lymphoblastic pre-B cell, acute
lymphoblastic T cell leukemia, acute—megakaryoblastic,
monocytic, acute myelogenous, acute myeloid, acute
myeloid with eosinophilia, B cell, basophilic, chronic
myeloid, chronic, B cell, eosinophilic, Friend, granulocytic
or myelocytic, hairy cell, lymphocytic, megakaryoblastic,
monocytic, monocytic-macrophage, myeloblastic, myeloid,
myelomonocytic, plasma cell, pre-B cell, promyelocytic,
subacute, T cell, lymphoid neoplasm, predisposition to
myeloid malignancy, acute nonlymphocytic leukemia), lym-
phosarcoma, melanoma, mammary tumor, mastocytoma,
medulloblastoma, mesothelioma, metastatic tumor, mono-
cyte tumor, multiple myeloma, myelodysplastic syndrome,
myeloma, nephroblastoma, nervous tissue glial tumor, ner-
vous tissue neuronal tumor, neurinoma, neuroblastoma, oli-
godendroglioma, osteochondroma, osteomyeloma, osteosar-
coma (e.g., Ewing’s), papilloma, transitional cell,
pheochromocytoma, pituitary tumor (invasive), plasmacy-
toma, retinoblastoma, rhabdomyosarcoma, sarcoma (e.g.,
Ewing’s, histiocytic cell, Jensen, osteogenic, reticulum cell),
schwannoma, subcutaneous tumor, teratocarcinoma (e.g.,
pluripotent), teratoma, testicular tumor, thymoma and
trichoepithelioma, gastric cancer, fibrosarcoma, glioblas-
toma multiforme; multiple glomus tumors, Li-Fraumeni
syndrome, liposarcoma, lynch cancer family syndrome II,
male germ cell tumor, mast cell leukemia, medullary thy-
roid, multiple meningioma, endocrine neoplasia myxosar-
coma, paraganglioma, familial nonchromaffin, pilomatri-
coma, papillary, familial and sporadic, rhabdoid
predisposition syndrome, familial, rhabdoid tumors, soft
tissue sarcoma, and Turcot syndrome with glioblastoma.

[0541] According to one embodiment, the cancer which
can be treated by the method of some embodiments of the
invention comprises a hematologic malignancy. An exem-
plary hematologic malignancy comprises one which
involves malignant fusion of the ABL tyrosine kinase to
different other chromosomes generating what is termed
BCR-ABL which in turn resulting in malignant fusion
protein. Accordingly, targeting the fusion point in the
mRNA may silence only the fusion mRNA for down-
regulation while the normal proteins, essential for the cell,
will be, spared.

[0542] According to one embodiment, in order to treat a
cancerous disease in a subject, the non-coding RNA mol-
ecule (e.g. RNA silencing molecule) is designed to target a
RNA of interest associated with the cancerous disease.

[0543] According to one embodiment, the target RNA of
interest comprises a product of an oncogene (e.g. mutated
oncogene).
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[0544] According to one embodiment, the target RNA of
interest restores the function of a tumor suppressor.

[0545] According to one embodiment, the target RNA of
interest comprises a product of a RAS, MCL-1 or MYC
gene.

[0546] According to one embodiment, the target RNA of
interest comprises a product of a BCL-2 family of apoptosis-
related genes.

[0547] Exemplary target genes include, but are not limited
to, mutant dominant negative TP53, Bcl-x, 1APs, Flip,
Faim3 and SMS 1.

[0548] According to one embodiment, when the cancer is
melanoma, the target RNA of interest comprises BRAF.
Several forms of BRAF mutations are contemplated herein,
including e.g. V60OE, V600K, V600D, V600G, and VE0OR.
[0549] According to one embodiment, the method is
affected by targeting non-coding RNA molecules in healthy
immune cells, such as white blood cells e.g. T cells, B cells
or NK cells (e.g. from a patient or from a cell donor) to a
target a RNA of interest such that the immune cells are
capable of killing (directly or indirectly) malignant cells
(e.g. cells of a hematological malignancy).

[0550] According to one embodiment, the method is
affected by targeting non-coding RNA molecules to silence
proteins (i.e. target RNA of interest) that are manipulated by
cancer factors (i.e. in order to suppress immune responses
from recognizing the malignancy), such that the cancer can
be recognized and eradicated by the native immune system.
[0551] Assessing the efficacy of treatment may be carried
out using any method known in the art, such as by assessing
the tumor growth or the number of neoplasms or metastases,
e.g. by MRL CT, PET-CT, by blood tests, ultrasound, x-ray,
etc.

[0552] According to one aspect of the invention, there is
provided a method of enhancing efficacy and/or specificity
of'a chemotherapeutic agent in a subject in need thereof, the
method comprising modifying a gene encoding or processed
into a non-coding RNA molecule or encoding or processed
into an RNA silencing molecule according to the method of
some embodiments of the invention, wherein the target RNA
of interest is associated with enhancement of efficacy and/or
specificity of the chemotherapeutic agent, thereby enhancing
efficacy and/or specificity of a chemotherapeutic agent in the
subject.

[0553] According to one aspect of the invention, there is
provided a DNA editing agent conferring a silencing speci-
ficity of a non-coding RNA molecule having no RNA
silencing activity towards a target RNA of interest, wherein
the target RNA of interest is associated with an enhancement
of efficacy and/or specificity of the chemotherapeutic agent,
for use in enhancing efficacy and/or specificity of a chemo-
therapeutic agent in a subject in need thereof.

[0554] According to one aspect of the invention, there is
provided a DNA editing agent redirecting a silencing speci-
ficity of a gene encoding or processed into a RNA silencing
molecule to a target RNA towards a second target RNA, the
target RNA and the second target RNA being distinct,
wherein the second target RNA is associated with an
enhancement of efficacy and/or specificity of the chemo-
therapeutic agent, for use in enhancing efficacy and/or
specificity of a chemotherapeutic agent in a subject in need
thereof.

[0555] As used herein, the term “chemotherapeutic agent”
refer to an agent that reduces, prevents, mitigates, limits,
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and/or delays the growth of neoplasms or metastases, or kills
neoplastic cells directly by necrosis or apoptosis of neo-
plasms or any other mechanism, or that can be otherwise
used, in a pharmaceutically-effective amount, to reduce,
prevent, mitigate, limit, and/or delay the growth of neo-
plasms or metastases in a subject with neoplastic disease
(e.g. cancer).

[0556] Chemotherapeutic agents include, but are not lim-
ited to, fluoropyrimidines; pyrimidine nucleosides; purine
nucleosides; anti-folates, platinum agents; anthracyclines/
anthracenediones;  epipodophyllotoxins; camptothecins
(e.g., Karenitecin); hormones; hormonal complexes; anti-
hormonals; enzymes, proteins, peptides and polyclonal and/
or monoclonal antibodies;

[0557] immunological agents; vinca alkaloids; taxanes;
epothilones; antimicrotubule agents; alkylating agents; anti-
metabolites; topoisomerase inhibitors; antivirals; and vari-
ous other cytotoxic and cytostatic agents.

[0558] According to a specific embodiment, the chemo-
therapeutic agent includes, but is not limited to, abarelix,
aldesleukin, aldesleukin, alemtuzumab, alitretinoin,
allopurinol, altretamine, amifostine, anastrozole, arsenic tri-
oxide, asparaginase, azacitidine, bevacuzimab, bexarotene,
bleomycin, bortezomib, busulfan, calusterone, capecitabine,
carboplatin, carmustine, celecoxib, cetuximab, cisplatin,
cladribine, clofarabine, cyclophosphamide, cytarabine, dac-
arbazine, dactinomycin, actinomycin D, Darbepoetin alfa,
Darbepoetin alfa, daunorubicin liposomal, daunorubicin,
decitabine, Denileukindiftitox, dexrazoxane, dexrazoxane,
docetaxel, doxorubicin, dromostanolone propionate,
Elliott’s B Solution, epirubicin, Epoetin alfa, erlotinib, estra-
mustine, etoposide, exemestane, Filgrastim, floxuridine, flu-
darabine, fluorouracil 5-FU, fulvestrant, gefitinib, gemcit-
abine, gemtuzumabozogamicin, goserelin acetate, histrelin
acetate, hydroxyurea, IbritumomabTiuxetan, idarubicin,
ifosfamide, imatinibmesylate, interferon alfa 2a, Interferon
alfa-2b, irinotecan, lenalidomide, letrozole, leucovorin, Leu-
prolide Acetate, levamisole, lomustine, CCNU, meclore-
thamine, nitrogen mustard, megestrol acetate, melphalan,
L-PAM, mercaptopurine 6-MP, mesna, methotrexate, mito-
mycin C, mitotane, mitoxantrone, nandrolonephenpropi-
onate, nelarabine, Nofetumomab, Oprelvekin, Oprelvekin,
oxaliplatin, paclitaxel, palifermin, pamidronate, pegade-
mase, pegaspargase, Pegfilgrastim, pemetrexed disodium,
pentostatin, pipobroman, plicamycinmithramycin, porfimer
sodium, procarbazine, quinacrine, Rasburicase, Rituximab,
sargramostim, sorafenib, streptozocin, sunitinib maleate,
tamoxifen, temozolomide, teniposide VM-26, testolactone,
thioguanine 6-TG, thiotepa, thiotepa, topotecan, toremifene,
Tositumomab, Trastuzumab, tretinoin ATRA, Uracil Mus-
tard, valrubicin, vinblastine, vinorelbine, zoledronate and
zoledronic acid.

[0559] According to one embodiment, the effect of the
chemotherapeutic agent is enhanced by about 5%, 10%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 99% or
by 100% as compared to the effect of a chemotherapeutic
agent in a subject not treated by the DNA editing agent
designed to confer a silencing activity and/or specificity of
a non-coding RNA molecule (e.g. RNA silencing molecule)
towards a target RNA of interest.

[0560] Assessing the efficacy and/or specificity of a che-
motherapeutic agent may be carried out using any method
known in the art, such as by assessing the tumor growth or
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the number of neoplasms or metastases, e.g. by MRI, CT,
PET-CT, by blood tests, ultrasound, x-ray, etc.

[0561] According to one embodiment, the method is
affected by targeting non-coding RNA molecules in healthy
immune cells, such as white blood cells e.g. T cells, B cells
or NK cells (e.g. from a patient or from a cell donor) to target
a RNA of interest such that the immune cells are capable of
decreasing resistance of the cancer to chemotherapy.
[0562] According to one embodiment, the method is
affected by targeting non-coding RNA molecules in healthy
immune cells, such as white blood cells e.g. T cells, B cells
or NK cells (e.g. from a patient or from a cell donor) to target
a RNA of interest such that the immune cells are resistant to
chemotherapy.

[0563] According to one embodiment, in order to enhance
efficacy and/or specificity of a chemotherapeutic agent in a
subject, the non-coding RNA molecule (e.g. RNA silencing
molecule) is designed to target a RNA of interest associated
with suppression of efficacy and/or specificity of the che-
motherapeutic agent.

[0564] According to one embodiment, the target RNA of
interest comprises a product of a drug-metabolising enzyme
gene (e.g. cytochrome P450 [CYP] 2C8, CYP2C9,
CYP2C19, CYP2D6, CYP3A4, CYP3AS, dihydropyrimi-
dine dehydrogenase, uridine diphosphate glucuronosyltrans-
ferase [UGT] 1Al, glutathione S-transferase, sulfotrans-
ferase [SULT] 1A1, N-acetyltransferase [NAT], thiopurine
methyltransferase [TPMT]) and drug transporters (P-glyco-
protein [multidrug resistance 1], multidrug resistance pro-
tein 2 [MRP2], breast cancer resistance protein [BCRP]).
[0565] According to one embodiment, the target RNA of
interest comprises an anti-apoptotic gene. Exemplary target
genes include, but are not limited to, Bel-2 family members,
e.g. Bel-x, IAPs, Flip, Faim3 and SMS1.

[0566] According to one aspect of the invention, there is
provided a method of inducing cell apoptosis in a subject in
need thereof, the method comprising modifying a gene
encoding or processed into a non-coding RNA molecule or
encoding or processed into an RNA silencing molecule
according to the method of some embodiments of the
invention, wherein the target RNA of interest is associated
with apoptosis, thereby inducing cell apoptosis in the sub-
ject.

[0567] According to one aspect of the invention, there is
provided a DNA editing agent conferring a silencing speci-
ficity of a non-coding RNA molecule having no RNA
silencing activity towards a target RNA of interest, wherein
the target RNA of interest is associated with apoptosis, for
use in inducing cell apoptosis in a subject in need thereof.
[0568] According to one aspect of the invention, there is
provided a DNA editing agent redirecting a silencing speci-
ficity of a gene encoding or processed into a RNA silencing
molecule to a target RNA towards a second target RNA, the
target RNA and the second target RNA being distinct,
wherein the second target RNA is associated with apoptosis,
for use in inducing cell apoptosis in a subject in need thereof.
[0569] The term “cell apoptosis™ as used herein refers to
the cell process of programmed cell death. Apoptosis char-
acterized by distinct morphologic alterations in the cyto-
plasm and nucleus, chromatin cleavage at regularly spaced
sites, and endonucleolytic cleavage of genomic DNA at
internucleosomal sites. These changes include blebbing, cell
shrinkage, nuclear fragmentation, chromatin condensation,
and chromosomal DNA fragmentation.
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[0570] According to one embodiment, cell apoptosis is
enhanced by about 5%, 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, 90%, 95%, 99% or by 100% as compared to cell
apoptosis in a subject not treated by the DNA editing agent
conferring a silencing activity and/or specificity of a non-
coding RNA molecule (e.g. RNA silencing molecule)
towards a target RNA of interest.

[0571] Assessing cell apoptosis may be carried out using
any method known in the art, e.g. cell proliferation assay,
FACS analysis etc.

[0572] According to one embodiment, in order to induce
cell apoptosis in a subject, the non-coding RNA molecule
(e.g. RNA silencing molecule) is designed to target a RNA
of interest associated with the apoptosis.

[0573] According to one embodiment, the target RNA of
interest comprises a product of a BCL-2 family of apoptosis-
related genes.

[0574] According to one embodiment, the target RNA of
interest comprises an anti-apoptotic gene. Exemplary genes
include, but are not limited to, mutant dominant negative
TP53, Bel-x, IAPs, Flip, Faim3 and SMS1.

[0575] According to one aspect of the invention, there is
provided a method of generating a eukaryotic non-human
organism, with the proviso that the organism is not a plant,
wherein at least some of the cells of the eukaryotic non-
human organism comprise a modified gene encoding or
processed into a non-coding RNA molecule comprising a
silencing specificity of towards a target RNA of interest, the
method comprising introducing into at least one cell of the
eukaryotic non-human organism a DNA editing agent con-
ferring a silencing specificity of the non-coding RNA mol-
ecule (e.g. RNA silencing molecule) towards the target RNA
of interest.

[0576] The following information should be available: a)
Target sequence to be silenced by Gene Editing induced
Gene Silencing (GEiGS) (“target”); b) Choosing whether
the GEiGS (i.e. the modified non-coding RNA) would be
expressed ubiquitously (e.g. constitutively) or specifically
(e.g. expression specific to a certain tissue, developmental
stage, stress, heat/cold shock etc.).

[0577] Submitting this information to publicly available
miRNA datasets (e.g. small RNA sequencing, genomic
sequences, microarrays etc.) so as to filter (i.e. elect) only
relevant miRNAs that match the input criteria: miRNAs that
are expressed according to the requirement(s) described
above.

[0578] Using publicly available tools, a list of potent
target-specific siRNA sequences may be generated. The
miRNAs may be aligned against the potent siRNA
sequences and the most homologous miRNAs may be
elected. Filtered miRNAs may have a similar sequence in
the same orientation like the potent siRNAs.

[0579] Modifying the naturally mature miRNAs
sequences, which are scored to have high homology to
target-specific potent siRNAs, to perfectly match the target’s
sequence. This modification may occur in one mature
miRNA strand with the highest target homology (e.g. could
be either the original miRNA guide or passenger strand).
Such 100% complementary to the target can potentially turn
the miRNA sequence into a siRNA.

[0580] Minimal GE may be achieved by filtering miRNA
sequences with naturally occurring high homology (reverse
complement) to the target.
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[0581] Using the primary modified miRNA genes to gen-
erate ssDNA oligos (e.g. 200-500 nt ssDNA long) and
dsDNA fragments (e.g. 250-5000 nt dsDNA fragments only
or cloned within plasmids) based on the genomic DNA
sequences that flank the modified miRNA precursor
sequence (pre-miRNA). The modified miRNA’s guide
strand (silencing strand) sequence may be designed to be
100% complementary to the target.

[0582] Moditying the sequence of the other miRNA gene
region to preserve the original (unmodified) miRNA precur-
sor and mature structure, through keeping the same base
pairing profile.

[0583] Designing sgRNAs to specifically target the origi-
nal unmodified miRNA gene (specific to the genomic
miRNA loci), and not the modified version (i.e. the oligo/
fragment sequences).

[0584] Analyzing the comparative restriction enzyme site
between the modified and the original miRNA gene and
summarizing the differential restriction sites. Such a detec-
tion system is based on PCR that is followed by restriction
enzyme digestion and gel electrophoresis.

[0585] Validating as discussed in detail above.

[0586] Examining the targeting of the non-coding RNA
towards other targets (e.g. “off target effect”), using in silico
methods, when the endogenous non-coding RNA (e.g.
miRNA) comprises naturally occurring high homology with
the target (e.g. 60-90%), so as to obtain specific silencing of
the target of interest.

[0587] Minimally modifying the endogenous non-coding
RNA (e.g. miRNA) to boost its potency to silence the target
of interest.

[0588] Validating GEiGS outcome of the primary mini-
mally edited miRNA genes to generate candidate refined
minimally edited miRNAs. An experimentally effective pri-
mary GEiGS outcome (the primary minimally edited
miRNA genes) is considered as a miRNA(s) with a guide or
passenger strand that is modified to match the target by
100%.

[0589] Generating several guide or passenger strand
sequences that are gradually reverted back into the original
sequence (as illustrated in FIG. 9).

[0590] Keeping the seed sequence in a way that there are
at least 5 matches out of the seven seed nucleotides (nucleo-
tides 2-8 from the 5' terminus).

[0591] Testing the various candidate ‘refined minimally
edited miRNA genes’ for target silencing efficiency. Choos-
ing the gene GE-mediated knock-in that provides the highest
silencing with the minimal miRNA sequence modification.
[0592] Testing potential “off target effects” of refined
minimally edited miRNA candidates. A significant predic-
tion for “off target effects” affects the final evaluation of the
refined minimally edited miRNA genes.

[0593] Testing the less refined minimally edited miRNA
gene candidates based on the experimental validation.
[0594] As used herein the term “about” refers to +10%.
[0595] The terms “comprises”, “comprising”, “includes”,
“including”, “having” and their conjugates mean “including
but not limited to”.

[0596] The term “consisting of” means “including and
limited to”.
[0597] The term “consisting essentially of” means that the

composition, method or structure may include additional
ingredients, steps and/or parts, but only if the additional
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ingredients, steps and/or parts do not materially alter the
basic and novel characteristics of the claimed composition,
method or structure.

[0598] As used herein, the singular form “a”, “an” and
“the” include plural references unless the context clearly
dictates otherwise. For example, the term “a compound” or
“at least one compound” may include a plurality of com-
pounds, including mixtures thereof.

[0599] Throughout this application, various embodiments
of this invention may be presented in a range format. It
should be understood that the description in range format is
merely for convenience and brevity and should not be
construed as an inflexible limitation on the scope of the
invention. Accordingly, the description of a range should be
considered to have specifically disclosed all the possible
subranges as well as individual numerical values within that
range. For example, description of a range such as from 1 to
6 should be considered to have specifically disclosed sub-
ranges such as from 1 to 3, from 1 to 4, from 1 to 5, from
2 to 4, from 2 to 6, from 3 to 6 etc., as well as individual
numbers within that range, for example, 1, 2, 3, 4, 5, and 6.
This applies regardless of the breadth of the range.

[0600] Whenever a numerical range is indicated herein, it
is meant to include any cited numeral (fractional or integral)
within the indicated range. The phrases “ranging/ranges
between” a first indicate number and a second indicate
number and “ranging/ranges from” a first indicate number
“to” a second indicate number are used herein interchange-
ably and are meant to include the first and second indicated
numbers and all the fractional and integral numerals there
between.

[0601] As used herein the term “method” refers to man-
ners, means, techniques and procedures for accomplishing a
given task including, but not limited to, those manners,
means, techniques and procedures either known to, or read-
ily developed from known manners, means, techniques and
procedures by practitioners of the chemical, pharmacologi-
cal, biological, biochemical and medical arts.

[0602] It is appreciated that certain features of the inven-
tion, which are, for clarity, described in the context of
separate embodiments, may also be provided in combination
in a single embodiment. Conversely, various features of the
invention, which are, for brevity, described in the context of
a single embodiment, may also be provided separately or in
any suitable sub combination or as suitable in any other
described embodiment of the invention. Certain features
described in the context of various embodiments are not to
be considered essential features of those embodiments,
unless the embodiment is inoperative without those ele-
ments.

[0603] Various embodiments and aspects of the present
invention as delineated hereinabove and as claimed in the
claims section below find experimental support in the fol-
lowing examples.

[0604] It is understood that any Sequence Identification
Number (SEQ ID NO) disclosed in the instant application
can refer to either a DNA sequence or a RNA sequence,
depending on the context where that SEQ ID NO is men-
tioned, even if that SEQ ID NO is expressed only in a DNA
sequence format or a RNA sequence format. For example,
SEQ ID NOs: 1-4 are expressed in a DNA sequence format
(e.g., reciting T for thymine), but it can refer to either a DNA
sequence that corresponds to an gRNA nucleic acid
sequence, or the RNA sequence of a RNA molecule nucleic
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acid sequence. Similarly, though some sequences are
expressed in a RNA sequence format (e.g., reciting U for
uracil), depending on the actual type of molecule being
described, it can refer to either the sequence of a RNA
molecule comprising a dsRNA, or the sequence of a DNA
molecule that corresponds to the RNA sequence shown. In
any event, both DNA and RNA molecules having the
sequences disclosed with any substitutes are envisioned.

EXAMPLES

[0605] Reference is now made to the following examples,
which together with the above descriptions, illustrate the
invention in a non-limiting fashion.

[0606] Generally, the nomenclature used herein and the
laboratory procedures utilized in the present invention
include molecular, biochemical, microbiological and recom-
binant DNA techniques. Such techniques are thoroughly
explained in the literature. See, for example, “Molecular
Cloning: A laboratory Manual” Sambrook et al., (1989);
“Current Protocols in Molecular Biology” Volumes I-1I1
Ausubel, R. M., ed. (1994); Ausubel et al., “Current Proto-
cols in Molecular Biology”, John Wiley and Sons, Balti-
more, Md. (1989); Perbal, “A Practical Guide to Molecular
Cloning”, John Wiley & Sons, New York (1988); Watson et
al., “Recombinant DNA”, Scientific American Books, New
York; Birren et al. (eds) “Genome Analysis: A Laboratory
Manual Series”, Vols. 1-4, Cold Spring Harbor Laboratory
Press, New York (1998); methodologies as set forth in U.S.
Pat. Nos. 4,666,828; 4,683,202; 4,801,531; 5,192,659 and
5,272,057; “Cell Biology: A Laboratory Handbook”, Vol-
umes [-III Cellis, J. E., ed. (1994); “Current Protocols in
Immunology” Volumes I-I1I Coligan J. E., ed. (1994); Stites
et al. (eds), “Basic and Clinical Immunology” (8th Edition),
Appleton & Lange, Norwalk, Conn. (1994); Mishell and
Shiigi (eds), “Selected Methods in Cellular Immunology”,
W.H. Freeman and Co., New York (1980); available immu-
noassays are extensively described in the patent and scien-
tific literature, see, for example, U.S. Pat. Nos. 3,791,932;
3,839,153; 3,850,752; 3,850,578; 3,853,987; 3,867,517,
3,879,262; 3,901,654; 3,935,074; 3,984,533; 3,996,345,
4,034,074, 4,098,876, 4,879,219; 5,011,771 and 5,281,521,
“Oligonucleotide Synthesis” Gait, M. J., ed. (1984);
“Nucleic Acid Hybridization” Hames, B. D., and Higgins S.
J., eds. (1985); “Transcription and Translation” Hames, B.
D., and Higgins S. J., Eds. (1984); “Animal Cell Culture”
Freshney, R. 1., ed. (1986); “Immobilized Cells and
Enzymes” IRL Press, (1986); “A Practical Guide to Molecu-
lar Cloning” Perbal, B., (1984) and “Methods in Enzymol-
ogy” Vol. 1-317, Academic Press; “PCR Protocols: A Guide
To Methods And Applications”, Academic Press, San Diego,
Calif. (1990); Marshak et al., “Strategies for Protein Puri-
fication and Characterization—A Laboratory Course
Manual” CSHL Press (1996); all of which are incorporated
by reference as if fully set forth herein. Other general
references are provided throughout this document. The
procedures therein are believed to be well known in the art
and are provided for the convenience of the reader. All the
information contained therein is incorporated herein by
reference.

General Materials and Experimental Procedures

[0607] Cell Culture
[0608] Tissue culture is carried out on human cell lines or
in mouse embryonic stem cells. Human Bone Osteosarcoma
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Epithelial Cells (U20S), Human retinal pigment epithelial
cells (RPE1), Adenocarcinomic human alveolar basal epi-
thelial cells (A549), Cervical cancer cells (Hela) or human
colorectal cancer cells (HCT116) are cultured in tissue
culture medium supplemented with essential nutrients
(amino acids, carbohydrates, vitamins, minerals), growth
factors, hormones as needed. The cells are cultured in a CO,
humidified incubator with controlled temperature (37° C.)
under the appropriate physio-chemical conditions (pH buf-
fer, osmotic pressure).

[0609]

[0610] Chemo-sensitivity is determined by crystal violet
assay as previously described [Taniguchi et al., Cell (2002)
109: 459-72]. Cells are seeded onto 12-well plates at 2x10%/
well and treated with cisplatin, camptothecin (Sigma), pacli-
taxel (Sigma), AZD2281 (Axon Medchem) or Nutlin3 (Sell-
eckchem) at indicated doses. After incubation for 3 days,
monolayers are fixed in 10% methanol containing 10%
acetic acid. Adherent cells are stained with 0.5% crystal
violet in methanol. The absorbed dye is resolubilized with
methanol containing 0.1% SDS, which is transferred into
96-well plates and measured photometrically (595 nm) in a
microplate reader. Cell survival is calculated by normalizing
the absorbance to that of non-treated controls.

[0611] The same method as above can be scaled up to a 6
well plate format or larger and then forming colonies are
counted without resolubilizing the crystal violet, this format
is called clonogenic assay and is based on the ability of the
treated cells to grow into colony. Another assay that is used
is the metabolic activity-based cell viability assay XTT or
any other metabolic viability assay. XTT is a colorimetric
assay used to assess cell viability as a function of cell
number based on metabolic activity. This rapid, sensitive,
non-radioactive assay is detected using standard microplate
absorbance readers. Cells are grown in a 96-well plate at a
density of 10*-10° cells/well in 100 pL of culture medium
with compounds to be tested and are cultured in a CO,
incubator for 24-48 hours. Fresh buffers are prepared each
time before the assay: 10 mM PMS solution in phosphate-
buffered saline is and 4 mg of XTT is dissolved in 4 mL of
37° C. cell culture medium. 10 pL. of the PMS solution is
added to 4 mL of XTT solution immediately before labeling
cells. 25 ulL of XTT/PMS solution are added directly to each
well containing 100 pL cell culture for 2 hours incubation at
37°C. in a CO, incubator and absorbance measurements are
taking at 450 nm.

[0612] Small RNA and miRNA Isolation

[0613] Small RNAs including miRNAs are isolated using
the miRvana RNA isolation kit (Ambion, Austin, Tex.,
USA) following the manufacturer’s protocol. RNA is quan-
tified using Qubit or Nanodrop spectrophotometer (Thermo
Fisher, Wilmington, Del., USA) and quality is determined by
Agilent 6000 nanochip (Agilent Technologies, Palo Alto,
Calif., USA).

[0614] miRNA Measurement

[0615] Quantitative Real-Time PCR Analysis is carried
out by as follows: RNAs are reverse transcribed and PCR
amplified with miScript reverse transcription kit and miS-
cript SYBR PCR kit (Qiagen, Valencia, Calif., USA) using
ABI 7500 real-time PCR system following the manufactur-
er’s protocols. Values from duplicate reactions are averaged
and normalized to the level of U6 SnoRNA. Relative expres-

Survival Assay

Aug. 27, 2020

sion levels are calculated following comparative Ct method
as previously described [Schmittgen and Livak. Nat Protoc
(2008) 3: 1101-1108]. Alternatively, miRNAs are detected
and relatively quantified using small RNA sequence analysis
[as described in www(dot)illumina(dot)com/techniques/se-
quencing/rna-sequencing/small-rna-seq(dot)html or Wake et
al., BMC Genomics (2016) 17(1): 1].

[0616] Computational Pipeline to Generate GEiGS Tem-
plates
[0617] The computational Genome Editing Induced Gene

Silencing (GEiIGS) pipeline applies biological metadata and
enables an automatic generation of GEiGS DNA templates
that are used to minimally edit non-coding RNA genes (e.g.
miRNA genes), leading to a new gain of function, i.e.
redirection of their silencing capacity to target sequence of
interest.

[0618] As illustrated in FIG. 1, the pipeline starts with
filling and submitting input: a) target sequence to be silenced
by GEiGS; b) the host organism to be gene edited and to
express the GEiGS; ¢) one can choose whether the GEiGS
would be expressed ubiquitously or not. If specific GEiGS
expression is required, one can choose from a few options
(expression specific to a certain tissue, developmental stage,
stress, heat/cold shock, etc.).

[0619] When all the required input is submitted, the com-
putational process begins with searching among miRNA
datasets (e.g. small RNA sequencing, microarray etc.) and
filtering (i.e. retaining) only relevant miRNAs that match the
input criteria. Next, the selected mature miRNA sequences
are aligned against the target sequence and miRNA with the
highest complementary levels are filtered. These naturally
target-complementary mature miRNA sequences are then
modified to perfectly match the target’s sequence. Then, the
modified mature miRNA sequences are run through an
algorithm that predicts siRNA potency and the top 20 with
the highest silencing score are filtered. These final modified
miRNA genes are then used to generate 200-500 nt ssDNA
or 250-5000 nt dsDNA sequences as follows:

[0620] 200-500 nt ssDNA oligos and 250-5000 nt dsDNA
fragments are designed based on the genomic DNA
sequence that flanks the modified miRNA. The pre-miRNA
sequence is located in the center of the oligo. The modified
miRNA’s guide strand (silencing) sequence is 100%
complementary to the target. However, the sequence of the
modified passenger miRNA strand is further modified to
preserve the original (unmodified) miRNA structure, keep-
ing the same base pairing profile.

[0621] Next, differential sgRNAs are designed to specifi-
cally target the original unmodified miRNA gene, and not
the modified swapping version. Finally, comparative restric-
tion enzyme site analysis is performed between the modified
and the original miRNA gene and differential restriction
sites are summarized.

[0622] Therefore, the pipeline output includes:

[0623] a) 200-500 nt ssDNA oligo or 250-5000 nt
dsDNA fragment sequence with minimally modified
miRNA

[0624] b) 2-3 differential sgRNAs that target specifi-
cally the original miRNA gene and not the modified

[0625] c¢) List of differential restriction enzyme sites
among the modified and original miRNA gene

[0626] Selection of GEiGS Precursors:
[0627] Alist of non-coding RNA types that are both Dicer
substrates and are processed into small silencing RNA was
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manually curated from the results previously published in
Rybak-Wolf A. et al. [Rybak-Wolf A. et al., Cell (2014) 159,
1153, Ai1167] where the PAR-CLIP technique was used to
identify RNA molecules bound by Dicer and Argonaute 2
and 3. Dicer substrates were further filtered to exclude
regions overlapping with coding genes, and further curated
to remove ambiguous annotations. AGO2 and AGO3 small-
RNA sequences were processed with cutadapt v1.7 [Martin
M., EMBnetjournal (2011) 17(1):10-12] for removing the
sequencing adapters. Processed reads where then aligned to
GRCh37 assembly of the Human genome using STAR
v2.6.1a [Dobin A. et al., Bioinformatics (2013) 29, 15, Ai21]
with parameters “-alignlntronMax 1-alignEndsType End-
ToEnd-scoreDelOpen-10000-scorelnsOpen-10000”. Graph-
ics were captured using the Integrated Genomics Viewer
software [Thorvaldsdottir H. et al., Brief Bioinform (2013)
14(2):178-92].

[0628]

[0629] miRNAs with ubiquitous expression profile are
chosen (depends on the application, one might choose
miRNAs with expression profile that is specific to a certain
tissue, developmental stage, temperature, stress, etc.).

[0630] For example, miRNAs are modified into siRNA

targeting the GFP, p53, BAX, PUMA, NOXA genes (see
Table 1A, below).

Target Genes

TABLE 1A

Target Genes

Query sequence Query sequence

Gene name D organism

P53 AB082923 U208 cells
(SEQ ID NO: 7)

BAX NM__001291428 U208 cells
(SEQ ID NO: 8)

eGFP ATAS52654 Aequorea victoria

(SEQ ID NO: 12)

PUMA NM_001127240
(SEQ ID NO: 9)
NOXA NM_021127
(SEQ ID NO: 10)
FAS1 NM_000043
(SEQ ID NO: 11)
[0631] siRNA Design
[0632] Target-specific siRNAs are designed by publically

available siRNA-designers such as ThermoFisher Scientif-
ic’s “BLOCK-1T™ RNAi Designer” and Invivogen’s “Find
siRNA sequences”.

[0633] sgRNAs Design

[0634] sgRNAs are designed to target the endogenous
miRNA genes using the publically available sgRNA
designer, as previously described in Park et al. Bioinformat-
ics, (2015) 31(24): 4014-4016. Two sgRNAs are designed
for each cassette, and a single sgRNA is expressed per cell,
to initiate gene swapping. sgRNAs correspond to the pre-
miRNA sequence that is modified post swapping.

[0635] Inorderto maximize the chance of efficient sgRNA
choice, two different publicly available algorithms
(CRISPER Design: www(dot)crispr(dot)mit(dot)edu:8079/
and CHOPCHOP: www(dot)chopchop(dot)cbu(dotjuib
(dot)no/) are used and the top scoring sgRNA from each
algorithm is selected.
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[0636] Swapping ssDNA Oligo Design

[0637] 400 b ssDNA oligo is designed based on the
genomic DNA sequence of the miRNA gene. The pre-
miRNA sequence is located in the center of the oligo. Next,
the double stranded siRNA sequences are swapped with the
mature miRNA sequences in a way that the guide (silencing)
siRNA strand is kept 100% complementary to the target. The
sequence of the passenger siRNA strand is modified to
preserve the original miRNA structure, keeping the same
base pairing profile.

[0638] Swapping Plasmid DNA Design

[0639] 4000 bp dsDNA fragment is designed based on the
genomic DNA sequence of the miRNA gene. The pre-
miRNA sequence is located in the center of the dsDNA
fragment. The fragment is cloned into a standard vector (e.g.
Bluescript) and transfected into the cells with the Cas9
system components. Next, the mature miRNA sequences are
swapped with the double stranded siRNA sequences in a
way that the guide (silencing) siRNA strand is kept 100%
complementary to the target. The sequence of the passenger
siRNA strand is modified to preserve the original miRNA
structure, keeping the same base pairing profile.

[0640] sgRNAs Sequences:

[0641] Human miR-150
(SEQ ID NO: 5)
1. CCAGCACTGGTACAAGGGTTGGG
(SEQ ID NO: 6)
2. CCAACCCTTGTACCAGTGCTGGG
[0642] List of Endogenous miRNA that are Swapped:
[0643] 1. Human miR-150 (SEQ ID NO: 13)
[0644] 2. Human miR-210 (SEQ ID NO: 14)
[0645] 3. Human miR-34 (SEQ ID NO: 19-21)
[0646] 5. Human Let7b (SEQ ID NO: 15)
[0647] 6. Human miR-184 (SEQ ID NO: 16)
[0648] 7. Human miR-204 (SEQ ID NO: 17)
[0649] 8. Human miR-25 (SEQ ID NO: 18)
[0650] ssDNA Oligos Used for Gene Swapping:

Oligo-1: GFP-siRNA1_hsa-mir1 50 (5'—3') (SEQ ID NO: 1)
Oligo-2: GFP-siRNA6_hsa-mir1 50 (5'—3') (SEQ ID NO: 2)

Oligo-3: TP53-siRNA1_hsa-mir150 (5'—3") (SEQ ID NO:
3)

Oligo-4: TP53-siRNA2_hsa-mir150 (5'—3") (SEQ ID NO:
4)

Oligo-5: TP53-siRNA1-mMIR17 (5'—3") (SEQ ID NO:
243)

Oligo-6: TP53-siRNA2-mMIR17 (5'3") (SEQ ID NO: 244)

Oligo-7: HPRT-siRNAI-mMIR17 (5—3') (SEQ ID NO:
245)

Oligo-8: HPRT-siRNA2-mMIR17 (5'—3') (SEQ ID NO:
246)
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Oligo-9: TP53-siRNAI-mMIR21a (5'—3") (SEQ ID NO:
247)

Oligo-10: TP53-siRNA2-mMIR21a (5'—3') (SEQ ID NO:
248)

Oligo11: HPRT-siRNA1-mMIR21a (5'—3") (SEQ ID NO:
249)

Oligo12: HPRT-siRNA2-mMIR21a (5'—3") (SEQ ID NO:
250)

Oligo13: GFP-siRNA1-mMIR17 (5—3') (SEQ ID NO:
251)

Oligol4: GFP-siRNAI-mMIR21a (5'—3') (SEQ ID NO:
252)

[0651] sgRNA Cloning

[0652] The transfection plasmid utilized is composed of 4
modules comprising of

[0653] 1) mCherry driven by the CMV promoter termi-
nated by a BGH poly(A) signal termination sequence;
[0654] 2) Cas9 (human codon-optimized) driven by the
EFla core promoter terminated by BGH poly(A) signal
termination sequence;

[0655] 3) pol III (U6) promoter sgRNA for guide 1;
[0656] Plasmid Design
[0657] For transient expression, a plasmid containing

three transcriptional units is used. The first transcriptional
unit contains the EFla core promoter-driving expression of
Cas9 and the BGH poly(A) signal terminator. The next
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transcriptional unit consists of CMV promoter driving
expression of mCherry and the BGH poly(A) signal termi-
nator. The third contains the pol III (U6) promoter express-
ing sgRNA to target miRNA genes (each vector comprises
a single sgRNAs).

[0658] Design and Cloning of CRISPR/CAS9 to Target
miR-173 and miR-390 and Introducing SWAPs to Target
GFP, AtPDS3 and AtADHI1

[0659] For proof of concept, the present inventors have
designed changes in the sequences of mature miR-173 and
miR-390, in their genomic context, to target GFP, AtPDS3
or AtADHI1 (in plant cells), by producing small RNA that
reverse complements target genes. In addition, to maintain
the secondary structure of the miRNA precursor transcript,
further changes in the pri-miRNA were carried out (Table 2,
below). These fragments were cloned into PUC plasmids
and named DONORs and the DNA fragments are referred as
SWAPs. For sequences for modifying miR-173-SWAP1 and
SWAP2 to target GFP, SWAP3 and SWAP4 to target
AtPDS3 and SWAPS and SWAP10 to target AtADHI (see
Table 2, below). For sequences for modifying miR-390-
SWAPS5 and SWAPG to target GFP, SWAP7 and SWAPS to
target AtPDS3 and SWAP11 and SWAP12 to target AtADH1
(see Table 2, below).

[0660] Guide RNAs targeting miR-173 and miR-390 were
introduced into CRISPR/CAS9 vector system in order to
generate a DNA cleavage in the desired miRNA loci. These
were co-introduced to plants with the DONOR vectors via
gene bombardment protocol, to introduce desired modifica-
tions through Homologous DNA Repair (HDR). These

guide RNAs are specified in Table 2, below.
TABLE 2

Sequences and oligos used in the experiments

SEQ ID NO: Aim

29 miR173

30 miR390

31 sgRNA sequence used for miR173 targeting in CRISPR/CAS9 system-

32

33

34

35

36

37

38

39

40

41

2

43

a4

45

GEiGS#4
sgRNA sequence used for miR173 targeting in CRISPR/CAS9 system-
GEIGS#5
sgRNA sequence used for miR390 targeting in CRISPR/CAS9 system-
GEiGS#1
sgRNA sequence used for miR390 targeting in CRISPR/CAS9 system-
GEIGS#3

mature GEiGS-siRNA targeting GFP- used in SWAPS (based on miR390) and

in SWAP1 (based on miR173)
Complementary strand of mature GEiGS-siRNA targeting GFP- used in
SWAPS (based on miR390) and in SWAP1 (based on miR173)

mature GEiGS-siRNA targeting GFP- used in SWAP6 (based on miR390) and

in SWAP?2 (based on miR173)

Complementary strand of mature GEiGS-siRNA targeting GFP- used in
SWAP6 (based on miR390) and in SWAP2 (based on miR173)

mature GEiGS-siRNA targeting AtPDS3- used in SWAP7 (based on
miR390) and in SWAP3 (based on miR173)

Complementary strand of mature GEiGS-siRNA targeting AtPDS3- used
in SWAP7 (based on miR390) and in SWAP3 (based on miR173)
mature GEiGS-siRNA targeting AtPDS3- used in SWAPS (based on
miR390) and in SWAP4 (based on miR173)

Complementary strand of mature GEiGS-siRNA targeting AtPDS3- used
in SWAPS (based on miR390) and in SWAP4 (based on miR173)
mature GEiGS-siRNA targeting AtADH1- used in SWAP11 (based on
miR390) and in SWAP9 (based on miR173)

Complementary strand of mature GEiGS-siRNA targeting AtADH1 - used
in SWAP11 (based on miR390) and in SWAP9 (based on miR173)
mature GEiGS-siRNA targeting AtADH1- used in SWAP12 (based on
miR390) and in SWAP10 (based on miR173)
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TABLE 2-continued

Sequences and oligos used in the experiments

SEQ ID NO: Aim

46 Complementary strand of mature GEiGS-siRNA targeting AtADH]1- used
in SWAP12 (based on miR390) and in SWAP10 (based on miR173)

47 Primary transcript of miR173 (pri-miR173)

48 Primary transcript of SWAPI1 (used in Donor vector for targeting GFP)

49 Primary transcript of SWAP2 (used in Donor vector for targeting GFP)

50 Primary transcript of SWAP3 (used in Donor vector for targeting PDS3)

51 Primary transcript of SWAP4 (used in Donor vector for targeting PDS3)

52 Primary transcript of SWAP9 (used in Donor vector for targeting ADH1)

53 Primary transcript of SWAP10 (used in Donor vector for targeting ADH1)

54 Primary transcript of miR390 (pri-miR390)

55 Primary transcript of SWAPS (used in Donor vector for targeting GFP)

56 Primary transcript of SWAP6 (used in Donor vector for targeting GFP)

57 Primary transcript of SWAP7 (used in Donor vector for targeting PDS3)

58 Primary transcript of SWAP8(used in Donor vector for targeting PDS3)

59 Primary transcript of SWAPI11 (used in Donor vector for targeting ADH1)

60 Primary transcript of SWAP12 (used in Donor vector for targeting ADH1)

61 Sequence of miR173 loci

62 Oligo sequence of SWAP1 (used in Donor vector for modification of
miR173 for targeting GFP)

63 Oligo sequence of SWAP2 (used in Donor vector for modification of
miR173 for targeting GFP)

64 Oligo sequence of SWAP3 (used in Donor vector for modification of
miR173 for targeting PDS3)

65 Oligo sequence of SWAP4 (used in Donor vector for modification of
miR173 for targeting PDS3)

66 Oligo sequence of SWAP9 (used in Donor vector for modification of
miR173 for targeting ADH1)

67 Oligo sequence of SWAP10 (used in Donor vector for modification of
miR173 for targeting ADH1)

68 Oligo sequence of miR390 loci

69 Oligo sequence of SWAPS (used in Donor vector for modification of
miR390 for targeting GFP)

70 Oligo sequence of SWAP6 (used in Donor vector for modification of
miR390 for targeting GFP)

71 Oligo sequence of SWAP7 (used in Donor vector for modification of
miR390 for targeting PDS3)

72 Oligo sequence of SWAP8(used in Donor vector for modification of
miR390 for targeting PDS3)

73 Oligo sequence of SWAP 11 (used in Donor vector for modification of
miR390 for targeting ADH1)

74 Oligo sequence of SWAP12 (used in Donor vector for modification of
miR390 for targeting ADH1)

75 qRT for housekeeping gene- 18S expression (NC__037304 )- Forward
primer

76 qRT for housekeeping gene- 18S expression (NC__037304 )- Reverse
primer

77 qRT for analysis of PDS3 expression (AT4G14210)- Forward primer

78 qRT for analysis of PDS3 expression (AT4G14210)- Reverse primer

79 qRT for analysis of ADH1 expression (AT1G77120)- Forward primer

80 qRT for analysis of ADH1 expression (AT1G77120)- Reverse primer

81 Forward primer for internal amplification of miR390 and its modified
versions

82 Reverse primer for internal amplification of miR390 and its modified
versions

83 Forward primer for external amplification of miR390 and its modified
versions- primary reaction

84 Reverse for external amplification of miR390 and its modified versions-
primary reaction

85 Forward primer for external amplification of miR390 and its modified
versions- nested reaction

86 Reverse for external amplification of miR390 and its modified versions-
nested reaction

87 Forward primer for internal amplification of miR173 and its modified
versions

88 Reverse primer for internal amplification of miR173 and its modified
versions

89 Forward primer for external amplification of miR173 and its modified
versions- primary reaction

20 Reverse for external amplification of miR173 and its modified versions-
primary reaction

91 Forward primer for external amplification of miR173 and its modified

versions- nested reaction
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TABLE 2-continued

Aug. 27, 2020

Sequences and oligos used in the experiments

SEQ ID NO: Aim

92 Reverse for external amplification of miR173 and its modified versions-

nested reaction

[0661] Plasmid Transfection

[0662] For transfection Lipofectamine® 2000 Transfec-
tion Reagent (or any other) is used according to the manu-
facturer’s protocol, in short:

[0663] For adherent cells: One day before transfection,
0.5-2x10° cells are plated in 500 ul of growth medium
without antibiotics so that cells will be 90-95% confluent at
the time of transfection.

[0664] For suspension cells: Just prior to preparing com-
plexes, 4-8x10° cells in 500 pul of growth medium are plated
without antibiotics.

[0665] For each transfection sample, complexes are pre-
pared as follows: a) DNA is diluted in 50 pl of Opti-MEM®
I Reduced Serum Medium without serum (or other medium
without serum) and is mixed gently. b) Lipofectamine™
2000 is mixed gently before use, then the appropriate
amount is diluted in 50 pl of Opti-MEM® I Medium, and is
incubated for 5 minutes at room temperature. It should be
noted that proceeding into step ¢ should be effected within
25 minutes. ¢) After the 5 minute incubation, the diluted
DNA is combined with diluted Lipofectamine™ 2000 (total
volume=100 pl) is mixed gently and incubated for 20
minutes at room temperature (solution may appear cloudy).
It should be noted that the complexes are stable for 6 hours
at room temperature. d) 100 pl of the complexes is added to
each well containing cells and medium and is mixed gently
by rocking the plate back and forth. e) cells are incubated at
37° C. in a CO, incubator for 18-48 hours prior to testing for
transgene expression. Medium may be changed after 4-6
hours.

[0666] FACS Sorting of Fluorescent Protein-Expressing
Cells
[0667] 48 hrs after plasmid/RNA delivery, cells are col-

lected and sorted for fluorescent protein expression (e.g.
mCherry) using a flow cytometer in order to enrich for
fluorescent protein/editing agent expressing cells as previ-
ously described [Chiang et al., Sci Rep (2016) 6: 24356].
This enrichment step allows bypassing antibiotic selection
and collection of only cells transiently expressing the fluo-
rescent protein, Cas9 and the sgRNA. These cells can be
further tested for editing of the target gene by HR events
followed by efficient silencing of the target gene i.e. GFP.

[0668]
[0669] Arabidopsis Root Preparation:

[0670] Chlorine gas sterilised Arabidopsis (cv. Col-0)
seeds were sown on MS minus sucrose plates and vernalised
for three days in the dark at 4° C., followed by germination
vertically at 25° C. in constant light. After two weeks, roots
were excised into 1 cm root segments and placed on Callus
Induction Media (CIM: 1/2 MS with BS vitamins, 2%
glucose, pH 5.7, 0.8% agar, 2 mg/1 TAA, 0.5 mg/12,4-D, 0.05
mg/l kinetin) plates. Following six days incubation in the
dark, at 25° C., the root segments were transferred onto filter
paper discs and placed onto CIMM plates, (1/2 MS without

Bombardment and Plant Regeneration

vitamins, 2% glucose, 0.4 M mannitol, pH 5.7 and 0.8%
agar) for 4-6 hours, in preparation for bombardment.
[0671] Bombardment

[0672] Plasmid constructs were introduced into the root
tissue via the PDS-1000/He Particle Delivery (Bio-Rad;
PDS-1000/He System #1652257), several preparative steps,
outlined below, were required for this procedure to be
carried out.

[0673] Gold Stock Preparation

[0674] 40 mg of 0.6 um gold (Bio-Rad; Cat: 1652262) was
mixed with 1 ml of 100% ethanol, pulse centrifuged to pellet
and the ethanol removed. This wash procedure was repeated
another two times.

[0675] Once washed the pellet was resuspended in 1 ml of
sterile distilled water and dispensed into 1.5 ml tubes of 50
ul aliquot working volumes.

[0676] Bead Preparation
[0677] In short, the following was performed:
[0678] A single tube was sufficient gold to bombard 2

plates of Arabidopsis roots, (2 shots per plate), therefore
each tube was distributed between 4 1,100 psi Biolistic
Rupture disks (Bio-Rad; Cat: 1652329).

[0679] Bombardments requiring multiple plates of the
same sample, tubes were combined and volumes of DNA
and CaCl2/spermidine mixture adjusted accordingly, in
order to maintain sample consistency and minimise overall
preparations.

[0680] The following protocol summarises the process of
preparing one tube of gold, these should be adjusted accord-
ing to number of tubes of gold used.

[0681] All subsequent processes were carried out at 4° C.
in an Eppendorf thermomixer.

[0682] Plasmid DNA samples were prepared, each tube
comprising 11 pg of DNA added at a concentration of 1000
ng/ul

[0683] 1) 493 ul ddH20 was added to 1 aliquot (7 pl) of
spermidine (Sigma-Aldrich; S0266), giving a final concen-
tration of 0.1 M spermidine. 1250 pl 2.5M CaCl2 was added
to the spermidine mixture, vortexed and placed on ice.
[0684] 2) A tube of pre-prepared gold was placed into the
thermomixer, and rotated at a speed of 1400 rpm.

[0685] 3) 11 pl of DNA was added to the tube, vortexed,
and placed back into the rotating thermomixer.

[0686] 4) To bind, DNA/gold particles, 70 pl of spermi-
dine CaCl2 mixture was added to each tube (in the thermo-
mixer).

[0687] 5) The tubes were vigorously vortexed for 15-30
seconds and placed on ice for about 70-80 seconds.

[0688] 6) The mixture was centrifuged for 1 minute at
7000 rpm, the supernatant was removed and placed on ice.
[0689] 7) 500 ul 100% ethanol was added to each tube and
the pellet was resuspended by pipetting and vortexed.
[0690] 8) The tubes were centrifuged at 7000 rpm for 1
minute.
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[0691] 9) The supernatant was removed and the pellet
resuspended in 50 pl 100% ethanol, and stored on ice.

[0692] Macro Carrier Preparation

[0693] The following was performed in a laminar flow
cabinet:

[0694] 1) Macro carriers (Bio-Rad; 1652335), stopping

screens (Bio-Rad; 1652336), and macro carrier disk holders
were sterilised and dried.

[0695] 2) Macro carriers were placed flatly into the macro
carrier disk holders.

[0696] 3) DNA coated gold mixture was vortexed and
spread (5 pl) onto the centre of each Biolistic Rupture disk.

[0697] Ethanol was allowed to evaporate.

[0698] PDS-1000 (Helium Particle Delivery System)
[0699] In short, the following was performed:

[0700] The regulator valve of the helium bottle was

adjusted to at least 1300 psi incoming pressure. Vacuum was
created by pressing vac/vent/hold switch and holding the fire
switch for 3 seconds. This ensured helium was bled into the
pipework.

[0701] 1100 psi rupture disks were placed into isopropanol
and mixed to remove static.

[0702] 1) One rupture disk was placed into the disk
retaining cap.
[0703] 2) Microcarrier launch assembly was constructed

(with a stopping screen and a gold containing microcarrier).
[0704] 3) Petri dish Arabidopsis root callus was placed 6
cm below the launch assembly.

[0705] 4) Vacuum pressure was set to 27 inches of Hg
(mercury) and helium valve was opened (at approximately
1100 psi).

[0706] 5) Vacuum was released; microcarrier launch
assembly and the rupture disk retaining cap were removed.
[0707] 6) Bombardment on the same tissue (i.e. each plate
was bombarded 2 times).

[0708] 7) Bombarded roots were subsequently placed on
CIM plates, in the dark, at 25° C., for additional 24 hours.
[0709] Co-Bombardments

[0710] When bombarding GEiGS plasmids combinations,
5 ug (1000 ng/ul) of the sgRNA plasmid was mixed with 8.5
ng (1000 ng/pl) swap plasmid and 11 pl of this mixture was
added to the sample. If bombarding with more GEiGS
plasmids at the same time, the concentration ratio of sgRNA
plasmids to swap plasmids used was 1:1.7 and 11 pg (1000
ng/ul) of this mixture was added to the sample. If co-
bombarding with plasmids not associated with GEiGS
swapping, equal ratios were mixed and 11 pg (1000 ng/ul)
of the mixture was added to each sample.

[0711] Plant Regeneration

[0712] For shoot regeneration, modified protocol from
Valvekens et al. [Valvekens, D. et al., Proc Natl Acad Sci
US4 (1988) 85(15): 5536-5540] was carried out. Bom-
barded roots were placed on Shoot Induction Media (SIM)
plates, which included 1/2 MS with B5 vitamins, 2% glu-
cose, pH 5.7, 0.8% agar, 5 mg/l 2 iP, 0.15 mg/l TAA. Plates
were left in 16 hours light at 25° C.-8 hours dark at 23° C.
cycles. After 10 days, plates were transferred to MS plates
with 3% sucrose, 0.8% agar for a week, then transferred to
fresh similar plates. Once plants regenerated, they were
excised from the roots and placed on MS plates with 3%
sucrose, 0.8% agar, until analysed.

[0713] Phenotypic Analysis

[0714] As described above, such as by looking at the
fluorescence and cell morphology or other phenotypes such
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as growth rate/inhibition and/or apoptosis that are dependent
on the target gene such Nutlin3 resistance in the case of
TP53 silencing.

[0715] Anti-Viral Assay

[0716] The assay is based on cytopathic effect (CPE)
commonly used to determine the potency of purified inter-
feron stocks. In the CPE assay, anti-viral activity is mea-
sured based on its ability to inhibit virus-induced cytopa-
thology as measured by a crystal violet live-cell stain
[previously described by Rubinstein et al., J Virol. (1981)
10:755-758].

[0717] VSV forms discrete, microscopic plaques in sta-
tionary cultures of the WISH amnion cell line. Microplaque
formation is rapid, reproducible, and easily quantitated,
occurs at temperatures ranging from 33 to 40° C., and does
not require a semisolid overlay.

[0718] Allyl Alcohol Selection

[0719] For selection of plants with allyl alcohol, 10 days
post bombardment, roots were placed on SIM media. Roots
were immersed in 30 mM allyl alcohol (Sigma-Aldrich, US)
for 2 hours. Then the roots were washed three times with MS
media, and placed on MS plates with 3% sucrose, 0.8% agar.
Regeneration process was carried on as previously
described.

[0720] Genotyping

[0721] Plant tissue samples were treated and amplicons
amplified in accordance to the manufacturers recommenda-
tions. MyTaq Plant-PCR Kit (BioLine BIO 25056) for short
internal amplification and Phire Plant Direct PCR Kit
(Thermo Scientific; F-130WH) for longer external amplifi-
cations. Oligos used for these amplifications are specified in
Table 2, above. Different modifications in the miRNA loci
were identified through different digestion patterns of the
amplicons, as follows:

[0722] For modifications of miR-390-internal amplicon
was 978 base pairs long, and for external amplification it
was 2629 base pairs. For the identification of swap 7,
digestion with Nlalll resulted in a fragment size of 636 base
pairs, while in the wt version it was cleaved to 420 and 216
long fragments. For the identification of swap 8, digestion
with Hpy1881 resulted in fragments size of 293 and 339 base
pairs, while in the wt version this site was absent and
resulted in a 632-long fragment. For the identification of
swaps 11 and 12, digestion with Becl resulted in a fragment
size of 662 base pairs, while in the wt version it was cleaved
to 147 and 417 long fragments.

[0723] For modifications of miR-173—internal amplicon
was 574 base pairs long, and for nested external amplifica-
tion it was 466 base pairs. For the identification of swap 3,
digestion with BsII resulted in fragments size of 217 and 249
base pairs in the external amplicon and 317 and 149 in the
internal one. In the wt version this site was absent and
resulted in a 466-long fragment in the external amplicon and
574 in the internal reaction. For the identification of swap 4,
digestion with Btsal resulted in fragments size of 212 and
254 base pairs in the external amplicon and 212 and 362 in
the internal one. In the wt version, this site was absent and
resulted in a 466-long fragment in the external amplicon and
574 in the internal reaction. For the identification of swap 9,
digestion with Nlalll resulted in fragments size of 317 and
149 base pairs in the external amplicon and 317 and 244 in
the internal one. In the wt version, this site was absent and
resulted in a 466-long fragment in the external amplicon and
561 in the internal reaction. For the identification of swap
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10, digestion with Nlalll resulted in fragments size of 375
and 91 base pairs in the external amplicon and 375 and 186
in the internal one. In the wt version, this site was absent and
resulted in a 466-long fragment in the external amplicon and
561 in the internal reaction.

[0724] DNA and RNA Isolation

[0725] Plant samples were harvested into liquid nitrogen
and stored in —80° C. until processed. Grinding of tissue was
carried out in tubes placed in dry ice, using plastic Tissue
Grinder Pestles (Axygen, US). Isolation of DNA and total
RNA from ground tissue was carried out using RNA/DNA
Purification kit (cat. 48700; Norgen Biotek Corp., Canada),
according to manufacturer’s instructions. In the case of low
260/230 ratio (<1.6), of the RNA fraction, isolated RNA was
precipitated overnight in —20° C., with 1 pl glycogen (cat.
10814010; Invitrogen, US) 10% V/V sodium acetate, 3 M
pH 5.5 (cat. AM9740, Invitrogen, US) and 3 times the
volume of ethanol. The solution was centrifuged for 30
minutes in maximum speed, at 4° C. This was followed by
two washes with 70% ethanol, air-drying for 15 minutes and
resuspending in Nuclease-free water (cat. 10977035; Invit-
rogen, US).

[0726] Reverse Transcription (RT) and Quantitative Real-
Time PCR (qRT-PCR)

[0727] One microgram of isolated total RN A was treated
with DNase [ according to manufacturer’s manual (AMPD1;
Sigma-Aldrich, US). The sample was reverse transcribed,
following the instructor’s manual of High-Capacity cDNA
Reverse Transcription Kit (cat 4368814; Applied Biosys-
tems, US).

[0728] For gene expression, Quantitative Real Time PCR
(qRT-PCR) analysis was carried out on CFX96 Touch™
Real-Time PCR Detection System (BioRad, US) and
SYBR® Green JumpStart™ Taq ReadyMix™ (S4438,
Sigma-Aldrich, US), according to manufacturers’ protocols,
and analysed with Bio-RadCFX manager program (version
3.1). For the analysis of AtADH1 (AT1G77120) the follow-
ing primer set was used: Forward GTTGAGAGTGTTGGA-
GAAGGAG SEQ ID NO: 237 and reverse CTCGGTGTT-
GATCCTGAGAAG SEQ ID NO: 238; For the analysis of
AtPDS3 (AT4G14210), the following primer set was used:
Forward GTACTGCTGGTCCTTTGCAG SEQ ID NO: 239
and reverse AGGAGCACTACGGAAGGATG SEQ ID NO:
240; For endogenous calibration gene, the 18S ribosomal
RNA gene (NC_037304) was used—Forward ACAC-
CCTGGGAATTGGTTT SEQ ID NO: 241 and reverse
GTATGCGCCAATAAGACCAC SEQ ID NO: 242.

Example 1A

Genome Editing Induced Gene Silencing (GEiGS)
Platform

[0729] MicroRNAs (miRNAs) MicroRNAs (miRNAs)
are small endogenous non-coding RNAs (ncRNAs) of 20 to
24-nucleotide in length, originating from long self-comple-
mentary precursors. Mature miRNAs regulate gene expres-
sion in two ways; (i) by inhibiting translation or (ii) by
degrading coding mRNAs by perfect or near-perfect
complement with the target mRNAs. In animals, seminal
studies on miRNAs have shown that only the seed region
(sequence spanning from position 2 to 8 at the 5' end), is
crucial for target recognition. The seed sequence pairs fully
to its responsive element mainly at the 30-untranslated
region (UTR) of the target mRNA. The alteration of miR-
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NAs biogenesis mechanism, miRNAs expression level and
miRNAs regulatory networks affects important biological
pathways such as cellular differentiation and apoptosis and
it is detected in various human diseases and syndromes,
especially in cancer.

[0730] All tumors present specific signatures of miRNAs
altered expression. For this reason, miRNAs expression
profiles of tumors may represent valid and useful biomarkers
for diagnosis, prognosis, patient stratification, definition of
risk groups and monitoring of the response to therapy.
Equally relevant is the emerging role of miRNAs in viral
infections. Data from literature show a mutual interference
between viruses and the host cell’s miRNA machinery. For
instance, viruses may impair the host cell’s miRNA pathway
by interacting with specific proteins, synthesize their own
miRNAs to modify cellular environment or to regulate their
own mRNAs, or make use of cellular miRNAs to their favor.
However, it is also true that host cell’s miRNAs may target
viral mRNAs. In many cases, this bidirectional interference
is resolved in favor of the viruses that as a result may escape
the immune response and complete the replication cycle.
[0731] Accordingly, the present inventors are utilizing
endogenous ncRNA sequences (e.g. of miRNA) that are
re-designed using GEiGS to gain silencing functionality, by
Homologous Recombination (HR), in order to specifically
silent any RNA of interest. In order to replace chosen
sequences, HR uses longer stretches of sequence homology
flanking the DSB site to repair DNA lesions and is therefore
considered to be accurate mechanism for DSB repair due to
the requirement of higher sequence homology between the
damaged and intact donor strands of DNA (i.e. the inserted
siRNA sequence). This process is considered to be error-free
if the DNA template used for repair is identical to the
original DNA sequence at the DSB, or it can introduce very
specific mutations into the damaged DNA e.g. swapping
genes.

Example 1B

Genome Editing Induced Gene Silencing (GEiGS)

[0732] In order to design GEiGS oligos, template non-
coding RNA molecules (precursors) that are processed and
give raise to derivate small silencing RNA molecules (ma-
tures) are required. The present inventors have characterized
dicer substrate RNAs (i.e. cellular RNAs that are bound by
Dicer) that produce silencing engaged small RNAs (i.e.
small RNAs that are bound by Argonaut 2 and Argonaut 3)
in human and C. elegans as previously discussed in Rybak-
Wolf [Rybak-Wolf, A. et al., Cell (2014) 159: 1153, Ai1167].
Crossing both datasets (dicer bound RNAs & Ago2 and
Ago3 bound small RNAs), allowed to generate a list of
non-coding RNAs that are precursors of small silencing
RNAs (FIG. 10 and FIGS. 11A-E). Two sources of precursor
and their corresponding mature sequences were used for
generating GEiGS oligos. For miRNAs, sequences were
obtained from the miRBase database [Kozomara, A. and
Griffiths-Jones, S., Nucleic Acids Res (2014) 42: D68,
AID73]. Other type of precursors (including tRNAs,
snRNAs, and various types of repeats) were obtained from
a recent publication describing Dicer-bound & AGO-bound
RNAs [Rybak-Wolf, A. et al, Cell (2014) 159: 1153,
Ail1167].

[0733] Silencing targets were chosen in a variety of host
organisms. siRNAs were designed against these targets
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using the siRNArules software [Holen, T., RNA (2006) 12:
1620, Ai1625.]. Each of these siRNA molecules was used to
replace the mature sequences present in each precursor,
generating “naive” GEiGS oligos. The structure of these
naive sequences was adjusted to approach the structure of
the wild type precursor as much as possible using the
ViennaRNA Package v2.6 [Lorenz, R. et al., ViennaRNA
Package 2.0. Algorithms for Molecular Biology (2011) 6:
26]. Examples for successful structure maintenance versus
non-successful structure maintenance can be found in FIG.
12A-D. After the structure adjustment, the number of
sequence and secondary structure changes between the wild
type and the modified oligo were calculated. These calcu-
lations are essential to identify potentially functional GEiGS
oligos that require minimal sequence changes with respect to
the wild type (FIG. 12A-E).

[0734] CRISPR/cas9 small guide RNAs (sgRNAs) against
the wild type precursors were generated using the CasOT
software [Xiao, A. et al., Bioinformatics (2014) 30: 1180,
Ai1182]. sgRNAs were selected where the modifications
applied to generate the GEiGS oligo affect the PAM region
of the sgRNA, rendering it ineffective against the modified
oligo.

Example 2

GEiGS of an “Endogenous” Transgene

[0735] A quick and robust approach to check the efficiency
of GEiGS is to silence a transgene, which will serve as
endogenous gene and in addition is also a marker gene like
GFP (green fluorescent protein). There are few options to
assess the effectiveness of GFP silencing in cells, the present
inventors are using FACS analysis, RT-qPCR and micros-
copy to assess the effectiveness of GFP silencing in cells.
[0736] Silencing of GFP is well characterized and there
are many available short interfering RNA sequences
(siRNA) that are efficient in triggering GFP silencing. There-
fore, for gene swapping, the present inventors are using 21
mer siRNA molecules designed to silence GFP. Additionally
or alternatively, the present inventors are using public algo-
rithms that predict which siRNA will be effective in initi-
ating gene silencing to a given gene (e.g. GFP). Since the
predictions of these algorithms are not 100%, the present
inventors are only using sequences that are the outcome of
at least two different algorithms.

[0737] In order to use siRNA sequences that will silence
the GFP gene, the present inventors are swapping them with
a known endogenous miRNA gene sequences using the
CRISPR/Cas9 system. There are many databases of charac-
terized miRNAs, the present inventors are choosing several
known human miRNAs with different expression profiles
(e.g. low constitutive expression, highly expressed, induced
in stress, etc.). In order to swap the endogenous miRNA
sequence with siRNA the present inventors are using the HR
approach.

[0738] As illustrated in FIG. 2, using HR the present
inventors are contemplating two options: 1) use a donor
ssDNA oligo sequence of around 200-500 bases which
includes the swapping siRNA sequence in the middle or 2)
use plasmids expressing 1 Kb-4 Kb insert which is almost
100% identical to the miRNA surrounding in the genome
except the 2x21 bp of the miRNA and the *miRNA that is
changed into the siRNA of the GFP (500-2000 bp up and
downstream the siRNA). The transfection includes a few
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constructs: CRISPR:Cas9/RFP sensor to track and enriched
for positive transformed cells, gRNAs that guide the Cas9 to
produce a DSB which is repaired by HR depending on the
insertion vector/oligo.

[0739] The insertion vector contains two continuous
regions of homology surrounding the targeted locus that are
replaced (e.g. miRNA) and is modified to carry the mutation
of interest (i.e. siRNA). If plasmid is used, the targeting
construct is used as a template for homologous recombina-
tion ending with the replacement of the miRNA with the
siRNA of choice. After transfection to tissue culture cells,
FACS is used to enrich for positive Cas9/sgRNA transfected
events, cells are scored for GFP silencing under microscope
(as illustrated in FIG. 2). It is expected that the positive
edited cells will produce siRNA sequences targeting the
GFP gene and therefore the GFP expression of the transgene
will be silenced compared to control cells.

[0740] In order to show proof of concept (POC) of GFP
silencing using GEiGS, transgenic human cell lines includ-
ing U208, RPE1, A549 or Hela cells that express GFP are
being utilized. Cells are transtected with GEiGS methodol-
ogy and with cassettes to swap endogenous non-coding
RNAs (e.g. miRNA) and turn it into a non-coding RNA that
is processed into siRNAs targeting GFP to initiate the RNA
silencing mechanism against GFP. As illustrated in FIGS.
3A-B, knock down of GFP gene expression levels in human
cells results in reduced expression of GFP in cells expressing
siGFP (i.e. in which GFP is silenced) as compared to control
cells (FIG. 3A).

Example 3

GEiGS of Exogenous Transgene (GFP) in Tissue
Culture Cells

[0741] In addition to the former example of GFP silencing
(Example 2 above), another way to demonstrate the effi-
ciency of GEiGS is to silence a marker gene like GFP in a
transient GFP transfection assay. As illustrated in FIG. 4,
human cells are treated using GEiGS in order to redirect
silencing specificity of endogenous miRNA through expres-
sion of small siRNA molecules targeting the GFP gene (as
discussed in Example 2, above). Control untreated cells and
GEiGS-GFP cells (i.e. expressing siGFP) are then trans-
fected with a plasmid expressing separately two markers
(sensor) GFP+RFP (Red Fluorescent Protein), cells which
express only RFP but not GFP in the GEiGS treatment are
the results of GFP gene silencing due to siGFP expression.
DNA from these cells (Red but lack of GFP expression) are
extracted and examined for the correct genome-editing
event. Furthermore, the cells can be analyzed for the loss of
expression of GFP e.g., by fluorescent detection of GFP or
q-PCR, HPLC.

Example 4

GEiGS of TP53 or HPRT Expression Inhibits
Nutlin3-Induced or 6TG (Thioguanine, 6-TG,
6-Tioguanine) Cell Death/Growth Inhibition in
U20S and RPE1 or Mouse Embryonic Stem (mES)
Cells

[0742] To show POC of GEiGS in human cells, the present
inventors are working with U20S, RPE1 or mouse embry-
onic stem cells. U208 are cells that grow fast and are easy
to transfect with high efficiency. These cells originate from
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bone cancer—osteosarcoma. RPE1 are epithelial cells origi-
nated from normal retina (i.e. not from a disease or sick
culture) with normal and active TP53 as do mES.

[0743] TPS53 is a tumor-suppressor protein that induces
directly or indirectly apoptotic cell death in response to
oncogenic stress. The consequences of DNA damage depend
on the cell type and the severity of the damage. Mild DNA
damage can be repaired with or without cell-cycle arrest.
More severe and irreparable DNA injury leads to the appear-
ance of cells that carry mutations or causes a shift towards
induction of the senescence or cell death programs.
Although for many years it was argued that DNA damage
kills cells via apoptosis or necrosis, technical and method-
ological progress during the last few years has helped to
reveal that this injury might also activate death by autophagy
or mitotic catastrophe, which may then be followed by
apoptosis or necrosis. The molecular basis underlying the
decision-making process is currently the subject of intense
investigation.

[0744] Today, anyone with interest in cancer research is
already well aware of the existence of TP53 and its rel-
evance to practically every aspect of tumor biology. TP53 is
undoubtedly one of the most extensively studied genes and
proteins. Early studies indicate that transactivation-defective
mutants of p53 are capable of inducing apoptosis, implying
a transcription-independent role for p53 in apoptosis. DNA-
damage leads to mitochondrial translocation of TP53. TP53
binds to Bcl-2 family protein Bcel-x. to influence
cytochrome c release. TP53 directly activates the proapop-
totic Bcl-2 protein Bax in the absence of other proteins to
permeabilize mitochondria and engage the apoptotic pro-
gram. TP53 can release both proapoptotic multidomain
proteins and BH3-only proteins that are sequestered by
Bel-X1. In addition, TP53 can directly mediate mitochon-
drial mechanism of apoptosis by facilitating Bax oligomer-
ization, binding to Bcl-xL, but not to Bax, TP53-Bcl-xL
interaction releases Bax and released Bax forms oligomers
in mitochondrial membrane, leading cytochrome c release
and apoptosis (the proline-rich domain, aa 62-91 in mouse,
of TP53 is required for this effect) [Jerry et al. Science
(2004) 303(5660):1010-4]. TP53 also act as a transcription
factor promoting the expression of the pro-apoptotic genes
such as BAX, PUMA and NOXA.

[0745] As illustrated in FIG. 5, the present inventors are
modifying RPE1 cells to express siRNA directed against
TP53, these cells when exposed to Nutlin3 or chemotherapy
(e.g. Camptothecin (CPT), etoposide, olaparib, etc.) show
inhibition of cell death. One of the assays the present
inventors are utilizing is the crystal violet assay in which
staining of cells enable to compare cell number (density) and
morphology, which differ between healthy and dying cells.
Cell clones that are resistant to cell death are verified to the
correct genome editing event and for expression of the
relevant TP53 siRNA. Furthermore, the cells can be ana-
lyzed for the loss of expression of TP53 e.g., by fluorescent
detection of GFP or q-PCR, HPLC.

[0746] Tioguanine, also known as thioguanine or 6-thio-
guanine (6-TG) is a medication commonly used to treat
acute myeloid leukemia (AML), acute lymphocytic leuke-
mia (ALL), and chronic myeloid leukemia (CML). Tiogua-
nine, an antimetabolite, is a purine analogue of guanine and
works by disrupting DNA and RNA. 6-Thioguanine is a thio
analogue of the naturally occurring purine base guanine.
6-thioguanine utilises the enzyme hypoxanthine-guanine
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phosphoribosyltransferase (HGPRTase/HPRT) to be con-
verted to 6-thioguanosine monophosphate (TGMP). High
concentrations of TGMP may accumulate intracellularly and
hamper the synthesis of guanine nucleotides via the enzyme
Inosine monophosphate dehydrogenase (IMP dehydroge-
nase). TGMP is converted by phosphorylation to thio-
guanosine diphosphate (TGDP) and thioguanosine triphos-
phate (TGTP). Simultaneously deoxyribosyl analogs are
formed, via the enzyme ribonucleotide reductase. The
TGMP, TGDP and TGTP are collectively named 6-thiogua-
nine nucleotides (6-TGN). 6-TGN are cytotoxic to cells by:
(1) incorporation into DNA during the synthesis phase
(S-phase) of the cell; and (2) through inhibition of the
GTP-binding protein (G protein) Racl, which regulates the
Rac/Vav pathway. An additional effect may be derived from
the incorporation of 6-thioguanine into RNA. This yields a
modified RNA strand which cannot be read by the ribo-
somes.

[0747] Inbrief, loss or reduction of HPRT gene expression
render the cells resistant to 6TG. Accordingly, the present
inventors are modifying HPRT gene expression by express-
ing siRNA directed against HPRT, and analyzing downregu-
lation of HPRT by resistance to 6TG.

Example 5

GEiGS of Pro-Apoptotic Genes (BAX, PUMA,
NOXA) Inhibits Chemotherapy-Induced Cell Death
in Human Cancer Cells

[0748] In this experiment the present inventors are using
U208 cells. In order to create cells resistant to chemo-
therapy agents like CPT, etoposide, olaparib, etc., the pres-
ent inventors are first using siRNA capable of targeting
apoptotic genes like BAX, PUMA and NOXA which are
known as pro-apoptotic genes.

[0749] As illustrated in FIG. 6, the present inventors are
treating U20S cells using GEiGS to express siRNA target-
ing apoptotic genes. Modified cells that express siRNA are
expected to be resistant to chemotherapy (e.g. like CPT,
etoposide, olaparib, etc.)-induced cell death. After transfec-
tion with GEiGS cassettes+RFP sensor, transfected cells are
enriched with FACS and cells are exposed to chemotherapy
agents. In the control, all cells are sensitive and die or enter
senescence (easy to detect under a microscope using Dapi
staining, few cells with big nuclei). Clones that are resistant
to cell death and or senescence are expected to be positively
expressing edited siRNAs and are verified to the have the
correct genome editing modification and expression of the
relevant siRNA. Furthermore, the cells can be analyzed for
the loss of expression of apoptotic genes like BAX, PUMA
and NOXA e.g., by fluorescent detection of GFP or g-PCR,
HPLC.

Example 6

Utilizing GEiGS to Immunize Human Cells Against
Viral Infection

[0750] Inorder to prove that GEiGS is a robust method for
human immunization with the ability to knock down exog-
enous pathogenic gene, the present inventors are providing
an example of silencing of a virus gene. A lentiviral system
is very effective at delivering genetic material to whole
model organisms and almost all mammalian cells, including
non-dividing non growing cells, as well as difficult-to-
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transfect cells including neuron, primary and stem cells. The
efficiency of lentiviral transduction is close to 100% depend-
ing on the Multiplicity Of Infection (MOI), making it ideal
as an expression vector system.

[0751] Control cells that are infected with lentivirus
expressing-GFP show expression of GFP under the micro-
scope (as illustrated in FIG. 7). GEiGS-GFP cells engineered
to express siRNA targeting GFP gene (as illustrated in
Example 2, above) are expected to show reduced levels of
GFP (as illustrated in FIG. 7). Generating GEiGS cells with
no or low GFP gene expression after infection with Virus-
GFP (e.g. Lenti-GFP) will prove that silencing of exogenous
gene was achieved and that GEiGS is an effective method to
immunize human cells against invasive infectious RNA like
viruses.

[0752] There are few easy options to assess the effective-
ness of the GFP gene silencing in the cell, the present
inventors are using FACS analysis, RT-qPCR, microscopy
and/or immunoblotting. Therefore, for gene swapping, the
present inventors designed 21 mer siRNA molecules (as
described in Example 2, above). The present inventors are
using public algorithms that predict which siRNA will be
effective in initiating gene silencing to a given gene (as
described in Example 2, above).

Example 7

Immunizing Human Cells to Virus Infection by
Silencing of an Exogenous Virus Gene (Cell
Survival Assay)

[0753] Inorder to prove that GEiGS is a robust method for
human immunization with the ability to knock down exog-
enous genes, in addition to example using lentivirus express-
ing GFP (Example 6, above), the present inventors are using
wild-type RNA virus infection and are scoring for cell
survival. The present inventors are providing an example of
silencing of a Vesicular stomatitis virus (VSV) gene.

[0754] VSV, a Rhabdoviridae RNA virus, can infect many
cell types and therefore is a common laboratory virus used
to study the properties of viruses in the family Rhabdoviri-
dae, as well as to study viral evolution. VSV is an arbovirus,
and its replication occurs in the cytoplasm. The genome of
VSV is on a single molecule of negative-sense RNA that has
11,161 nucleotides in length that encodes five major pro-
teins: G protein (G), large protein (L), phosphoprotein,
matrix protein (M) and nucleoprotein. In healthy human
cells, the virus cannot reproduce (probably because of the
interferon response) but in many cancer cells (that have a
reduced interferon response) VSV can grow and hence lyse
the oncogenic cells. A functional anti-viral assay based on
cytopathic effect (CPE) is utilized to determine cell survival
as described in detail in the ‘general materials and experi-
mental procedures’ section above. This method allows
evaluating and comparing cell survival and viability.
Through staining cells it is possible to compare cell number,
density and morphology, which differ between healthy and
dying cells.

[0755] In order to find efficient siRNAs targeting VSV
genes, a preliminary experiment with different transfection
of siRNAs targeting virus genes is carried out. siRNAs that
inhibit VSV-induced cell death are used with GEiGS to edit
human WISH cells to express these siRNAs. Control cells
that are infected with VSV will show cytopathology effect as
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measured by a crystal violet compared to GEiGS cells that
are expected to be resistant to virus infection.

Example 8

GEiGS of the Pro-Apoptotic FAS Gene Expression
Reduces 5-Fluorouracil-Induced Apoptosis in
HCT116 Cells

[0756] It was previously shown by Pedro et al. [Pedro et
al. Biochimica et Biophysica Acta (2007) 1772: 40-47] that
in HCT116 human colorectal cancer cells expressing wild-
type p53, silencing of FAS expression by RNA interference
moderates 5-FU-induced apoptosis.

[0757] HCT116 cells are treated using GEiGS to express
siRNA targeting FAS gene. HCT116 control and GEiGS
positive cells (expressing FAS siRNA) are treated with 5-FU
(e.g. 1-8 uM) for e.g. 8-48 hours. Cell viability is evaluated
by XTT and trypan blue dye exclusion. Apoptosis is
assessed by changes in nuclear morphology and caspase 3
activity. 5-FU is cytotoxic in HCT116 cells but when siRNA
is used to inhibit Fas, 5-FU-mediated nuclear fragmentation
and caspase 3 activity are expected to be markedly reduced.

Example 9

Generation of Plants with Modified Endogenous
miRNA to Target Different Genes

[0758] Minimal modifications in the genomic loci of a
miRNA, in its recognition sequence (which will mature to a
miRNA) can lead to a new system to regulate new genes, in
a non-transgenic manner. Therefore, an agrobacterium-free
transient expression method was used, to introduce these
modifications by bombardment of Arabidopsis roots, and
their regeneration for further analysis. The present inventors
had chosen to target two genes, PDS3 and ADH1 in Arabi-
dopsis plants.

[0759] Carotenoids play an important role in many physi-
ological processes in plants and the phytoene desaturase
gene (PDS3) encodes one of the important enzymes in the
carotenoid biosynthesis pathway, its silencing produces an
albino/bleached phenotype. Accordingly, plants with
reduced expression of PDS3 exhibit reduced chlorophyll
levels, up to complete albino and dwarfism.

[0760] Alcohol dehydrogenase (ADHI1) comprises a
group of dehydrogenase enzymes which catalyse the inter-
conversion between alcohols and aldehydes or ketones with
the concomitant reduction of NAD+ or NADP+. The prin-
cipal metabolic purpose for this enzyme is the breakdown of
alcoholic toxic substances within tissues. Plants harbouring
reduced ADH1 expression exhibit increase tolerance to allyl
alcohol. Accordingly, plants with reduced ADH1 are resis-
tant to the toxic effect of allyl alcohol, therefore their
regeneration was carried out with allyl alcohol selection.
Two well-established miRNAs were chosen to be modified,
miR-173 and miR-390, that were previously shown to be
expressed throughout plant development [Zielezinski A et
al., BMC Plant Biology (2015) 15: 144]. To introduce the
modification, a 2-component system was used. First, the
CRISPR/CASY system was used, to generate a cleavage in
the miR-173 and miR-390 loci, through designed specific
guide RNAs (Table 2, above), to promote homologous DNA
repair (HDR) in the site. Second, A DONOR sequence, with
the desired modification of the miRNA sequence, to target
the newly assigned genes, was introduced as a template for



US 2020/0270604 A1l

the HDR (Table 2, above). In addition, since the secondary
structure of the primary transcript of the miRNA (pri-
miRNA) is important for the correct biogenesis and activity
of the mature miRNA, further modifications were intro-
duced in the complementary strand in the pri-miRNA and
analysed in mFOLD (www(dot)unafold(dot)rna(dot)Albany
(dot)edu) for structure conservation (data not shown). In
total, two guides were designed for each miRNA loci, and
two different DONOR sequences (modified miRNA
sequences) were designed for each gene (Table 2, above).

Example 10

Bombardment and Plant Regeneration

[0761] GEiGS constructs were bombarded into pre-pre-
pared roots (as discussed in detail in the materials and
experimental procedures section, above) and regenerated.
Plantlets were selected via bleached phenotype for PDS3
transformants and survival on allyl alcohol treatment for
ADHI transformants. In order to validate Swap compared to
no Swap, i.e. retained wild type, these plants were subse-
quently screened for insertion through specific primers span-
ning the modified region followed by restriction digest (FIG.
13).

Example 11

Genotype Validation of Phenotype Selection

[0762] As discussed above, the Proof of Concept (POC)
for the gene editing system was established using well
known phenotypic traits, Phytoene desaturase (PDS3) and
Alcohol desaturase (ADH1) as targets.

[0763] As mentioned above, plants harbouring reduced
ADHI1 expression exhibit increase tolerance to allyl alcohol.
Therefore, bombarded plants for modified miRNA to target
ADH]1 were regenerated in media containing 30 mM allyl
alcohol and compared to the regeneration rate of control
plants. 118 GEiGS #3+SWAP11 allyl alcohol selected plants
survived, compared to 51 control plants on allyl alcohol
media (data not shown). Of the selected GEiGS
#3+SWAP11, 5 were shown to harbour the DONOR (data
not shown). The large amount of plants regenerating in the
DONOR-treated plants, might be due to transient expres-
sion, during the bombardment process, as well.

[0764] Thus, PDS3 and ADHI1 selection through bleached
phenotype (FIG. 16) and allyl alcohol selection (FIG. 17),
respectively, give an ideal means for transformed plantlet
selection for genotyping.

[0765] Swap region of 4 kb was assessed primarily
through internal primers and specific amplicon differentia-
tion of original wild type to insertion via restriction enzyme
digestion variation.

[0766] ADHI1 (FIG. 14) showed a comparative genotype
of allyl alcohol selected plants with the expected DONOR
presence restriction pattern when compared to restricted and
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non-restricted DONOR plasmid. PDS3 (FIG. 13) showed a
comparison of bombarded samples phenotypes with and
without DONOR and their respective differential restriction
enzyme digestion patterns compared to that of restricted and
non-restricted DONOR plasmid. These results provided a
clear association of PDS3 albino/bleached phenotype to the
expected restriction pattern. Subsequent external PCR com-
bining specific internal, within the Swap region, in conjunc-
tion with external primer, outside and specific to the
genomic region to swap into was carried out (data not
shown). Further validation of the Swap was obtained
through Sanger sequencing of the PCR amplicons, in order
to assess heterozygous, homozygous, or presence of
DONOR Swap (data not shown).

Example 12

Modified miRNA Reduce the Expression of their
New Target Gene

[0767] In order to verify the potential of the modified
miRNAs in the GEiGS system to down regulate the expres-
sion of their newly designated targets, gene expression
analysis was carried out using qRT-PCR (quantitative Real-
Time PCR). RNA was extracted and reverse transcribed,
from the positively identified regenerated plants and com-
pared to regenerated plants, treated in parallel, but were not
introduced with the relevant modifying constructs. In the
case, where miR-173 was modified to target PDS3 (GEiGS
#4+SWAP4), a reduction of 83% in the gene expression
level, on average, was observed (FIG. 15). In plants with
modified miR-390 to target ADH1 (GEiGS #3+SWAPI11), a
similar change in gene expression was observed, 82% of the
levels in the control plants (FIG. 16). Taken together, these
results substantiate the gene editing methods of modifying
endogenous miRNAs to successfully target new genes and
reduce their expression, by replacing the target recognition
sequence in the miRNA transcript in the endogenous locus.
[0768] Although the invention has been described in con-
junction with specific embodiments thereof; it is evident that
many alternatives, modifications and variations will be
apparent to those skilled in the art. Accordingly, it is
intended to embrace all such alternatives, modifications and
variations that fall within the spirit and broad scope of the
appended claims.

[0769] All publications, patents and patent applications
mentioned in this specification are herein incorporated in
their entirety by into the specification, to the same extent as
if each individual publication, patent or patent application
was specifically and individually indicated to be incorpo-
rated herein by reference. In addition, citation or identifica-
tion of any reference in this application shall not be con-
strued as an admission that such reference is available as
prior art to the present invention. To the extent that section
headings are used, they should not be construed as neces-
sarily limiting.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 267

<210> SEQ ID NO 1
<211> LENGTH: 400
<212> TYPE: DNA
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<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Oligo-5_GFP-siRNAl_hsa-mirl50

<400> SEQUENCE: 1

ccaacctgte cctgecectt cctgcectet ttgatgegge cccacttect ctggcaggaa 60
ccecegecct ccoctggacct gggtataagg cagggactgg geccacgggyg aggcagegte 120
ccegaggceag cagceggcage ggcggcetect ctecccatgg cectgtaagt cgtgetgett 180
catgtggcetyg ggctcagaca acatgaacag gecgacttac agggacctgg ggaccccgge 240
accggcagge cccaaggggt gaggtgageg ggcattggga ccteccctece ctgtactcece 300
atctectgetyg cggettttat gegtctetee cettegggte ccacatatcee tcetggtgege 360
tcetgecteca cecgceeccccac cccatgectg tegtecccac 400

<210> SEQ ID NO 2

<211> LENGTH: 400

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Oligo-6_GFP-siRNA6__hsa-mirl50

<400> SEQUENCE: 2

ccaacctgte cctgecectt cctgcectet ttgatgegge cccacttect ctggcaggaa 60
ccecegecct ccoctggacct gggtataagg cagggactgg geccacgggyg aggcagegte 120
ccegaggceag cagceggcage ggcggcetect ctecccatgg cectgtagtt gtactccage 180
ttgtgcccetyg ggctcagagt cacaagegga ccacaactac agggacctgg ggaccccgge 240
accggcagge cccaaggggt gaggtgageg ggcattggga ccteccctece ctgtactcece 300
atctectgetyg cggettttat gegtctetee cettegggte ccacatatcee tcetggtgege 360
tcetgecteca cecgceeccccac cccatgectg tegtecccac 400

<210> SEQ ID NO 3

<211> LENGTH: 400

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Oligo-7_TP53-siRNAl__hsa-mirl50

<400> SEQUENCE: 3

ccaacctgte cctgecectt cctgcectet ttgatgegge cccacttect ctggcaggaa 60
ccecegecct ccoctggacct gggtataagg cagggactgg geccacgggyg aggcagegte 120
ccegaggceag cagceggcage ggcggcetect ctecccatgg cectgtagat tetettecte 180
tgtgegectyg ggctcagaga gcacagagaa ccgaatctac agggacctgg ggaccccgge 240
accggcagge cccaaggggt gaggtgageg ggcattggga ccteccctece ctgtactcece 300
atctectgetyg cggettttat gegtctetee cettegggte ccacatatcee tcetggtgege 360
tcetgecteca cecgceeccccac cccatgectg tegtecccac 400

<210> SEQ ID NO 4

<211> LENGTH: 400

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Oligo-8_TP53-siRNA2__hsa-mirl50
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<400> SEQUENCE: 4

ccaacctgte cctgecectt cctgcectet ttgatgegge cccacttect ctggcaggaa 60
ccecegecct ccoctggacct gggtataagg cagggactgg geccacgggyg aggcagegte 120
ccegaggcag cagceggcage ggcggcetect ctecccatgg cectgttatt ctecatccag 180
tggtttccetyg ggctcagage aaccactgat caagaataac agggacctgg ggaccccgge 240
accggcagge cccaaggggt gaggtgageg ggcattggga ccteccctece ctgtactcece 300
atctectgetyg cggettttat gegtctetee cettegggte ccacatatcee tcetggtgege 360
tcetgecteca cecgceeccccac cccatgectg tegtecccac 400

<210> SEQ ID NO 5

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: sgRNA seq for human miR-150

<400> SEQUENCE: 5

ccagcactgg tacaagggtt ggg 23

<210> SEQ ID NO 6

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: sgRNA seq for human miR-150

<400> SEQUENCE: 6

ccaacccttg taccagtgcet ggg 23
<210> SEQ ID NO 7

<211> LENGTH: 2451

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 7

cgtgetttee acgacggtga cacgcttece tggattggec agactgectt ccegggtcact 60
gecatggagg agccgcagte agatcctage gtcegagecce ctetgagtca ggaaacattt 120
tcagacctat ggaaactact tcctgaaaac aacgttetgt cececttgee gtceccaagca 180
atggatgatt tgatgctgte ccecggacgat attgaacaat ggttcactga agacccaggt 240
ccagatgaag ctcccagaat gecagaggcet getcecegeg tggecectge accagcaget 300
cctacacegg cggeccctge accagecece tectggecee tgtcatctte tgtceccttece 360
cagaaaacct accagggcag ctacggttte cgtectggget tettgeatte tgggacagece 420
aagtctgtga cttgcacgta cteccectgece ctcaacaaga tgttttgeca actggccaag 480
acctgeectyg tgcagetgtg ggttgattee acaccceege ceggcaceceg cgtceegegece 540
atggccatct acaagcagte acagcacatg acggaggttg tgaggegetyg cccccaccat 600
gagcgetget cagatagcga tggtctggece cctectcage atcttatccyg agtggaagga 660
aatttgcegtyg tggagtattt ggatgacaga aacacttttc gacatagtgt ggtggtgccce 720
tatgagccge ctgaggttgg ctetgactgt accaccatec actacaacta catgtgtaac 780

agttcctgeca tgggceggcat gaaccggagg cccatccteca ccatcatcac actggaagac 840
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tccagtggta atctactggg acggaacagce tttgaggtge atgtttgtgce ctgtcctggg 900
agagaccggc gcacagagga agagaatctc cgcaagaaag gggagcctca ccacgagcetg 960

cceccaggga gcactaagceg agcactgtcec aacaacacca gctectctece ccagecaaag 1020
aagaaaccac tggatggaga atatttcacc cttcagatcc gtgggcgtga gegcttcecgag 1080
atgttccgag agctgaatga ggccttggaa ctcaaggatg cccaggctgg gaaggagcca 1140
ggggggagca gggctcacte cagccacctg aagtccaaaa agggtcagtce tacctccege 1200
cataaaaaac tcatgttcaa gacagaaggg cctgactcag actgacattc tccacttcett 1260
gttcecccact gacagcctcee cacccccate tcectcecteee ctgecatttt gggttttggg 1320
tctttgaacce cttgcttgca ataggtgtgce gtcagaagca cccaggactt ccatttgett 1380
tgtcecegggg ctceccactgaa caagttggcce tgcactggtg ttttgttgtg gggaggagga 1440
tggggagtag gacataccag cttagatttt aaggttttta ctgtgaggga tgtttgggag 1500
atgtaagaaa tgttcttgca gttaagggtt agtttacaat cagccacatt ctaggtaggg 1560
gcccacttceca ccgtactaac cagggaagct gtccctcact gttgaatttt ctctaactte 1620
aaggcccata tctgtgaaat getggcattt gcacctacct cacagagtgce attgtgaggg 1680
ttaatgaaat aatgtacatc tggccttgaa accacctttt attacatggg gtctagaact 1740
tgacccectt gagggtgett gttccctcecte cctgttggte ggtgggttgg tagtttctac 1800
agttgggcag ctggttaggt agagggagtt gtcaagtctc tgctggccca gccaaaccct 1860
gtctgacaac ctcttggtga accttagtac ctaaaaggaa atctcacccc atcccacacce 1920
ctggaggatt tcatctcttg tatatgatga tctggatcca ccaagacttg ttttatgcectce 1980
agggtcaatt tcttttttet tttttttttt ttttttettt ttctttgaga ctgggtcectceg 2040
ctttgttgce caggctggag tggagtggcg tgatcttgge ttactgcage ctttgcctcece 2100
ccggctegag cagtectgece tcagectceccecg gagtagetgg gaccacaggt tcatgccacce 2160
atggccagcce aacttttgca tgttttgtag agatggggtc tcacagtgtt geccaggetg 2220
gtctcaaact cctgggctca ggcgatccac ctgtctcage ctcccagagt gctgggatta 2280
caattgtgag ccaccacgtc cagctggaag ggtcaacatc ttttacattc tgcaagcaca 2340
tctgcatttt caccccacce tteccectect tcetecctttt tatatcccat ttttatatceg 2400
atctcttatt ttacaataaa actttgctgc caaaaaaaaa aaaaaaaaaa a 2451
<210> SEQ ID NO 8

<211> LENGTH: 869

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 8

tcacgtgace cgggegeget geggcecgece gegeggacee ggcgagaggce ggcggeggga 60

geggeggtga tggacgggte cggggagcag cccagaggeg gggggeccac cagcetctgag 120

cagatcatga agacaggggce ccttttgett cagggtttea tecaggateg agcagggega 180
atgggggggyg aggcacccga getggecctyg gacceggtge ctcaggatge gtccaccaag 240
aagctgageg agtgtctcaa gegeateggg gacgaactgg acagtaacat ggagetgcag 300
aggatgattyg ccgcegtgga cacagactce ccecgagagg tetttttecg agtggcaget 360

gacatgtttt ctgacggcaa cttcaactgg ggccgggttg tegecctttt ctactttgec 420
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agcaaactgg tgctcaagge cctgtgeace
ggctggacat tggacttcct cegggagegyg

tgggggctge ccctggecga gtcactgaag
cctetectac tttgggacge ccacgtggea
caccgectca ctcaccatcet ggaagaagat
gtttttecte cataaattat ggcattttte
atttttctta cttttgtaat tattgggggg
aaacctecctt cgggacacaa aaaaaaaaa
<210> SEQ ID NO 9

<211> LENGTH: 1839

<212> TYPE: DNA

<213> ORGANISM: homo sapiens
<400> SEQUENCE: 9

gaggcgattyg cgattgggtg agacccagta
cacggctttyg gaaaaaggaa ggacaaaact
atgagaaact gaaaaagaaa cggaatggaa
ggtctgccca ggcatgtcca tgccaggtge
gecagatttyg tggccccagyg gagegcecatg
gagccegtag agggectgge cegegacgge
cecteggeag tgtectgegg cctetgegag
accectgetge cegetgecta cctetgegece
ctggggggtt ccegetggee tgggggtece
ggtcctcage cctegetete getggeggag
cegggggete tggegggegg tceccacccag
cagtgggece gggagategg ggeccagetg
tacgagcgge ggagacaaga ggagcagcag
tacaatctca tcatgggact cctgecctta
cccaattagyg tgectgeace cgeceggtgg
cacctectga caccctggee agegeggggg
tcccageect gectgteceg ggggegggec
ggggtgcact gacggagatg cggactcctg
ggctgatgga ctcagcatceg gaaggtggeg
gectetgeeyg cccaccacca tctcaggaaa
aggggtgaca ctgggggggg ggggctctcce
tcaggccect ggtgettece ceectectece
caaacgtgac cactagccte ctggagecag

cceggegece agecatctte cctgagecag

ttcatcaggyg ggtggccagg aggggeccag

ccececegece catcaatece attgeatagg

aaggtgcegg
ctgttggget
cgactgatgt
gaccgtgace
gggctgagge
tgggaggggt

tgtggggaag

aggatggaaa

caccaaacca

agctatgaga

ccagggetge

gecegegeac

cegegecect

cceggectygy

cccaccgecce

cgcageaegge

cagcacctygg

geggececgy

cggcggatgg

cggcaccgec

cccaggggec

acgtcaggga

actttctetyg

ggggcagcca

ggtccetgge

gtgaccgagg

ggctgttgtg

tcteggtget

tgggaggggg

agagtggggce

ceggegggtyg

actgtgaatc

tttagagaga

aactgatcag aaccatcatg

ggatccaaga ccagggtggt

cecectgtetee aggacggect

atctttgtgg cgggagtget

cccecagetge cttggactgt

ggggattggg ggacgtgggce

agtggtcttyg agggggtaat

gtgtagagga gacaggaatc

gagcagggca ggaagtaaca

caggatgaaa tttggcatgg

ttccacgacyg tgggtccect

gecaggaggg cagctcecceg

tccegetegyg cegectggty

ctgececgecce cgecgeacac

cacccgeegt caccgecgec

cccgaggece gegeccggac

agtcgecegt geccagegec

gagtccgegg ggaggaggaa

cggacgacct caacgcacag

cctecaccetyg gagggtectyg

acagagccce cgagatggag

ctegggggge aggeccctee

caccatgtag catactggac

ctccagecce agcccagect

caagaagcca ggagagggac

gggtggggac tgagccgcecee

ctggtgceeyg ttecagetge

ccttecactet gggectggece

ccegtgaaga gcaaatgage

tcgtttgeceyg gttgetecag

gtgggcatge ctgcctcace

ctgtgetetyg cecegtgaccey

gcacgtgtga ccactggcat

480

540

600

660

720

780

840

869

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560
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tcatttgggg ggtgggagat tttggctgaa gccgccccag ccttagtcece cagggccaag 1620
cgctgggggg aagacgggga dgtcagggagg gggggaaatc tcggaagagg gaggagtcetg 1680
ggagtgggga gggatggccce agcctgtaag atactgtata tgcgctgetg tagataccgg 1740
aatgaatttt ctgtacatgt ttggttaatt ttttttgtac atgatttttg tatgtttcct 1800
tttcaataaa atcagattgg aacagtggaa aaaaaaaaa 1839
<210> SEQ ID NO 10

<211> LENGTH: 1954

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 10

actggacaaa agcgtggtcet ctggegeggg gatctcagag ttteceggge actcaccegtg 60
tgtagttgge atcteegege gtecggacac ccgatcccag catccctgee tgcaggactg 120
ttcegtgttca gectegegtee tgcagetgte cgaggtgete cagttggagg ctgaggttece 180

cgggetetgt agetgagtgg geggeggeac cggeggagat gectgggaag aaggegegca 240

agaacgctca accgagecce gegcegggete cagcagaget ggaagtcgag tgtgetacte 300
aactcaggag atttggagac aaactgaact tccggcagaa acttctgaat ctgatatcca 360
aactcttetyg ctcaggaacc tgactgcatc aaaaacttge atgaggggac tccttcaaaa 420
gagttttete aggaggtgca cgtttcatca atttgaagaa agactgcatt gtaattgaga 480
ggaatgtgaa ggtgcattca tgggtgccct tggaaacgga agatggaata catcaaagtg 540
aatttctgtt caagttttcc cagattatca ttetttggga tgagagaaca ttataaaacc 600
actttgttta ttttaaagca agaatggaag acccttgaaa ataaagaagt aattattgac 660
acatttecttt tttacttaga gaatcgttct agtgtttttg ccgaagatta ccgctggect 720
actgtgaagg gagatgacct gtgattagac tgggcggctyg gggagaaaca gttcagtgca 780
ttgttgttgt tgctgttttt ggtgttttge ttttcagtgc caactcagca cattgtatat 840
gattcggttt atacatatta ccttgttata atgaaaaaac tcattctgag aacactgaaa 900
tgttatactc agtgttgatt tcttcggtca ctacacaacg taaaatcatt tgtttcectttt 960

gactcaaatt gtattgcttc tgttcagatg atctttcatt caatgtgttc ctgttgggcg 1020
ttactagaaa ctatggaaaa ctggaaaata actttgaaaa aattggataa agtataggag 1080
ggttacttgg ggccagtaaa tcagtagact gaacattcaa tataataaaa gaacatgggg 1140
attttgtata accagggata ataaaaagaa aaaagaagtt aatttttaat tgatgttttt 1200
gaaacttagt agaacaaata ttcagaagta acttgataag atatgaatgt ttctaaagaa 1260
gtttctaaag gttcggaaaa tgctceccttgt cacattagtg tgcatcctac aaaaagtgat 1320
ctcttaatgt aaattaagaa tattttcata attggaatat acttttctta aaaaaaagga 1380
acagttagtt ctcatctaga atgaaagttc catatatgca ttggtgaata tatatgtata 1440
cacatactta catacttata tgggtatctg tatagataat ttgtattaga gtattatata 1500
gcttettagt agggtctcaa gtaagtttca ttttttttat ctgggctata tacagtcectce 1560
aaataaataa tgtcttgatt ttatttcagc aggaataatt ttatttattt tgcctattta 1620
taattaaagt atttttcttt agtttgaaaa tgtgtattaa agttacattt ttgagttaca 1680

agagtcttat aactacttga atttttagtt aaaatgtctt aatgtaggtt gtagtcactt 1740
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tagatggaaa attacctcac atctgttttc ttcagtatta cttaagattg tttatttagt 1800
ggtagagagt tttttttttc agcctagagg cagctatttt accatctggt atttatggtce 1860
taatttgtat ttaaacatat gcacacatat aaaagttgat actgtggcag taaactatta 1920
aaagttttca ctgttcaaaa aaaaaaaaaa aaaa 1954
<210> SEQ ID NO 11

<211> LENGTH: 3951

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 11

atcaatggag ccctecccaa ceecgggegtt ccccagegag gettceettee catcctectg 60
accaccgggyg cttttegtga getegtetet gatctegege aagagtgaca cacaggtgtt 120
caaagacgct tctggggagt gagggaageg gtttacgagt gacttggetyg gagectcagg 180
ggcgggcact ggcacggaac acaccctgag gccagecctg getgeccagyg cggagetgec 240
tctteteceg cgggttggtyg gacccgetca gtacggagtt ggggaagete tttcactteg 300
gaggattgct caacaaccat gctgggcatce tggaccctee tacctetggt tettacgtet 360
gttgctagat tatcgtccaa aagtgttaat gcccaagtga ctgacatcaa cteccaaggga 420
ttggaattga ggaagactgt tactacagtt gagactcaga acttggaagg cctgcatcat 480
gatggccaat tctgccataa gecctgtect ccaggtgaaa ggaaagctag ggactgcaca 540
gtcaatgggg atgaaccaga ctgcgtgcce tgccaagaag ggaaggagta cacagacaaa 600
geccattttt cttccaaatg cagaagatgt agattgtgtg atgaaggaca tggcttagaa 660
gtggaaataa actgcacccg gacccagaat accaagtgca gatgtaaacc aaactttttt 720
tgtaactcta ctgtatgtga acactgtgac ccttgcacca aatgtgaaca tggaatcatce 780
aaggaatgca cactcaccag caacaccaag tgcaaagagg aaggatccag atctaacttg 840
gggtggettt gtettcttet tttgccaatt ccactaattg tttgggtgaa gagaaaggaa 900
gtacagaaaa catgcagaaa gcacagaaag gaaaaccaag dJgttctcatga atctccaact 960

ttaaatcctg aaacagtggc aataaattta tctgatgttg acttgagtaa atatatcacc 1020
actattgctg gagtcatgac actaagtcaa gttaaaggct ttgttcgaaa gaatggtgtce 1080
aatgaagcca aaatagatga gatcaagaat gacaatgtcc aagacacagc agaacagaaa 1140
gttcaactgc ttcgtaattg gcatcaactt catggaaaga aagaagcgta tgacacattg 1200
attaaagatc tcaaaaaagc caatctttgt actcttgcag agaaaattca gactatcatc 1260
ctcaaggaca ttactagtga ctcagaaaat tcaaacttca gaaatgaaat ccaaagcttg 1320
gtctagagtyg aaaaacaaca aattcagttc tgagtatatg caattagtgt ttgaaaagat 1380
tcttaatage tggctgtaaa tactgcttgg ttttttactg ggtacatttt atcatttatt 1440
agcgctgaag agccaacata tttgtagatt tttaatatct catgattctg cctccaagga 1500
tgtttaaaat ctagttggga aaacaaactt catcaagagt aaatgcagtg gcatgctaag 1560
tacccaaata ggagtgtatg cagaggatga aagattaaga ttatgctctg gcatctaaca 1620
tatgattctg tagtatgaat gtaatcagtg tatgttagta caaatgtcta tccacaggct 1680
aaccccactce tatgaatcaa tagaagaagc tatgaccttt tgctgaaata tcagttactg 1740

aacaggcagg ccactttgcc tctaaattac ctctgataat tctagagatt ttaccatatt 1800
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tctaaacttt gtttataact ctgagaagat catatttatg taaagtatat gtatttgagt 1860
gcagaattta aataaggctc tacctcaaag acctttgcac agtttattgg tgtcatatta 1920
tacaatattt caattgtgaa ttcacataga aaacattaaa ttataatgtt tgactattat 1980
atatgtgtat gcattttact ggctcaaaac tacctacttc tttctcaggc atcaaaagca 2040
ttttgagcag gagagtatta ctagagcttt gccacctcecte catttttgece ttggtgctca 2100
tcttaatgge ctaatgcacc cccaaacatg gaaatatcac caaaaaatac ttaatagtcc 2160
accaaaaggc aagactgccc ttagaaattc tagecctggtt tggagatact aactgctctce 2220
agagaaagta gctttgtgac atgtcatgaa cccatgtttg caatcaaaga tgataaaata 2280
gattcttatt tttcccccac cceccgaaaat gttcaataat gtcccatgta aaacctgceta 2340
caaatggcag cttatacata gcaatggtaa aatcatcatc tggatttagg aattgctctt 2400
gtcataccece caagtttcta agatttaaga ttcteccttac tactatccta cgtttaaata 2460
tctttgaaag tttgtattaa atgtgaattt taagaaataa tatttatatt tctgtaaatg 2520
taaactgtga agatagttat aaactgaagc agatacctgg aaccacctaa agaacttcca 2580
tttatggagg atttttttgc cccttgtgtt tggaattata aaatataggt aaaagtacgt 2640
aattaaataa tgtttttggt atttctggtt ttctcecttttt tggtaggggce ttgctttttg 2700
gttttgtett ccttttectet aactgatget aaatataact tgtctttaat gcttcecttgga 2760
tcecttagaa ggtacttect ttttaacctt aaccctttta gtagttaaat aattatttcce 2820
ataggttgct attgccaaga agacctcttce caaacagcac atgattattc gtcaaacagt 2880
ttcgtattce agatactgga atgtggataa gaaagtatac atttcaaggg gtaggtttta 2940
ttattaagaa agccaaatga ggattttgaa atattctttc ctgcatatta tccattctag 3000
ctacatgctg geccagtgggce cacctttctt ttetgcaatt taatgctagt aatatattcet 3060
atttaaccca tgagtcccaa agtattagca tttcaacatg taagcatgtc ggtaagatag 3120
ttgtgctttg cttagggttc cctecctgtgt tatggtcectgg aaagtgtctt taggcagaaa 3180
gtctgagtga tcacagggtt cactcattaa tttctcectttt ctgagccatc atagtctgtg 3240
ctgtctgete teccagtttte tatttctaga cagaagtagg gcaagttagg tactagttat 3300
tcttcatgge cagaagtgca agttctactt tgcaagacaa gattaagtta gagaacaccc 3360
tattccactt tggtgaactc agagcaagaa ctttgagttc ctttgggagg aagacagtgg 3420
agaagtcttt gtacttggtg atgtggtttt tttecctcatg gecttcaccta gtggccccaa 3480
gcatgacttec tcccatgtca atgagcacag ccacattccc gagttgaggt gaccccacgg 3540
tccagaatca tcctcattet ggtgaacctg gttetcectttg tggtgggcat actgggtagg 3600
agaatcaccce aaaggtcacc catgagectge agaaaaaaag gctatttgca gaaggagcte 3660
acagatcaca ttgaaagcat tgcatattca aacatcttgg tcttcectttat tggcatgccce 3720
acagggtctt ctgacctctg attagatcag acacttttta gatattgaat catcagtttce 3780
tgtacaacta tctgaataag gtatataatc aatgaaattt agaatttttt tctatgctta 3840
ctcctgattg gtaatttgtt tgggtttaga attctataca aggccatttg taattttcect 3900

cagcacttta aaaatattaa accatgtttt cttaacaaaa aaaaaaaaaa a 3951

<210> SEQ ID NO 12

<211> LENGTH: 1147
<212> TYPE: DNA
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<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: eGFP nucleic acid sequence

<400> SEQUENCE: 12

atgtctagag tgagcaaggg cgaggagcetg ttcaccgggyg tggtgcccat cctggtegag 60
ctggacggeg acgtaaacgg ccacaagttce agegtgteeg gegagggcega gggcgatgece 120
acctacggca agctgaccct gaagttcatce tgcaccacceyg gcaagctgece cgtgecctgg 180
cccacccteg tgaccaccct gacctacgge gtgcagtget tcagecgeta ccccgaccac 240
atgaagcagc acgacttcett caagtccgec atgcccgaag gctacgtcca ggaggtagat 300
ttatgcatce tcttgtcatg agaagtcgaa ttgttcccat tetgtgtgtt gcagetacag 360
atggagatac atagagatac tcgtggattt tgcttagtgt tgagttttgt tetggttgtg 420
aactaaaagt ttatacattt gcaggaaata aatagccttt tgtttaaatc aaaaggtctt 480
acctatgtta gtgtgaagca ttggatccca aagaactcca aaatgcgatg aggcatattt 540
aatcttgtet ggactagtaa caggttggga tgaccacctyg tgaagctcca acaggattge 600
ctcctcacge aatgtttgag gtctgatgtt caatagettg ttttgtttca ctttgctttg 660
gactttcttt tcgccaatga gctatgtttce tgatggtttt cactcttttg gtgtgtagag 720
aaccatctte ttcaaggacg acggcaacta caagacccege gcecgaggtga agttcgaggg 780
cgacaccctyg gtgaaccgca tcgagctgaa gggcatcgac ttcaaggagyg acggcaacac 840
ctggggcaca agctggagta caactacaac agccacaacyg tctatatcat ggccgacaag 900
cagaagaagg catcaaggtg aacttcaaga tccgccacaa catcgaggac ggcagegtge 960

agctegecga ccactacagce agaacacccece catcggcegac ggecccegtge tgctgeccga 1020
caaccactac ctgagcaccc agtccgecct gagcaaagac cccaacgaga agcgcgatca 1080
catggtcecctg ctggagttceg tgaccgeccge cgggatcact ctcggcatgg acgagctgta 1140
caagtaa 1147
<210> SEQ ID NO 13

<211> LENGTH: 84

<212> TYPE: RNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 13

cuccccaugyg cccugucuce caacccuugu accagugeug ggcucagace cugguacagg 60

ccugggggac agggaccugg ggac 84

<210> SEQ ID NO 14

<211> LENGTH: 110

<212> TYPE: RNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 14

acccggcagu gecuccagge gcagggcage cccugceccac cgcacacuge geugecccag 60
acccacugug cgugugacag cggcugaucu gugcecuggge agegcegacece 110
<210> SEQ ID NO 15

<211> LENGTH: 83

<212> TYPE: RNA
<213> ORGANISM: homo sapiens
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<400> SEQUENCE: 15

cggggugagyg uaguagguug ugugguuuca gggcagugau guugcceccuc ggaagauaac
uauacaaccu acugccuuce cug

<210> SEQ ID NO 16

<211> LENGTH: 84

<212> TYPE: RNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 16

ccagucacgu ccccuuauca cuuuuccage ccageuuugu gacuguaagu guuggacgga
gaacugauaa ggguagguga uuga

<210> SEQ ID NO 17

<211> LENGTH: 110

<212> TYPE: RNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 17

ggcuacaguc uuucuucaug ugacucgugyg acuucccuuu gucauccuau gccugagaau
auvaugaagga ggcugggaag gcaaagggac guucaauugu caucacuggce

<210> SEQ ID NO 18

<211> LENGTH: 84

<212> TYPE: RNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 18

ggccaguguu gagaggcgga gacuugggca auugcuggac gcugcccugyg gcauugeacu
ugucucgguc ugacagugcec ggcce

<210> SEQ ID NO 19

<211> LENGTH: 110

<212> TYPE: RNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 19

ggccageugu gaguguuucu uuggcagugu cuuagcuggu uguugugagce aauaguaagg
aagcaaucag caaguauacu gcccuagaag ugcugcacgu uguggggecce

<210> SEQ ID NO 20

<211> LENGTH: 84

<212> TYPE: RNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 20

gugcucgguu uguaggcagu gucauuagcu gauuguacug uggugguuac aaucacuaac

uccacugcca ucaaaacaag gcac
<210> SEQ ID NO 21

<211> LENGTH: 23

<212> TYPE: RNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 21

aggcagugua guuagcugau ugc

60

83

60

84

60

110

60

84

60

110

60

84

23
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 22

LENGTH: 576

TYPE: DNA

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: CMV sequence promoter

SEQUENCE: 22

tagtaatcaa ttacggggtc attagttcat ageccatata tggagttecg cgttacataa

cttacggtaa atggeccgece tggetgacceg cccaacgace cecgeccatt gacgtcaata

atgacgtatg ttcccatagt aacgccaata gggactttece attgacgtca atgggtggag

tatttacggt aaactgccca cttggcagta catcaagtgt atcatatgec aagtacgccce

cctattgacyg tcaatgacgg taaatggece gectggeatt atgeccagta catgacctta

tgggacttte ctacttggca gtacatctac gtattagtca tegetattac catggtgatg

cggttttgge agtacatcaa tgggegtgga tageggtttg actcacgggg atttccaagt

ctccaccceca ttgacgtcaa tgggagtttg ttttggecacce aaaatcaacg ggactttcca

aaatgtcgta acaactcege cccattgacg caaatgggeg gtaggegtgt acggtgggag

gtctatataa gcagagctgg tttagtgaac cgtcag

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

<400>

SEQ ID NO 23

LENGTH: 225

TYPE: DNA

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: BGH poly(A)signal termination sequence

SEQUENCE: 23

ctgtgectte tagttgecag ccatctgttyg tttgececte cecegtgect tecttgaccee

tggaaggtge cactcccact gtectttect aataaaatga ggaaattgca tcgcattgte

tgagtaggtyg tcattctatt ctggggggty gggtggggea ggacagcaag ggggaggatt

gggaagacaa tagcaggcat gctggggatg cggtgggete tatgg

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

<400>

SEQ ID NO 24

LENGTH: 1147

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

60

120

180

240

300

360

420

480

540

576

60

120

180

225

OTHER INFORMATION: Synthetic construct clone eGFP-OsP5SM_E/R eGFP

(eGFP) gene

SEQUENCE: 24

atgtctagag tgagcaaggg cgaggagetg ttcaccgggg tggtgeccat cctggtcegag

ctggacggeg acgtaaacgg ccacaagtte agegtgteeg gegagggega gggcgatgece

acctacggca agctgaccct gaagttcate tgecaccaceg gecaagetgee cgtgecctgg

cccacccteg tgaccaccct gacctacgge gtgcagtget tcageegeta ccccgaccac

atgaagcagce acgacttctt caagtccgece atgeccgaag getacgteca ggaggtagat

ttatgcatce tcttgtcatg agaagtcgaa ttgttcccat tetgtgtgtt gcagcetacag

atggagatac atagagatac tcgtggattt tgettagtgt tgagttttgt tetggttgtg

aactaaaagt ttatacattt gcaggaaata aatagccttt tgtttaaatc aaaaggtcett

acctatgtta gtgtgaagca ttggatccca aagaactcca aaatgegatg aggcatattt

60

120

180

240

300

360

420

480

540
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aatcttgtet ggactagtaa caggttggga tgaccacctyg tgaagctcca acaggattge 600
ctcctcacge aatgtttgag gtctgatgtt caatagettg ttttgtttca ctttgctttg 660
gactttcttt tcgccaatga gctatgtttce tgatggtttt cactcttttg gtgtgtagag 720
aaccatctte ttcaaggacg acggcaacta caagacccege gcecgaggtga agttcgaggg 780
cgacaccctyg gtgaaccgca tcgagctgaa gggcatcgac ttcaaggagyg acggcaacac 840
ctggggcaca agctggagta caactacaac agccacaacyg tctatatcat ggccgacaag 900
cagaagaagg catcaaggtg aacttcaaga tccgccacaa catcgaggac ggcagegtge 960

agctegecga ccactacagce agaacacccece catcggcegac ggecccegtge tgctgeccga 1020
caaccactac ctgagcaccc agtccgecct gagcaaagac cccaacgaga agcgcgatca 1080
catggtcecctg ctggagttceg tgaccgeccge cgggatcact ctcggcatgg acgagctgta 1140
caagtaa 1147
<210> SEQ ID NO 25

<211> LENGTH: 4140

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Cas9 human codon-optimized

<400> SEQUENCE: 25

atggacaaga agtactccat tgggctcgat atcggcacaa acagegtegg ctgggecgte 60
attacggacg agtacaaggt gccgagcaaa aaattcaaag ttctgggcaa taccgatcge 120
cacagcataa agaagaacct cattggegece ctectgtteg actecgggga gacggcecgaa 180
gecacgegge tcaaaagaac agcacggcege agatatacce gcagaaagaa tcggatctge 240
tacctgcagg agatctttag taatgagatg gctaaggtgg atgactcttt cttcecatagg 300
ctggaggagt cctttttggt ggaggaggat aaaaagcacg agcgccacce aatctttgge 360
aatatcgtgg acgaggtgge gtaccatgaa aagtacccaa ccatatatca tctgaggaag 420
aagcttgtag acagtactga taaggctgac ttgeggttga tetatctege getggegeat 480
atgatcaaat ttcggggaca cttectecate gagggggacce tgaacccaga caacagcgat 540
gtcgacaaac tctttatcca actggttcag acttacaatce agettttega agagaacceg 600
atcaacgcat ccggagttga cgccaaagca atectgageg ctaggetgte caaatccegg 660
cggctegaaa acctcatege acagetcect ggggagaaga agaacggect gtttggtaat 720
cttategece tgtcactegg getgaccecee aactttaaat ctaacttega cctggecgaa 780
gatgccaage ttcaactgag caaagacacc tacgatgatg atctcgacaa tctgetggec 840
cagatcggeg accagtacge agaccttttt ttggeggcaa agaacctgte agacgccatt 900
ctgctgagtyg atattectgeg agtgaacacg gagatcacca aagetecget gagegetagt 960

atgatcaagc gctatgatga gcaccaccaa gacttgactt tgctgaaggc ccttgtcaga 1020

cagcaactgc ctgagaagta caaggaaatt ttcttcgatc agtctaaaaa tggctacgcece 1080

ggatacattg acggcggagc aagccaggag gaattttaca aatttattaa gcccatcttg 1140

gaaaaaatgg acggcaccga ggagctgctg gtaaagctta acagagaaga tctgttgcege 1200

aaacagcgca ctttegacaa tggaagcate ccccaccaga ttcacctggg cgaactgcac 1260

gctatcctceca ggcggcaaga ggatttctac ccecctttttga aagataacag ggaaaagatt 1320
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gagaaaatcc tcacatttcg gataccctac tatgtaggcec ccctcegecccg gggaaattcece 1380
agattcgcegt ggatgactcg caaatcagaa gagaccatca ctccctggaa cttcgaggaa 1440
gtcgtggata agggggccte tgcccagtcece ttcatcgaaa ggatgactaa ctttgataaa 1500
aatctgccta acgaaaaggt gcttcctaaa cactctcetge tgtacgagta cttcacagtt 1560
tataacgagc tcaccaaggt caaatacgtc acagaaggga tgagaaagcc agcattcctg 1620
tctggagagce agaagaaagc tatcgtggac ctectcttca agacgaaccg gaaagttacce 1680
gtgaaacagc tcaaagaaga ctatttcaaa aagattgaat gtttcgactc tgttgaaatc 1740
agcggagtgg aggatcgcett caacgcatce ctgggaacgt atcacgatct cctgaaaatce 1800
attaaagaca aggacttcct ggacaatgag gagaacgagg acattcttga ggacattgtce 1860
ctcaccctta cgttgtttga agatagggag atgattgaag aacgcttgaa aacttacgct 1920
catctctteg acgacaaagt catgaaacag ctcaagaggc gccgatatac aggatggggg 1980
cggctgtcaa gaaaactgat caatgggatc cgagacaagce agagtggaaa gacaatcctg 2040
gattttctta agtccgatgg atttgccaac cggaacttca tgcagttgat ccatgatgac 2100
tctectcacct ttaaggagga catccagaaa gcacaagttt ctggccaggg ggacagtctt 2160
cacgagcaca tcgctaatct tgcaggtagc ccagctatca aaaagggaat actgcagacc 2220
gttaaggtcg tggatgaact cgtcaaagta atgggaaggc ataagcccga gaatatcgtt 2280
atcgagatgg cccgagagaa ccaaactacc cagaagggac agaagaacag tagggaaagg 2340
atgaagagga ttgaagaggg tataaaagaa ctggggtccc aaatccttaa ggaacaccca 2400
gttgaaaaca cccagcttca gaatgagaag ctctacctgt actacctgca gaacggcagg 2460
gacatgtacg tggatcagga actggacatc aatcggctcet ccgactacga cgtggatcat 2520
atcgtgccce agtcttttet caaagatgat tctattgata ataaagtgtt gacaagatcc 2580
gataaaaata gagggaagag tgataacgtc ccctcagaag aagttgtcaa gaaaatgaaa 2640
aattattggc ggcagctgct gaacgccaaa ctgatcacac aacggaagtt cgataatctg 2700
actaaggctg aacgaggtgg cctgtctgag ttggataaag ccggcttcat caaaaggcag 2760
cttgttgaga cacgccagat caccaagcac gtggcccaaa ttctcgattce acgcatgaac 2820
accaagtacg atgaaaatga caaactgatt cgagaggtga aagttattac tctgaagtct 2880
aagctggtct cagatttcag aaaggacttt cagttttata aggtgagaga gatcaacaat 2940
taccaccatg cgcatgatgc ctacctgaat gcagtggtag gcactgcact tatcaaaaaa 3000
tatcccaage ttgaatctga atttgtttac ggagactata aagtgtacga tgttaggaaa 3060
atgatcgcaa agtctgagca ggaaataggc aaggccaccg ctaagtactt cttttacagc 3120
aatattatga attttttcaa gaccgagatt acactggcca atggagagat tcggaagcga 3180
ccacttatcg aaacaaacgg agaaacagga gaaatcgtgt gggacaaggg tagggatttce 3240
gcgacagtec ggaaggtcct gtceccatgeccg caggtgaaca tcgttaaaaa gaccgaagta 3300
cagaccggag gcttctceccaa ggaaagtatce cteccgaaaa ggaacagcga caagctgate 3360
gcacgcaaaa aagattggga ccccaagaaa tacggcggat tcgattctcece tacagtcget 3420
tacagtgtac tggttgtggc caaagtggag aaagggaagt ctaaaaaact caaaagcgtc 3480
aaggaactgc tgggcatcac aatcatggag cgatcaaget tcgaaaaaaa ccccatcgac 3540

tttctecgagg cgaaaggata taaagaggtc aaaaaagacc tcatcattaa gcecttcccaag 3600
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tactctectet ttgagcttga aaacggccgg aaacgaatge tcgctagtgce gggcgagcetg 3660
cagaaaggta acgagctggc actgccctct aaatacgtta atttcttgta tcetggccagce 3720
cactatgaaa agctcaaagg gtctcccgaa gataatgagce agaagcagct gttcecgtggaa 3780
caacacaaac actaccttga tgagatcatc gagcaaataa gcgaattctc caaaagagtg 3840
atcctegecg acgctaacct cgataaggtg ctttcectgett acaataagca cagggataag 3900
cccatcaggg agcaggcaga aaacattatc cacttgttta ctctgaccaa cttgggcgceg 3960
cctgcagect tcaagtactt cgacaccacc atagacagaa agcggtacac ctctacaaag 4020
gaggtcctgg acgccacact gattcatcag tcaattacgg ggctctatga aacaagaatc 4080
gacctctete ageteggtgg agacagcagg getgacccca agaagaagag gaaggtgtga 4140
<210> SEQ ID NO 26

<211> LENGTH: 1182

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: EFla core promoter

<400> SEQUENCE: 26

geteeggtge cegtcagtgg gcagagegca catcgeccac agtecccgayg aagttggggg 60

gaggggtcegg caattgaacc ggtgcctaga gaaggtggeg cggggtaaac tgggaaagtg 120

atgtcgtgta ctggctecege cttttteceg agggtggggyg agaaccgtat ataagtgcag 180
tagtcgcegt gaacgttett tttcgcaacg ggtttgcege cagaacacag gtaagtgccg 240
tgtgtggtte ccgegggect ggectcettta cgggttatgg cecttgegtyg ccttgaatta 300
cttecacgee cctggetgca gtacgtgatt cttgatceeg agettegggt tggaagtggg 360
tgggagagtt cgaggccttg cgcttaagga gecccttege ctegtgettyg agttgaggece 420
tggcectggge getggggeceg ccgcegtgega atctggtgge accttegege ctgteteget 480
gctttcgata agtctctage catttaaaat ttttgatgac ctgctgcgac gcttttttte 540
tggcaagata gtcttgtaaa tgcgggccaa gatctgcaca ctggtattte ggtttttggg 600

geegegggeyg gegacgggge cegtgegtee cagegcacat gtteggegag geggggectyg 660

cgagegegge caccgagaat cggacggggg tagtcetcaag ctggeeggee tgetetggtg 720
cctggecteg cgecgeegtyg tategeceeg cectgggegg caaggetgge cceggteggea 780
ccagttgegt gagcggaaag atggccgett cceggecectg ctgcagggag ctcaaaatgg 840
aggacgcgge gctegggaga goegggegggt gagtcaccca cacaaaggaa aagggecttt 900
cegtecteag cegtegette atgtgactee acggagtace gggegecgte caggcaccte 960

gattagttct cgagcttttg gagtacgtcg tcectttaggtt ggggggaggg gttttatgeg 1020
atggagtttc cccacactga gtgggtggag actgaagtta ggccagcttg gcacttgatg 1080
taattctecct tggaatttge ccectttttgag tttggatctt ggttcattcet caagectcag 1140

acagtggttc aaagtttttt tcecttccattt caggtgtegt ga 1182

<210> SEQ ID NO 27

<211> LENGTH: 257

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: pol III (U6) promoter
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<400> SEQUENCE: 27
aaggtcggge aggaagaggg cctatttcce atgattcctt catatttgea tatacgatac 60
aaggctgtta gagagataat tagaattaat ttgactgtaa acacaaagat attagtacaa 120
aatacgtgac gtagaaagta ataatttctt gggtagtttg cagttttaaa attatgtttt 180
aaaatggact atcatatgct taccgtaact tgaaagtatt tcgatttctt ggctttatat 240
atcttgtgga aaggacg 257

<210> SEQ ID NO 28

<211> LENGTH: 711

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: mCherry ORF nucleic acid sequence

<400> SEQUENCE: 28
atggtgagca agggcgagga ggataacatg gccatcatca aggagttcat gegcettcaag 60

gtgcacatgg agggctccegt gaacggccac gagttcgaga tcgagggcega gggegaggge 120

cgeccectacyg agggcaccca gaccgecaag ctgaaggtga ccaagggtgg ccccctgecce 180
ttcgectggyg acatcctgte cectcagtte atgtacgget ccaaggecta cgtgaagcac 240
ccecgecgaca tccccgacta cttgaagetg tecttecceg agggettcaa gtgggagege 300
gtgatgaact tcgaggacgg cggcegtggtyg accgtgacce aggactecte cctgecaggac 360
ggcgagttca tctacaaggt gaagctgcege ggcaccaact tccectecga cggeccagta 420
atgcagaaga aaaccatggg ctgggaggce tcctecgage ggatgtacce cgaggacgge 480
gecctgaagyg gcgagatcaa gcagaggctyg aagctgaagg acggeggeca ctacgacget 540
gaggtcaaga ccacctacaa ggccaagaag cccgtgcage tgeccggege ctacaacgte 600
aacatcaagt tggacatcac ctcccacaac gaggactaca ccatcgtgga acagtacgaa 660
cgegecgagyg gecgecacte caccggegge atggacgage tgtacaagtg a 711

<210> SEQ ID NO 29

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 29

ttcgecttgca gagagaaatc ac 22

<210> SEQ ID NO 30

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 30

aagctcagga gggatagcgce ¢ 21
<210> SEQ ID NO 31

<211> LENGTH: 23

<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
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<220> FEATURE:
<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 31

cttgcagaga gaaatcacag tgg 23

<210> SEQ ID NO 32

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 32

gcttacacag agaatcacag agg 23

<210> SEQ ID NO 33

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 33

aagaatctgt aaagctcagg agg 23

<210> SEQ ID NO 34

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 34

ctatccatcc tgagtttcat tgg 23

<210> SEQ ID NO 35

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 35

aagtcgtgct gcttcatgtg g 21

<210> SEQ ID NO 36

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 36

ccacataagc aggacgagtt aa 22

<210> SEQ ID NO 37

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 37
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agttgtactc cagcttgtge ¢ 21

<210> SEQ ID NO 38

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 38

gcaaagctgce agtacaacta a 21

<210> SEQ ID NO 39

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 39

tatccacaca aactacctgc a 21

<210> SEQ ID NO 40

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 40

gcagtagtta gtgtggataa a 21

<210> SEQ ID NO 41

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 41

tgacaatcca gccaatccag ¢ 21

<210> SEQ ID NO 42

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 42

ctgattggca ggattgtcaa a 21

<210> SEQ ID NO 43

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 43

taaagatcgg caacacatga t 21
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<210> SEQ ID NO 44

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 44

tcagtgttgg cgatcttta

<210> SEQ ID NO 45

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 45

tgacctttet tgggtttage c

<210> SEQ ID NO 46

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 46

gctaacccat gaaaggtca

<210> SEQ ID NO 47

<211> LENGTH: 102

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 47

taagtacttt cgcttgcaga gagaaatcac agtggtcaaa aaagttgtag ttttcttaaa
gtctetttee tetgtgatte tetgtgtaag cgaaagaget tg

<210> SEQ ID NO 48

<211> LENGTH: 102

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 48

taagtactta agtcgtgetg cttcatgtgg agtggtcaaa aaagttgtag ttttcttaaa

gtctetttee tctccacata agcaggacga gttaagaget tg

<210> SEQ ID NO 49

<211> LENGTH: 102

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 49
taagtactta gttgtactce agettgtgee agtggtcaaa aaagttgtag ttttcttaaa

gtctetttee tctggcaaag ctgcagtaca actaagaget tg

19

21

19

60

102

60

102

60

102
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<210> SEQ ID NO 50

<211> LENGTH: 102

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 50
taagtacttt atccacacaa actacctgca agtggtcaaa aaagttgtag ttttcttaaa

gtctetttee tettgcagta gttagtgtgg ataaagaget tg

<210> SEQ ID NO 51

<211> LENGTH: 102

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 51
taagtacttt gacaatccag ccaatccage agtggtcaaa aaagttgtag ttttcttaaa

gtctetttee tetgetgatt ggcaggattyg tcaaagaget tg

<210> SEQ ID NO 52

<211> LENGTH: 102

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 52
taagtacttt aaagatcggce aacacatgat agtggtcaaa aaagttgtag ttttcttaaa

gtctetttee tctgatcagt gttggegate tttaagaget tg

<210> SEQ ID NO 53

<211> LENGTH: 102

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 53

taagtacttt gacctttett gggtttagee agtggtcaaa aaagttgtag ttttcttaaa
gtctetttee tetgggctaa ceccatgaaag gtcaagaget tg

<210> SEQ ID NO 54

<211> LENGTH: 107

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 54

gtagagaaga atctgtaaag ctcaggaggyg atagcgccat gatgatcaca ttegttatet

attttttgge gctatccate ctgagttteca ttggetette ttactac

<210> SEQ ID NO 55

<211> LENGTH: 107

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

60

102

60

102

60

102

60

102

60

107



US 2020/0270604 A1l

67

-continued

Aug. 27, 2020

<220>
<223>

<400>

FEATURE:

OTHER INFORMATION: Single strand oligonucleotide

SEQUENCE: 55

gtagagaaga atctgtaaag tcgtgctget tcatgtggat gatgatcaca ttegttatet

attttttcca catgaagaag cacgacttga ttggetette ttactac

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

<400>

SEQ ID NO 56

LENGTH: 107

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Single strand oligonucleotide

SEQUENCE: 56

gtagagaaga atctgtaagt tgtactccag cttgtgccat gatgatcaca ttegttatet

attttttgge acaagcttga gtacaactga ttggetette ttactac

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

<400>

SEQ ID NO 57

LENGTH: 107

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Single strand oligonucleotide

SEQUENCE: 57

gtagagaaga atctgtatat ccacacaaac tacctgcaat gatgatcaca ttegttatet

atttttttge aggtagtgtg tgtggataga ttggetette ttactac

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

<400>

SEQ ID NO 58

LENGTH: 107

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Single strand oligonucleotide

SEQUENCE: 58

gtagagaaga atctgtatga caatccagcc aatccagcat gatgatcaca ttegttatet

attttttgcet ggattggatg gattgtcaga ttggetette ttactac

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

<400>

SEQ ID NO 59

LENGTH: 107

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Single strand oligonucleotide

SEQUENCE: 59

gtagagaaga atctgtataa agatcggcaa cacatgatat gatgatcaca ttegttatet

attttttatc atgtgttacc gatctttaca ttggetette ttactac

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

<400>

SEQ ID NO 60

LENGTH: 107

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Single strand oligonucleotide

SEQUENCE: 60

gtagagaaga atctgtatga cctttcettgg gtttagecat gatgatcaca ttegttatet

60

107

60

107

60

107

60

107

60

107

60
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attttttgge taaaccccag aaaggtcaca ttggetette ttactac

<210> SEQ ID NO 61

<211> LENGTH: 4100

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 61

cacttatcat ttagacagta gattttaaat ttgtatttac aatttcaaaa ctgaaattca
tttgtaatca aagaaaaaca aaacaagaaa agggaggagg agtgggattt gggttgctta
acagtattat atatacacgt cgttagttaa tcaataaatt atgagcaggt gtagtagcta
tgaacatggt tttaccaaat tggtaaattc atgtcattgt tgtagcactt tagcgaggcce
agcaaaatgg cgttcttgga aagggcatgg cggcccgtgg cegecaggga tatgtgtgea
gctagaagga ttagaaggag taacttcacc tttttgtaga aactgtaaat tgecaagacg
ctegtttggt aaatacctta acgettegtt tgetggaatg tgtaccacca ttagtagaag
aaagtataat aagactatta atgcaagaga ttttttcata ttcettttcet aagagtagaa
tggaatgaat aaatgaatga atgaaatagg gtttttettg tttagatcct gtegcacceg
agaataatag aagctgaatt aattggtgaa gagttttatg gtggcgatgt tgtatttata
gagggaaatg atttcaagtt tacaatggga tttttaattt gttttgttga ctattatctt
gecggagagat cttgactgtt gacatgtatg tagtgtttgt tattaaaata aatgecatttt
tgtagacccg attcttaaat atgttaggca tggtcaaatt gttagactgt aaaagcttga
gtagagacat cggtcaactt tgtttacaag aattctctat aaaatattat acaaattgat
cggtagaaat tagatggaac attttgaatt aatgtttgac aatgtataaa ttggtttggt
caatatctag gaatgaaaac aagagctgct tcaaagttgt tccattctta agtatacata
gaggtggcett gatgggaagt ttcatggaag tgtagtttta tatctacttc caaattegtt
gatctgttte ttatctcaag ctaaacatgt ttagaaaaga tgtgttaaaa acatgtgaca
aaaaaagagt caaatgtttg gcaaacaagg tacttagatt tttggcatct attcaaatat
aatagaatcc caaaattatg atatttgtca atcaaatttg aaaaaaaaaa aaaaaaaaaa
aaagattcta caaaagatca aacgtattge cgtagattta tcataatttt aattctttca
cactaccact agtccactac catatagtga tgagataatc cataatcata aataagatat
aactttcgaa ttettgtttt tgttgectca aagttgttgg atcattattt tttacgtaaa
tgtggcttaa tgagaattta tgtttgtggg aattgtagtt tgcttccaac tttttttttt
tttttttgaa cacgtagttt gcttccaact tagtttatct ttttettatt tcaagttaaa
catgtaaaaa aacatgtgac gacgaaattc aatcagttec tccaatgttt ggcagaagec
aaatctttgg taaacaaagt aatttttttg ccatttgatt ggttagtata ggagaattta
aaaacgacga taaggtttag gtaaattatt tcatttgaaa ataattgagc accgttaata
attttcatcc ataaaataat atttcaaaga tgatatttga tccccattaa attcattegt
aaccaaaaaa aagttatgaa aaaagagtgg tcgtgtgagt tgcccaagca ccattataat

aaaaaataaa ataattagca agtaataagg aataaaatcc tgtaattata gctgaaaaag

gaaaaatatt tggagaccgt cagattcgaa tctgaacaaa gcataaaaaa gtcaacaaaa

107

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920
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cttaaagcgg cggtctcatc gtaatctcag cccaataccce tattttceccte teccctatat 1980
aaatactttc ttcttctact gatcttectte tcacaaataa acccaaatat atcaatctac 2040
tgtgttggtg attaagtact ttcgcttgca gagagaaatc acagtggtca aaaaagttgt 2100
agttttcectta aagtctcttt cctcectgtgat tctetgtgta agcgaaagag cttgctceect 2160
aaacttatct ctctgatgat ttaatgttag agatcttcegt aaatctatgt gtttgataga 2220
tctgatgegt tttttgagtt gatgatttga ttatttttca ctggaaagta tcectcattagg 2280
gtaacgataa tgttttatgg atttggttgt ataacagatc catgaaatct tgactggtta 2340
taaaatctga ataatgtatt tcaatttgga gattcggtga taaaaattac tgatttacga 2400
atgacattta tatcgataga tgagtttgct gatttggttg ttaaattgat aaatcaagga 2460
catgagaaac tgtttttgta tgctaatttg tccatggaat aaaattggga ggtgaggacc 2520
gtgagggtag tcaggaaacc ttaatattga agttgatgtt gaaccaacaa atctgcccaa 2580
aaatgataaa agttgatgcc gagcccacaa attttgatga caatcgataa gcccaagccce 2640
aaaaggcatc tgtacctgag cccattattc tttcattact agcaaaaagg atgcattaga 2700
gacceccggtyg tagtaaattg acctcacaat tcactattgt attgtatacg tacatttcaa 2760
gcgtaattaa accctcatat ttttatacgce tttaaatata attggccttt aattagctca 2820
aataaactag atgtcgtacg tgatcacggt ggatgaaatc aatggtatta tgaaaagact 2880
gtacatgatt tcaaatattt taatgtggtc gtaaaaattg ttgtttatag tggaaattga 2940
agacaacaac gttactgaaa cacatacaga ttgaaatttc gatcatttac ttgcaaagtg 3000
ttaccgtgga ggcgtggegt ggacgtaagg taccataatg gtttgtgtta cagtcacgcce 3060
actacactcg aattcaagct accatattat aatacgttgt tgattagaaa aaatagtcgc 3120
caattttctt taaaacaaat ttcagttttt atttgtcagc aaaaaaaact tactaacaca 3180
acggaagaac acaaaaatta gggagttgct cacagagcaa aagtaataga aatgggaaaa 3240
gctaatatac gtccgagtag gaaactaatc ttgcaaaaac tgatgaaagc aatcagaagce 3300
cttgacgttt gtctggagag aggaattgtg ttttggatca ctttgttcag tttgttgtgg 3360
atcgtcettece gttacgttet caccaaaaat atttcataat gaaacaaaaa aattaattaa 3420
taatggtagc ttagaatgcc aagttgagaa cagatttgca gtttgtcccg gaatgatcaa 3480
gtagagcatt catagtgtct tgccaatatg gtgtgatcaa cgaagtttga caaaaccgtg 3540
aagatatagg aacatgtaat catgcggctc tccatacaat acatcttgtt gacaaagttce 3600
ccaagacctc attctacaaa ccaatgtttc ttttttettt ttcectttttgg tgatagtttt 3660
tgcaatcaaa tgttgtaaaa ctatgattgg aaatactact gtattttacc gaaaacttta 3720
ttatatatag tcattaacac tcattaccaa tcacataatc aatagtctat tttgattata 3780
caacttttaa acaataaaga catgtttata cagatttggt ttaaattagt actccctata 3840
ttttagaaaa ttttattttg tttcatatta tagaatgtct tggaaagttc tatgtaaatt 3900
taaatgtatt tagtaacttg tgacgatttt atattatgta gtctttttta ggatttgttg 3960
attttttaaa ataaattttt taaagaaaaa aaacaaatta ttttaataaa catgccttta 4020
ccttatacag tttatatttt gaaagagaga tagtatgttt taggatatat ttaaagaaaa 4080

aaaaataact ctttaattta 4100
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<210> SEQ ID NO 62

<211> LENGTH: 4100

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 62

cacttatcat ttagacagta gattttaaat ttgtatttac aatttcaaaa ctgaaattca
tttgtaatca aagaaaaaca aaacaagaaa agggaggagg agtgggattt gggttgctta
acagtattat atatacacgt cgttagttaa tcaataaatt atgagcaggt gtagtagcta
tgaacatggt tttaccaaat tggtaaattc atgtcattgt tgtagcactt tagcgaggcce
agcaaaatgg cgttcttgga aagggcatgg cggcccgtgg cegecaggga tatgtgtgea
gctagaagga ttagaaggag taacttcacc tttttgtaga aactgtaaat tgecaagacg
ctegtttggt aaatacctta acgettegtt tgetggaatg tgtaccacca ttagtagaag
aaagtataat aagactatta atgcaagaga ttttttcata ttcettttcet aagagtagaa
tggaatgaat aaatgaatga atgaaatagg gtttttettg tttagatcct gtegcacceg
agaataatag aagctgaatt aattggtgaa gagttttatg gtggcgatgt tgtatttata
gagggaaatg atttcaagtt tacaatggga tttttaattt gttttgttga ctattatctt
gecggagagat cttgactgtt gacatgtatg tagtgtttgt tattaaaata aatgecatttt
tgtagacccg attcttaaat atgttaggca tggtcaaatt gttagactgt aaaagcttga
gtagagacat cggtcaactt tgtttacaag aattctctat aaaatattat acaaattgat
cggtagaaat tagatggaac attttgaatt aatgtttgac aatgtataaa ttggtttggt
caatatctag gaatgaaaac aagagctgct tcaaagttgt tccattctta agtatacata
gaggtggcett gatgggaagt ttcatggaag tgtagtttta tatctacttc caaattegtt
gatctgttte ttatctcaag ctaaacatgt ttagaaaaga tgtgttaaaa acatgtgaca
aaaaaagagt caaatgtttg gcaaacaagg tacttagatt tttggcatct attcaaatat
aatagaatcc caaaattatg atatttgtca atcaaatttg aaaaaaaaaa aaaaaaaaaa
aaagattcta caaaagatca aacgtattge cgtagattta tcataatttt aattctttca
cactaccact agtccactac catatagtga tgagataatc cataatcata aataagatat
aactttcgaa ttettgtttt tgttgectca aagttgttgg atcattattt tttacgtaaa
tgtggcttaa tgagaattta tgtttgtggg aattgtagtt tgcttccaac tttttttttt
tttttttgaa cacgtagttt gcttccaact tagtttatct ttttettatt tcaagttaaa
catgtaaaaa aacatgtgac gacgaaattc aatcagttec tccaatgttt ggcagaagec
aaatctttgg taaacaaagt aatttttttg ccatttgatt ggttagtata ggagaattta
aaaacgacga taaggtttag gtaaattatt tcatttgaaa ataattgagc accgttaata
attttcatcc ataaaataat atttcaaaga tgatatttga tccccattaa attcattegt
aaccaaaaaa aagttatgaa aaaagagtgg tcgtgtgagt tgcccaagca ccattataat
aaaaaataaa ataattagca agtaataagg aataaaatcc tgtaattata gctgaaaaag
gaaaaatatt tggagaccgt cagattcgaa tctgaacaaa gcataaaaaa gtcaacaaaa

cttaaagcegg cggtctcate gtaatctecag cccaatacce tattttecte tcccctatat

aaatactttc ttettectact gatcttette tcacaaataa acccaaatat atcaatctac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040
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tgtgttggtg attaagtact taagtcgtgc tgcttcatgt ggagtggtca aaaaagttgt 2100
agttttcectta aagtctcttt cctctcecaca taagcaggac gagttaagag cttgctccect 2160
aaacttatct ctctgatgat ttaatgttag agatcttcegt aaatctatgt gtttgataga 2220
tctgatgegt tttttgagtt gatgatttga ttatttttca ctggaaagta tcectcattagg 2280
gtaacgataa tgttttatgg atttggttgt ataacagatc catgaaatct tgactggtta 2340
taaaatctga ataatgtatt tcaatttgga gattcggtga taaaaattac tgatttacga 2400
atgacattta tatcgataga tgagtttgct gatttggttg ttaaattgat aaatcaagga 2460
catgagaaac tgtttttgta tgctaatttg tccatggaat aaaattggga ggtgaggacc 2520
gtgagggtag tcaggaaacc ttaatattga agttgatgtt gaaccaacaa atctgcccaa 2580
aaatgataaa agttgatgcc gagcccacaa attttgatga caatcgataa gcccaagccce 2640
aaaaggcatc tgtacctgag cccattattc tttcattact agcaaaaagg atgcattaga 2700
gacceccggtyg tagtaaattg acctcacaat tcactattgt attgtatacg tacatttcaa 2760
gcgtaattaa accctcatat ttttatacgce tttaaatata attggccttt aattagctca 2820
aataaactag atgtcgtacg tgatcacggt ggatgaaatc aatggtatta tgaaaagact 2880
gtacatgatt tcaaatattt taatgtggtc gtaaaaattg ttgtttatag tggaaattga 2940
agacaacaac gttactgaaa cacatacaga ttgaaatttc gatcatttac ttgcaaagtg 3000
ttaccgtgga ggcgtggegt ggacgtaagg taccataatg gtttgtgtta cagtcacgcce 3060
actacactcg aattcaagct accatattat aatacgttgt tgattagaaa aaatagtcgc 3120
caattttctt taaaacaaat ttcagttttt atttgtcagc aaaaaaaact tactaacaca 3180
acggaagaac acaaaaatta gggagttgct cacagagcaa aagtaataga aatgggaaaa 3240
gctaatatac gtccgagtag gaaactaatc ttgcaaaaac tgatgaaagc aatcagaagce 3300
cttgacgttt gtctggagag aggaattgtg ttttggatca ctttgttcag tttgttgtgg 3360
atcgtcettece gttacgttet caccaaaaat atttcataat gaaacaaaaa aattaattaa 3420
taatggtagc ttagaatgcc aagttgagaa cagatttgca gtttgtcccg gaatgatcaa 3480
gtagagcatt catagtgtct tgccaatatg gtgtgatcaa cgaagtttga caaaaccgtg 3540
aagatatagg aacatgtaat catgcggctc tccatacaat acatcttgtt gacaaagttce 3600
ccaagacctc attctacaaa ccaatgtttc ttttttettt ttcectttttgg tgatagtttt 3660
tgcaatcaaa tgttgtaaaa ctatgattgg aaatactact gtattttacc gaaaacttta 3720
ttatatatag tcattaacac tcattaccaa tcacataatc aatagtctat tttgattata 3780
caacttttaa acaataaaga catgtttata cagatttggt ttaaattagt actccctata 3840
ttttagaaaa ttttattttg tttcatatta tagaatgtct tggaaagttc tatgtaaatt 3900
taaatgtatt tagtaacttg tgacgatttt atattatgta gtctttttta ggatttgttg 3960
attttttaaa ataaattttt taaagaaaaa aaacaaatta ttttaataaa catgccttta 4020
ccttatacag tttatatttt gaaagagaga tagtatgttt taggatatat ttaaagaaaa 4080

aaaaataact ctttaattta 4100

<210> SEQ ID NO 63

<211> LENGTH: 4100

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
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<220> FEATURE:
<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 63

cacttatcat ttagacagta gattttaaat ttgtatttac aatttcaaaa ctgaaattca 60
tttgtaatca aagaaaaaca aaacaagaaa agggaggagg agtgggattt gggttgctta 120
acagtattat atatacacgt cgttagttaa tcaataaatt atgagcaggt gtagtagcta 180
tgaacatggt tttaccaaat tggtaaattc atgtcattgt tgtagcactt tagcgaggcce 240
agcaaaatgg cgttcttgga aagggcatgg cggcccegtgg cegecaggga tatgtgtgea 300
gctagaagga ttagaaggag taacttcacc tttttgtaga aactgtaaat tgccaagacg 360
ctegtttggt aaatacctta acgcttegtt tgetggaatyg tgtaccacca ttagtagaag 420
aaagtataat aagactatta atgcaagaga ttttttcata ttccttttet aagagtagaa 480
tggaatgaat aaatgaatga atgaaatagg gtttttcttg tttagatcct gtcgcacccyg 540
agaataatag aagctgaatt aattggtgaa gagttttatg gtggcgatgt tgtatttata 600
gagggaaatg atttcaagtt tacaatggga tttttaattt gttttgttga ctattatctt 660
gcggagagat cttgactgtt gacatgtatg tagtgtttgt tattaaaata aatgcatttt 720
tgtagacceg attcttaaat atgttaggca tggtcaaatt gttagactgt aaaagcttga 780
gtagagacat cggtcaactt tgtttacaag aattctctat aaaatattat acaaattgat 840
cggtagaaat tagatggaac attttgaatt aatgtttgac aatgtataaa ttggtttggt 900
caatatctag gaatgaaaac aagagctgcet tcaaagttgt tccattctta agtatacata 960

gaggtggctt gatgggaagt ttcatggaag tgtagtttta tatctacttc caaattcgtt 1020
gatctgttte ttatctcaag ctaaacatgt ttagaaaaga tgtgttaaaa acatgtgaca 1080
aaaaaagagt caaatgtttg gcaaacaagg tacttagatt tttggcatct attcaaatat 1140
aatagaatcc caaaattatg atatttgtca atcaaatttg aaaaaaaaaa aaaaaaaaaa 1200
aaagattcta caaaagatca aacgtattgc cgtagattta tcataatttt aattctttca 1260
cactaccact agtccactac catatagtga tgagataatc cataatcata aataagatat 1320
aactttcgaa ttcttgtttt tgttgcctca aagttgttgg atcattattt tttacgtaaa 1380
tgtggcttaa tgagaattta tgtttgtggg aattgtagtt tgcttccaac tttttttttt 1440
tttttttgaa cacgtagttt gcttccaact tagtttatct ttttcttatt tcaagttaaa 1500
catgtaaaaa aacatgtgac gacgaaattc aatcagttcc tccaatgttt ggcagaagcce 1560
aaatctttgg taaacaaagt aatttttttg ccatttgatt ggttagtata ggagaattta 1620
aaaacgacga taaggtttag gtaaattatt tcatttgaaa ataattgagc accgttaata 1680
attttcatcc ataaaataat atttcaaaga tgatatttga tccccattaa attcattcegt 1740
aaccaaaaaa aagttatgaa aaaagagtgg tcgtgtgagt tgcccaagca ccattataat 1800
aaaaaataaa ataattagca agtaataagg aataaaatcc tgtaattata gctgaaaaag 1860
gaaaaatatt tggagaccgt cagattcgaa tctgaacaaa gcataaaaaa gtcaacaaaa 1920
cttaaagcgg cggtctcatc gtaatctcag cccaataccce tattttceccte teccctatat 1980
aaatactttc ttcttctact gatcttectte tcacaaataa acccaaatat atcaatctac 2040
tgtgttggtg attaagtact tagttgtact ccagcttgtg ccagtggtca aaaaagttgt 2100

agttttcectta aagtctcttt cctctggcaa agctgcagta caactaagag cttgctcect 2160
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aaacttatct ctctgatgat ttaatgttag agatcttcegt aaatctatgt gtttgataga 2220
tctgatgegt tttttgagtt gatgatttga ttatttttca ctggaaagta tcectcattagg 2280
gtaacgataa tgttttatgg atttggttgt ataacagatc catgaaatct tgactggtta 2340
taaaatctga ataatgtatt tcaatttgga gattcggtga taaaaattac tgatttacga 2400
atgacattta tatcgataga tgagtttgct gatttggttg ttaaattgat aaatcaagga 2460
catgagaaac tgtttttgta tgctaatttg tccatggaat aaaattggga ggtgaggacc 2520
gtgagggtag tcaggaaacc ttaatattga agttgatgtt gaaccaacaa atctgcccaa 2580
aaatgataaa agttgatgcc gagcccacaa attttgatga caatcgataa gcccaagccce 2640
aaaaggcatc tgtacctgag cccattattc tttcattact agcaaaaagg atgcattaga 2700
gacceccggtyg tagtaaattg acctcacaat tcactattgt attgtatacg tacatttcaa 2760
gcgtaattaa accctcatat ttttatacgce tttaaatata attggccttt aattagctca 2820
aataaactag atgtcgtacg tgatcacggt ggatgaaatc aatggtatta tgaaaagact 2880
gtacatgatt tcaaatattt taatgtggtc gtaaaaattg ttgtttatag tggaaattga 2940
agacaacaac gttactgaaa cacatacaga ttgaaatttc gatcatttac ttgcaaagtg 3000
ttaccgtgga ggcgtggegt ggacgtaagg taccataatg gtttgtgtta cagtcacgcce 3060
actacactcg aattcaagct accatattat aatacgttgt tgattagaaa aaatagtcgc 3120
caattttctt taaaacaaat ttcagttttt atttgtcagc aaaaaaaact tactaacaca 3180
acggaagaac acaaaaatta gggagttgct cacagagcaa aagtaataga aatgggaaaa 3240
gctaatatac gtccgagtag gaaactaatc ttgcaaaaac tgatgaaagc aatcagaagce 3300
cttgacgttt gtctggagag aggaattgtg ttttggatca ctttgttcag tttgttgtgg 3360
atcgtcettece gttacgttet caccaaaaat atttcataat gaaacaaaaa aattaattaa 3420
taatggtagc ttagaatgcc aagttgagaa cagatttgca gtttgtcccg gaatgatcaa 3480
gtagagcatt catagtgtct tgccaatatg gtgtgatcaa cgaagtttga caaaaccgtg 3540
aagatatagg aacatgtaat catgcggctc tccatacaat acatcttgtt gacaaagttce 3600
ccaagacctc attctacaaa ccaatgtttc ttttttettt ttcectttttgg tgatagtttt 3660
tgcaatcaaa tgttgtaaaa ctatgattgg aaatactact gtattttacc gaaaacttta 3720
ttatatatag tcattaacac tcattaccaa tcacataatc aatagtctat tttgattata 3780
caacttttaa acaataaaga catgtttata cagatttggt ttaaattagt actccctata 3840
ttttagaaaa ttttattttg tttcatatta tagaatgtct tggaaagttc tatgtaaatt 3900
taaatgtatt tagtaacttg tgacgatttt atattatgta gtctttttta ggatttgttg 3960
attttttaaa ataaattttt taaagaaaaa aaacaaatta ttttaataaa catgccttta 4020
ccttatacag tttatatttt gaaagagaga tagtatgttt taggatatat ttaaagaaaa 4080

aaaaataact ctttaattta 4100

<210> SEQ ID NO 64

<211> LENGTH: 4100

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 64
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cacttatcat ttagacagta gattttaaat ttgtatttac aatttcaaaa ctgaaattca 60
tttgtaatca aagaaaaaca aaacaagaaa agggaggagg agtgggattt gggttgctta 120
acagtattat atatacacgt cgttagttaa tcaataaatt atgagcaggt gtagtagcta 180
tgaacatggt tttaccaaat tggtaaattc atgtcattgt tgtagcactt tagcgaggcce 240
agcaaaatgg cgttcttgga aagggcatgg cggcccegtgg cegecaggga tatgtgtgea 300
gctagaagga ttagaaggag taacttcacc tttttgtaga aactgtaaat tgccaagacg 360
ctegtttggt aaatacctta acgcttegtt tgetggaatyg tgtaccacca ttagtagaag 420
aaagtataat aagactatta atgcaagaga ttttttcata ttccttttet aagagtagaa 480
tggaatgaat aaatgaatga atgaaatagg gtttttcttg tttagatcct gtcgcacccyg 540
agaataatag aagctgaatt aattggtgaa gagttttatg gtggcgatgt tgtatttata 600
gagggaaatg atttcaagtt tacaatggga tttttaattt gttttgttga ctattatctt 660
gcggagagat cttgactgtt gacatgtatg tagtgtttgt tattaaaata aatgcatttt 720
tgtagacceg attcttaaat atgttaggca tggtcaaatt gttagactgt aaaagcttga 780
gtagagacat cggtcaactt tgtttacaag aattctctat aaaatattat acaaattgat 840
cggtagaaat tagatggaac attttgaatt aatgtttgac aatgtataaa ttggtttggt 900
caatatctag gaatgaaaac aagagctgcet tcaaagttgt tccattctta agtatacata 960

gaggtggctt gatgggaagt ttcatggaag tgtagtttta tatctacttc caaattcgtt 1020
gatctgttte ttatctcaag ctaaacatgt ttagaaaaga tgtgttaaaa acatgtgaca 1080
aaaaaagagt caaatgtttg gcaaacaagg tacttagatt tttggcatct attcaaatat 1140
aatagaatcc caaaattatg atatttgtca atcaaatttg aaaaaaaaaa aaaaaaaaaa 1200
aaagattcta caaaagatca aacgtattgc cgtagattta tcataatttt aattctttca 1260
cactaccact agtccactac catatagtga tgagataatc cataatcata aataagatat 1320
aactttcgaa ttcttgtttt tgttgcctca aagttgttgg atcattattt tttacgtaaa 1380
tgtggcttaa tgagaattta tgtttgtggg aattgtagtt tgcttccaac tttttttttt 1440
tttttttgaa cacgtagttt gcttccaact tagtttatct ttttcttatt tcaagttaaa 1500
catgtaaaaa aacatgtgac gacgaaattc aatcagttcc tccaatgttt ggcagaagcce 1560
aaatctttgg taaacaaagt aatttttttg ccatttgatt ggttagtata ggagaattta 1620
aaaacgacga taaggtttag gtaaattatt tcatttgaaa ataattgagc accgttaata 1680
attttcatcc ataaaataat atttcaaaga tgatatttga tccccattaa attcattcegt 1740
aaccaaaaaa aagttatgaa aaaagagtgg tcgtgtgagt tgcccaagca ccattataat 1800
aaaaaataaa ataattagca agtaataagg aataaaatcc tgtaattata gctgaaaaag 1860
gaaaaatatt tggagaccgt cagattcgaa tctgaacaaa gcataaaaaa gtcaacaaaa 1920
cttaaagcgg cggtctcatc gtaatctcag cccaataccce tattttceccte teccctatat 1980
aaatactttc ttcttctact gatcttectte tcacaaataa acccaaatat atcaatctac 2040
tgtgttggtg attaagtact ttatccacac aaactacctg caagtggtca aaaaagttgt 2100
agttttcectta aagtctcttt cctecttgcag tagttagtgt ggataaagag cttgctccect 2160
aaacttatct ctctgatgat ttaatgttag agatcttcegt aaatctatgt gtttgataga 2220

tctgatgegt tttttgagtt gatgatttga ttatttttca ctggaaagta tcectcattagg 2280



US 2020/0270604 A1l Aug. 27,2020
75

-continued

gtaacgataa tgttttatgg atttggttgt ataacagatc catgaaatct tgactggtta 2340
taaaatctga ataatgtatt tcaatttgga gattcggtga taaaaattac tgatttacga 2400
atgacattta tatcgataga tgagtttgct gatttggttg ttaaattgat aaatcaagga 2460
catgagaaac tgtttttgta tgctaatttg tccatggaat aaaattggga ggtgaggacc 2520
gtgagggtag tcaggaaacc ttaatattga agttgatgtt gaaccaacaa atctgcccaa 2580
aaatgataaa agttgatgcc gagcccacaa attttgatga caatcgataa gcccaagccce 2640
aaaaggcatc tgtacctgag cccattattc tttcattact agcaaaaagg atgcattaga 2700
gacceccggtyg tagtaaattg acctcacaat tcactattgt attgtatacg tacatttcaa 2760
gcgtaattaa accctcatat ttttatacgce tttaaatata attggccttt aattagctca 2820
aataaactag atgtcgtacg tgatcacggt ggatgaaatc aatggtatta tgaaaagact 2880
gtacatgatt tcaaatattt taatgtggtc gtaaaaattg ttgtttatag tggaaattga 2940
agacaacaac gttactgaaa cacatacaga ttgaaatttc gatcatttac ttgcaaagtg 3000
ttaccgtgga ggcgtggegt ggacgtaagg taccataatg gtttgtgtta cagtcacgcce 3060
actacactcg aattcaagct accatattat aatacgttgt tgattagaaa aaatagtcgc 3120
caattttctt taaaacaaat ttcagttttt atttgtcagc aaaaaaaact tactaacaca 3180
acggaagaac acaaaaatta gggagttgct cacagagcaa aagtaataga aatgggaaaa 3240
gctaatatac gtccgagtag gaaactaatc ttgcaaaaac tgatgaaagc aatcagaagce 3300
cttgacgttt gtctggagag aggaattgtg ttttggatca ctttgttcag tttgttgtgg 3360
atcgtcettece gttacgttet caccaaaaat atttcataat gaaacaaaaa aattaattaa 3420
taatggtagc ttagaatgcc aagttgagaa cagatttgca gtttgtcccg gaatgatcaa 3480
gtagagcatt catagtgtct tgccaatatg gtgtgatcaa cgaagtttga caaaaccgtg 3540
aagatatagg aacatgtaat catgcggctc tccatacaat acatcttgtt gacaaagttce 3600
ccaagacctc attctacaaa ccaatgtttc ttttttettt ttcectttttgg tgatagtttt 3660
tgcaatcaaa tgttgtaaaa ctatgattgg aaatactact gtattttacc gaaaacttta 3720
ttatatatag tcattaacac tcattaccaa tcacataatc aatagtctat tttgattata 3780
caacttttaa acaataaaga catgtttata cagatttggt ttaaattagt actccctata 3840
ttttagaaaa ttttattttg tttcatatta tagaatgtct tggaaagttc tatgtaaatt 3900
taaatgtatt tagtaacttg tgacgatttt atattatgta gtctttttta ggatttgttg 3960
attttttaaa ataaattttt taaagaaaaa aaacaaatta ttttaataaa catgccttta 4020
ccttatacag tttatatttt gaaagagaga tagtatgttt taggatatat ttaaagaaaa 4080

aaaaataact ctttaattta 4100

<210> SEQ ID NO 65

<211> LENGTH: 4100

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 65
cacttatcat ttagacagta gattttaaat ttgtatttac aatttcaaaa ctgaaattca 60

tttgtaatca aagaaaaaca aaacaagaaa agggaggagg agtgggattt gggttgctta 120
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acagtattat atatacacgt cgttagttaa tcaataaatt atgagcaggt gtagtagcta 180
tgaacatggt tttaccaaat tggtaaattc atgtcattgt tgtagcactt tagcgaggcce 240
agcaaaatgg cgttcttgga aagggcatgg cggcccegtgg cegecaggga tatgtgtgea 300
gctagaagga ttagaaggag taacttcacc tttttgtaga aactgtaaat tgccaagacg 360
ctegtttggt aaatacctta acgcttegtt tgetggaatyg tgtaccacca ttagtagaag 420
aaagtataat aagactatta atgcaagaga ttttttcata ttccttttet aagagtagaa 480
tggaatgaat aaatgaatga atgaaatagg gtttttcttg tttagatcct gtcgcacccyg 540
agaataatag aagctgaatt aattggtgaa gagttttatg gtggcgatgt tgtatttata 600
gagggaaatg atttcaagtt tacaatggga tttttaattt gttttgttga ctattatctt 660
gcggagagat cttgactgtt gacatgtatg tagtgtttgt tattaaaata aatgcatttt 720
tgtagacceg attcttaaat atgttaggca tggtcaaatt gttagactgt aaaagcttga 780
gtagagacat cggtcaactt tgtttacaag aattctctat aaaatattat acaaattgat 840
cggtagaaat tagatggaac attttgaatt aatgtttgac aatgtataaa ttggtttggt 900
caatatctag gaatgaaaac aagagctgcet tcaaagttgt tccattctta agtatacata 960

gaggtggctt gatgggaagt ttcatggaag tgtagtttta tatctacttc caaattcgtt 1020
gatctgttte ttatctcaag ctaaacatgt ttagaaaaga tgtgttaaaa acatgtgaca 1080
aaaaaagagt caaatgtttg gcaaacaagg tacttagatt tttggcatct attcaaatat 1140
aatagaatcc caaaattatg atatttgtca atcaaatttg aaaaaaaaaa aaaaaaaaaa 1200
aaagattcta caaaagatca aacgtattgc cgtagattta tcataatttt aattctttca 1260
cactaccact agtccactac catatagtga tgagataatc cataatcata aataagatat 1320
aactttcgaa ttcttgtttt tgttgcctca aagttgttgg atcattattt tttacgtaaa 1380
tgtggcttaa tgagaattta tgtttgtggg aattgtagtt tgcttccaac tttttttttt 1440
tttttttgaa cacgtagttt gcttccaact tagtttatct ttttcttatt tcaagttaaa 1500
catgtaaaaa aacatgtgac gacgaaattc aatcagttcc tccaatgttt ggcagaagcce 1560
aaatctttgg taaacaaagt aatttttttg ccatttgatt ggttagtata ggagaattta 1620
aaaacgacga taaggtttag gtaaattatt tcatttgaaa ataattgagc accgttaata 1680
attttcatcc ataaaataat atttcaaaga tgatatttga tccccattaa attcattcegt 1740
aaccaaaaaa aagttatgaa aaaagagtgg tcgtgtgagt tgcccaagca ccattataat 1800
aaaaaataaa ataattagca agtaataagg aataaaatcc tgtaattata gctgaaaaag 1860
gaaaaatatt tggagaccgt cagattcgaa tctgaacaaa gcataaaaaa gtcaacaaaa 1920
cttaaagcgg cggtctcatc gtaatctcag cccaataccce tattttceccte teccctatat 1980
aaatactttc ttcttctact gatcttectte tcacaaataa acccaaatat atcaatctac 2040
tgtgttggtg attaagtact ttgacaatcc agccaatcca gcagtggtca aaaaagttgt 2100
agttttcectta aagtctcttt cctcectgctga ttggcaggat tgtcaaagag cttgctccect 2160
aaacttatct ctctgatgat ttaatgttag agatcttcegt aaatctatgt gtttgataga 2220
tctgatgegt tttttgagtt gatgatttga ttatttttca ctggaaagta tcectcattagg 2280
gtaacgataa tgttttatgg atttggttgt ataacagatc catgaaatct tgactggtta 2340

taaaatctga ataatgtatt tcaatttgga gattcggtga taaaaattac tgatttacga 2400
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atgacattta tatcgataga tgagtttgct gatttggttg ttaaattgat aaatcaagga 2460
catgagaaac tgtttttgta tgctaatttg tccatggaat aaaattggga ggtgaggacc 2520
gtgagggtag tcaggaaacc ttaatattga agttgatgtt gaaccaacaa atctgcccaa 2580
aaatgataaa agttgatgcc gagcccacaa attttgatga caatcgataa gcccaagccce 2640
aaaaggcatc tgtacctgag cccattattc tttcattact agcaaaaagg atgcattaga 2700
gacceccggtyg tagtaaattg acctcacaat tcactattgt attgtatacg tacatttcaa 2760
gcgtaattaa accctcatat ttttatacgce tttaaatata attggccttt aattagctca 2820
aataaactag atgtcgtacg tgatcacggt ggatgaaatc aatggtatta tgaaaagact 2880
gtacatgatt tcaaatattt taatgtggtc gtaaaaattg ttgtttatag tggaaattga 2940
agacaacaac gttactgaaa cacatacaga ttgaaatttc gatcatttac ttgcaaagtg 3000
ttaccgtgga ggcgtggegt ggacgtaagg taccataatg gtttgtgtta cagtcacgcce 3060
actacactcg aattcaagct accatattat aatacgttgt tgattagaaa aaatagtcgc 3120
caattttctt taaaacaaat ttcagttttt atttgtcagc aaaaaaaact tactaacaca 3180
acggaagaac acaaaaatta gggagttgct cacagagcaa aagtaataga aatgggaaaa 3240
gctaatatac gtccgagtag gaaactaatc ttgcaaaaac tgatgaaagc aatcagaagce 3300
cttgacgttt gtctggagag aggaattgtg ttttggatca ctttgttcag tttgttgtgg 3360
atcgtcettece gttacgttet caccaaaaat atttcataat gaaacaaaaa aattaattaa 3420
taatggtagc ttagaatgcc aagttgagaa cagatttgca gtttgtcccg gaatgatcaa 3480
gtagagcatt catagtgtct tgccaatatg gtgtgatcaa cgaagtttga caaaaccgtg 3540
aagatatagg aacatgtaat catgcggctc tccatacaat acatcttgtt gacaaagttce 3600
ccaagacctc attctacaaa ccaatgtttc ttttttettt ttcectttttgg tgatagtttt 3660
tgcaatcaaa tgttgtaaaa ctatgattgg aaatactact gtattttacc gaaaacttta 3720
ttatatatag tcattaacac tcattaccaa tcacataatc aatagtctat tttgattata 3780
caacttttaa acaataaaga catgtttata cagatttggt ttaaattagt actccctata 3840
ttttagaaaa ttttattttg tttcatatta tagaatgtct tggaaagttc tatgtaaatt 3900
taaatgtatt tagtaacttg tgacgatttt atattatgta gtctttttta ggatttgttg 3960
attttttaaa ataaattttt taaagaaaaa aaacaaatta ttttaataaa catgccttta 4020
ccttatacag tttatatttt gaaagagaga tagtatgttt taggatatat ttaaagaaaa 4080
aaaaataact ctttaattta 4100
<210> SEQ ID NO 66

<211> LENGTH: 4100

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 66

cacttatcat ttagacagta gattttaaat ttgtatttac aatttcaaaa ctgaaattca 60
tttgtaatca aagaaaaaca aaacaagaaa agggaggagg agtgggattt gggttgctta 120
acagtattat atatacacgt cgttagttaa tcaataaatt atgagcaggt gtagtagcta 180

tgaacatggt tttaccaaat tggtaaattc atgtcattgt tgtagcactt tagcgaggcce 240
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agcaaaatgg cgttcttgga aagggcatgg cggcccegtgg cegecaggga tatgtgtgea 300
gctagaagga ttagaaggag taacttcacc tttttgtaga aactgtaaat tgccaagacg 360
ctegtttggt aaatacctta acgcttegtt tgetggaatyg tgtaccacca ttagtagaag 420
aaagtataat aagactatta atgcaagaga ttttttcata ttccttttet aagagtagaa 480
tggaatgaat aaatgaatga atgaaatagg gtttttcttg tttagatcct gtcgcacccyg 540
agaataatag aagctgaatt aattggtgaa gagttttatg gtggcgatgt tgtatttata 600
gagggaaatg atttcaagtt tacaatggga tttttaattt gttttgttga ctattatctt 660
gcggagagat cttgactgtt gacatgtatg tagtgtttgt tattaaaata aatgcatttt 720
tgtagacceg attcttaaat atgttaggca tggtcaaatt gttagactgt aaaagcttga 780
gtagagacat cggtcaactt tgtttacaag aattctctat aaaatattat acaaattgat 840
cggtagaaat tagatggaac attttgaatt aatgtttgac aatgtataaa ttggtttggt 900
caatatctag gaatgaaaac aagagctgcet tcaaagttgt tccattctta agtatacata 960

gaggtggctt gatgggaagt ttcatggaag tgtagtttta tatctacttc caaattcgtt 1020
gatctgttte ttatctcaag ctaaacatgt ttagaaaaga tgtgttaaaa acatgtgaca 1080
aaaaaagagt caaatgtttg gcaaacaagg tacttagatt tttggcatct attcaaatat 1140
aatagaatcc caaaattatg atatttgtca atcaaatttg aaaaaaaaaa aaaaaaaaaa 1200
aaagattcta caaaagatca aacgtattgc cgtagattta tcataatttt aattctttca 1260
cactaccact agtccactac catatagtga tgagataatc cataatcata aataagatat 1320
aactttcgaa ttcttgtttt tgttgcctca aagttgttgg atcattattt tttacgtaaa 1380
tgtggcttaa tgagaattta tgtttgtggg aattgtagtt tgcttccaac tttttttttt 1440
tttttttgaa cacgtagttt gcttccaact tagtttatct ttttcttatt tcaagttaaa 1500
catgtaaaaa aacatgtgac gacgaaattc aatcagttcc tccaatgttt ggcagaagcce 1560
aaatctttgg taaacaaagt aatttttttg ccatttgatt ggttagtata ggagaattta 1620
aaaacgacga taaggtttag gtaaattatt tcatttgaaa ataattgagc accgttaata 1680
attttcatcc ataaaataat atttcaaaga tgatatttga tccccattaa attcattcegt 1740
aaccaaaaaa aagttatgaa aaaagagtgg tcgtgtgagt tgcccaagca ccattataat 1800
aaaaaataaa ataattagca agtaataagg aataaaatcc tgtaattata gctgaaaaag 1860
gaaaaatatt tggagaccgt cagattcgaa tctgaacaaa gcataaaaaa gtcaacaaaa 1920
cttaaagcgg cggtctcatc gtaatctcag cccaataccce tattttceccte teccctatat 1980
aaatactttc ttcttctact gatcttectte tcacaaataa acccaaatat atcaatctac 2040
tgtgttggtg attaagtact ttaaagatcg gcaacacatg atagtggtca aaaaagttgt 2100
agttttctta aagtctettt cctctgatca gtgttggcga tctttaagag cttgctecect 2160
aaacttatct ctctgatgat ttaatgttag agatcttcegt aaatctatgt gtttgataga 2220
tctgatgegt tttttgagtt gatgatttga ttatttttca ctggaaagta tcectcattagg 2280
gtaacgataa tgttttatgg atttggttgt ataacagatc catgaaatct tgactggtta 2340
taaaatctga ataatgtatt tcaatttgga gattcggtga taaaaattac tgatttacga 2400
atgacattta tatcgataga tgagtttgct gatttggttg ttaaattgat aaatcaagga 2460

catgagaaac tgtttttgta tgctaatttg tccatggaat aaaattggga ggtgaggacc 2520
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gtgagggtag tcaggaaacc ttaatattga agttgatgtt gaaccaacaa atctgcccaa 2580
aaatgataaa agttgatgcc gagcccacaa attttgatga caatcgataa gcccaagccce 2640
aaaaggcatc tgtacctgag cccattattc tttcattact agcaaaaagg atgcattaga 2700
gacceccggtyg tagtaaattg acctcacaat tcactattgt attgtatacg tacatttcaa 2760
gcgtaattaa accctcatat ttttatacgce tttaaatata attggccttt aattagctca 2820
aataaactag atgtcgtacg tgatcacggt ggatgaaatc aatggtatta tgaaaagact 2880
gtacatgatt tcaaatattt taatgtggtc gtaaaaattg ttgtttatag tggaaattga 2940
agacaacaac gttactgaaa cacatacaga ttgaaatttc gatcatttac ttgcaaagtg 3000
ttaccgtgga ggcgtggegt ggacgtaagg taccataatg gtttgtgtta cagtcacgcce 3060
actacactcg aattcaagct accatattat aatacgttgt tgattagaaa aaatagtcgc 3120
caattttctt taaaacaaat ttcagttttt atttgtcagc aaaaaaaact tactaacaca 3180
acggaagaac acaaaaatta gggagttgct cacagagcaa aagtaataga aatgggaaaa 3240
gctaatatac gtccgagtag gaaactaatc ttgcaaaaac tgatgaaagc aatcagaagce 3300
cttgacgttt gtctggagag aggaattgtg ttttggatca ctttgttcag tttgttgtgg 3360
atcgtcettece gttacgttet caccaaaaat atttcataat gaaacaaaaa aattaattaa 3420
taatggtagc ttagaatgcc aagttgagaa cagatttgca gtttgtcccg gaatgatcaa 3480
gtagagcatt catagtgtct tgccaatatg gtgtgatcaa cgaagtttga caaaaccgtg 3540
aagatatagg aacatgtaat catgcggctc tccatacaat acatcttgtt gacaaagttce 3600
ccaagacctc attctacaaa ccaatgtttc ttttttettt ttcectttttgg tgatagtttt 3660
tgcaatcaaa tgttgtaaaa ctatgattgg aaatactact gtattttacc gaaaacttta 3720
ttatatatag tcattaacac tcattaccaa tcacataatc aatagtctat tttgattata 3780
caacttttaa acaataaaga catgtttata cagatttggt ttaaattagt actccctata 3840
ttttagaaaa ttttattttg tttcatatta tagaatgtct tggaaagttc tatgtaaatt 3900
taaatgtatt tagtaacttg tgacgatttt atattatgta gtctttttta ggatttgttg 3960
attttttaaa ataaattttt taaagaaaaa aaacaaatta ttttaataaa catgccttta 4020
ccttatacag tttatatttt gaaagagaga tagtatgttt taggatatat ttaaagaaaa 4080
aaaaataact ctttaattta 4100
<210> SEQ ID NO 67

<211> LENGTH: 4100

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 67

cacttatcat ttagacagta gattttaaat ttgtatttac aatttcaaaa ctgaaattca 60
tttgtaatca aagaaaaaca aaacaagaaa agggaggagg agtgggattt gggttgctta 120
acagtattat atatacacgt cgttagttaa tcaataaatt atgagcaggt gtagtagcta 180
tgaacatggt tttaccaaat tggtaaattc atgtcattgt tgtagcactt tagcgaggcce 240
agcaaaatgg cgttcttgga aagggcatgg cggcccgtgg cegecaggga tatgtgtgea 300

gctagaagga ttagaaggag taacttcacc tttttgtaga aactgtaaat tgecaagacg 360
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ctegtttggt aaatacctta acgcttegtt tgetggaatyg tgtaccacca ttagtagaag 420
aaagtataat aagactatta atgcaagaga ttttttcata ttccttttet aagagtagaa 480
tggaatgaat aaatgaatga atgaaatagg gtttttcttg tttagatcct gtcgcacccyg 540
agaataatag aagctgaatt aattggtgaa gagttttatg gtggcgatgt tgtatttata 600
gagggaaatg atttcaagtt tacaatggga tttttaattt gttttgttga ctattatctt 660
gcggagagat cttgactgtt gacatgtatg tagtgtttgt tattaaaata aatgcatttt 720
tgtagacceg attcttaaat atgttaggca tggtcaaatt gttagactgt aaaagcttga 780
gtagagacat cggtcaactt tgtttacaag aattctctat aaaatattat acaaattgat 840
cggtagaaat tagatggaac attttgaatt aatgtttgac aatgtataaa ttggtttggt 900
caatatctag gaatgaaaac aagagctgcet tcaaagttgt tccattctta agtatacata 960

gaggtggctt gatgggaagt ttcatggaag tgtagtttta tatctacttc caaattcgtt 1020
gatctgttte ttatctcaag ctaaacatgt ttagaaaaga tgtgttaaaa acatgtgaca 1080
aaaaaagagt caaatgtttg gcaaacaagg tacttagatt tttggcatct attcaaatat 1140
aatagaatcc caaaattatg atatttgtca atcaaatttg aaaaaaaaaa aaaaaaaaaa 1200
aaagattcta caaaagatca aacgtattgc cgtagattta tcataatttt aattctttca 1260
cactaccact agtccactac catatagtga tgagataatc cataatcata aataagatat 1320
aactttcgaa ttcttgtttt tgttgcctca aagttgttgg atcattattt tttacgtaaa 1380
tgtggcttaa tgagaattta tgtttgtggg aattgtagtt tgcttccaac tttttttttt 1440
tttttttgaa cacgtagttt gcttccaact tagtttatct ttttcttatt tcaagttaaa 1500
catgtaaaaa aacatgtgac gacgaaattc aatcagttcc tccaatgttt ggcagaagcce 1560
aaatctttgg taaacaaagt aatttttttg ccatttgatt ggttagtata ggagaattta 1620
aaaacgacga taaggtttag gtaaattatt tcatttgaaa ataattgagc accgttaata 1680
attttcatcc ataaaataat atttcaaaga tgatatttga tccccattaa attcattcegt 1740
aaccaaaaaa aagttatgaa aaaagagtgg tcgtgtgagt tgcccaagca ccattataat 1800
aaaaaataaa ataattagca agtaataagg aataaaatcc tgtaattata gctgaaaaag 1860
gaaaaatatt tggagaccgt cagattcgaa tctgaacaaa gcataaaaaa gtcaacaaaa 1920
cttaaagcgg cggtctcatc gtaatctcag cccaataccce tattttceccte teccctatat 1980
aaatactttc ttcttctact gatcttectte tcacaaataa acccaaatat atcaatctac 2040
tgtgttggtg attaagtact ttgacctttc ttgggtttag ccagtggtca aaaaagttgt 2100
agttttcectta aagtctcttt cctcectgggct aacccatgaa aggtcaagag cttgctccect 2160
aaacttatct ctctgatgat ttaatgttag agatcttcegt aaatctatgt gtttgataga 2220
tctgatgegt tttttgagtt gatgatttga ttatttttca ctggaaagta tcectcattagg 2280
gtaacgataa tgttttatgg atttggttgt ataacagatc catgaaatct tgactggtta 2340
taaaatctga ataatgtatt tcaatttgga gattcggtga taaaaattac tgatttacga 2400
atgacattta tatcgataga tgagtttgct gatttggttg ttaaattgat aaatcaagga 2460
catgagaaac tgtttttgta tgctaatttg tccatggaat aaaattggga ggtgaggacc 2520
gtgagggtag tcaggaaacc ttaatattga agttgatgtt gaaccaacaa atctgcccaa 2580

aaatgataaa agttgatgcc gagcccacaa attttgatga caatcgataa gcccaagccce 2640
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aaaaggcatc tgtacctgag cccattattc tttcattact agcaaaaagg atgcattaga 2700
gacceccggtyg tagtaaattg acctcacaat tcactattgt attgtatacg tacatttcaa 2760
gcgtaattaa accctcatat ttttatacgce tttaaatata attggccttt aattagctca 2820
aataaactag atgtcgtacg tgatcacggt ggatgaaatc aatggtatta tgaaaagact 2880
gtacatgatt tcaaatattt taatgtggtc gtaaaaattg ttgtttatag tggaaattga 2940
agacaacaac gttactgaaa cacatacaga ttgaaatttc gatcatttac ttgcaaagtg 3000
ttaccgtgga ggcgtggegt ggacgtaagg taccataatg gtttgtgtta cagtcacgcce 3060
actacactcg aattcaagct accatattat aatacgttgt tgattagaaa aaatagtcgc 3120
caattttctt taaaacaaat ttcagttttt atttgtcagc aaaaaaaact tactaacaca 3180
acggaagaac acaaaaatta gggagttgct cacagagcaa aagtaataga aatgggaaaa 3240
gctaatatac gtccgagtag gaaactaatc ttgcaaaaac tgatgaaagc aatcagaagce 3300
cttgacgttt gtctggagag aggaattgtg ttttggatca ctttgttcag tttgttgtgg 3360
atcgtcettece gttacgttet caccaaaaat atttcataat gaaacaaaaa aattaattaa 3420
taatggtagc ttagaatgcc aagttgagaa cagatttgca gtttgtcccg gaatgatcaa 3480
gtagagcatt catagtgtct tgccaatatg gtgtgatcaa cgaagtttga caaaaccgtg 3540
aagatatagg aacatgtaat catgcggctc tccatacaat acatcttgtt gacaaagttce 3600
ccaagacctc attctacaaa ccaatgtttc ttttttettt ttcectttttgg tgatagtttt 3660
tgcaatcaaa tgttgtaaaa ctatgattgg aaatactact gtattttacc gaaaacttta 3720
ttatatatag tcattaacac tcattaccaa tcacataatc aatagtctat tttgattata 3780
caacttttaa acaataaaga catgtttata cagatttggt ttaaattagt actccctata 3840
ttttagaaaa ttttattttg tttcatatta tagaatgtct tggaaagttc tatgtaaatt 3900
taaatgtatt tagtaacttg tgacgatttt atattatgta gtctttttta ggatttgttg 3960
attttttaaa ataaattttt taaagaaaaa aaacaaatta ttttaataaa catgccttta 4020
ccttatacag tttatatttt gaaagagaga tagtatgttt taggatatat ttaaagaaaa 4080
aaaaataact ctttaattta 4100
<210> SEQ ID NO 68

<211> LENGTH: 4000

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 68

accctcattg attttggtgg ccaaactctt gatcgtatte ttttaggaac agtaattaat 60
tttaaatttyg agaaaaatgt agtgatgaaa gtgagatata tgggacgcac tattgaaagc 120
attgtccaca ccgcatgatg tgagattgat gtgaatatgg taactaataa cacccagact 180
cacttttatg agaaaatgta tcttaaaaaa tgttattcat caaagcttag atgcgctata 240
ggggaacata atcattattt gaaaagaacc aattcaaata tttttttttt taagagttaa 300
aatcctatat aacataacca tccaaacttt gggcatgaac acaacaatat tttttttegt 360
ttttgataaa ttctttcaat tgcaatcaaa acttaccagc tatacaaatg tttgctgcat 420

ccaatctaat acaccgttaa acaataaaat ttgttatctce tcaaatctga tcatctatte 480
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caacctgact gttttattct agtattttaa ggccaggtat aacgaaaaca aagaaaaaag 540
ttcagcgace aagacatttt gacatcaggce tcaaacggtce aaacccacga aaacttttac 600
ctcatttett aaccacgcag tgttatttga atagccttaa taggctaata caaaacaaca 660
agccatcgat tacagtttta actataatat tacaaaatct taaaccaaaa caagaaaaga 720
tatatattcc gtaaaattaa aataatattt ttaatatagt cattatgtaa gttagctctt 780
tcgacaaaat cattataaat taggccattt tgtaagttag ttcttttatc gacaagccat 840
tataacttag gtaattttgt aagttagctg gactataacc aatttttttg tttcacatct 900
agagtataaa acacatatat attgaccgta caactttagt caaattagaa actctgtttt 960

atctgcagaa aagaaaaaaa aagaggatga attatgtaaa tacttcagga ttagaaataa 1020
tgtcatcgta tatctcttga tatgaataca tattttactt gactagtacc gtagtcggca 1080
ggaaaatgac acaaacaacc atctaaaaag ataaagtaag aactaaaaag tcttgacatt 1140
cattagttta atcattttct gttaacatat atggaaaaaa caaacttcac cgttatttac 1200
ctgaatttac ctatttgggt aagaattgta cctctggacc tctagtattt tatatacacc 1260
taaaaatata attttggtcg ggaaaatata actctgttta attaattaaa ttttcagtat 1320
tgtgtaagtg taattataga aatcaatttt atccgcgtaa caaaataata taaaattata 1380
ctttcaaatc cacgaatata tattgtgaag tctcatagtt tgcaaataag cattggtctt 1440
cggccgacaa aaaaaaaagc attggtcttce gaatattttg aatatcggac caatggtata 1500
taattaataa tatgtggtat ataaatacat atttatttaa atcacaatag gatatgcaat 1560
gtgtgtatat atacatatac gtaattaaag tccgggttaa actgatagca tatattataa 1620
tagatgcatc tataattgtt cgtcaacaaa agcattatca tgtattttga attaagcttc 1680
cttcatttct gtgaatcaaa aggcctcaga agaagaaact aaagtcaaac aatcaacggg 1740
atccaataaa tcacatctgg actatatagt atcaatactt tccacactaa aaaagctaag 1800
aaatttaata aatacattat tatagggggg aaaaaaaggt agtcatcaga tatatatttt 1860
ggtaagaaaa tatagaaatg aataatttca cgtttaacga agaggagatg acgtgtgttc 1920
cttcgaacce gagttttgtt cgtctataaa tagcaccttc tcecttcectcectt cttectcact 1980
tccatcetttt tagcttcact atctctctat aatcggtttt atctttctet aagtcacaac 2040
ccaaaaaaac aaagtagaga agaatctgta aagctcagga gggatagcge catgatgate 2100
acattcgtta tctatttttt ggcgctatce atcctgagtt tcattggcte ttettactac 2160
aatgaaaaag gccgaggcaa aacgcctaaa atcacttgag aatcaattct ttttactgtce 2220
catttaagct atcttttata aacgtgtctt attttctatc tecttttgttt aaactaagaa 2280
actatagtat tttgtctaaa acaaaacatg aaagaacaga ttagatctca tctttagtct 2340
ctttctecgg tgcagtcage caccgteggg taagtttcat ctgtatttta ttaattaatt 2400
acaattatta gtgttcttat taccgttttg gtaaaattag ttaattaatg tcggtccaaa 2460
cattctaaac caattattct gaaaagggtg aacgccaatc agttatatac aatattctta 2520
cattaaagta gaatcggaga tgttacatac taaccaaaag ttacatatac tagtatcatt 2580
ttctttaaga tttgtttagg atttactcac tttatagtgc tcgcecggttgg ggtcagggta 2640
agtggggaac agatatgctc tgcatgaacc acgtggacca acatgcatat acacagttac 2700

atttattttt tctagtaggt tcatttgcaa attttccagt atcttgtatg ttatcttcat 2760
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ggtgagtttt ttggtcgcat attcttggtg attcttctte tacgttttca ctttettett 2820
cagagacctt attaatatgt taattgcatg aatttatgta acattcaaga aaaagagatc 2880
gaatacaaga aaccggaaat ttaatttcta atttgaattc tatgcatgtt tgtttctttg 2940
ccaatttagt acgaatatat ttatggtccg gagttctaac caaagatagt tgctctgtat 3000
atagaagtta tacatctcgc ttgtttaaac taaataacta tttagtttgt cttggtagtc 3060
cagtgacttt ctgcaaacat tgggatttat aatatagtca aaacgttggg atatgtagta 3120
ttcattttcg ttgtaaaaat cattatattt tgcaaaggtt gcaacgtaaa acgttgtatt 3180
gaatttagga gaaagtagcc atttacaatg aattttagtg acaaactgtt gtatacagcc 3240
tgtgccacta agtatgtcta tatctaaatt tggaatggat gataaccagt attggtcaat 3300
aatggataat ttggtattta gaattactaa tttggtattt tagtgacaaa ctgttgtatg 3360
gaatttagga gaacgcgttc ccaagctata tattatatgt atttcattct ttcatatgtt 3420
atattatgaa ttgttataaa aaagaccaat gagcaacggt ttaaggttta atcagtaatc 3480
gatccgacca atcatataca agttcctaac acatcttcta actactgagt aaaatagtaa 3540
tgctattaca aaggtttttt cttttcaaaa tacagcctaa tgctactaca aaattctaat 3600
gttataaaat aatcatagga gaagtaaacc ccggtattta attaatacct tacaaactta 3660
cattattgat aaagttgaat gaagagttat atggtccatt tagtattatt tacttaatat 3720
gatactagtg ttagacgtgt tactgtattt caacgtgcat aatcaggttg ttcaaaaaga 3780
gagaggatag gtcttcttct tctgtaattt gectgggacceg caagtcatgt gaggctgcetce 3840
tgctgatgct gecacggcgtce gcaactctct caataaattc ttttaactaa cgctccaatt 3900
ttcgatgtaa attggctgac ttcaattcta tgccttactc ttgtactcta tgtttcettta 3960
tctattaaaa tccaactctg cttttgaacc caaaaaacaa 4000
<210> SEQ ID NO 69

<211> LENGTH: 4000

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 69

accctcattg attttggtgg ccaaactctt gatcgtatte ttttaggaac agtaattaat 60
tttaaatttyg agaaaaatgt agtgatgaaa gtgagatata tgggacgcac tattgaaagc 120
attgtccaca ccgcatgatg tgagattgat gtgaatatgg taactaataa cacccagact 180
cacttttatg agaaaatgta tcttaaaaaa tgttattcat caaagcttag atgcgctata 240
ggggaacata atcattattt gaaaagaacc aattcaaata tttttttttt taagagttaa 300
aatcctatat aacataacca tccaaacttt gggcatgaac acaacaatat tttttttegt 360
ttttgataaa ttctttcaat tgcaatcaaa acttaccagc tatacaaatg tttgctgcat 420
ccaatctaat acaccgttaa acaataaaat ttgttatcte tcaaatctga tcatctatte 480
caacctgact gttttattct agtattttaa ggccaggtat aacgaaaaca aagaaaaaag 540
ttcagcgace aagacatttt gacatcaggce tcaaacggtce aaacccacga aaacttttac 600
ctcatttett aaccacgcag tgttatttga atagccttaa taggctaata caaaacaaca 660

agccatcgat tacagtttta actataatat tacaaaatct taaaccaaaa caagaaaaga 720
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tatatattcc gtaaaattaa aataatattt ttaatatagt cattatgtaa gttagctctt 780
tcgacaaaat cattataaat taggccattt tgtaagttag ttcttttatc gacaagccat 840
tataacttag gtaattttgt aagttagctg gactataacc aatttttttg tttcacatct 900
agagtataaa acacatatat attgaccgta caactttagt caaattagaa actctgtttt 960

atctgcagaa aagaaaaaaa aagaggatga attatgtaaa tacttcagga ttagaaataa 1020
tgtcatcgta tatctcttga tatgaataca tattttactt gactagtacc gtagtcggca 1080
ggaaaatgac acaaacaacc atctaaaaag ataaagtaag aactaaaaag tcttgacatt 1140
cattagttta atcattttct gttaacatat atggaaaaaa caaacttcac cgttatttac 1200
ctgaatttac ctatttgggt aagaattgta cctctggacc tctagtattt tatatacacc 1260
taaaaatata attttggtcg ggaaaatata actctgttta attaattaaa ttttcagtat 1320
tgtgtaagtg taattataga aatcaatttt atccgcgtaa caaaataata taaaattata 1380
ctttcaaatc cacgaatata tattgtgaag tctcatagtt tgcaaataag cattggtctt 1440
cggccgacaa aaaaaaaagc attggtcttce gaatattttg aatatcggac caatggtata 1500
taattaataa tatgtggtat ataaatacat atttatttaa atcacaatag gatatgcaat 1560
gtgtgtatat atacatatac gtaattaaag tccgggttaa actgatagca tatattataa 1620
tagatgcatc tataattgtt cgtcaacaaa agcattatca tgtattttga attaagcttc 1680
cttcatttct gtgaatcaaa aggcctcaga agaagaaact aaagtcaaac aatcaacggg 1740
atccaataaa tcacatctgg actatatagt atcaatactt tccacactaa aaaagctaag 1800
aaatttaata aatacattat tatagggggg aaaaaaaggt agtcatcaga tatatatttt 1860
ggtaagaaaa tatagaaatg aataatttca cgtttaacga agaggagatg acgtgtgttc 1920
cttcgaacce gagttttgtt cgtctataaa tagcaccttc tcecttcectcectt cttectcact 1980
tccatcetttt tagcttcact atctctctat aatcggtttt atctttctet aagtcacaac 2040
ccaaaaaaac aaagtagaga agaatctgta aagtcgtgct gecttcatgtg gatgatgatc 2100
acattcgtta tctatttttt ccacatgaag aagcacgact tgattggctce ttcttactac 2160
aatgaaaaag gccgaggcaa aacgcctaaa atcacttgag aatcaattct ttttactgtce 2220
catttaagct atcttttata aacgtgtctt attttctatc tecttttgttt aaactaagaa 2280
actatagtat tttgtctaaa acaaaacatg aaagaacaga ttagatctca tctttagtct 2340
ctttctecgg tgcagtcage caccgteggg taagtttcat ctgtatttta ttaattaatt 2400
acaattatta gtgttcttat taccgttttg gtaaaattag ttaattaatg tcggtccaaa 2460
cattctaaac caattattct gaaaagggtg aacgccaatc agttatatac aatattctta 2520
cattaaagta gaatcggaga tgttacatac taaccaaaag ttacatatac tagtatcatt 2580
ttctttaaga tttgtttagg atttactcac tttatagtgc tcgcecggttgg ggtcagggta 2640
agtggggaac agatatgctc tgcatgaacc acgtggacca acatgcatat acacagttac 2700
atttattttt tctagtaggt tcatttgcaa attttccagt atcttgtatg ttatcttcat 2760
ggtgagtttt ttggtcgcat attcttggtg attcttctte tacgttttca ctttettett 2820
cagagacctt attaatatgt taattgcatg aatttatgta acattcaaga aaaagagatc 2880
gaatacaaga aaccggaaat ttaatttcta atttgaattc tatgcatgtt tgtttctttg 2940

ccaatttagt acgaatatat ttatggtccg gagttctaac caaagatagt tgctctgtat 3000
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atagaagtta tacatctcgc ttgtttaaac taaataacta tttagtttgt cttggtagtc 3060
cagtgacttt ctgcaaacat tgggatttat aatatagtca aaacgttggg atatgtagta 3120
ttcattttcg ttgtaaaaat cattatattt tgcaaaggtt gcaacgtaaa acgttgtatt 3180
gaatttagga gaaagtagcc atttacaatg aattttagtg acaaactgtt gtatacagcc 3240
tgtgccacta agtatgtcta tatctaaatt tggaatggat gataaccagt attggtcaat 3300
aatggataat ttggtattta gaattactaa tttggtattt tagtgacaaa ctgttgtatg 3360
gaatttagga gaacgcgttc ccaagctata tattatatgt atttcattct ttcatatgtt 3420
atattatgaa ttgttataaa aaagaccaat gagcaacggt ttaaggttta atcagtaatc 3480
gatccgacca atcatataca agttcctaac acatcttcta actactgagt aaaatagtaa 3540
tgctattaca aaggtttttt cttttcaaaa tacagcctaa tgctactaca aaattctaat 3600
gttataaaat aatcatagga gaagtaaacc ccggtattta attaatacct tacaaactta 3660
cattattgat aaagttgaat gaagagttat atggtccatt tagtattatt tacttaatat 3720
gatactagtg ttagacgtgt tactgtattt caacgtgcat aatcaggttg ttcaaaaaga 3780
gagaggatag gtcttcttct tctgtaattt gectgggacceg caagtcatgt gaggctgcetce 3840
tgctgatgct gecacggcgtce gcaactctct caataaattc ttttaactaa cgctccaatt 3900
ttcgatgtaa attggctgac ttcaattcta tgccttactc ttgtactcta tgtttcettta 3960
tctattaaaa tccaactctg cttttgaacc caaaaaacaa 4000
<210> SEQ ID NO 70

<211> LENGTH: 4000

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 70

accctcattg attttggtgg ccaaactctt gatcgtatte ttttaggaac agtaattaat 60
tttaaatttyg agaaaaatgt agtgatgaaa gtgagatata tgggacgcac tattgaaagc 120
attgtccaca ccgcatgatg tgagattgat gtgaatatgg taactaataa cacccagact 180
cacttttatg agaaaatgta tcttaaaaaa tgttattcat caaagcttag atgcgctata 240
ggggaacata atcattattt gaaaagaacc aattcaaata tttttttttt taagagttaa 300
aatcctatat aacataacca tccaaacttt gggcatgaac acaacaatat tttttttegt 360
ttttgataaa ttctttcaat tgcaatcaaa acttaccagc tatacaaatg tttgctgcat 420
ccaatctaat acaccgttaa acaataaaat ttgttatcte tcaaatctga tcatctatte 480
caacctgact gttttattct agtattttaa ggccaggtat aacgaaaaca aagaaaaaag 540
ttcagcgace aagacatttt gacatcaggce tcaaacggtce aaacccacga aaacttttac 600
ctcatttett aaccacgcag tgttatttga atagccttaa taggctaata caaaacaaca 660
agccatcgat tacagtttta actataatat tacaaaatct taaaccaaaa caagaaaaga 720
tatatattcc gtaaaattaa aataatattt ttaatatagt cattatgtaa gttagctctt 780
tcgacaaaat cattataaat taggccattt tgtaagttag ttcttttatc gacaagccat 840
tataacttag gtaattttgt aagttagctg gactataacc aatttttttg tttcacatct 900

agagtataaa acacatatat attgaccgta caactttagt caaattagaa actctgtttt 960
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atctgcagaa aagaaaaaaa aagaggatga attatgtaaa tacttcagga ttagaaataa 1020
tgtcatcgta tatctcttga tatgaataca tattttactt gactagtacc gtagtcggca 1080
ggaaaatgac acaaacaacc atctaaaaag ataaagtaag aactaaaaag tcttgacatt 1140
cattagttta atcattttct gttaacatat atggaaaaaa caaacttcac cgttatttac 1200
ctgaatttac ctatttgggt aagaattgta cctctggacc tctagtattt tatatacacc 1260
taaaaatata attttggtcg ggaaaatata actctgttta attaattaaa ttttcagtat 1320
tgtgtaagtg taattataga aatcaatttt atccgcgtaa caaaataata taaaattata 1380
ctttcaaatc cacgaatata tattgtgaag tctcatagtt tgcaaataag cattggtctt 1440
cggccgacaa aaaaaaaagc attggtcttce gaatattttg aatatcggac caatggtata 1500
taattaataa tatgtggtat ataaatacat atttatttaa atcacaatag gatatgcaat 1560
gtgtgtatat atacatatac gtaattaaag tccgggttaa actgatagca tatattataa 1620
tagatgcatc tataattgtt cgtcaacaaa agcattatca tgtattttga attaagcttc 1680
cttcatttct gtgaatcaaa aggcctcaga agaagaaact aaagtcaaac aatcaacggg 1740
atccaataaa tcacatctgg actatatagt atcaatactt tccacactaa aaaagctaag 1800
aaatttaata aatacattat tatagggggg aaaaaaaggt agtcatcaga tatatatttt 1860
ggtaagaaaa tatagaaatg aataatttca cgtttaacga agaggagatg acgtgtgttc 1920
cttcgaacce gagttttgtt cgtctataaa tagcaccttc tcecttcectcectt cttectcact 1980
tccatcetttt tagcttcact atctctctat aatcggtttt atctttctet aagtcacaac 2040
ccaaaaaaac aaagtagaga agaatctgta agttgtactc cagcttgtgc catgatgatc 2100
acattcgtta tctatttttt ggcacaagct tgagtacaac tgattggctce ttcttactac 2160
aatgaaaaag gccgaggcaa aacgcctaaa atcacttgag aatcaattct ttttactgtce 2220
catttaagct atcttttata aacgtgtctt attttctatc tecttttgttt aaactaagaa 2280
actatagtat tttgtctaaa acaaaacatg aaagaacaga ttagatctca tctttagtct 2340
ctttctecgg tgcagtcage caccgteggg taagtttcat ctgtatttta ttaattaatt 2400
acaattatta gtgttcttat taccgttttg gtaaaattag ttaattaatg tcggtccaaa 2460
cattctaaac caattattct gaaaagggtg aacgccaatc agttatatac aatattctta 2520
cattaaagta gaatcggaga tgttacatac taaccaaaag ttacatatac tagtatcatt 2580
ttctttaaga tttgtttagg atttactcac tttatagtgc tcgcecggttgg ggtcagggta 2640
agtggggaac agatatgctc tgcatgaacc acgtggacca acatgcatat acacagttac 2700
atttattttt tctagtaggt tcatttgcaa attttccagt atcttgtatg ttatcttcat 2760
ggtgagtttt ttggtcgcat attcttggtg attcttctte tacgttttca ctttettett 2820
cagagacctt attaatatgt taattgcatg aatttatgta acattcaaga aaaagagatc 2880
gaatacaaga aaccggaaat ttaatttcta atttgaattc tatgcatgtt tgtttctttg 2940
ccaatttagt acgaatatat ttatggtccg gagttctaac caaagatagt tgctctgtat 3000
atagaagtta tacatctcgc ttgtttaaac taaataacta tttagtttgt cttggtagtc 3060
cagtgacttt ctgcaaacat tgggatttat aatatagtca aaacgttggg atatgtagta 3120
ttcattttcg ttgtaaaaat cattatattt tgcaaaggtt gcaacgtaaa acgttgtatt 3180

gaatttagga gaaagtagcc atttacaatg aattttagtg acaaactgtt gtatacagcc 3240
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tgtgccacta agtatgtcta tatctaaatt tggaatggat gataaccagt attggtcaat 3300
aatggataat ttggtattta gaattactaa tttggtattt tagtgacaaa ctgttgtatg 3360
gaatttagga gaacgcgttc ccaagctata tattatatgt atttcattct ttcatatgtt 3420
atattatgaa ttgttataaa aaagaccaat gagcaacggt ttaaggttta atcagtaatc 3480
gatccgacca atcatataca agttcctaac acatcttcta actactgagt aaaatagtaa 3540
tgctattaca aaggtttttt cttttcaaaa tacagcctaa tgctactaca aaattctaat 3600
gttataaaat aatcatagga gaagtaaacc ccggtattta attaatacct tacaaactta 3660
cattattgat aaagttgaat gaagagttat atggtccatt tagtattatt tacttaatat 3720
gatactagtg ttagacgtgt tactgtattt caacgtgcat aatcaggttg ttcaaaaaga 3780
gagaggatag gtcttcttct tctgtaattt gectgggacceg caagtcatgt gaggctgcetce 3840
tgctgatgct gecacggcgtce gcaactctct caataaattc ttttaactaa cgctccaatt 3900
ttcgatgtaa attggctgac ttcaattcta tgccttactc ttgtactcta tgtttcettta 3960
tctattaaaa tccaactctg cttttgaacc caaaaaacaa 4000
<210> SEQ ID NO 71

<211> LENGTH: 4000

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 71

accctcattg attttggtgg ccaaactctt gatcgtatte ttttaggaac agtaattaat 60
tttaaatttyg agaaaaatgt agtgatgaaa gtgagatata tgggacgcac tattgaaagc 120
attgtccaca ccgcatgatg tgagattgat gtgaatatgg taactaataa cacccagact 180
cacttttatg agaaaatgta tcttaaaaaa tgttattcat caaagcttag atgcgctata 240
ggggaacata atcattattt gaaaagaacc aattcaaata tttttttttt taagagttaa 300
aatcctatat aacataacca tccaaacttt gggcatgaac acaacaatat tttttttegt 360
ttttgataaa ttctttcaat tgcaatcaaa acttaccagc tatacaaatg tttgctgcat 420
ccaatctaat acaccgttaa acaataaaat ttgttatcte tcaaatctga tcatctatte 480
caacctgact gttttattct agtattttaa ggccaggtat aacgaaaaca aagaaaaaag 540
ttcagcgace aagacatttt gacatcaggce tcaaacggtce aaacccacga aaacttttac 600
ctcatttett aaccacgcag tgttatttga atagccttaa taggctaata caaaacaaca 660
agccatcgat tacagtttta actataatat tacaaaatct taaaccaaaa caagaaaaga 720
tatatattcc gtaaaattaa aataatattt ttaatatagt cattatgtaa gttagctctt 780
tcgacaaaat cattataaat taggccattt tgtaagttag ttcttttatc gacaagccat 840
tataacttag gtaattttgt aagttagctg gactataacc aatttttttg tttcacatct 900
agagtataaa acacatatat attgaccgta caactttagt caaattagaa actctgtttt 960

atctgcagaa aagaaaaaaa aagaggatga attatgtaaa tacttcagga ttagaaataa 1020

tgtcatcgta tatctcttga tatgaataca tattttactt gactagtacc gtagtcggca 1080

ggaaaatgac acaaacaacc atctaaaaag ataaagtaag aactaaaaag tcttgacatt 1140

cattagttta atcattttct gttaacatat atggaaaaaa caaacttcac cgttatttac 1200
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ctgaatttac ctatttgggt aagaattgta cctctggacc tctagtattt tatatacacc 1260
taaaaatata attttggtcg ggaaaatata actctgttta attaattaaa ttttcagtat 1320
tgtgtaagtg taattataga aatcaatttt atccgcgtaa caaaataata taaaattata 1380
ctttcaaatc cacgaatata tattgtgaag tctcatagtt tgcaaataag cattggtctt 1440
cggccgacaa aaaaaaaagc attggtcttce gaatattttg aatatcggac caatggtata 1500
taattaataa tatgtggtat ataaatacat atttatttaa atcacaatag gatatgcaat 1560
gtgtgtatat atacatatac gtaattaaag tccgggttaa actgatagca tatattataa 1620
tagatgcatc tataattgtt cgtcaacaaa agcattatca tgtattttga attaagcttc 1680
cttcatttct gtgaatcaaa aggcctcaga agaagaaact aaagtcaaac aatcaacggg 1740
atccaataaa tcacatctgg actatatagt atcaatactt tccacactaa aaaagctaag 1800
aaatttaata aatacattat tatagggggg aaaaaaaggt agtcatcaga tatatatttt 1860
ggtaagaaaa tatagaaatg aataatttca cgtttaacga agaggagatg acgtgtgttc 1920
cttcgaacce gagttttgtt cgtctataaa tagcaccttc tcecttcectcectt cttectcact 1980
tccatcetttt tagcttcact atctctctat aatcggtttt atctttctet aagtcacaac 2040
ccaaaaaaac aaagtagaga agaatctgta tatccacaca aactacctgc aatgatgatc 2100
acattcgtta tctatttttt tgcaggtagt gtgtgtggat agattggctce ttcttactac 2160
aatgaaaaag gccgaggcaa aacgcctaaa atcacttgag aatcaattct ttttactgtce 2220
catttaagct atcttttata aacgtgtctt attttctatc tecttttgttt aaactaagaa 2280
actatagtat tttgtctaaa acaaaacatg aaagaacaga ttagatctca tctttagtct 2340
ctttctecgg tgcagtcage caccgteggg taagtttcat ctgtatttta ttaattaatt 2400
acaattatta gtgttcttat taccgttttg gtaaaattag ttaattaatg tcggtccaaa 2460
cattctaaac caattattct gaaaagggtg aacgccaatc agttatatac aatattctta 2520
cattaaagta gaatcggaga tgttacatac taaccaaaag ttacatatac tagtatcatt 2580
ttctttaaga tttgtttagg atttactcac tttatagtgc tcgcecggttgg ggtcagggta 2640
agtggggaac agatatgctc tgcatgaacc acgtggacca acatgcatat acacagttac 2700
atttattttt tctagtaggt tcatttgcaa attttccagt atcttgtatg ttatcttcat 2760
ggtgagtttt ttggtcgcat attcttggtg attcttctte tacgttttca ctttettett 2820
cagagacctt attaatatgt taattgcatg aatttatgta acattcaaga aaaagagatc 2880
gaatacaaga aaccggaaat ttaatttcta atttgaattc tatgcatgtt tgtttctttg 2940
ccaatttagt acgaatatat ttatggtccg gagttctaac caaagatagt tgctctgtat 3000
atagaagtta tacatctcgc ttgtttaaac taaataacta tttagtttgt cttggtagtc 3060
cagtgacttt ctgcaaacat tgggatttat aatatagtca aaacgttggg atatgtagta 3120
ttcattttcg ttgtaaaaat cattatattt tgcaaaggtt gcaacgtaaa acgttgtatt 3180
gaatttagga gaaagtagcc atttacaatg aattttagtg acaaactgtt gtatacagcc 3240
tgtgccacta agtatgtcta tatctaaatt tggaatggat gataaccagt attggtcaat 3300
aatggataat ttggtattta gaattactaa tttggtattt tagtgacaaa ctgttgtatg 3360
gaatttagga gaacgcgttc ccaagctata tattatatgt atttcattct ttcatatgtt 3420

atattatgaa ttgttataaa aaagaccaat gagcaacggt ttaaggttta atcagtaatc 3480
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gatccgacca atcatataca agttcctaac acatcttcta actactgagt aaaatagtaa 3540
tgctattaca aaggtttttt cttttcaaaa tacagcctaa tgctactaca aaattctaat 3600
gttataaaat aatcatagga gaagtaaacc ccggtattta attaatacct tacaaactta 3660
cattattgat aaagttgaat gaagagttat atggtccatt tagtattatt tacttaatat 3720
gatactagtg ttagacgtgt tactgtattt caacgtgcat aatcaggttg ttcaaaaaga 3780
gagaggatag gtcttcttct tctgtaattt gectgggacceg caagtcatgt gaggctgcetce 3840
tgctgatgct gecacggcgtce gcaactctct caataaattc ttttaactaa cgctccaatt 3900
ttcgatgtaa attggctgac ttcaattcta tgccttactc ttgtactcta tgtttcettta 3960
tctattaaaa tccaactctg cttttgaacc caaaaaacaa 4000
<210> SEQ ID NO 72

<211> LENGTH: 4000

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 72

accctcattg attttggtgg ccaaactctt gatcgtatte ttttaggaac agtaattaat 60
tttaaatttyg agaaaaatgt agtgatgaaa gtgagatata tgggacgcac tattgaaagc 120
attgtccaca ccgcatgatg tgagattgat gtgaatatgg taactaataa cacccagact 180
cacttttatg agaaaatgta tcttaaaaaa tgttattcat caaagcttag atgcgctata 240
ggggaacata atcattattt gaaaagaacc aattcaaata tttttttttt taagagttaa 300
aatcctatat aacataacca tccaaacttt gggcatgaac acaacaatat tttttttegt 360
ttttgataaa ttctttcaat tgcaatcaaa acttaccagc tatacaaatg tttgctgcat 420
ccaatctaat acaccgttaa acaataaaat ttgttatcte tcaaatctga tcatctatte 480
caacctgact gttttattct agtattttaa ggccaggtat aacgaaaaca aagaaaaaag 540
ttcagcgace aagacatttt gacatcaggce tcaaacggtce aaacccacga aaacttttac 600
ctcatttett aaccacgcag tgttatttga atagccttaa taggctaata caaaacaaca 660
agccatcgat tacagtttta actataatat tacaaaatct taaaccaaaa caagaaaaga 720
tatatattcc gtaaaattaa aataatattt ttaatatagt cattatgtaa gttagctctt 780
tcgacaaaat cattataaat taggccattt tgtaagttag ttcttttatc gacaagccat 840
tataacttag gtaattttgt aagttagctg gactataacc aatttttttg tttcacatct 900
agagtataaa acacatatat attgaccgta caactttagt caaattagaa actctgtttt 960

atctgcagaa aagaaaaaaa aagaggatga attatgtaaa tacttcagga ttagaaataa 1020

tgtcatcgta tatctcttga tatgaataca tattttactt gactagtacc gtagtcggca 1080

ggaaaatgac acaaacaacc atctaaaaag ataaagtaag aactaaaaag tcttgacatt 1140

cattagttta atcattttct gttaacatat atggaaaaaa caaacttcac cgttatttac 1200

ctgaatttac ctatttgggt aagaattgta cctctggacc tctagtattt tatatacacc 1260

taaaaatata attttggtcg ggaaaatata actctgttta attaattaaa ttttcagtat 1320

tgtgtaagtg taattataga aatcaatttt atccgcgtaa caaaataata taaaattata 1380

ctttcaaatc cacgaatata tattgtgaag tctcatagtt tgcaaataag cattggtctt 1440
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cggccgacaa aaaaaaaagc attggtcttce gaatattttg aatatcggac caatggtata 1500
taattaataa tatgtggtat ataaatacat atttatttaa atcacaatag gatatgcaat 1560
gtgtgtatat atacatatac gtaattaaag tccgggttaa actgatagca tatattataa 1620
tagatgcatc tataattgtt cgtcaacaaa agcattatca tgtattttga attaagcttc 1680
cttcatttct gtgaatcaaa aggcctcaga agaagaaact aaagtcaaac aatcaacggg 1740
atccaataaa tcacatctgg actatatagt atcaatactt tccacactaa aaaagctaag 1800
aaatttaata aatacattat tatagggggg aaaaaaaggt agtcatcaga tatatatttt 1860
ggtaagaaaa tatagaaatg aataatttca cgtttaacga agaggagatg acgtgtgttc 1920
cttcgaacce gagttttgtt cgtctataaa tagcaccttc tcecttcectcectt cttectcact 1980
tccatcetttt tagcttcact atctctctat aatcggtttt atctttctet aagtcacaac 2040
ccaaaaaaac aaagtagaga agaatctgta tgacaatcca gccaatccag catgatgatc 2100
acattcgtta tctatttttt getggattgg atggattgtc agattggcte ttcecttactac 2160
aatgaaaaag gccgaggcaa aacgcctaaa atcacttgag aatcaattct ttttactgtce 2220
catttaagct atcttttata aacgtgtctt attttctatc tecttttgttt aaactaagaa 2280
actatagtat tttgtctaaa acaaaacatg aaagaacaga ttagatctca tctttagtct 2340
ctttctecgg tgcagtcage caccgteggg taagtttcat ctgtatttta ttaattaatt 2400
acaattatta gtgttcttat taccgttttg gtaaaattag ttaattaatg tcggtccaaa 2460
cattctaaac caattattct gaaaagggtg aacgccaatc agttatatac aatattctta 2520
cattaaagta gaatcggaga tgttacatac taaccaaaag ttacatatac tagtatcatt 2580
ttctttaaga tttgtttagg atttactcac tttatagtgc tcgcecggttgg ggtcagggta 2640
agtggggaac agatatgctc tgcatgaacc acgtggacca acatgcatat acacagttac 2700
atttattttt tctagtaggt tcatttgcaa attttccagt atcttgtatg ttatcttcat 2760
ggtgagtttt ttggtcgcat attcttggtg attcttctte tacgttttca ctttettett 2820
cagagacctt attaatatgt taattgcatg aatttatgta acattcaaga aaaagagatc 2880
gaatacaaga aaccggaaat ttaatttcta atttgaattc tatgcatgtt tgtttctttg 2940
ccaatttagt acgaatatat ttatggtccg gagttctaac caaagatagt tgctctgtat 3000
atagaagtta tacatctcgc ttgtttaaac taaataacta tttagtttgt cttggtagtc 3060
cagtgacttt ctgcaaacat tgggatttat aatatagtca aaacgttggg atatgtagta 3120
ttcattttcg ttgtaaaaat cattatattt tgcaaaggtt gcaacgtaaa acgttgtatt 3180
gaatttagga gaaagtagcc atttacaatg aattttagtg acaaactgtt gtatacagcc 3240
tgtgccacta agtatgtcta tatctaaatt tggaatggat gataaccagt attggtcaat 3300
aatggataat ttggtattta gaattactaa tttggtattt tagtgacaaa ctgttgtatg 3360
gaatttagga gaacgcgttc ccaagctata tattatatgt atttcattct ttcatatgtt 3420
atattatgaa ttgttataaa aaagaccaat gagcaacggt ttaaggttta atcagtaatc 3480
gatccgacca atcatataca agttcctaac acatcttcta actactgagt aaaatagtaa 3540
tgctattaca aaggtttttt cttttcaaaa tacagcctaa tgctactaca aaattctaat 3600
gttataaaat aatcatagga gaagtaaacc ccggtattta attaatacct tacaaactta 3660

cattattgat aaagttgaat gaagagttat atggtccatt tagtattatt tacttaatat 3720
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gatactagtg ttagacgtgt tactgtattt caacgtgcat aatcaggttg ttcaaaaaga 3780
gagaggatag gtcttcttct tctgtaattt gectgggacceg caagtcatgt gaggctgcetce 3840
tgctgatgct gecacggcgtce gcaactctct caataaattc ttttaactaa cgctccaatt 3900
ttcgatgtaa attggctgac ttcaattcta tgccttactc ttgtactcta tgtttcettta 3960
tctattaaaa tccaactctg cttttgaacc caaaaaacaa 4000
<210> SEQ ID NO 73

<211> LENGTH: 4000

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 73

accctcattg attttggtgg ccaaactctt gatcgtatte ttttaggaac agtaattaat 60
tttaaatttyg agaaaaatgt agtgatgaaa gtgagatata tgggacgcac tattgaaagc 120
attgtccaca ccgcatgatg tgagattgat gtgaatatgg taactaataa cacccagact 180
cacttttatg agaaaatgta tcttaaaaaa tgttattcat caaagcttag atgcgctata 240
ggggaacata atcattattt gaaaagaacc aattcaaata tttttttttt taagagttaa 300
aatcctatat aacataacca tccaaacttt gggcatgaac acaacaatat tttttttegt 360
ttttgataaa ttctttcaat tgcaatcaaa acttaccagc tatacaaatg tttgctgcat 420
ccaatctaat acaccgttaa acaataaaat ttgttatcte tcaaatctga tcatctatte 480
caacctgact gttttattct agtattttaa ggccaggtat aacgaaaaca aagaaaaaag 540
ttcagcgace aagacatttt gacatcaggce tcaaacggtce aaacccacga aaacttttac 600
ctcatttett aaccacgcag tgttatttga atagccttaa taggctaata caaaacaaca 660
agccatcgat tacagtttta actataatat tacaaaatct taaaccaaaa caagaaaaga 720
tatatattcc gtaaaattaa aataatattt ttaatatagt cattatgtaa gttagctctt 780
tcgacaaaat cattataaat taggccattt tgtaagttag ttcttttatc gacaagccat 840
tataacttag gtaattttgt aagttagctg gactataacc aatttttttg tttcacatct 900
agagtataaa acacatatat attgaccgta caactttagt caaattagaa actctgtttt 960

atctgcagaa aagaaaaaaa aagaggatga attatgtaaa tacttcagga ttagaaataa 1020
tgtcatcgta tatctcttga tatgaataca tattttactt gactagtacc gtagtcggca 1080
ggaaaatgac acaaacaacc atctaaaaag ataaagtaag aactaaaaag tcttgacatt 1140
cattagttta atcattttct gttaacatat atggaaaaaa caaacttcac cgttatttac 1200
ctgaatttac ctatttgggt aagaattgta cctctggacc tctagtattt tatatacacc 1260
taaaaatata attttggtcg ggaaaatata actctgttta attaattaaa ttttcagtat 1320
tgtgtaagtg taattataga aatcaatttt atccgcgtaa caaaataata taaaattata 1380
ctttcaaatc cacgaatata tattgtgaag tctcatagtt tgcaaataag cattggtctt 1440
cggccgacaa aaaaaaaagc attggtcttce gaatattttg aatatcggac caatggtata 1500
taattaataa tatgtggtat ataaatacat atttatttaa atcacaatag gatatgcaat 1560
gtgtgtatat atacatatac gtaattaaag tccgggttaa actgatagca tatattataa 1620

tagatgcatc tataattgtt cgtcaacaaa agcattatca tgtattttga attaagcttc 1680
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cttcatttct gtgaatcaaa aggcctcaga agaagaaact aaagtcaaac aatcaacggg 1740
atccaataaa tcacatctgg actatatagt atcaatactt tccacactaa aaaagctaag 1800
aaatttaata aatacattat tatagggggg aaaaaaaggt agtcatcaga tatatatttt 1860
ggtaagaaaa tatagaaatg aataatttca cgtttaacga agaggagatg acgtgtgttc 1920
cttcgaacce gagttttgtt cgtctataaa tagcaccttc tcecttcectcectt cttectcact 1980
tccatcetttt tagcttcact atctctctat aatcggtttt atctttctet aagtcacaac 2040
ccaaaaaaac aaagtagaga agaatctgta taaagatcgg caacacatga tatgatgatc 2100
acattcgtta tctatttttt atcatgtgtt accgatcttt acattggctce ttcttactac 2160
aatgaaaaag gccgaggcaa aacgcctaaa atcacttgag aatcaattct ttttactgtce 2220
catttaagct atcttttata aacgtgtctt attttctatc tecttttgttt aaactaagaa 2280
actatagtat tttgtctaaa acaaaacatg aaagaacaga ttagatctca tctttagtct 2340
ctttctecgg tgcagtcage caccgteggg taagtttcat ctgtatttta ttaattaatt 2400
acaattatta gtgttcttat taccgttttg gtaaaattag ttaattaatg tcggtccaaa 2460
cattctaaac caattattct gaaaagggtg aacgccaatc agttatatac aatattctta 2520
cattaaagta gaatcggaga tgttacatac taaccaaaag ttacatatac tagtatcatt 2580
ttctttaaga tttgtttagg atttactcac tttatagtgc tcgcecggttgg ggtcagggta 2640
agtggggaac agatatgctc tgcatgaacc acgtggacca acatgcatat acacagttac 2700
atttattttt tctagtaggt tcatttgcaa attttccagt atcttgtatg ttatcttcat 2760
ggtgagtttt ttggtcgcat attcttggtg attcttctte tacgttttca ctttettett 2820
cagagacctt attaatatgt taattgcatg aatttatgta acattcaaga aaaagagatc 2880
gaatacaaga aaccggaaat ttaatttcta atttgaattc tatgcatgtt tgtttctttg 2940
ccaatttagt acgaatatat ttatggtccg gagttctaac caaagatagt tgctctgtat 3000
atagaagtta tacatctcgc ttgtttaaac taaataacta tttagtttgt cttggtagtc 3060
cagtgacttt ctgcaaacat tgggatttat aatatagtca aaacgttggg atatgtagta 3120
ttcattttcg ttgtaaaaat cattatattt tgcaaaggtt gcaacgtaaa acgttgtatt 3180
gaatttagga gaaagtagcc atttacaatg aattttagtg acaaactgtt gtatacagcc 3240
tgtgccacta agtatgtcta tatctaaatt tggaatggat gataaccagt attggtcaat 3300
aatggataat ttggtattta gaattactaa tttggtattt tagtgacaaa ctgttgtatg 3360
gaatttagga gaacgcgttc ccaagctata tattatatgt atttcattct ttcatatgtt 3420
atattatgaa ttgttataaa aaagaccaat gagcaacggt ttaaggttta atcagtaatc 3480
gatccgacca atcatataca agttcctaac acatcttcta actactgagt aaaatagtaa 3540
tgctattaca aaggtttttt cttttcaaaa tacagcctaa tgctactaca aaattctaat 3600
gttataaaat aatcatagga gaagtaaacc ccggtattta attaatacct tacaaactta 3660
cattattgat aaagttgaat gaagagttat atggtccatt tagtattatt tacttaatat 3720
gatactagtg ttagacgtgt tactgtattt caacgtgcat aatcaggttg ttcaaaaaga 3780
gagaggatag gtcttcttct tctgtaattt gectgggacceg caagtcatgt gaggctgcetce 3840
tgctgatgct gecacggcgtce gcaactctct caataaattc ttttaactaa cgctccaatt 3900

ttcgatgtaa attggctgac ttcaattcta tgccttactc ttgtactcta tgtttcettta 3960
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tctattaaaa tccaactctg cttttgaace caaaaaacaa

<210> SEQ ID NO 74
<211> LENGTH: 4000

<212> TYPE:

DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 74

acccteattyg

tttaaatttyg

attgtccaca

cacttttatg

ggggaacata

aatcctatat

ttttgataaa

ccaatctaat

caacctgact

ttcagegace

ctcatttctt

agccatcgat

tatatattcc

tcgacaaaat

tataacttag

agagtataaa

atctgcagaa

tgtcatcgta

ggaaaatgac

cattagttta

ctgaatttac

taaaaatata

tgtgtaagtg

ctttcaaatc

cggccgacaa

taattaataa

gtgtgtatat

tagatgcatc

cttcatttcet

atccaataaa

aaatttaata

ggtaagaaaa

attttggtgg

agaaaaatgt

ccgcatgatg

agaaaatgta

atcattattt

aacataacca

ttctttcaat

acaccgttaa

gttttattct

aagacatttt

aaccacgcag

tacagtttta

gtaaaattaa

cattataaat

gtaattttgt

acacatatat

aagaaaaaaa

tatctcttga

acaaacaacc

atcattttct

ctatttgggt

attttggteg

taattataga

cacgaatata

aaaaaaaagc

tatgtggtat

atacatatac

tataattgtt

gtgaatcaaa

tcacatctgg

aatacattat

tatagaaatg

ccaaactctt

agtgatgaaa

tgagattgat

tcttaaaaaa

gaaaagaacc

tccaaacttt

tgcaatcaaa

acaataaaat

agtattttaa

gacatcaggce

tgttatttga

actataatat

aataatattt

taggccattt

aagttagetg

attgaccgta

aagaggatga

tatgaataca

atctaaaaag

gttaacatat

aagaattgta

ggaaaatata

aatcaatttt

tattgtgaag

attggtette

ataaatacat

gtaattaaag

cgtcaacaaa

aggcctcaga

actatatagt

tatagggggg

aataatttca

gatcgtattce

gtgagatata

gtgaatatgg

tgttattecat

aattcaaata

gggcatgaac

acttaccage

ttgttatcte

ggccaggtat

tcaaacggte

atagccttaa

tacaaaatct

ttaatatagt

tgtaagttag

gactataacc

caactttagt

attatgtaaa

tattttactt

ataaagtaag

atggaaaaaa

cctetggace

actctgttta

atccgegtaa

tctcatagtt

gaatattttg

atttatttaa

tccgggttaa

agcattatca

agaagaaact

atcaatactt

aaaaaaaggt

cgtttaacga

Single strand oligonucleotide

ttttaggaac

tgggacgcac

taactaataa

caaagcttag

ttceeeeeet

acaacaatat

tatacaaatg

tcaaatctga

aacgaaaaca

aaacccacga

taggctaata

taaaccaaaa

cattatgtaa

ttcttttatce

aatttttttyg

caaattagaa

tacttcagga

gactagtacc

aactaaaaag

caaacttcac

tctagtattt

attaattaaa

caaaataata

tgcaaataag

aatatcggac

atcacaatag

actgatagca

tgtattttga

aaagtcaaac

tccacactaa

agtcatcaga

agaggagatg

agtaattaat

tattgaaagc

cacccagact

atgcgctata

taagagttaa

tttttttegt

tttgctgeat

tcatctatte

aagaaaaaag

aaacttttac

caaaacaaca

caagaaaaga

gttagetett

gacaagccat

tttcacatct

actctgtttt

ttagaaataa

gtagtcggca

tcttgacatt

cgttatttac

tatatacacc

ttttcagtat

taaaattata

cattggtett

caatggtata

gatatgcaat

tatattataa

attaagcttce

aatcaacggyg

aaaagctaag

tatatatttt

acgtgtgtte

4000

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920
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cttcgaacce gagttttgtt cgtctataaa tagcaccttc tcecttcectcectt cttectcact 1980
tccatcetttt tagcttcact atctctctat aatcggtttt atctttctet aagtcacaac 2040
ccaaaaaaac aaagtagaga agaatctgta tgacctttct tgggtttagce catgatgatc 2100
acattcgtta tctatttttt ggctaaacce cagaaaggtc acattggctce ttcettactac 2160
aatgaaaaag gccgaggcaa aacgcctaaa atcacttgag aatcaattct ttttactgtce 2220
catttaagct atcttttata aacgtgtctt attttctatc tecttttgttt aaactaagaa 2280
actatagtat tttgtctaaa acaaaacatg aaagaacaga ttagatctca tctttagtct 2340
ctttctecgg tgcagtcage caccgteggg taagtttcat ctgtatttta ttaattaatt 2400
acaattatta gtgttcttat taccgttttg gtaaaattag ttaattaatg tcggtccaaa 2460
cattctaaac caattattct gaaaagggtg aacgccaatc agttatatac aatattctta 2520
cattaaagta gaatcggaga tgttacatac taaccaaaag ttacatatac tagtatcatt 2580
ttctttaaga tttgtttagg atttactcac tttatagtgc tcgcecggttgg ggtcagggta 2640
agtggggaac agatatgctc tgcatgaacc acgtggacca acatgcatat acacagttac 2700
atttattttt tctagtaggt tcatttgcaa attttccagt atcttgtatg ttatcttcat 2760
ggtgagtttt ttggtcgcat attcttggtg attcttctte tacgttttca ctttettett 2820
cagagacctt attaatatgt taattgcatg aatttatgta acattcaaga aaaagagatc 2880
gaatacaaga aaccggaaat ttaatttcta atttgaattc tatgcatgtt tgtttctttg 2940
ccaatttagt acgaatatat ttatggtccg gagttctaac caaagatagt tgctctgtat 3000
atagaagtta tacatctcgc ttgtttaaac taaataacta tttagtttgt cttggtagtc 3060
cagtgacttt ctgcaaacat tgggatttat aatatagtca aaacgttggg atatgtagta 3120
ttcattttcg ttgtaaaaat cattatattt tgcaaaggtt gcaacgtaaa acgttgtatt 3180
gaatttagga gaaagtagcc atttacaatg aattttagtg acaaactgtt gtatacagcc 3240
tgtgccacta agtatgtcta tatctaaatt tggaatggat gataaccagt attggtcaat 3300
aatggataat ttggtattta gaattactaa tttggtattt tagtgacaaa ctgttgtatg 3360
gaatttagga gaacgcgttc ccaagctata tattatatgt atttcattct ttcatatgtt 3420
atattatgaa ttgttataaa aaagaccaat gagcaacggt ttaaggttta atcagtaatc 3480
gatccgacca atcatataca agttcctaac acatcttcta actactgagt aaaatagtaa 3540
tgctattaca aaggtttttt cttttcaaaa tacagcctaa tgctactaca aaattctaat 3600
gttataaaat aatcatagga gaagtaaacc ccggtattta attaatacct tacaaactta 3660
cattattgat aaagttgaat gaagagttat atggtccatt tagtattatt tacttaatat 3720
gatactagtg ttagacgtgt tactgtattt caacgtgcat aatcaggttg ttcaaaaaga 3780
gagaggatag gtcttcttct tctgtaattt gectgggacceg caagtcatgt gaggctgcetce 3840
tgctgatgct gecacggcgtce gcaactctct caataaattc ttttaactaa cgctccaatt 3900
ttcgatgtaa attggctgac ttcaattcta tgccttactc ttgtactcta tgtttcettta 3960

tctattaaaa tccaactctg cttttgaacc caaaaaacaa 4000

<210> SEQ ID NO 75

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
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<220> FEATURE:
<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 75

acaccctggg aattggttt 19

<210> SEQ ID NO 76

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 76

gtatgcgcca ataagaccac 20

<210> SEQ ID NO 77

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 77

gtactgctgg tcectttgcag 20

<210> SEQ ID NO 78

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 78

aggagcacta cggaaggatg 20

<210> SEQ ID NO 79

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 79

gttgagagtg ttggagaagg ag 22

<210> SEQ ID NO 80

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 80

ctcggtgttg atcctgagaa g 21

<210> SEQ ID NO 81

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 81
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agcttectte atttctgtga atce 23

<210> SEQ ID NO 82

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 82

ctgttceccca cttaccctga ¢ 21

<210> SEQ ID NO 83

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 83

ctcctecatet gattecttet ¢ 21

<210> SEQ ID NO 84

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 84

ctgttceccca cttaccctga ¢ 21

<210> SEQ ID NO 85

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 85

gtgtgtggaa agtttatcaa cac 23

<210> SEQ ID NO 86

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 86

gttagtatgt aacatctccg attctac 27

<210> SEQ ID NO 87

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 87

agagtggtcg tgtgagttgce 20
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<210> SEQ ID NO 88

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 88

ccagtcaaga tttcatggat ctgtt 25

<210> SEQ ID NO 89

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 89

ctaacataat cgagaacaga tggaagac 28

<210> SEQ ID NO 90

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 90

ttctcatgte cttgatttat caatttaaca ac 32

<210> SEQ ID NO 91

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 91

agagtggtcg tgtgagttgce 20

<210> SEQ ID NO 92

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 92

cgcatcagat ctatcaaaca cataga 26
<210> SEQ ID NO 93

<211> LENGTH: 110

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 93

geegeaggau cuagggguua cucucuaggg gguaugguau agcuuguaac cagcecgcecag 60
aaaacugucc gcaaguuuau gcuguaucuc acagacagca accgacuacg 110

<210> SEQ ID NO 94
<211> LENGTH: 63
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<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 94

gucagccuga accugcugcu gaaaaaccuc uaaauaggga cccuccuggu ggguuageuc

gge

<210> SEQ ID NO 95

<211> LENGTH: 110

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 95
gecgecggaa gguuugggau cccccuaugyg uggacuaggg ugguuuuacu gceguucuagg

uaaucguuaa aaaguuuguu uuaguuuauc ccaggagguu ucugugacceg

<210> SEQ ID NO 96

<211> LENGTH: 95

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 96
aggccucgua gauuggaugg ccguagugga cugugagggu cceccagaaag gucggauucg

ugggguucac uaauccgaga uguagcecgec ucacc

<210> SEQ ID NO 97

<211> LENGTH: 110

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 97
geggegggaa guauauggca cccccuaggyg uauucauggu cgguuggauc geggecgacg

caaacgucug ccaacuugau caugaauauc gcagguggeg ucacgguaaa

<210> SEQ ID NO 98

<211> LENGTH: 63

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 98

gucaggaaca ggauauaaug gauaaaccuc aaaaaaggga ccuuaccugu guccuaccuc

gge

<210> SEQ ID NO 99

<211> LENGTH: 110

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 99
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gecgcaggaa aggugaggau cccucaacgg guguuugggg auuuuuuagyg cugacacggg

aaaccagaca gagaagauuu ccagauguuc ucugacggceu ccuacgccgg

<210> SEQ ID NO 100

<211> LENGTH: 110

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 100
ccaacacccu ggcccaguge aauugauugg ugcacuucge ggagguguge cggageguuu

gagcauucgu gggguucacu aauccgaugg cagccgggga acacgauccu

<210> SEQ ID NO 101

<211> LENGTH: 110

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 101

geggecggaa aucccuuuaa gecccuacgu uvauuuaugau auugcauaac cugacaugag
uaaacagcaa auguauauau uguaaauaac acagguguau gagacggaca

<210> SEQ ID NO 102

<211> LENGTH: 79

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 102

cguacaggaa aaugacucau uaauugaaaa uaaacgugac uaagucuuau uuucauuuau
gugggccaag guucuguau

<210> SEQ ID NO 103

<211> LENGTH: 110

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 103

gecgeuggaa ggceguaggua cccucaaagg gaguuuucga uguuuguagce cugacugagg
gaaacagcca acaaauuguu ggagauuuuc ccugauggca ucuuccgecg

<210> SEQ ID NO 104

<211> LENGTH: 81

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 104

ugcgaugucg caaggguugg ugcucuuggu ggguuguaag agauaacauu cgugggguuc

acuaaucccu gcgacaucgg g
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<210> SEQ ID NO 105

<211> LENGTH: 110

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 105

geggegggaa uuggagggag cceguccaggu ucuuuguuge ggggugcaca ccgaccgaac

gaaacgggca gcaccuucgu gguaaagaac acggaggggu uccgeccaca

<210> SEQ ID NO 106

<211> LENGTH: 63

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 106
guccgaucaa ugcuccugaa gauaaaccuc uaaauaggga cccuccgggyg ggcaucucgc

gge

<210> SEQ ID NO 107

<211> LENGTH: 86

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 107
ugcuugauuc cgcgacgcuu ccuauuucaa aaaaaagcegg gggaccaggyg gcuuuuucgu

ggcagggcegg ugcccaucce ugagcce

<210> SEQ ID NO 108

<211> LENGTH: 95

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 108
aguccagcac cagauggggg cccuugguga geguuccggg ugggauaaac cggcauucgu

gggguucacu aauccauccu gugagacgcc gcaac

<210> SEQ ID NO 109

<211> LENGTH: 110

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 109
geggegggaa ggeggceccca ceccecuaggyg uauucuuggu cggguugaac cgaguuucug

gaugucgcua caaccaugau uaagaauauc acaggcggceg gggaaugegg

<210> SEQ ID NO 110

<211> LENGTH: 73

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide
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<400>

SEQUENCE: 110

ugacgggaga uuuuuauuug uggguagcge ugugacacuu caaacucugu uuggaaauaa

aaauuaacug uca

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

<400>

SEQ ID NO 111

LENGTH: 86

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Single strand DNA oligonucleotide

SEQUENCE: 111

cgccacauuc cgguauugag uauuuauuca gguuaagagg augeccuggg ucuuagucga

ugcguuccgu uccgcaugec cuggcece

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

<400>

SEQ ID NO 112

LENGTH: 94

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Single strand DNA oligonucleotide

SEQUENCE: 112

ccacgaaacyg gcuacgacgg gggguuggag ggguaaugece auugceggagu acugeguccu

auvaauggcau aaucacuccg ccccccegge gagg

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

<400>

SEQ ID NO 113

LENGTH: 110

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Single strand DNA oligonucleotide

SEQUENCE: 113

gecgecggaa cucacagcua cacccgaggyg uguuggauga gcucgugaaa ccggageguc

gaagcgggca cgugacgcuu auucaauauc gccgguugea gcuauugacc

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

<400>

SEQ ID NO 114

LENGTH: 85

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Single strand DNA oligonucleotide

SEQUENCE: 114

ugccegggac ccagecagag gaauccuuua cagauugugu gcaguucagu cuguaggeca

uuucuuugeu cgggggecgg ugecce

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

<400>

SEQ ID NO 115

LENGTH: 86

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Single strand DNA oligonucleotide

SEQUENCE: 115

cgeceguacgu cgcguccaga ggaauccuuu acagauuggg acguccaagg cgaucuguug

ggcuguaugg agccagugag ccggcece
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<210> SEQ ID NO 116

<211> LENGTH: 95

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 116
gguggaacug cgceggggeg cauuugguga guguuuuggg ucccuaaacyg goecgauucgu

gggguucacu aaucccggag gugauacagce gcauc

<210> SEQ ID NO 117

<211> LENGTH: 119

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 117
aggguagccce aagggecggg uauucuucuu cguuggugau ggaccggggu agagagacaa

ggccccgagu agaagagucc uucaucaacg aggaagagau ucggcccugu ggggaccca

<210> SEQ ID NO 118

<211> LENGTH: 71

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 118
gegacugaaa gcuucaucaa cgaggagcug ugaagccaca gaugggcuuu ucguuugaag

uuuucagcug ¢

<210> SEQ ID NO 119

<211> LENGTH: 80

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 119
ccugcuccca caauucauca acgaggaaga gauuggagua ggcaggauuu auuuugeguu

ggagggaugu gccuucuagg

<210> SEQ ID NO 120

<211> LENGTH: 119

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 120

aggugccogu cgucuccggg gauucguggg guucacuaau ccauuggggdg agggaaaaua
guccccaaca agaagagugg cuuagugagce uccacgggece ccggagaugg acgucgeca
<210> SEQ ID NO 121

<211> LENGTH: 119

<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
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<220> FEATURE:
<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 121
agggagcgge aguaugcagg gcaaggcgag gcageuugag uuaucggggdg agagacaaca

guccccoguuc agaagaauaa guuaggcugu cucgccuuce cugcguacgu gcuaucuca

<210> SEQ ID NO 122

<211> LENGTH: 73

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 122

cucugccuce cgccccugau gagaucgagu acauuuggua ugugcacagg gucucauuuc

agcaggaaca ggg

<210> SEQ ID NO 123

<211> LENGTH: 80

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 123

ccuuaugcca caaccaggaa agacugauac agaaguauaa geccguucug ucgugugcaa

ucauggaugu gacugggagg

<210> SEQ ID NO 124

<211> LENGTH: 119

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 124

aauucacagc ccgucccugg gguugguggg cuucaugagg ggagegggge agggagaaaa
ggccccgaga agaagacuuc auucgugggyg uucacuaauc caggggegag geucggaua
<210> SEQ ID NO 125

<211> LENGTH: 119

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 125

aggaugcuge gucuuggcgu ucguuggggu uugggcaguc ggegugggge agagacaaca

ggccccaagg agaagucgec cacugcuuaa gccucaauaa cgucgggage gcaaaucca

<210> SEQ ID NO 126

<211> LENGTH: 77

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 126

ccgggaccca guaggagaaa uuuauaaaag auugugugeu guucagucuu uuguccauuu
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cuucgcucgyg ggaccgg

<210> SEQ ID NO 127

<211> LENGTH: 80

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 127
ccugguacca cagaaagaaa aaauauaaau uaagguacca guccgcuuaa ucggucuuug

uuauguaugu gucggauagg

<210> SEQ ID NO 128

<211> LENGTH: 87

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 128

cucagcceggu aggucuugga gggguaauge cauugceguag agggacaaga gauguuggca
ucugucuccu cuaagacuua cucugag

<210> SEQ ID NO 129

<211> LENGTH: 119

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 129

aguuagccge gggagecugg gcaagcagaa cauccaacug auagggggge agggaaagaa
ggcccccagg agaagauuau aaguuggaug uucuguuucce caggcucugce gcgauaaca
<210> SEQ ID NO 130

<211> LENGTH: 71

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 130

guagcacuga ggugcuuaug acauaauaag uguugagcua ucuuuugugu uaugagcacu
uaaaguacug ¢

<210> SEQ ID NO 131

<211> LENGTH: 84

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 131

gecacceggge acuguuuuuu uuuuuuuuuu uucagugcua gacccucggyg gacaaacgag

aaagaguaag ucggcccuug gggc

<210> SEQ ID NO 132
<211> LENGTH: 119

77

60

80

60

87

60

119

60

71

60

84



US 2020/0270604 A1l
105

-continued

Aug. 27, 2020

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 132
aguuuaccge ggggeccugg gauucguggg guucacuaau ccecgaggggdg agagauacga

geccccuace agaagauggg cuuagugaac uccacgagece cgggguccgce gcgaagaca

<210> SEQ ID NO 133

<211> LENGTH: 119

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 133
agggaucagc augauccugg gaucguugac aaugcaaaau uuguggggge aaagaaacca

ggcceccucag auaagaacag cuuuuguguu gucagcggece cggggucagu geucucccea

<210> SEQ ID NO 134

<211> LENGTH: 71

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 134
guagcaccaa agugcaaaug gaaaauauag uguuuaguua ucuaguuuuu cauuugcacu

uaagguacug ¢

<210> SEQ ID NO 135

<211> LENGTH: 80

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 135
ccecgouccca cucuaccaua auvaauaauaa uaagggagea gggggeuuau ucuugguguu

guaguaaagu gccacucggg

<210> SEQ ID NO 136

<211> LENGTH: 119

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 136
aguaugccge gugguccggg gauuggaggg guaaugecau ugegugguuc agcgauaaua

gggaccaacg agaagccgua cuggcauuac ucuucugace ccggaccage gcgaauaca

<210> SEQ ID NO 137

<211> LENGTH: 114

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 137
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gaaccgagua cugcaaccuu ugggcgcuuc auuauuccgu uguggceggayg aaaccgageu

guauugaaau aaugaauaaa ggcaagcaac ugagucagac guugcugaau ggaa

<210> SEQ ID NO 138

<211> LENGTH: 88

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 138

cgegegecue ucaauaccua aaauauuaau aguuaauguu uaccgauuaa aucuagcugu
uagucuuuug guagcugcga gucgceged

<210> SEQ ID NO 139

<211> LENGTH: 125

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 139

cceccagecac guaccuagga ageccgacga uugacucggu gaucuacauu uuuauvauvaag
ugaaugauga gcgggguguu uacuuugacyg ggacugcgec ccacaguuaa uaacacaaac
ucuag

<210> SEQ ID NO 140

<211> LENGTH: 126

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 140

ccacccgaag aagaggauca gucacacgag ggguccugeu guguuggagg gguaaugceca
uugcacacac gcacugguaa ugagguuguc ucuccccaug cagcggaccce uaaaaccacc
gcaaag

<210> SEQ ID NO 141

<211> LENGTH: 126

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 141

ccececeggag ccaaggaagu accaaccagu ggguguagga cacuccaaaa ucaauccuaa

uuuacgacac aaacucugaa uuccgguugyg uuuugacggu guccacgucc aaacacgaca

gcgaag

<210> SEQ ID NO 142

<211> LENGTH: 107

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 142
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ggugucagca ccguucaggg ugauucagug ucugugccga ggggcaagca cgecguucac

ccuuggcuau ggcucuugag gaacccucag caccaaccge accugec

<210> SEQ ID NO 143

<211> LENGTH: 123

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 143

geggagegge agaagguace uaaaggugga cauucagaaa uaaggugccc gguucuuugu
cgcucuaaau gugauuaaac auggucggug cccuuguuuu ucagugugag aacuagcecac
gaa

<210> SEQ ID NO 144

<211> LENGTH: 126

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 144

cgacgcccag ccccgeocae gaccagagcea uggucuagau gagecuggea uuguucaguc
agcgeggeac agaauccguu ggagggguaa ugcecauugeu caucaggeca uaagaccace
cccaag

<210> SEQ ID NO 145

<211> LENGTH: 126

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 145

cacaccaagg aaaaggcccg auaucaagcu gggaccgeug ucgcagauua uacuugaucu
aaaaagugac cgaugcuuuu ggcacaagug ugaucacgeg acaggguucce aaacaccacce
ucuaag

<210> SEQ ID NO 146

<211> LENGTH: 107

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 146

ggugucagca ccgcucaggg aguuugauug guggagcegga ggggcaagca cuccguucac

ccuucgcaua auuucaucaa uaucccucag caccaaccgc accugcce

<210> SEQ ID NO 147

<211> LENGTH: 125

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 147
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cceccageccee agucccogge auuccugagu gguacucgga gagucuggga guugaauuua

aaaauuguaa ccagggcoguu uuagcuccceg gcugucaaag ccucaguace aaaaccgcecu

ccggg

<210> SEQ ID NO 148

<211> LENGTH: 126

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 148
cacaccacga ccccggecag accauacgcu ggaucuguaa ucguuuggea uugucuageu
gacgcaagac auaguucguu ggagggguaa ugccauugcg auuaagaucc aaaaucgacc

acaaag

<210> SEQ ID NO 149

<211> LENGTH: 126

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 149
cccagegecg acaagcccaa accagaacgg ggauccgecce guuuugcagg auccggaucce
guauaguaac gccagcguac ggugucgggu ccugcucggg cgggggaucc uaauacuacc

ucgaag

<210> SEQ ID NO 150

<211> LENGTH: 95

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 150
cuggaggagyg gucuccuuug ggcgucgagg ccucugecca ggacaccuuc augaccagua

ggucuuggeg cucaacaggc ggcugcuuac ucucc

<210> SEQ ID NO 151

<211> LENGTH: 125

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 151
cugacaccug ggucagcacce acccageggg accugcaggg aagaauccau gaugguccga

aucaggguga gcauaaaauu cgguaaauug uggcuucuac ccucagaagce caauccggec

gcgga

<210> SEQ ID NO 152

<211> LENGTH: 125

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide
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<400> SEQUENCE: 152
ceceeeoeoue cugccucgau ucuuuaugcu ggacgacuug gaaaguugau gggceuaguug
gguagaccga gaggaggcua uucguggggu ucacuaaucc gccauuguuc aaaacggucu

ucgag

<210> SEQ ID NO 153

<211> LENGTH: 82

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 153
agcaaagagc agauuuuuuu agaucaagug auggggcecau gacaaaaccce cgucccacau

uuuaucuaaa aaaaucugcu ag

<210> SEQ ID NO 154

<211> LENGTH: 85

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 154
cccuagcaga gcouuuuguuu gggacauugu gguugguguce caaacuaucce aaccacaaua

uuucaaaaua aagcuacugu uaggce

<210> SEQ ID NO 155

<211> LENGTH: 109

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 155

ggccacagag cggcgcacgu gacccgugug ccccacauuu uaucuaaaaa aacgagaaga
gaugaagggg ugucugguug gaauguggcyg cgcaacaguc accucuggce

<210> SEQ ID NO 156

<211> LENGTH: 98

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 156

guggggccca ggaggaccua uuggaggggu aaugccauug cggugucaac gucaugucgu

ggcaucacau uuccaacggg aaauccuggyg aaacccag

<210> SEQ ID NO 157

<211> LENGTH: 109

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 157

uaccaacgce caucgaacuc gucacgagceyg ccagaaaugg uaaagaaaau aaugagaaca

60

120
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60
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60

85

60

109

60

98

60
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aacgaaggau uguuucuaug cuauuucucg cgcuaaagac gacgcguge

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

<400>

SEQ ID NO 158

LENGTH: 85

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Single strand DNA oligonucleotide

SEQUENCE: 158

ccuuagcaga gcuguacagu ggaaaaugga gauuuauguc caaacuauua aaucuccaua

uuccacuaaa uagcuacugu uaggce

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

<400>

SEQ ID NO 159

LENGTH: 109

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Single strand DNA oligonucleotide

SEQUENCE: 159

gguaacugce cagcacaagg ggcgcoguggyg cuugaaucau uuugaacuuu uaggagaaca

aacgaaggcu gcgguuuugg gugauuuacg cccaaaagec uucgegguc

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

<400>

SEQ ID NO 160

LENGTH: 82

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Single strand DNA oligonucleotide

SEQUENCE: 160

cgccgaggue accggauugg ugaagceccac agggucaaag gacagaagaa gugauucgug

ggguucacua auccgguggc gg

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

<400>

SEQ ID NO 161

LENGTH: 94

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Single strand DNA oligonucleotide

SEQUENCE: 161

cgecgecagge acccagggou gaauucgaag uucaagegga ceguuaaggg cuucggauuu

ggcacugccu gecuggegeg ggacgaggca acgg

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

<400>

SEQ ID NO 162

LENGTH: 85

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Single strand DNA oligonucleotide

SEQUENCE: 162

ccuuagcaga gcugucgugu uugacauugu guuguguguce caaacuauca caacacaauu

uugaacaaca uagcuacugu uaggc

<210> SEQ ID NO 163
<211> LENGTH: 109

109

60

85

60

109

60

82

60

94

60

85
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<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 163
ggagacugge ccacacaugu gacuuguggyg cccgcuuccu auuucaaaaa aaugagacca

cacgaacgag aguuugaugu aggaggugcg cucaaguguc accccaggce

<210> SEQ ID NO 164

<211> LENGTH: 92

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 164
agcaccgcag uggcugggau uagugaugcece ccucggauac cccaccageg gggggauucg

ugggguucac uaaucccage caagccggug uc

<210> SEQ ID NO 165

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 165

agtagctaca tctggetact ggg

<210> SEQ ID NO 166

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 166

atttagaggt ttatcgggag ggg

<210> SEQ ID NO 167

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 167

agtagctaca tctggetact ggg

<210> SEQ ID NO 168

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide
<400> SEQUENCE: 168

agagccctet gagettcage agg

<210> SEQ ID NO 169
<211> LENGTH: 23

60
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60

92

23

23

23

23
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<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 169

agtagctaca tctggctact ggg 23

<210> SEQ ID NO 170

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 170

atttagaggt ttatcgggag ggg 23

<210> SEQ ID NO 171

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 171

agtagctaca tctggctact ggg 23

<210> SEQ ID NO 172

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 172

caacagctac attgtctgcect ggg 23

<210> SEQ ID NO 173

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 173

agtagctaca tctggctact ggg 23

<210> SEQ ID NO 174

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 174

cacgttgtct gtcaattcat agg 23

<210> SEQ ID NO 175

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide
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<400> SEQUENCE: 175

agtagctaca tctggctact ggg 23

<210> SEQ ID NO 176

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 176

aacccgtaga tccgatcttg tgg 23

<210> SEQ ID NO 177

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 177

agtagctaca tctggctact ggg 23

<210> SEQ ID NO 178

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 178

atttagaggt ttatcgggag ggg 23

<210> SEQ ID NO 179

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 179

aaagggtctc agggacgcag agg 23

<210> SEQ ID NO 180

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 180

agagccctcet gagcttcage agg 23
<210> SEQ ID NO 181

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 181

agtagctaca tctggctact ggg 23
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<210> SEQ ID NO 182

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 182

tgacagcgca ttattactca cgg 23

<210> SEQ ID NO 183

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 183

aaagggtctc agggacgcag agg 23

<210> SEQ ID NO 184

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 184

cctectecagt tccaagttac agg 23

<210> SEQ ID NO 185

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 185

agtagctaca tctggctact ggg 23

<210> SEQ ID NO 186

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 186

ggacccagtt caagtaattc agg 23
<210> SEQ ID NO 187

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 187

aaagggtctc agggacgcag agg 23

<210> SEQ ID NO 188
<211> LENGTH: 23
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<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 188

agagccctcet gagcttcage agg 23

<210> SEQ ID NO 189

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 189

aagttgtatt gttgtggggt agg 23

<210> SEQ ID NO 190

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 190

cgactgtaaa catcctcgac tgg 23

<210> SEQ ID NO 191

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 191

aacccgtaga tccgaacttg tgg 23

<210> SEQ ID NO 192

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 192

attctgctca tgccagggtyg agg 23

<210> SEQ ID NO 193

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 193

aagttgtatt gttgtggggt agg 23

<210> SEQ ID NO 194

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide
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<400> SEQUENCE: 194

caactgtgtt tcagctcagt agg 23

<210> SEQ ID NO 195

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 195

aacccgtaga tccgaacttg tgg 23

<210> SEQ ID NO 196

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 196

attctgctca tgccagggtyg agg 23

<210> SEQ ID NO 197

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 197

aagttgtatt gttgtggggt agg 23

<210> SEQ ID NO 198

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 198

ccaagtaatg gagaacaggc tgg 23

<210> SEQ ID NO 199

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 199

aacccgtaga tccgaacttg tgg 23

<210> SEQ ID NO 200

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 200

acagcagaat atcacacagc tgg 23
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<210> SEQ ID NO 201

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 201

attctgctca tgccagggtyg agg 23

<210> SEQ ID NO 202

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 202

cactaaagtg cttatagtgc agg 23

<210> SEQ ID NO 203

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 203

ggttgaggta gtaggttgta tgg 23

<210> SEQ ID NO 204

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 204

aagttgtatt gttgtggggt agg 23

<210> SEQ ID NO 205

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 205

aagttgtatt gttgtggggt agg 23
<210> SEQ ID NO 206

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 206

cactaaagtg cttatagtgc agg 23

<210> SEQ ID NO 207
<211> LENGTH: 23
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<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 207

aacccgtaga tccgaacttg tgg 23

<210> SEQ ID NO 208

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 208

aagttgtatt gttgtggggt agg 23

<210> SEQ ID NO 209

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 209

cggatcegte tgagecttgge tgg 23

<210> SEQ ID NO 210

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 210

acatcacaag ttagggtctc agg 23

<210> SEQ ID NO 211

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 211

cagataaagc gtacgctata cgg 23

<210> SEQ ID NO 212

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 212

acttgaagag aagttgttcg tgg 23

<210> SEQ ID NO 213

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide
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<400> SEQUENCE: 213

acttgaagag aagttgttcg tgg 23

<210> SEQ ID NO 214

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 214

aagcactccg ttcaccctet ggg 23

<210> SEQ ID NO 215

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 215

aacttctecct taagcaccac agg 23

<210> SEQ ID NO 216

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 216

acttgaagag aagttgttcg tgg 23

<210> SEQ ID NO 217

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 217

acttgaagag aagttgttcg tgg 23

<210> SEQ ID NO 218

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 218

aagcactccg ttcaccctet ggg 23

<210> SEQ ID NO 219

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 219

cagataaagc gtacgctata cgg 23
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<210> SEQ ID NO 220

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 220

acttgaagag aagttgttcg tgg 23

<210> SEQ ID NO 221

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 221

acttgaagag aagttgttcg tgg 23

<210> SEQ ID NO 222

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 222

agagtaagca gccgectgtg agg 23

<210> SEQ ID NO 223

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 223

ccatagtcta ccatctctge agg 23

<210> SEQ ID NO 224

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 224

cagataaagc gtacgctata cgg 23
<210> SEQ ID NO 225

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 225

agcccaaaag gagaattcectt tgg 23

<210> SEQ ID NO 226
<211> LENGTH: 23
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<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 226

agagctgtgg agtgtgacaa tgg 23

<210> SEQ ID NO 227

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 227

agcctectte atatattcte agg 23

<210> SEQ ID NO 228

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 228

agtactgtag cagcacatca tgg 23

<210> SEQ ID NO 229

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 229

agcctectte atatattcte agg 23

<210> SEQ ID NO 230

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 230

agagctgtgg agtgtgacaa tgg 23

<210> SEQ ID NO 231

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 231

agcctectte atatattcte agg 23

<210> SEQ ID NO 232

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide
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<400> SEQUENCE: 232

agcccaaaag gagaattcectt tgg 23

<210> SEQ ID NO 233

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 233

acacttactg aacacctact agg 23

<210> SEQ ID NO 234

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 234

agagctgtgg agtgtgacaa tgg 23

<210> SEQ ID NO 235

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 235

agcctectte atatattcte agg 23

<210> SEQ ID NO 236

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 236

ctcatggcaa cagcagtcga tgg 23

<210> SEQ ID NO 237

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 237

gttgagagtg ttggagaagg ag 22

<210> SEQ ID NO 238

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 238

ctcggtgttg atcctgagaa g 21
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<210> SEQ ID NO 239

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 239

gtactgctgg tcectttgcag 20

<210> SEQ ID NO 240

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 240

aggagcacta cggaaggatg 20

<210> SEQ ID NO 241

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 241

acaccctggg aattggttt 19

<210> SEQ ID NO 242

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand DNA oligonucleotide

<400> SEQUENCE: 242

gtatgcgcca ataagaccac 20

<210> SEQ ID NO 243

<211> LENGTH: 999

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 243

atgttttatg actaataaac ttgaaaatga ctaaacaata atcattaatc ttgtcgagta 60
tctgacaatg tggaggacag aagaaaggga ttgctgectyg gtcaatgtga ggctttecte 120
taaaggtagt accaagtcag actgccttcce tgataacagg tctcattttyg taggaccctt 180
attgtgtgtt ttttggggaa gcctactgta aaagccaaca ttttaatggg attgtatctt 240
atatttcecttt aaggagtttt tttttttttt ttaaggctta catgtgtcca atttggaact 300
tctggetatt ggctectece cteccceeect tgggtataag ctgtaattga tgtttgtgac 360
agaatttaga gctttggett tttceccttttt gtctaattat ttatttcaaa tttagcagga 420
ataaagtgaa cctcaccttg ggactgaagce tgtgaccagt cagaataatg cagttgtact 480

ccagettgtyg ccagtgatgt gegeatctac acaacttagg gtacaggaag cattatgetg 540
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acagctgect cggtgggage cacagtggge getgectegyg geggcactgyg ctgegtecag 600
tegteggtea gtceggtegeg gggagggect getggtgetyg cgtgettttt gttctaaggt 660
gcatctagtyg cagatagtga agtagactag catctactgce cctaagtgcet ccttetggea 720
taagaagtta tgtcctcatc caatccaagt caagcaagca tgtaggggtce tctccatagt 780
tgtgtttgca gccctetgtt agttttgecat agttgcacta caagaagaat gtagttgtge 840
aaatctatgc aaaactgatg gtggcctgct atttacttca agtgttgttt ttttttaaac 900
taattttgta tttttattgt gtcgatgtag agcctgcegtg gtgtgtgtga tgtgacagcet 960
tctgtagcac taaagtgctt atagtgcagg tagtgtgta 999

<210> SEQ ID NO 244

<211> LENGTH: 999

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 244

atgttttatg actaataaac ttgaaaatga ctaaacaata atcattaatc ttgtcgagta 60
tctgacaatg tggaggacag aagaaaggga ttgctgectyg gtcaatgtga ggctttecte 120
taaaggtagt accaagtcag actgccttcce tgataacagg tctcattttyg taggaccctt 180
attgtgtgtt ttttggggaa gcctactgta aaagccaaca ttttaatggg attgtatctt 240
atatttcecttt aaggagtttt tttttttttt ttaaggctta catgtgtcca atttggaact 300
tctggetatt ggctectece cteccceeect tgggtataag ctgtaattga tgtttgtgac 360
agaatttaga gctttggett tttceccttttt gtctaattat ttatttcaaa tttagcagga 420
ataaagtgaa cctcaccttg ggactgaagce tgtgaccagt cagaataatg ccttcatcat 480
cgctaatcac gacgagatgt gtgcatcgag tgatgggagyg tgatgactag cattatgcetg 540
acagctgect cggtgggage cacagtggge getgectegyg geggcactgyg ctgegtecag 600
tegteggtea gtceggtegeg gggagggect getggtgetyg cgtgettttt gttctaaggt 660
gcatctagtyg cagatagtga agtagactag catctactgce cctaagtgcet ccttetggea 720
taagaagtta tgtcctcatc caatccaagt caagcaagca tgtaggggtce tctccatagt 780
tgtgtttgca gccctetgtt agttttgecat agttgcacta caagaagaat gtagttgtge 840
aaatctatgc aaaactgatg gtggcctgct atttacttca agtgttgttt ttttttaaac 900
taattttgta tttttattgt gtcgatgtag agcctgcegtg gtgtgtgtga tgtgacagcet 960
tctgtagcac taaagtgctt atagtgcagg tagtgtgta 999

<210> SEQ ID NO 245

<211> LENGTH: 999

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 245
atgttttatg actaataaac ttgaaaatga ctaaacaata atcattaatc ttgtcgagta 60
tctgacaatyg tggaggacag aagaaaggga ttgctgectg gtcaatgtga ggetttecte 120

taaaggtagt accaagtcag actgccttee tgataacagg tcetcattttg taggaccctt 180
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attgtgtgtt ttttggggaa gcctactgta aaagccaaca ttttaatggg attgtatctt 240
atatttcecttt aaggagtttt tttttttttt ttaaggctta catgtgtcca atttggaact 300
tctggetatt ggctectece cteccceeect tgggtataag ctgtaattga tgtttgtgac 360
agaatttaga gctttggett tttceccttttt gtctaattat ttatttcaaa tttagcagga 420
ataaagtgaa cctcaccttg ggactgaage tgtgaccagt cagaataatg tcataatcca 480
gcaggtcage aaagtgatgt gcgcatctag ctgagttact ggattggtag cattatgetg 540
acagctgect cggtgggage cacagtggge getgectegyg geggcactgyg ctgegtecag 600
tegteggtea gtceggtegeg gggagggect getggtgetyg cgtgettttt gttctaaggt 660
gcatctagtyg cagatagtga agtagactag catctactgce cctaagtgcet ccttetggea 720
taagaagtta tgtcctcatc caatccaagt caagcaagca tgtaggggtce tctccatagt 780
tgtgtttgca gccctetgtt agttttgecat agttgcacta caagaagaat gtagttgtge 840
aaatctatgc aaaactgatg gtggcctgct atttacttca agtgttgttt ttttttaaac 900
taattttgta tttttattgt gtcgatgtag agcctgcegtg gtgtgtgtga tgtgacagcet 960
tctgtagcac taaagtgctt atagtgcagg tagtgtgta 999

<210> SEQ ID NO 246

<211> LENGTH: 999

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 246

atgttttatg actaataaac ttgaaaatga ctaaacaata atcattaatc ttgtcgagta 60
tctgacaatg tggaggacag aagaaaggga ttgctgectyg gtcaatgtga ggctttecte 120
taaaggtagt accaagtcag actgccttcce tgataacagg tctcattttyg taggaccctt 180
attgtgtgtt ttttggggaa gcctactgta aaagccaaca ttttaatggg attgtatctt 240
atatttcecttt aaggagtttt tttttttttt ttaaggctta catgtgtcca atttggaact 300
tctggetatt ggctectece cteccceeect tgggtataag ctgtaattga tgtttgtgac 360
agaatttaga gctttggett tttceccttttt gtctaattat ttatttcaaa tttagcagga 420
ataaagtgaa cctcaccttg ggactgaagce tgtgaccagt cagaataatyg tcagtacgtg 480
cacataacag actgtgatgt gcgcatctac tgttttgage gegtgcegtag cattatgetg 540
acagctgect cggtgggage cacagtggge getgectegyg geggcactgyg ctgegtecag 600
tegteggtea gtceggtegeg gggagggect getggtgetyg cgtgettttt gttctaaggt 660
gcatctagtyg cagatagtga agtagactag catctactgce cctaagtgcet ccttetggea 720
taagaagtta tgtcctcatc caatccaagt caagcaagca tgtaggggtce tctccatagt 780
tgtgtttgca gccctetgtt agttttgecat agttgcacta caagaagaat gtagttgtge 840
aaatctatgc aaaactgatg gtggcctgct atttacttca agtgttgttt ttttttaaac 900
taattttgta tttttattgt gtcgatgtag agcctgcegtg gtgtgtgtga tgtgacagcet 960
tctgtagcac taaagtgctt atagtgcagg tagtgtgta 999

<210> SEQ ID NO 247
<211> LENGTH: 999
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<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Single strand oligonucleotide
<400> SEQUENCE: 247
atgttttatg actaataaac ttgaaaatga ctaaacaata atcattaatc ttgtcgagta 60
tctgacaatg tggaggacag aagaaaggga ttgctgectyg gtcaatgtga ggctttecte 120
taaaggtagt accaagtcag actgccttcce tgataacagg tctcattttyg taggaccctt 180
attgtgtgtt ttttggggaa gcctactgta aaagccaaca ttttaatggg attgtatctt 240
atatttcecttt aaggagtttt tttttttttt ttaaggctta catgtgtcca atttggaact 300
tctggetatt ggctectece cteccceeect tgggtataag ctgtaattga tgtttgtgac 360
agaatttaga gctttggett tttceccttttt gtctaattat ttatttcaaa tttagcagga 420
ataaagtgaa cctcaccttg ggactgaage tgtgaccagt cagaataatg tcagaaggtt 480
cccactggag tctgtgatga gtgcatctte tecaatgagg gectttgtag cattatgetg 540
acagctgect cggtgggage cacagtggge getgectegyg geggcactgyg ctgegtecag 600
tegteggtea gtceggtegeg gggagggect getggtgetyg cgtgettttt gttctaaggt 660
gcatctagtyg cagatagtga agtagactag catctactgce cctaagtgcet ccttetggea 720
taagaagtta tgtcctcatc caatccaagt caagcaagca tgtaggggtce tctccatagt 780
tgtgtttgca gccctetgtt agttttgecat agttgcacta caagaagaat gtagttgtge 840
aaatctatgc aaaactgatg gtggcctgct atttacttca agtgttgttt ttttttaaac 900
taattttgta tttttattgt gtcgatgtag agcctgcegtg gtgtgtgtga tgtgacagcet 960
tctgtagcac taaagtgctt atagtgcagg tagtgtgta 999
<210> SEQ ID NO 248
<211> LENGTH: 999
<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Single strand oligonucleotide
<400> SEQUENCE: 248
tcegetecca cacaactaga gaatactcag gttcectgateg gaccagaggt atcacttcag 60
aatagagttt tatttattca tttatttgtt cgtttgtttg tttgtttatt tttaaagtaa 120
caattaaacc cgtaacgaaa agttcatacc ggtccattgt ttaacaatca gggacattte 180
tttttttgta tttggttggt cggttggttt tcggttgttt cctgttggaa aggttttagg 240
tactcecgtte cactgaaaag taaaaataaa taaatcaata ctgacactgce tgatggggtt 300
aaaggatcct tcaaaagaga actatgacga cgacaacatg gttccatatt cccgaggtte 360
agagtgttct gtattectgg tgttaaaaac tgacgtttgg tactacgacc cattacaaac 420
ttacttttgt aaactatacc taccagtcta ctttggtacc aaattgtcag taagccacge 480
gectectgta gecatgaget tcaacggtcece acatgaagca gcacgactta ccgacacggt 540
ggtacgeggt acgctacagt getggtgetg tecccegtte gtgctecacyg agtcecgtecce 600
aaatttcgtt tcgtttgtag agaccaaacg accccgaatt acggttaaga tcctttettt 660
cgacaaataa aaggatggtc cgttttgttt tacttgtccc agttagtttt tttacagttt 720
ccttttagtg taactttatt ttgtgtcttt agtgtgtcetce ttcattcgaa ggtggacaat 780
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ttcggectca tgtttgtecga ttttgattgt acttgtactt tttcggaaag aacgatcaca 840
ggagactaaa tatgtagtgg tgaagaacaa aaatatttca ttctctaagg gtgagatcca 900
cttggagtat cagggcgaat ctagaggtcg ggttgttgtt ttgtggaacc tccatcgaga 960
gagtccgtta tgtattttcg gacccgttaa gaccaaatt 999

<210> SEQ ID NO 249

<211> LENGTH: 999

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 249

tcegetecca cacaactaga gaatactcag gttcectgateg gaccagaggt atcacttcag 60
aatagagttt tatttattca tttatttgtt cgtttgtttg tttgtttatt tttaaagtaa 120
caattaaacc cgtaacgaaa agttcatacc ggtccattgt ttaacaatca gggacattte 180
tttttttgta tttggttggt cggttggttt tcggttgttt cctgttggaa aggttttagg 240
tactcecgtte cactgaaaag taaaaataaa taaatcaata ctgacactgce tgatggggtt 300
aaaggatcct tcaaaagaga actatgacga cgacaacatg gttccatatt cccgaggtte 360
agagtgttct gtattectgg tgttaaaaac tgacgtttgg tactacgacc cattacaaac 420
ttacttttgt aaactatacc taccagtcta ctttgatacc atactgtcag actcaccatce 480
ctaactacga cccatgagat tcaacagtgt cgtgattage gatgatgaat ccgacacggt 540
ggtacacggt acgctacagt gctggtgetg tccccegtte gtgctecacyg agtccgtecce 600
aaatttcgtt tcgtttgtag agaccaaacg accccgaatt acggttaaga tcctttettt 660
cgacaaataa aaggatggtc cgttttgttt tacttgtccc agttagtttt tttacagttt 720
ccttttagtg taactttatt ttgtgtcttt agtgtgtcetce ttcattcgaa ggtggacaat 780
ttcggectca tgtttgtecga ttttgattgt acttgtactt tttcggaaag aacgatcaca 840
ggagactaaa tatgtagtgg tgaagaacaa aaatatttca ttctctaagg gtgagatcca 900
cttggagtat cagggcgaat ctagaggtcg ggttgttgtt ttgtggaacc tccatcgaga 960
gagtccgtta tgtattttcg gacccgttaa gaccaaatt 999

<210> SEQ ID NO 250

<211> LENGTH: 999

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 250

tcegetecca cacaactaga gaatactcag gttcectgateg gaccagaggt atcacttcag 60
aatagagttt tatttattca tttatttgtt cgtttgtttg tttgtttatt tttaaagtaa 120
caattaaacc cgtaacgaaa agttcatacc ggtccattgt ttaacaatca gggacattte 180
tttttttgta tttggttggt cggttggttt tcggttgttt cctgttggaa aggttttagg 240
tactcecgtte cactgaaaag taaaaataaa taaatcaata ctgacactgce tgatggggtt 300
aaaggatcct tcaaaagaga actatgacga cgacaacatg gttccatatt cccgaggtte 360

agagtgttct gtattecctgg tgttaaaaac tgacgtttgg tactacgace cattacaaac 420
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ttacttttgt aaactatacc taccagtcta ctttgttacc ataatgtcgg acaacccaac 480
gaccaccaaa gccatgagat tcaacagtct ttgctgacct getggattat ccgacaaggt 540
ggtaageggt acgctacagt getggtgetg tecccegtte gtgctecacyg agtccgtecce 600
aaatttcgtt tcgtttgtag agaccaaacg accccgaatt acggttaaga tcctttettt 660
cgacaaataa aaggatggtc cgttttgttt tacttgtccc agttagtttt tttacagttt 720
ccttttagtg taactttatt ttgtgtcttt agtgtgtcetce ttcattcgaa ggtggacaat 780
ttcggectca tgtttgtecga ttttgattgt acttgtactt tttcggaaag aacgatcaca 840
ggagactaaa tatgtagtgg tgaagaacaa aaatatttca ttctctaagg gtgagatcca 900
cttggagtat cagggcgaat ctagaggtcg ggttgttgtt ttgtggaacc tccatcgaga 960
gagtccgtta tgtattttcg gacccgttaa gaccaaatt 999

<210> SEQ ID NO 251

<211> LENGTH: 999

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 251

tcegetecca cacaactaga gaatactcag gttcectgateg gaccagaggt atcacttcag 60
aatagagttt tatttattca tttatttgtt cgtttgtttg tttgtttatt tttaaagtaa 120
caattaaacc cgtaacgaaa agttcatacc ggtccattgt ttaacaatca gggacattte 180
tttttttgta tttggttggt cggttggttt tcggttgttt cctgttggaa aggttttagg 240
tactcecgtte cactgaaaag taaaaataaa taaatcaata ctgacactgce tgatggggtt 300
aaaggatcct tcaaaagaga actatgacga cgacaacatg gttccatatt cccgaggtte 360
agagtgttct gtattectgg tgttaaaaac tgacgtttgg tactacgacc cattacaaac 420
ttacttttgt aaactatacc taccagtcta ctttgttacc aaactgtcag acagcacgta 480
acataccaga ccaatgagat tcaactgagt ctgttatgtg cacgtactat ccgacacggt 540
ggtaaacggt acgctacagt gctggtgetg tccccegtte gtgctecacyg agtccgtecce 600
aaatttcgtt tcgtttgtag agaccaaacg accccgaatt acggttaaga tcctttettt 660
cgacaaataa aaggatggtc cgttttgttt tacttgtccc agttagtttt tttacagttt 720
ccttttagtg taactttatt ttgtgtcttt agtgtgtcetce ttcattcgaa ggtggacaat 780
ttcggectca tgtttgtecga ttttgattgt acttgtactt tttcggaaag aacgatcaca 840
ggagactaaa tatgtagtgg tgaagaacaa aaatatttca ttctctaagg gtgagatcca 900
cttggagtat cagggcgaat ctagaggtcg ggttgttgtt ttgtggaacc tccatcgaga 960
gagtccgtta tgtattttcg gacccgttaa gaccaaatt 999

<210> SEQ ID NO 252

<211> LENGTH: 999

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 252

tcegetecca cacaactaga gaatactcag gttctgateg gaccagaggt atcacttcag 60
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aatagagttt tatttattca tttatttgtt cgtttgtttg tttgtttatt tttaaagtaa 120
caattaaacc cgtaacgaaa agttcatacc ggtccattgt ttaacaatca gggacattte 180
tttttttgta tttggttggt cggttggttt tcggttgttt cctgttggaa aggttttagg 240
tactcecgtte cactgaaaag taaaaataaa taaatcaata ctgacactgce tgatggggtt 300
aaaggatcct tcaaaagaga actatgacga cgacaacatg gttccatatt cccgaggtte 360
agagtgttct gtattectgg tgttaaaaac tgacgtttgg tactacgacc cattacaaac 420
ttacttttgt aaactatacc taccagtcta ctttgatacc aaaatgtcag atagaaggtt 480
ccacttgagt cccgtgagat tcaacggaga ctccagtggg aaccttctat ccgacaaggt 540
ggtacacggt acgctacagt gctggtgetg tccccegtte gtgctecacyg agtccgtecce 600
aaatttcgtt tcgtttgtag agaccaaacg accccgaatt acggttaaga tcctttettt 660
cgacaaataa aaggatggtc cgttttgttt tacttgtccc agttagtttt tttacagttt 720
ccttttagtg taactttatt ttgtgtcttt agtgtgtcetce ttcattcgaa ggtggacaat 780
ttcggectca tgtttgtecga ttttgattgt acttgtactt tttcggaaag aacgatcaca 840
ggagactaaa tatgtagtgg tgaagaacaa aaatatttca ttctctaagg gtgagatcca 900
cttggagtat cagggcgaat ctagaggtcg ggttgttgtt ttgtggaacc tccatcgaga 960
gagtccgtta tgtattttcg gacccgttaa gaccaaatt 999

<210> SEQ ID NO 253

<211> LENGTH: 80

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 253

cctgttgeca caaacccgta gatccgaact tgtggtatta gtecgcacaa gettgtatct 60
ataggtatgt gtctgttagg 80
<210> SEQ ID NO 254

<211> LENGTH: 80

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 254

cctgttgeca atattgcgca gatcggtact tgtggtagaa gtccgcacaa gcatttgttt 60
gtacaagatt gtaggttagg 80
<210> SEQ ID NO 255

<211> LENGTH: 80

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 255

cgttaagace ggtttgetga gtcacgcaag tcttgcagea gtcegaagat tegtggggtt 60

cactaatccg gaagagggcg 80
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<210> SEQ ID NO 256

<211> LENGTH: 80

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 256
cctgttgeca caaacccgta gatccgaact tgtggtatta gtcegecacaa gettgtatcet

ataggtatgt gtctgttagg

<210> SEQ ID NO 257

<211> LENGTH: 80

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 257
cctgtageca caaattegtg gggttcacta atccgtacga gtcegggatt getggetect

ataggtatgt gcccgttagg

<210> SEQ ID NO 258

<211> LENGTH: 80

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 258
ccggatteta caatggatte gecattttat ttttgaatta ggcaaacagg tcegtgetggg

agaacgatgt accagcccgg

<210> SEQ ID NO 259

<211> LENGTH: 94

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 259
aacaacagac cacaccatgg ttccactggg gettgaacce aggaccttcet gegtgtaaag

cagatgtgat aaccactaca ctatggaacc acag

<210> SEQ ID NO 260

<211> LENGTH: 94

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 260
aacaacagac cacaccatgg tttcactggg gecttgaacce aggaccatct gcgagtaaag

cagaattcac ggagaagaca ggatgaaacc acag

<210> SEQ ID NO 261

<211> LENGTH: 94

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

60

80

60

80

60

80

60

94

60

94
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<400> SEQUENCE: 261
aacaacagac tatccagggg gttgggagag ggcagtactce tegategtca gegtgtaaag

ctgagtacaa ttcgtggggt tcactaatce cgag

<210> SEQ ID NO 262

<211> LENGTH: 94

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 262

aacaacagac cacaccatgg ttccactggg gettgaacce aggaccttcet gegtgtaaag

cagatgtgat aaccactaca ctatggaacc acag

<210> SEQ ID NO 263

<211> LENGTH: 94

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Single strand oligonucleotide

<400> SEQUENCE: 263

aacaacagac aacaccatgg gtcttetggg gectgaacce aggacegtcet gegtgtaaag
cagaattgtt catcaacgag gaagagattc acag

<210> SEQ ID NO 264

<211> LENGTH: 94

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:
<223> OTHER INFORMATION: Single strand

oligonucleotide

<400> SEQUENCE: 264

aacaacagac cgcaccatgg tttetgtggg gecggaacce attatttteg gecgagaaaag
ctgattggat tcatcaacga ggaagagatt acag

<210> SEQ ID NO 265

<211> LENGTH: 416

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:
<223> OTHER INFORMATION: Single strand

oligonucleotide

<400> SEQUENCE: 265

aaaacgtaat aagttctttt tgtgtgtgte tgcaggcaat atcaaaaaca taaccatcat
gatgtataga gactgtcggg tccattgtga ggagacattce agtttctett taaaactcct
tcattgaaat agtccggtgt tatccctace tgagettagt tttttttttt taattttttt
tctgtectat tgaattatte tattttettg accttgtaag acccatcect ttcaaagtat
ctcaacctte tatcgtttta aagactctet cctatctett tttggtgttg agtatgtgtg
tatctctact cctagttcat ttgaatcagt ttttetaccet tgtetatcce tcectgageta
atgtttgcat cttettgttg gtcattgatg tatggttgat ataaattcca aataaa

<210> SEQ ID NO 266
<211> LENGTH: 416
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-continued
<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Single strand oligonucleotide
<400> SEQUENCE: 266
aaaacgtaat aagttctttt tgtgtgtgte tgcaggcaat atcaaaaaca taaccatcat 60
gatgtataga gactgtcggg tccattgtga ggagacattc agtttctett taaaactect 120
tcattgaaat agtccggtgt tatccctacc tgagcttagt tttttttttt taattttttt 180
tctgtectat tgaattattce tattctecttg tcecatgtteg acccatccect ttcaaagtat 240
ctcaaccttc tatcgtttta aagactctct cctatctett tttggtgttg agtatgtgtg 300
tatctctact cctagttcat ttgaatcagt ttttctacct tgtctatcce tectgagceta 360
atgtttgcat cttcttgttg gtcattgatg tatggttgat ataaattcca aataaa 416
<210> SEQ ID NO 267
<211> LENGTH: 416
<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Single strand oligonucleotide
<400> SEQUENCE: 267
aaaacgtaat aagttctttt tgtgtgtgte tgcaggcaat atcaaaaaca taaccatcat 60
gatgtataga gactgtcggg tccattgtga ggagacattc agtttctett taaaactect 120
tcattgaaat agtccggtgt tatccctacc tgagcttagt tttttttttt taattttttt 180
tctgtectat tgaattattce tattggtcac ttgaccgcca tgacatccct ttcaaagtat 240
ctcaaccttc tatcgtttta aagactctct cctatctett tttggtgttg agtatgtgtg 300
tatctctact cctagttcat ttgaatcagt ttttctacct tgtctatcce tectgagceta 360
atgtttgcat cttcttgttg gtcattgatg tatggttgat ataaattcca aataaa 416

1. (canceled)

2. A method of modifying a gene encoding or processed
into an RNA silencing molecule to a target RNA in a
eukaryotic cell, with the proviso that said eukaryotic cell is
not a plant cell, the method comprising introducing into the
eukaryotic cell a DNA editing agent which redirects a
silencing specificity of said RNA silencing molecule
towards a second target RNA, said target RNA and said
second target RNA being distinct, thereby modifying the
gene encoding the RNA silencing molecule.

3. (canceled)

4. The method of claim 2, wherein the gene encoding the
RNA silencing molecule is endogenous to the eukaryotic
cell.

5. (canceled)

6. The method of claim 2, wherein said modifying said
gene encoding said RNA silencing molecule comprises
imparting said RNA silencing molecule with at least 45%
complementarity towards said second target RNA.

7-13. (canceled)

14. The method of claim 2, wherein said said RNA
silencing molecule is processed from a precursor.

15. The method of claim 2, wherein said RNA silencing
molecule is a RNA interference (RNAi) molecule.

16. The method of claim 15, wherein said RN Ai molecule
is selected from the group consisting of a small interfering
RNA (siRNA), a short hairpin RNA (shRNA), a microRNA
(miRNA), a Piwi-interacting RNA (piRNA) and trans-acting
siRNA (tasiRNA).

17. (canceled)

18. The method of claim 15, wherein said RN Ai molecule
is modified to preserve secondary RNA structure and to be
recognized by cellular RNAi factors.

19. The method of claim 2, wherein said moditying said
gene is affected by a modification selected from the group
consisting of a deletion, an insertion, a point mutation and a
combination thereof.

20-24. (canceled)

25. The method of claim 19, wherein said modification
comprises a modification of at most 200 nucleotides.

26. The method of claim 19, wherein said method further
comprises introducing into said eukaryotic cell a donor
oligonucleotide sequence.

27. The method of claim 2, wherein said DNA editing
agent comprises at least one gRNA.

28. (canceled)

29. The method of claim 2, wherein said DNA editing
agent comprises an endonuclease.
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30. The method of claim 29, wherein said DNA editing
agent comprises a DNA editing system selected from the
group consisting of a meganuclease, a zinc finger nucleases
(ZFN), a transcription-activator like effector nuclease
(TALEN) and CRISPR.

31. The method of claim 29, wherein said endonuclease
comprises Cas9.

32-34. (canceled)

35. The method of claim 2, wherein said second target
RNA is endogenous or exogenous to said eukaryotic cell.

36. The method of claim 35, wherein said second target
RNA is associated with a cancer or with an infectious
disease.

37-42. (canceled)

43. A method of treating an infectious disease, a mono-
genic recessive disorder, an autoimmune disease or a can-
cerous disease in a subject in need thereof, the method
comprising modifying a gene encoding or processed into an
RNA silencing molecule according to the method of claim 2,
wherein said second target RNA is associated with onset or
progression of said infectious disease, said monogenic
recessive disorder, said autoimmune disease or said cancer-
ous disease, thereby treating the infectious disease in the
subject.

44-46. (canceled)

47. A method of enhancing efficacy and/or specificity of
a chemotherapeutic agent in a subject in need thereof, the
method comprising modifying a gene encoding or processed
into an RNA silencing molecule according to the method of
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claim 2, wherein said second target RNA is associated with
enhancement of efficacy and/or specificity of said chemo-
therapeutic agent, thereby enhancing efficacy and/or speci-
ficity of a chemotherapeutic agent in the subject.

48. A method of inducing cell apoptosis in a subject in
need thereof, the method comprising modifying a gene
encoding or processed into an RNA silencing molecule
according to the method of claim 2, wherein said second
target RNA is associated with said apoptosis, thereby induc-
ing cell apoptosis in the subject.

49. A method of generating a eukaryotic non-human
organism, with the proviso that said organism is not a plant,
wherein at least some of the cells of said organism comprise
a modified gene encoding or processed into a RNA silencing
molecule comprising a silencing specificity towards a sec-
ond target RNA, the method comprising modifying a gene
according to the method of claim 2, thereby generating the
eukaryotic non-human organism.

50. A method of modifying a gene encoding or processed
into a non-coding RNA molecule having no RNA silencing
activity in a eukaryotic cell, with the proviso that said
eukaryotic cell is not a plant cell, the method comprising
introducing into the eukaryotic cell a DNA editing agent
conferring a silencing specificity of said non-coding RNA
molecule towards a target RNA of interest, thereby modi-
fying the gene encoding or processed into the non-coding
RNA molecule.



