w0 2019/060779 A1 | INHY 000 00000 T 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
28 March 2019 (28.03.2019)

(10) International Publication Number

WO 2019/060779 Al

WIPO I PCT

(51) International Patent Classification:
CO7H 21/00 (2006.01) CI2N 15/113 (2010.01)
CI2N 7/01 (2006.01) CI2N 15/86 (2006.01)
CI2N 15/11 (2006.01) CI2N 15/867 (2006.01)

(21) International Application Number:
PCT/US2018/052293

(22) International Filing Date:

DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, 1IN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ, LA, LC,LK,LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
21 September 2018 (21.09.2018) kind of regional protection available): ARIPO (BW, GH,
(25) Filing Language: English GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
L. , UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
(26) Publication Language: English TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(30) Priority Data: EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
62/562,305 22 September 2017 (22.09.2017) US MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
. . ' TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
(71) Applicant: CITY OF HOPE [US/US]; 1500 E. Duarte KM, ML. MR, NE, SN, TD. TG).
Road, Duarte, CA 91010-3000 (US).
(72) Inventors: BURNETT, John, C., 9626 Lubao Avenue, Published:
Chatsworth, CA 91311 (US). EPPS, Elizabeth; 43 Maple —  with international search report (Art. 21(3))
Leaf, Mission Viejo, CA 92692 (US). ROSSL John, J.; 884 —  before the expiration of the fime limit for amending the
E San Felipe Hill, Azusa, CA 91702 (US). claims and to be republished in the event of receipt of
. . amendments (Rule 48.2(h))
(74) Agent: GRIEFF, Edward D. etal.; Mintz Levin Cohn Fer-
ris Glovsky And Popeo, P.C., 3580 Carmel Mountain Road,
Suite 300, San Diego, CA 92130-6768 (US).
(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
(54) Title: SPLICE INHIBITING OLIGONUCLEOTIDES
FIG. 1
Filterad

Transfect Target Colls e
Packaging Vector{s)

Viral Production Schematic

Harvestlentivitus Transduce Target Cells
48h

Vsl Tranadhovion Scemul

(57) Abstract: MicroRNAs embedded within an intron, which are called 'mirtrons,’ can be used as a platform for expressing one or
more ShRNA or miRNA mimics in a lentiviral vector. The inventors developed a strategy to improve lentiviral titering by reducing the
production of shARNA/miRNA from the vector during packaging through the introduction of splice-inhibiting antisense oligonucleotides
during vector packaging, which inhibit the splicing of the mirtron and subsequent processing of the sShRNAs/miRNAs. In an aspect is
provided a kit comprising an oligonucleotide comprising a mirtron splice site binding sequence and a lentiviral packaging system. In
an aspect is provided a method for producing a lentivirus. The method comprises the step of transfecting a cell with an oligonucleotide
comprising a mirtron splice site binding sequence and a lentiviral packaging system, thereby producing the lentivirus.



WO 2019/060779 PCT/US2018/052293

SPLICE INHIBITING OLIGONUCLEOTIDES

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Application No. 62/562,305 filed September 22,

2017, the disclosure of which is incorporated by reference herein in its entirety.

STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER
FEDERALLY SPONSORED RESEARCH AND DEVELOPMENT

[0002] This invention was made with government support under RO1 AI042552 awarded by
NIH NIAID. The government has certain rights in the invention.

BACKGROUND

[0003] Lentiviral constructs containing shRNAs inside of miRNA intronic cassettes may be
used as a therapeutic platform for the treatment of numerous diseases. Unfortunately, these
vectors have varying levels of self-repression during lentiviral packaging due to vector targeting
by processed shRNAs, and, as a result, viral titer remains low in large-scale productions.

Provided herein are methods and kits that cure this and other needs in the art.
BRIEF SUMMARY OF THE INVENTION

[0004] It has been observed, inter alia, that lentiviral vectors that express short-hairpin RNA
(shRNA), microRNA (miRNA), or miRNA mimics can have low packaging titers, since the
antisense strand of the shRNA/miRNA can target the complementary sequence on the lentiviral
genomic RNA. MicroRNAs embedded within an intron, which are called ‘mirtrons,” can also be
used as a platform for expressing one or more shRNA or miRNA mimics in a lentiviral vector.
These shRNA/miRNA moieties can contribute to poor lentiviral packaging through self-
recognition and may also lead to the packaging of alternatively spliced transcripts, which lack
the complete mirtron cassette. Moreover, because lentiviral vectors are derived from HIV-1, anti-
HIV genes within the lentiviral vector can further inhibit vector packaging, which may severely
limit vector titers. For all of these reasons, the inventors developed a strategy to improve
lentiviral titering by reducing the production of shRNA/miRNA from the vector during
packaging. This is achieved through the introduction of splice-inhibiting antisense
oligonucleotides during vector packaging, which inhibit the splicing of the mirtron and

subsequent processing of the sShRNAs/miRNAs.
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[0005] Provided herein, for example, are designed novel synthetic splice-inhibiting
oligonucleotides (SIO) that will target the splice donor or acceptor regions within the MCM7
gene cassette. In embodiments, blocking splicing during packaging, this approach will prevent
the Drosha-mediated processing of all three anti-HIV shRNAs within the intron, as well as the
formation of the fully-spliced MCM?7 exon. In embodiments, this approach also prevents the
possibility of packaging the spliced-form vector transcripts. In embodiments, using conventional
designs for SIOs that bind to the splice donor or acceptor junction, the inventors have optimized
the dosage requirements, kinetics, and potential off-target effects to the endogenous MCM7
microRNAs (miR-106b, miR-93, and miR-25). In embodiments, the SIO was designed to
prevent splicing, but should not induce RNaseH-mediated degradation. In embodiments, oligo
chemistries were utilized that are resistant to RNaseH activity, such as 2’-O-Methyl, morpholino,
and locked nucleic acid (LNA) substitutions. In embodiments, levels of lentiviral titer can be
increased through the addition of synthetic SIOs that inhibit the production of mirtron-derived
shRNA/miRNAs during lentiviral packaging, without requiring any modification to the lentiviral

packaging system or transfer vector.

[0006] In an aspect is provided a kit comprising an oligonucleotide comprising a mirtron splice

site binding sequence and a lentiviral packaging system.

[0007] In an aspect is provided a method for producing a lentivirus. The method comprises the
step of transfecting a cell with an oligonucleotide comprising a mirtron splice site binding

sequence and a lentiviral packaging system; thereby producing the lentivirus.

[0008] In an aspect is provided oligonucleotides, optionally containing one or more modified
nucleotides. Such modifications include, for example, 2’-O-methyl, morpholino, and locked

nucleic acid substitutions.
[0009] These and other aspects are described in more detail herein.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] SEQ ID NO:7 was the morpholino oligonucleotide used in the Example and discussed
with respect to FIGS. 2A-2C, FIGS. 4A-4C, and FIG. 6.

[0011] FIG. 1 is a flowchart of Experimental Strategy 1 for preliminary packaging

experiments.

[0012] FIGS. 2A-2C. Figure 2A shows transduced cell images for GFP-containing vector
alone vs 2’OMe. Figure 2B shows 2’-O-methyl-packaged vector GFP expression 72h post-TXD
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using raw, unconcentrated virus. GFP-containing vector alone as control. Figure 2C shows
morpholino-packaged vector GFP expression 72h post-TXD using raw, unconcentrated virus.

GFP-containing vector alone as control.

[0013] FIG. 3 is a flowchart of Experimental Strategy 2 for small-scale packaging

experiments.

[0014] FIGS. 4A-4C. Figure 4A shows viral titration curves of 1st small-scale packaging of
GFP-containing vector alone vs morpholino or 2’O-methyl-treated vector during packaging.
Figure 4B shows 2nd small-scale packaging of GFP-containing vector alone vs morpholino or
2’0O-methyl-treated vector during packaging. Figure 4C shows Morpholino-treated vector
packaging titers in TU/mL. Transduces cells were titered using raw, unconcentrated virus and

analyzed 5 days after transduction for GFP expression.

[0015] FIGS. 5A-5B provide an overiew of MCM?7 intron-based lentiviral vectors, as further
described in WO 2015/042308, the disclosure of which is incorporated by reference herein in its
entirety. The name “MCM7” refers to a naturally occurring polycistronic miRNA cluster located
in an intron of the MCM7 gene. Exons and intron of the MCM?7 cassette are drawn as grey boxes
and black lines, respectively, with splice donors and splice acceptors marked as “SD” and “SA,”
respectively. Promoters are denoted by white boxes with the arrow indicating directionality,
while the terminators are denoted by black boxes. sSARNA, U16 snoRNA scaffold, and apical
loop anti-HIV RNA insert are shown. FIG. SA: The MCM7 scaffold allows co-expression of
three small RNAs from the single Pol II U1 promoter. S1, S2ZM, and S3B represent siRNAs
targeting the common fat/rev exon, rev, and tat, respectively. UI6USRZ is a nucleolar-localizing
ribozyme targeting a conserved U5 region present in all HIV transcripts UI6TAR is a nucleolar-
localizing TAR RNA decoy. U16RBE is a nucleolar-localizing Rev binding element RNA
decoy. FIG. 5B: The MCMY7 cassette with the Ul-specific termination sequence (Ult) was
cloned into the pHIV7-EGFP lentiviral vector in the forward orientation with respect to the CMV
packaging promoter, denoted as “Forward-U1t”, while the cassette in the opposite orientation is
denoted as “Reverse-Ul1t.” RRE, Rev response element; MCS, multiple cloning site; EGFP,
enhanced green fluorescent protein, WPRE, woodchuck hepatitis virus post-transcription
regulation element; AU3, deleted U3 region to generate a self-inactivating lentiviral vector after

integration in targeted cells.

[0016] FIG. 6 shows that a morpholino splice inhibiting oligonucleotide (SEQ ID NO:7)
improves packaging titer of MCM?7-based lentiviral vectors. HEK 293T cells were co-transfected
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with FGLV-GFP plasmid, helper plasmids, and increasing concentrations of SIO morpholino

designed against the MCM?7 splice donor site. Vector supernatant was collected and used to
transduce naive reporter cells to evaluate the functional titer of the lentiviral vector by GFP

expression.

[0017] FIG. 7 shows SEQ ID NO:1 where the underlined portion of the sequence is the MCM7

intron and the non-underlined portion of the sequence is the MCM7 exon.

[0018] FIG. 8 shows SEQ ID NO: 2 where the underlined portion of the sequence is the
MCMT intron and the non-underlined portion of the sequence is the MCM7 exon.

DETAILED DESCRIPTION
[0019] Definitions

[0020] Unless defined otherwise, technical and scientific terms used herein have the same
meaning as commonly understood by a person of ordinary skill in the art. See, e.g., Singleton et
al., Dictionary of Microbiology and Molecular Biology, 2nd ed., J. Wiley & Sons (New York,
NY 1994); Sambrook et al., Molecular Cloning, A Laboratory Manual, Cold Springs Harbor
Press (Cold Springs Harbor, NY 1989). Any methods, devices and materials similar or
equivalent to those described herein can be used in the practice of this invention. The following
definitions are provided to facilitate understanding of certain terms used frequently herein and

are not meant to limit the scope of the present disclosure.

2%

[0021] As may be used herein, the terms “nucleic acid,” “nucleic acid molecule,” “nucleic acid

2% 2% 2%

oligomer,” “oligonucleotide,” “nucleic acid sequence,” “nucleic acid fragment,” and
“polynucleotide” are used interchangeably and are intended to include, but are not limited to, a
polymeric form of nucleotides covalently linked together that may have various lengths, either
deoxyribonucleotides or ribonucleotides, or analogs, derivatives or modifications thereof.
Different polynucleotides may have different three-dimensional structures, and may perform
various functions, known or unknown. Non-limiting examples of polynucleotides include a
gene, a gene fragment, an exon, an intron, intergenic DNA (including, without limitation,
heterochromatic DNA), messenger RNA (mRNA), transfer RNA, ribosomal RNA, a ribozyme,
cDNA, a recombinant polynucleotide, a branched polynucleotide, a plasmid, a vector, isolated
DNA of a sequence, isolated RNA of a sequence, a nucleic acid probe, and a primer.
Polynucleotides useful in the methods of the disclosure may comprise natural nucleic acid
sequences and variants thereof, artificial nucleic acid sequences, or a combination of such

sequences.
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[0022] A polynucleotide is typically composed of a specific sequence of four nucleotide bases:
adenine (A); cytosine (C); guanine (G); and thymine (T) (uracil (U) for thymine (T) when the
polynucleotide is RNA). Thus, the term “polynucleotide sequence” is the alphabetical
representation of a polynucleotide molecule; alternatively, the term may be applied to the
polynucleotide molecule itself. This alphabetical representation can be input into databases in a
computer having a central processing unit and used for bioinformatics applications such as
functional genomics and homology searching. Polynucleotides may optionally include one or

more non-standard nucleotide(s), nucleotide analog(s) and/or modified nucleotides.

[0023] The term "amino acid" refers to naturally occurring and synthetic amino acids, as well
as amino acid analogs and amino acid mimetics that function in a manner similar to the naturally
occurring amino acids. Naturally occurring amino acids are those encoded by the genetic code,
as well as those amino acids that are later modified, e.g., hydroxyproline, y-carboxyglutamate,
and O-phosphoserine. Amino acid analogs refers to compounds that have the same basic
chemical structure as a naturally occurring amino acid, 7.e., an o carbon that is bound to a
hydrogen, a carboxyl group, an amino group, and an R group, e.g., homoserine, norleucine,
methionine sulfoxide, methionine methyl sulfonium. Such analogs have modified R groups
(e.g., norleucine) or modified peptide backbones, but retain the same basic chemical structure as
a naturally occurring amino acid. Amino acid mimetics refers to chemical compounds that have a
structure that is different from the general chemical structure of an amino acid, but that functions
in a manner similar to a naturally occurring amino acid. The terms “non-naturally occurring
amino acid” and “unnatural amino acid” refer to amino acid analogs, synthetic amino acids, and

amino acid mimetics which are not found in nature.

[0024] Amino acids may be referred to herein by either their commonly known three letter
symbols or by the one-letter symbols recommended by the [UPAC-IUB Biochemical
Nomenclature Commission. Nucleotides, likewise, may be referred to by their commonly

accepted single-letter codes.

[0025] The terms "polypeptide," "peptide" and "protein" are used interchangeably herein to
refer to a polymer of amino acid residues, wherein the polymer may in embodiments be
conjugated to a moiety that does not consist of amino acids. The terms apply to amino acid
polymers in which one or more amino acid residue is an artificial chemical mimetic of a
corresponding naturally occurring amino acid, as well as to naturally occurring amino acid
polymers and non-naturally occurring amino acid polymers. A "fusion protein" refers to a

chimeric protein encoding two or more separate protein sequences that are recombinantly
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expressed as a single moiety.

[0026] "Conservatively modified variants" applies to both amino acid and nucleic acid
sequences. With respect to particular nucleic acid sequences, "conservatively modified variants"
refers to those nucleic acids that encode identical or essentially identical amino acid sequences.
Because of the degeneracy of the genetic code, a number of nucleic acid sequences will encode
any given protein. For instance, the codons GCA, GCC, GCG and GCU all encode the amino
acid alanine. Thus, at every position where an alanine is specified by a codon, the codon can be
altered to any of the corresponding codons described without altering the encoded polypeptide.
Such nucleic acid variations are "silent variations," which are one species of conservatively
modified variations. Every nucleic acid sequence herein which encodes a polypeptide also
describes every possible silent variation of the nucleic acid. One of skill will recognize that each
codon in a nucleic acid (except AUG, which is ordinarily the only codon for methionine, and
TGG, which is ordinarily the only codon for tryptophan) can be modified to yield a functionally
identical molecule. Accordingly, each silent variation of a nucleic acid which encodes a

polypeptide is implicit in each described sequence.

[0027] As to amino acid sequences, one of skill will recognize that individual substitutions,
deletions or additions to a nucleic acid, peptide, polypeptide, or protein sequence which alters,
adds or deletes a single amino acid or a small percentage of amino acids in the encoded sequence
is a "conservatively modified variant" where the alteration results in the substitution of an amino
acid with a chemically similar amino acid. Conservative substitution tables providing
functionally similar amino acids are well known in the art. Such conservatively modified
variants are in addition to and do not exclude polymorphic variants, interspecies homologs, and

alleles of the disclosure.

[0028] The following eight groups each contain amino acids that are conservative substitutions
for one another: (i) Alanine (A), Glycine (G); (i1) Aspartic acid (D), Glutamic acid (E); (ii1)
Asparagine (N), Glutamine (Q); (iv) Arginine (R), Lysine (K); (v) Isoleucine (I), Leucine (L),
Methionine (M), Valine (V); (vi) Phenylalanine (F), Tyrosine (Y), Tryptophan (W); (vii) Serine
(S), Threonine (T); and (vii1) Cysteine (C), Methionine (M). (see, e.g., Creighton, Proteins
(1984)).

[0029] An amino acid or nucleotide base "position" is denoted by a number that sequentially

identifies each amino acid (or nucleotide base) in the reference sequence based on its position

relative to the N-terminus (or 5'-end). Due to deletions, insertions, truncations, fusions, and the
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like that must be taken into account when determining an optimal alignment, in general the
amino acid residue number in a test sequence determined by simply counting from the N-
terminus will not necessarily be the same as the number of its corresponding position in the
reference sequence. For example, in a case where a variant has a deletion relative to an aligned
reference sequence, there will be no amino acid in the variant that corresponds to a position in
the reference sequence at the site of deletion. Where there is an insertion in an aligned reference
sequence, that insertion will not correspond to a numbered amino acid position in the reference
sequence. In the case of truncations or fusions there can be stretches of amino acids in either the
reference or aligned sequence that do not correspond to any amino acid in the corresponding

sequence.

[0030] The terms "numbered with reference to" or "corresponding to," when used in the
context of the numbering of a given amino acid or polynucleotide sequence, refers to the
numbering of the residues of a specified reference sequence when the given amino acid or

polynucleotide sequence is compared to the reference sequence.

[0031] '"Percentage of sequence identity" or “percent identity” is determined by comparing two
optimally aligned sequences over a comparison window, wherein the portion of the
polynucleotide or polypeptide sequence in the comparison window may comprise additions or
deletions (i.e., gaps) as compared to the reference sequence (which does not comprise additions
or deletions) for optimal alignment of the two sequences. The percentage is calculated by
determining the number of positions at which the identical nucleic acid base or amino acid
residue occurs in both sequences to yield the number of matched positions, dividing the number
of matched positions by the total number of positions in the window of comparison and

multiplying the result by 100 to yield the percentage of sequence identity.

[0032] The terms "identical" or percent "identity," in the context of two or more nucleic acids
or polypeptide sequences, refer to two or more sequences or subsequences that are the same or
have a specified percentage of amino acid residues or nucleotides that are the same (i.e., 60%
identity, optionally 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, or 99% identity over a
specified region, e.g., of the entire polypeptide sequences of the invention or individual domains
of the polypeptides of the invention), when compared and aligned for maximum correspondence
over a comparison window, or designated region as measured using one of the following
sequence comparison algorithms or by manual alignment and visual inspection. Such sequences
are then said to be "substantially identical." This definition also refers to the complement of a

test sequence. Optionally, the identity exists over a region that is at least about 50 nucleotides in
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length, or more preferably over a region that is 100 to 500 or 1000 or more nucleotides in length.

[0033] For sequence comparison, typically one sequence acts as a reference sequence, to
which test sequences are compared. When using a sequence comparison algorithm, test and
reference sequences are entered into a computer, subsequence coordinates are designated, if
necessary, and sequence algorithm program parameters are designated. Default program
parameters can be used, or alternative parameters can be designated. The sequence comparison
algorithm then calculates the percent sequence identities for the test sequences relative to the

reference sequence, based on the program parameters.

[0034] A "comparison window", as used herein, includes reference to a segment of any one of
the number of contiguous positions selected from the group consisting of, e.g., a full length
sequence or from 20 to 600, about 50 to about 200, or about 100 to about 150 amino acids or
nucleotides in which a sequence may be compared to a reference sequence of the same number
of contiguous positions after the two sequences are optimally aligned. Methods of alignment of
sequences for comparison are well known in the art. Optimal alignment of sequences for
comparison can be conducted, e.g., by the local homology algorithm of Smith and Waterman
(1970) Adv. Appl. Math. 2:482c¢, by the homology alignment algorithm of Needleman and
Wunsch (1970) J. Mol. Biol. 48:443, by the search for similarity method of Pearson and Lipman
(1988) Proc. Nat'l. Acad. Sci. USA 85:2444, by computerized implementations of these
algorithms (GAP, BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics Software
Package, Genetics Computer Group, 575 Science Dr., Madison, WI), or by manual alignment
and visual inspection (see, e.g., Ausubel et al., Current Protocols in Molecular Biology (1995

supplement)).

[0035] An example of an algorithm that is suitable for determining percent sequence identity
and sequence similarity are the BLAST and BLAST 2.0 algorithms, which are described in
Altschul et al. (1977) Nuc. Acids Res. 25:3389-3402, and Altschul ef al. (1990) J. Mol. Biol.
215:403-410, respectively. Software for performing BLAST analyses is publicly available
through the National Center for Biotechnology Information (http://www.ncbi.nlm.nih.gov/).
This algorithm involves first identifying high scoring sequence pairs (HSPs) by identifying short
words of length W in the query sequence, which either match or satisfy some positive-valued
threshold score T when aligned with a word of the same length in a database sequence. T is
referred to as the neighborhood word score threshold (Altschul ez al., supra). These initial
neighborhood word hits act as seeds for initiating searches to find longer HSPs containing them.

The word hits are extended in both directions along each sequence for as far as the cumulative

8
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alignment score can be increased. Cumulative scores are calculated using, for nucleotide
sequences, the parameters M (reward score for a pair of matching residues; always > 0) and N
(penalty score for mismatching residues; always < 0). For amino acid sequences, a scoring
matrix is used to calculate the cumulative score. Extension of the word hits in each direction are
halted when: the cumulative alignment score falls off by the quantity X from its maximum
achieved value; the cumulative score goes to zero or below, due to the accumulation of one or
more negative-scoring residue alignments; or the end of either sequence is reached. The BLAST
algorithm parameters W, T, and X determine the sensitivity and speed of the alignment. The
BLASTN program (for nucleotide sequences) uses as defaults a word length (W) of 11, an
expectation (E) or 10, M=5, N=-4 and a comparison of both strands. For amino acid sequences,
the BLASTP program uses as defaults a word length of 3, and expectation (E) of 10, and the
BLOSUMG62 scoring matrix (see Henikoff and Henikoft (1989) Proc. Natl. Acad. Sci. USA
89:10915) alignments (B) of 50, expectation (E) of 10, M=5, N=-4, and a comparison of both

strands.

[0036] The BLAST algorithm also performs a statistical analysis of the similarity between two
sequences (see, e.g., Karlin and Altschul (1993) Proc. Natl. Acad. Sci. USA 90:5873-5787). One
measure of similarity provided by the BLAST algorithm is the smallest sum probability (P(N)),
which provides an indication of the probability by which a match between two nucleotide or
amino acid sequences would occur by chance. For example, a nucleic acid is considered similar
to a reference sequence if the smallest sum probability in a comparison of the test nucleic acid to
the reference nucleic acid is less than about 0.2, more preferably less than about 0.01, and most

preferably less than about 0.001.

[0037] An indication that two nucleic acid sequences or polypeptides are substantially identical
is that the polypeptide encoded by the first nucleic acid is immunologically cross-reactive with
the antibodies raised against the polypeptide encoded by the second nucleic acid, as described
below. Thus, a polypeptide is typically substantially identical to a second polypeptide, for
example, where the two peptides differ only by conservative substitutions. Another indication
that two nucleic acid sequences are substantially identical is that the two molecules or their
complements hybridize to each other under stringent conditions, as described below. Yet another
indication that two nucleic acid sequences are substantially identical is that the same primers can

be used to amplify the sequence.

[0038] The phrase “stringent hybridization conditions” refers to conditions under which a

primer will hybridize to its target subsequence, typically in a complex mixture of nucleic acids,

9
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but to no other sequences. Stringent conditions are sequence-dependent and will be different in
different circumstances. Longer sequences hybridize specifically at higher temperatures. An
extensive guide to the hybridization of nucleic acids is found in Tijssen, Techniques in
Biochemistry and Molecular Biology--Hybridization with Nucleic Probes, “Overview of

principles of hybridization and the strategy of nucleic acid assays” (1993). Generally, stringent
conditions are selected to be about 5-100C lower than the thermal melting point (Tyy,) for the
specific sequence at a defined ionic strength pH. The Ty, 1s the temperature (under defined ionic

strength, pH, and nucleic concentration) at which 50% of the probes complementary to the target
hybridize to the target sequence at equilibrium (as the target sequences are present in excess, at

Ty, 50% of the probes are occupied at equilibrium). Stringent conditions may also be achieved

with the addition of destabilizing agents such as formamide. For selective or specific
hybridization, a positive signal is at least two times background, preferably 10 times background

hybridization. Exemplary stringent hybridization conditions can be as following: 50%
formamide, 5x SSC, and 1% SDS, incubating at 42°C, or, 5x SSC, 1% SDS, incubating at 65°C,
with wash in 0.2x SSC, and 0.1% SDS at 65°C.

[0039] Nucleic acids that do not hybridize to each other under stringent conditions are still
substantially identical if the polypeptides which they encode are substantially identical. This
occurs, for example, when a copy of a nucleic acid is created using the maximum codon
degeneracy permitted by the genetic code. In such cases, the nucleic acids typically hybridize
under moderately stringent hybridization conditions. Exemplary “moderately stringent

hybridization conditions” include a hybridization in a buffer of 40% formamide, 1 M NaCl, 1%

SDS at 379C, and a wash in 1X SSC at 459C. A positive hybridization is at least twice
background. Those of ordinary skill will readily recognize that alternative hybridization and
wash conditions can be utilized to provide conditions of similar stringency. Additional guidelines
for determining hybridization parameters are provided in numerous references, e.g., Current

Protocols in Molecular Biology, ed. Ausubel, et al., supra.

[0040] The words "complementary" or "complementarity" refer to the ability of a nucleic acid
in a polynucleotide to form a base pair with another nucleic acid in a second polynucleotide. For
example, the sequence A-G-T is complementary to the sequence T-C-A. Complementarity may

be partial, in which only some of the nucleic acids match according to base pairing, or complete,

where all the nucleic acids match according to base pairing.
[0041] The term "gene" means the segment of DNA involved in producing a protein; it

10
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includes regions preceding and following the coding region (leader and trailer) as well as
intervening sequences (introns) between individual coding segments (exons). The leader, the
trailer as well as the introns include regulatory elements that are necessary during the
transcription and the translation of a gene. Further, a "protein gene product" is a protein

expressed from a particular gene.

[0042] The term "intron" as provided herein is used according to its common meaning in the
art and refers to both the nucleic acid sequence within a gene and the corresponding sequence in
the unprocessed RNA transcript. "Exon" as provided herein is used according to its common
meaning in the art and refers to the nucleic acid sequence within a gene and the corresponding
sequence in the unprocessed RNA transcript or processed mature mRNA that encode for a
protein. The terms intron and exon likewise apply to RNA sequences which form viral genomes
(e.g., RNA viruses, retroviruses (e.g., lentivirus)). With respect to viral genomic RNA, intron
refers to non-protein coding viral genomic RNA sequences and exon refers to protein coding
viral genomic RNA sequences. In embodiments, the viral genomic RNA sequence is a lentiviral

genomic RNA sequence.

[0043] The term “mirtron splice site” refers to the bond between a first nucleotide within an
intron containing one or more mirtrons and/or one or more one or more microRNA alternative
sequences (as defined below) and a second nucleotide within an exon adjacent to said intron.
The first nucleotide within the intron may form part of the 3’ end of the intron or part of the 5’
end of an intron that serve as attachment points for a spliceosome (an RNA-protein complex)
which interacts with the intron sequence and catalyzes its excision from the RNA sequence
thereby resulting in the biogenesis of one or more mirtrons and/or one or more one or more
microRNA alternative sequences. The RNA sequence containing the mirtron splice site may be
referred to herein as the mirtron splice site sequence. The mirtron splice site that forms part of
the 3° end of the intron is referred to as an acceptor splice site. The mirtron splice site sequence
that includes the acceptor splice site may contain an AG nucleic acid sequence. The mirtron
splice site that forms part of the 5° end of the intron is referred to as a donor splice site. The
mirtron splice site sequence that includes the donor splice site may contain a GU nucleic acid

sequence.

[0044] In embodiments, the acceptor splice site comprises SEQ ID NO:1 which has the

sequence:

5’-UCUUUCCCCCCUACCUUCCCCUUAGGCACGUCUGAGAAUGGUGGAUGUGG-3’
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With reference to FIG. 7, the underlined portion of the sequence is the MCM7 intron and the

non-underlined portion of the sequence is the MCM7 exon. In embodiments, the acceptor splice
site is homologous or substantially homologous to SEQ ID NO:1. In embodiments, the acceptor
splice site has at least 90% sequence identity to SEQ ID NO:1. In embodiments, the acceptor
splice site has at least 95% sequence identity to SEQ ID NO:1. In embodiments, the acceptor
splice site is the position between the intron and the exon of SEQ ID NO:1.

[0045] In embodiments, the donor splice site comprises SEQ ID NO:2 which has the sequence:
5’-UAUCCUGCGCCUUUCCACUGCUCUGGUAAGUGCCCAAAUUGCUGGAGGGC-3’

With reference to FIG. 8, the underlined portion of the sequence sequence is the MCM?7 intron
and the non-underlined portion of the sequence sequence is the MCM?7 exon. In embodiments,
the donor splice site is homologous or substantially homologous to SEQ ID NO:2. In
embodiments, the acceptor splice site has at least 90% sequence identity to SEQ ID NO:2. In
embodiments, the acceptor splice site has at least 95% sequence identity to SEQ ID NO:2. In
embodiments, the donor splice site is the position between the intron and the exon of SEQ ID

NO:2.

[0046] The term “mirtron” as provided herein refers to a lentiviral intron sequence that, in a
natural lentivirus, is an endogenous microRNA sequence located within an intron. In
embodiments, the lentivirus used in the compositions and methods provided herein is a non-
natural (e.g. recombinant) lentivirus in which one or more endogenous mirtron sequences are
removed and/or replaced with one or more microRNA alternative sequences, which is an RNA
sequence other than the endogenous microRNA sequences intended to be transfected into the
host cell, such as non-endogenous microRNA sequence, RNA aptamer sequence, sSiRNA
sequence (e.g. therapeutic shRNA sequences) or other type of non-endogenous RNA sequence as
cargo such as a chimeric antigen receptor for transfection into a T-cell in order to form a CAR T-
cell. A single intron may contain one or more mirtron sequences and/or microRNA alternative
sequences. Mirtrons and/or microRNA alternative sequences are typically released from the
surrounding intron RNA sequence through a splicing event in which the spliceosome attaches to
the mirtron splice sites (i.e., an acceptor splice site and/or a donor splice site) and thereby
interacts with the intron to excise the mirtron. A mirtron splice site typically function to promote
mirtron sequence and/or microRNA alternative sequence excision. A mirtron splice site, for
example shown in FIG. 5, includes mirtron splice sites as shown and equivalent splice sites or

homologs thereof. In embodiments, the mirtron splice site sequence is 10 to 30 nucleotides in
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length. In embodiments, the mirtron splice site sequence is 11 to 29 nucleotides in length. In
embodiments, the mirtron splice site sequence is 12 to 28 nucleotides in length. In embodiments,
the mirtron splice site sequence is 13 to 27 nucleotides in length. In embodiments, the mirtron
splice site sequence is 14 to 26 nucleotides in length. In embodiments, the mirtron splice site
sequence is 15 to 25 nucleotides in length. In embodiments, the mirtron splice site sequence is 16
to 24 nucleotides in length. In embodiments, the mirtron splice site sequence is 17 to 23
nucleotides in length. In embodiments, the mirtron splice site sequence is 18 to 23 nucleotides in
length. In embodiments, the mirtron splice site sequence is 19 to 23 nucleotides in length. In
embodiments, the mirtron splice site sequence is 20 to 23 nucleotides in length. In embodiments,
the mirtron splice site sequence is 21 to 23 nucleotides in length. In embodiments, the mirtron
splice site sequence is 22 to 23 nucleotides in length. In embodiments, the mirtron splice site
sequence is 17 to 22 nucleotides in length. In embodiments, the mirtron splice site sequence is 17
to 21 nucleotides in length. In embodiments, the mirtron splice site sequence is 17 to 20
nucleotides in length. In embodiments, the mirtron splice site sequence is 17 to 19 nucleotides in
length. In embodiments, the mirtron splice site sequence is 17 to 18 nucleotides in length. In
embodiments, the mirtron splice site sequence is 20 nucleotides in length. In embodiments, the
mirtron splice site sequence is 19 nucleotides in length. In embodiments, the mirtron splice site
sequence is 21 nucleotides in length. The process of excising the mirtron and/or microRNA
alternative sequence via splicing to create a free microRNA and/or microRNA alternative
sequence capable of undergoing further cellular processing is commonly referred to as
“biogenesis.” For example, where a microRNA alternative sequence is present (e.g. ShRNA),
biogenesis may also be used to refer to the excision of a microRNA alternative sequence (e.g.
shRNA) from an intron sequence via a splice event. In embodiments, the mirtron splice site as at
the junction between the intron containing the microRNA and/or microRNA alternative

sequence(s) and the adjacent exon.

[0047] A "polycistronic RNA" as provided herein refers to an RNA sequence including more
than one (e.g., 2, 3, 4, 5, 6, 7) open reading frame (nucleic acid sequence encoding a polypeptide
or an antiviral RNA). A polycistronic RNA may include one promoter controlling the expression
of all open reading frames encoded by the polycistronic RNA. In embodiments, the polycistronic
RNA includes more than one promoter and one or more of the open reading frames included in

the polycistronic RNA are expressed by an independent promoter.

[0048] A "siRNA," "small interfering RNA," "small RNA," or "RNAi" as provided herein
refers to a nucleic acid that forms a double stranded RNA, which double stranded RNA has the
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ability to reduce or inhibit expression of a gene or target gene when expressed in the same cell as
the gene or target gene. The complementary portions of the nucleic acid that hybridize to form
the double stranded molecule typically have substantial or complete identity. In one embodiment,
a siRNA or RNAI refers to a nucleic acid that has substantial or complete identity to a target
gene and forms a double stranded siRNA. In embodiments, the siRNA inhibits gene expression
by interacting with a complementary cellular mRNA thereby interfering with the expression of
the complementary mRNA. Typically, the nucleic acid is at least about 15-50 nucleotides in
length (e.g., each complementary sequence of the double stranded siRNA is 15-50 nucleotides in
length, and the double stranded siRNA is about 15-50 base pairs in length). In other
embodiments, the length is 20-30 base nucleotides, preferably about 20-25 or about 24-29
nucleotides in length, e.g., 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 nucleotides in length.
Non-limiting examples of siRNAs include ribozymes, RNA decoys, short hairpin RNAs
(shRNA), microRNAs (miRNA) and small nucleolar RNAs (snoRNA).

[0049] “Short hairpin RNA” or “shRNA” refers to RNA with a tight hairpin turn that can be

used to silence target gene expression via RNA interference (RNA1).

[0050] The term “antisense oligonucleotide” and the like as used herein, refers to a nucleic
acid molecule that has a nucleotide sequence complementary to the “sense strand” of a RNA
molecule (e.g., lentiviral genomic RNA). The term “sense RNA” as used herein refers to a RNA
molecule (e.g., lentiviral genomic RNA) that has a nucleotide sequence complementary to the
“antisense strand” of RNA. An antisense oligonucleotide is capable of hybridizing under
stringent conditions with a sense strand RNA (e.g., lentiviral genomic RNA). In embodiments,
an antisense oligonucleotide may be complementary with all or a portion of a splice site
sequence and all or a portion of an exon adjacent to the splice site. In embodiments, an antisense
oligonucleotide may be complementary with all or a portion of an acceptor splice site sequence
and all or a portion of an exon adjacent to the acceptor splice site. In embodiments, an antisense
oligonucleotide may be complementary with all or a portion of a sequence including the donor
splice site and all or a portion of an exon adjacent to the donor splice site. In embodiments, the

antisense oligonucleotide is a mirtron splice site binding sequence.

[0051] The term "antiviral RNA" as provided herein refers to an RNA that is capable of
inhibiting the activity (e.g., transcription, translation, replication, infectivity) of a virus. In
embodiments, the antiviral RNA binds to a target viral nucleic and reduces transcription of the
target viral nucleic acid or reduces the translation of the target viral nucleic acid (e.g mRNA) or

alters transcript splicing. In embodiments, the antiviral RNA is a nucleic acid that is capable of
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binding (e.g. hybridizing) to a target viral nucleic acid (e.g. an Rev RNA) and reducing

translation of the target viral nucleic acid. The target viral nucleic acid is or includes one or more
target nucleic acid sequences to which the antiviral RNA binds (e.g. hybridizes). In
embodiments, the antiviral RNA is or includes a sequence that is capable of hybridizing to at
least a portion of a target viral nucleic acid at a target viral nucleic acid sequence. Non-limiting

examples of an antiviral RNA include siRNAs, ribozymes, RNA decoys, snoRNAs and shRNAs.

[0052] A "MCMT7 gene" as referred to herein includes any of the recombinant or naturally-
occurring forms of the gene encoding DNA replication licensing factor MCM?7 or variants or
homologs thereof that maintain MCM?7 protein activity (e.g. within at least 50%, 80%, 90%,
95%, 96%, 97%, 98%, 99% or 100% activity compared to MCM?7). In some aspects, the
variants or homologs have at least 90%, 95%, 96%, 97%, 98%, 99% or 100% amino acid
sequence identity across the whole sequence or a portion of the sequence (e.g. a 50, 100, 150 or
200 continuous amino acid portion) compared to a naturally occurring MCM?7 polypeptide. In
embodiments, the MCM?7 gene is substantially identical to the nucleic acid identified by the
NCBI reference number Gene ID: 4176 or a variant or homolog having substantial identity

thereto.

[0053] In embodiments, the MCM?7 gene forms part of the lentiviral genomic RNA (and thus,
the a lentiviral packaging system). The MCM?7 protein encoding gene includes a polycistronic
mirtron cluster (i.e., 3 microRNA sequences) located within an intron. The mirtrons within the
mirtron cluster may, in embodiments, be replaced with one or more microRNA alternative
sequences (e.g. ShRNAs or miRNAs) as described above. Useful methods for replacing mirtron
sequences are described, for example, in WO 2015/042308. In embodiments, mirtrons present in
the MCM?7 gene are replaced with one or more microRNA alternative sequences, such as
exogenous shRNAs or miRNAs. In embodiments, mirtrons present in the MCM7 gene are
replaced with one or more microRNA alternative sequences, such as ShRNAs or miRNAs useful

for treatment of a disease.

[0054] The terms "transfection", "transduction", "transfecting" or "transducing" can be used
interchangeably and are defined as a process of introducing a nucleic acid molecule or a protein
to a cell. Nucleic acids are introduced to a cell using non-viral or viral-based methods. The
nucleic acid molecules may be gene sequences encoding complete proteins or functional portions
thereof. Non-viral methods of transfection include any appropriate transfection method that does
not use viral DNA or viral particles as a delivery system to introduce the nucleic acid molecule

into the cell. Exemplary non-viral transfection methods include calcium phosphate transfection,
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liposomal transfection, nucleofection, sonoporation, transfection through heat shock,
magnetifection, and electroporation. In some embodiments, the nucleic acid molecules are
introduced into a cell using electroporation following standard procedures well known in the art.
For viral-based methods of transfection any useful viral vector may be used in the methods
described herein. Examples for viral vectors include, but are not limited to retroviral, adenoviral,
lentiviral and adeno-associated viral vectors. In some embodiments, the nucleic acid molecules
are introduced into a cell using a retroviral vector following standard procedures well known in
the art. The terms "transfection” or "transduction” also refer to introducing proteins into a cell
from the external environment. Typically, transduction or transfection of a protein relies on
attachment of a peptide or protein capable of crossing the cell membrane to the protein of
interest. See, e.g., Ford et al. (2001) Gene Therapy 8:1-4 and Prochiantz (2007) Nat. Methods
4:119-20.

[0055] “Lentivirus” refers to virus from the family Retroviridae and the genus Lentivirus.
Exemplary lentivirus include human immunodeficiency virus (HIV-1), simian
immunodeficiency virus, bovine immunodeficiency virus, equine infectious anemia virus, feline
immunodeficiency virus, and the like. In embodiments, the lentivirus is human
immunodeficiency virus (HIV-1). In embodiments, the lentivirus is a pHIV7-EGFP lentivirus. In

embodiments, the lentivirus is a non-natural lentivirus, such as recombinant lentivirus.

[0056] The word "expression" or "expressed" as used herein in reference to a gene means the
transcriptional and/or translational product of that gene. The level of expression of a DNA
molecule in a cell may be determined on the basis of either the amount of corresponding mRNA
that is present within the cell or the amount of protein encoded by that DNA produced by the
cell. The level of expression of non-coding nucleic acid molecules (e.g., siRNA) may be detected
by standard PCR or Northern blot methods well known in the art. See, Sambrook ef al., 1989
Molecular Cloning: A Laboratory Manual, 18.1-18.88.

[0057] Expression of a transfected gene can occur transiently or stably in a cell. During
"transient expression" the transfected gene is not transferred to the daughter cell during cell
division. Since its expression is restricted to the transfected cell, expression of the gene is lost
over time. In contrast, stable expression of a transfected gene can occur when the gene is co-
transfected with another gene that confers a selection advantage to the transfected cell. Such a
selection advantage may be a resistance towards a certain toxin that is presented to the cell.
Expression of a transfected gene can further be accomplished by transposon-mediated insertion

into to the host genome. During transposon-mediated insertion, the gene is positioned in a
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predictable manner between two transposon linker sequences that allow insertion into the host
genome as well as subsequent excision. Stable expression of a transfected gene can further be
accomplished by infecting a cell with a lentiviral vector, which after infection forms part of

(integrates into) the cellular genome thereby resulting in stable expression of the gene.

[0058] The term "plasmid" refers to a nucleic acid molecule that encodes for genes and/or
regulatory elements necessary for the expression of genes. Expression of a gene from a plasmid
can occur in cis or in trans. If a gene is expressed in cis, the gene and the regulatory elements are
encoded by the same plasmid. Expression in trans refers to the instance where the gene and the

regulatory elements are encoded by separate plasmids.

[0059] A “lentiviral packaging systems” as used herein refers to systems used to produce
lentivirus. “Second generation lentiviral packaging system” and “third generation lentiviral
packaging system” refer to distinct systems useful for producing lentivirus. These systems are
well-known in the art, as described, for example, in Barde et al, “Production and Titration of
Lentiviral Vectors,” Current Protocols in Neuroscience, Volume 53, Issue 1 (2010) (also cited as
Current Protocols in Neuroscience 4.21.1-4.21.23 (October 2010)). The main difference between
the second generation and third generation lentiviral packaging systems is the total number of
plasmids used to generate a lentiviral particle, i.e., three plasmids are used to generate a lentiviral
particle in the second generation system and four plasmids are used to generate a lentiviral
particle in the third generation system. Both the second and third generation lentiviral packaging
systems require the following components: (1) a lentiviral plasmid vector containing the gene(s)
of interest; (i1) a packaging plasmid(s), and (iii) an envelope plasmid. In embodiments, the
packaging system includes nucleic acids (e.g. one or more plasmids) encoding lentiviral proteins
necessary for production of lentivirus within the host cell. Exemplary packaging proteins are

Gag, Pol, Rev, and Tat and envelope proteins.

[0060] In the second generation lentiviral packaging system, the lentiviral genome is
distributed across three plasmids, including a packaging plasmid, an envelope plasmid, and a
transfer plasmid. The packaging plasmid encodes the Gag, Pol, Rev, and Tat genes and a
promoter sequence. The envelope plasmid encodes an envelope protein (e.g., VSV-G) and a
promoter sequence. The transfer plasmid encodes the transgene (e.g., cDNA, shRNA, miRNA)
flanked by long terminal repeat sequences (e.g., 5’ LTR, 3’ LTR) and, optionally, a promoter

sequence upstream of the transgene.

[0061] The third generation lentiviral packaging system distributes the lentiviral genome
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across four plasmids, including two packaging plasmids, an envelope plasmid, and a transfer
plasmid. One packaging plasmid encodes the Rev gene and a promoter sequence (e.g., CMV
promoter), while the second packaging plasmid encodes the Gag and Pol genes and a promoter
sequence (e.g., CMV promoter). The envelope plasmid encodes an envelope protein (e.g., VSV-
G) and a promoter sequence (e.g., CMV promoter). The transfer plasmid contains a chimeric 5’

LTR fused to a heterologous promoter, a transgene of interest and a 3> LTR.

[0062] The term "recombinant" when used with reference, e.g., to a cell, or nucleic acid,
protein, or vector, indicates that the cell, nucleic acid, protein or vector, has been modified by the
introduction of a heterologous nucleic acid or protein or the alteration of a native nucleic acid or
protein, or that the cell is derived from a cell so modified. Thus, for example, recombinant cells
express genes that are not found within the native (non-recombinant) form of the cell or express
native genes that are otherwise abnormally expressed, under expressed or not expressed at all.
Transgenic cells and plants are those that express a heterologous gene or coding sequence,

typically as a result of recombinant methods.

[0063] The term "exogenous" refers to a molecule or substance (e.g., a compound, nucleic acid
or protein) that originates from outside a given cell or organism. For example, an "exogenous
promoter" as referred to herein is a promoter that does not originate from the plant it is expressed
by. Conversely, the term "endogenous" or "endogenous promoter" refers to a molecule or

substance that is native to, or originates within, a given cell or organism.

[0064] “Contacting” is used in accordance with its plain ordinary meaning and refers to the
process of allowing at least two distinct species (e.g. sense and antisense RNA) to become
sufficiently proximal to react, interact or physically touch. It should be appreciated; however, the
resulting reaction product can be produced directly from a reaction between the added reagents
or from an intermediate from one or more of the added reagents that can be produced in the

reaction mixture.

[0065] The term “contacting” may include allowing two species to react, interact, or physically
touch, wherein the two species may be a compound as described herein and a protein or enzyme.
In some embodiments contacting includes allowing a compound described herein to interact with

a protein or enzyme that is involved in a signaling pathway.

[0066] The term "isolated", when applied to a nucleic acid or protein, denotes that the nucleic
acid or protein is essentially free of other cellular components with which it is associated in the

natural state. It can be, for example, in a homogeneous state and may be in either a dry or

18



WO 2019/060779 PCT/US2018/052293

aqueous solution. Purity and homogeneity are typically determined using analytical chemistry
techniques such as polyacrylamide gel electrophoresis or high performance liquid
chromatography. A protein that is the predominant species present in a preparation is
substantially purified.

2% ¢

[0067] As defined herein, the term “activation”, “activate”, “activating” and the like in
reference to a protein refers to conversion of a protein into a biologically active derivative from
an initial inactive or deactivated state. The terms reference activation, or activating, sensitizing,
or up-regulating signal transduction or enzymatic activity or the amount of a protein decreased in

a disease.

29 <C

[0068] The terms “agonist,” “activator,” “upregulator,” etc. refer to a substance capable of
detectably increasing the expression or activity of a given gene or protein. The agonist can
increase expression or activity 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or more in
comparison to a control in the absence of the agonist. In certain instances, expression or activity
is 1.5-fold, 2-fold, 3-fold, 4-fold, 5-fold, 10-fold or higher than the expression or activity in the

absence of the agonist.

[0069] As defined herein, the term “inhibition”, “inhibit”, “inhibiting” and the like in reference
to an antisense oligonucleotide binding to a splice site (e.g., acceptor splice site, donor splice
site) means negatively affecting (e.g. decreasing or preventing) RNA excision (e.g., mirtron
biogenesis) compared to RNA excision in the absence of the inhibitor. In embodiments
inhibition means negatively affecting (e.g. decreasing) the concentration or levels of free RNA
sequence (e.g., miIRNA, shRNA) relative to the concentration or level of the free RNA sequence

(e.g., miRNA, shRNA) in the absence of the inhibitor.

[0070] The terms “inhibitor,” “repressor” or “antagonist” or “downregulator” interchangeably
refer to a substance (e.g., antisense oligonucleotide) capable of detectably decreasing the
excision or activity of a given RNA sequence (e.g., miRNA, shRNA). The antagonist can
decrease the probability of excision or activity 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90% or more in comparison to a control in the absence of the antagonist. In certain instances, the
probability of excision or activity is 1.5-fold, 2-fold, 3-fold, 4-fold, 5-fold, 10-fold or lower than

the expression or activity in the absence of the antagonist.

[0071] The term "expression" includes any step involved in the production of the polypeptide
including, but not limited to, transcription, post-transcriptional modification, translation, post-

translational modification, and secretion. Expression can be detected using conventional
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techniques for detecting protein (e.g., ELISA, Western blotting, flow cytometry,

immunofluorescence, immunohistochemistry, efc.).

[0072] The terms “virus” or “virus particle” are used according to their plain ordinary meaning
within virology and refer to a virion including the viral genome (e.g. DNA, RNA, single strand,
double strand), viral capsid and associated proteins, and in the case of enveloped viruses (e.g.
herpesvirus), an envelope including lipids and optionally components of host cell membranes,

and/or viral proteins.

[0073] A “cell” as used herein, refers to a cell carrying out metabolic or other function
sufficient to preserve or replicate its genomic DNA. A cell can be identified by well-known
methods in the art including, for example, presence of an intact membrane, staining by a
particular dye, ability to produce progeny or, in the case of a gamete, ability to combine with a
second gamete to produce a viable offspring. Cells may include prokaryotic and eukaryotic cells.
Prokaryotic cells include but are not limited to bacteria. Eukaryotic cells include but are not
limited to yeast cells and cells derived from plants and animals, for example mammalian, insect
(e.g., spodoptera) and human cells. Cells may be useful when they are naturally nonadherent or

have been treated not to adhere to surfaces, for example by trypsinization.
[0074] Kits

[0075] Provided herein are kits useful for increasing lentiviral titers. In embodiments, the kit
does not modify existing lentiviral packaging systems. The kit provided herein utilizes an
antisense oligonucleotide that hybridizes to a mirtron splice site sequence (e.g., including an
acceptor splice site or a donor splice site) within the lentiviral genomic RNA, for example at the
mirtron splice sites of an MCM?7 gene, thereby preventing the attachment of a spliceosome and
subsequent excision of a miRNA and/or a shRNA from the intron. By preventing biogenesis of
the miRNA and/or shRNA, the miRNA and/or shRNA cannot be processed and subsequently
hybridize to the lentiviral genomic RNA to induce lentiviral genomic RNA degradation. In
addition, use of an antisense oligonucleotide that prevents splicing will ensure that the full length
lentiviral RNA genome will be packaged into the lentiviral particle. Thus, in an aspect is
provided a kit comprising: (i) an oligonucleotide comprising a mirtron splice site binding
sequence; and (i1) a lentiviral packaging system. In embodiments, the antisense oligonucleotide
that hybridizes to a mirtron splice site sequence (e.g. a mirtron splice site binding sequence)
binds to at least one nucleotide on either side of the splice site, e.g. 5’ to the splice site or 3’ to

the splice site.
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[0076] As discussed above, a lentiviral packaging system refers to a system used to produce
lentivirus. Lentiviral packaging systems may be second or third generation lentiviral packaging
systems. In aspects, the lentiviral packaging system is a second generation lentiviral packaging
system. In aspects, the lentiviral packaging system is a third generation lentiviral packaging

system.

[0077] An “oligonucleotide comprising a mirtron splice site binding sequence” refers to an
antisense oligonucleotide capable of hybridizing to a mirtron splice site sequence, thereby
preventing miRNA biogenesis through splicing. In embodiments, hybridization of the mirtron
splice site binding sequence to the mirtron splice site sequence does not induce RNA degradation
through, for example, RNAseH mediated mechanisms. To circumvent degradation of the
lentiviral genomic RNA upon hybridization of the mirtron splice site binding sequence, the
mirtron splice site binding sequence may include modified oligonucleotides that are resistant to
RNAseH degradation. Non-limiting examples of modified oligonucleotides include 2'-O-alkyl,
2’-0-Methyl, 2’-deoxy-2’fluoro, 2’-deoxy, a universal base, 5-C-methyl, an inverted deoxy
abasic residue incorporation, a positive backbone; non-ionic backbones, modified sugars, and
non-ribose backbones (e.g. phosphorodiamidate morpholino oligonucleotides), and locked

nucleic acids (LNAs).

[0078] “Morpholino” or “phosphorediamidate morpholino” refer to a nucleic acid in which a
methylenemorpholine ring replaces a ribose or deoxyribose sugar moiety and a non-ionic

phosphorodiamidate linkage replaces an anionic phosphate moiety.

[0079] In embodiments, the oligonucleotide comprising a mirtron splice site binding sequence
is SEQ ID NO:3; SEQ ID NO:4; SEQ ID NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID NO:8;
SEQ ID NO:9; SEQ ID NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID
NO:14; SEQ ID NO:15; SEQ ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ
ID NO:20; SEQ ID NO:21; SEQ ID NO:22, SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25;
SEQ ID NO:26; SEQ ID NO:27; SEQ ID NO:28; SEQ ID NO:29; SEQ ID NO:30, SEQ ID
NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID NO:34, SEQ ID NO:35; SEQ ID NO:36; SEQ
ID NO:37; SEQ ID NO:38; SEQ ID NO:39; SEQ ID NO:40; SEQ ID NO:41; SEQ ID NO:42;
SEQ ID NO:43; SEQ ID NO:44; SEQ ID NO:45; SEQ ID NO:46; SEQ ID NO:47; SEQ ID
NO:48; SEQ ID NO:49; or SEQ ID NO:50.

[0080] In embodiments, the oligonucleotide comprising a mirtron splice site binding sequence

is a modified oligonucleotide. In embodiments, the oligonucleotide comprising a mirtron splice
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site binding sequence is a modified oligonucleotide of SEQ ID NO:3; SEQ ID NO:4; SEQ ID

NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID NO:8; SEQ ID NO:9; SEQ ID NO:10; SEQ ID
NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID NO:14; SEQ ID NO:15; SEQ ID NO:16; SEQ
ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ ID NO:20; SEQ ID NO:21; SEQ ID NO:22,
SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25; SEQ ID NO:26; SEQ ID NO:27; SEQ ID
NO:28; SEQ ID NO:29; SEQ ID NO:30, SEQ ID NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ
ID NO:34, SEQ ID NO:35; SEQ ID NO:36; SEQ ID NO:37; SEQ ID NO:38; SEQ ID NO:39;
SEQ ID NO:40; SEQ ID NO:41; SEQ ID NO:42; SEQ ID NO:43; SEQ ID NO:44; SEQ ID
NO:45; SEQ ID NO:46; SEQ ID NO:47; SEQ ID NO:48; SEQ ID NO:49; or SEQ ID NO:50. In
embodiments, the modified oligonucleotide is a 2’-O-methyl modified oligonucleotide. In
embodiments, the modified oligonucleotide is a morpholino. In embodiments, the modified
oligonucleotide is a LNA. In embodiments, the modified oligonucleotide includes a combination
of LNA, 2’-O-methyl, and morpholino modified oligonucleotides. In embodiments, the nucleic
acid comprising a mirtron splice site binding sequence comprises at least one modified nucleic
acid. In embodiments, the nucleic acid comprising a mirtron splice site binding sequence
comprises from 1 to about 20 modified nucleic acids. In embodiments, the nucleic acid
comprising a mirtron splice site binding sequence comprises from 1 to about 15 modified nucleic
acids. In embodiments, the nucleic acid comprising a mirtron splice site binding sequence
comprises from 1 to about 10 modified nucleic acids. In embodiments, the nucleic acid
comprising a mirtron splice site binding sequence comprises from 1 to about 5 modified nucleic
acids. In embodiments, the nucleic acid comprising a mirtron splice site binding sequence
contains 1 modified nucleic acid. In embodiments, the nucleic acid comprising a mirtron splice
site binding sequence contains 2 modified nucleic acids. In embodiments, the nucleic acid
comprising a mirtron splice site binding sequence contains 3 modified nucleic acids. In
embodiments, the nucleic acid comprising a mirtron splice site binding sequence contains 4
modified nucleic acids. In embodiments, the nucleic acid comprising a mirtron splice site
binding sequence contains 5 modified nucleic acids. In embodiments, the nucleic acid
comprising a mirtron splice site binding sequence contains 6 modified nucleic acids. In
embodiments, the nucleic acid comprising a mirtron splice site binding sequence contains 7
modified nucleic acids. In embodiments, the nucleic acid comprising a mirtron splice site
binding sequence contains 8 modified nucleic acids. In embodiments, the nucleic acid
comprising a mirtron splice site binding sequence contains 9 modified nucleic acids. In

embodiments, the nucleic acid comprising a mirtron splice site binding sequence contains 10
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modified nucleic acids. In embodiments, the nucleic acid comprising a mirtron splice site
binding sequence contains 11 modified nucleic acids. In embodiments, the nucleic acid
comprising a mirtron splice site binding sequence contains 12 modified nucleic acids. In
embodiments, the nucleic acid comprising a mirtron splice site binding sequence contains 13
modified nucleic acids. In embodiments, the nucleic acid comprising a mirtron splice site
binding sequence contains 14 modified nucleic acids. In embodiments, the nucleic acid
comprising a mirtron splice site binding sequence contains 15 modified nucleic acids. In
embodiments, the nucleic acid comprising a mirtron splice site binding sequence contains 16
modified nucleic acids. In embodiments, the nucleic acid comprising a mirtron splice site
binding sequence contains 17 modified nucleic acids. In embodiments, the nucleic acid
comprising a mirtron splice site binding sequence contains 18 modified nucleic acids. In
embodiments, the nucleic acid comprising a mirtron splice site binding sequence contains 19
modified nucleic acids. In embodiments, the nucleic acid comprising a mirtron splice site
binding sequence contains 20 modified nucleic acids. In embodiments, the nucleic acid
comprising a mirtron splice site binding sequence contains 21 modified nucleic acids. In
embodiments, the nucleic acid comprising a mirtron splice site binding sequence contains 22
modified nucleic acids. In embodiments, the nucleic acid comprising a mirtron splice site
binding sequence contains 23 modified nucleic acids. In embodiments, the nucleic acid
comprising a mirtron splice site binding sequence contains 24 modified nucleic acids. In
embodiments, the nucleic acid comprising a mirtron splice site binding sequence contains 25

modified nucleic acids.

[0081] In embodiments, the oligonucleotide comprising a mirtron splice site binding sequence
is a nucleic acid that binds to a region of the MCM?7 splice donor site and comprises one of the

following sequences:

5’ -CCCTCCAGCAATTTGGGCACTTACC-3" (SEQ ID NO:3)
5’ -CCTCCAGCAATTTGGGCACTTACCA-3" (SEQ ID NO:4)
5’ =CTCCAGCAATTTGGGCACTTACCAG-3" (SEQ ID NO:5)
5’ -TCCAGCAATTTGGGCACTTACCAGA-3" (SEQ ID NO:6)
5’ -CCAGCAATTTGGGCACTTACCAGAG-3" (SEQ ID NO:7)
5’ -CAGCAATTTGGGCACTTACCAGAGC-3" (SEQ ID NO:8)
5’ -AGCAATTTGGGCACTTACCAGAGCA-3" (SEQ ID NO:9)

5’ -GCAATTTGGGCACTTACCAGAGCAG-3’
5’ -CAATTTGGGCACTTACCAGAGCAGT-3’
5" -AATTTGGGCACTTACCAGAGCAGTG-3’
5" -ATTTGGGCACTTACCAGAGCAGTGG-3’
5" -TTTGGGCACTTACCAGAGCAGTGGA-3’
5’ -TTGGGCACTTACCAGAGCAGTGGAA-3’

SEQ ID NO:10
SEQ ID NO:11
SEQ ID NO:12
SEQ ID NO:13
SEQ ID NO:14
SEQ ID NO:15
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5’ -TGGGCACTTACCAGAGCAGTGGAAA-3’ (SEQ ID NO:16)
5’ -GGGCACTTACCAGAGCAGTGGAAAG-3" (SEQ ID NO:17
5’ -GGCACTTACCAGAGCAGTGGAAAGG-3’" (SEQ ID NO:18
5’ -GCACTTACCAGAGCAGTGGAAAGGC-3’ (SEQ ID NO:19
5" -CACTTACCAGAGCAGTGGAAAGGCG-3’ (SEQ ID NO:20
5" -ACTTACCAGAGCAGTGGAAAGGCGC-3" (SEQ ID NO:21
5’ -CTTACCAGAGCAGTGGAAAGGCGCA-3" (SEQ ID NO:22
5’ -TTACCAGAGCAGTGGAAAGGCGCAG-3’ (SEQ ID NO:23
5’ -TACCAGAGCAGTGGAAAGGCGCAGG-3’" (SEQ ID NO:24
5’ -ACCAGAGCAGTGGAAAGGCGCAGGA-3’ (SEQ ID NO:25
5’ -CCAGAGCAGTGGAAAGGCGCAGGAT-3" (SEQ ID NO:26

[0082] In embodiments, SEQ ID NO:3; SEQ ID NO:4; SEQ ID NO:5; SEQ ID NO:6; SEQ ID
NO:7; SEQ ID NO:8; SEQ ID NO:9; SEQ ID NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ ID
NO:13; SEQ ID NO:14; SEQ ID NO:15; SEQ ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ
ID NO:19; SEQ ID NO-20; SEQ ID NO:21; SEQ ID NO:22, SEQ ID NO:23: SEQ ID NO:24;
SEQ ID NO:25; or SEQ ID NO:26 is a modified oligonucleotide. Non-limiting examples of
modifications that can be to the oligonucleotides of SEQ ID NO:3; SEQ ID NO:4; SEQ ID
NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID NO:8; SEQ ID NO:9; SEQ ID NO:10; SEQ ID
NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID NO:14; SEQ ID NO:15; SEQ ID NO:16; SEQ
ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ ID NO:20; SEQ ID NO:21; SEQ ID NO:22,
SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25; and SEQ ID NO:26 include 2'-O-alkyl, 2°-O-
methyl, 2’-deoxy-2’fluoro, 2’-deoxy, a universal base, 5-C-methyl, an inverted deoxy abasic
residue incorporation, a positive backbone; non-ionic backbones, modified sugars, and non-
ribose backbones (e.g. phosphorodiamidate morpholino oligonucleotides), and locked nucleic
acids (LNAs). In embodiments, SEQ ID NO:3; SEQ ID NO:4;, SEQ ID NO:5; SEQ ID NO:6;
SEQ ID NO:7; SEQ ID NO:8; SEQ ID NO:9; SEQ ID NO:10; SEQ ID NO:11; SEQ ID NO:12;
SEQ ID NO:13; SEQ ID NO:14; SEQ ID NO:15; SEQ ID NO:16; SEQ ID NO:17; SEQ ID
NO:18; SEQ ID NO:19; SEQ ID NO:20; SEQ ID NO:21; SEQ ID NO:22, SEQ ID NO:23; SEQ
ID NO:24; SEQ ID NO:25; or SEQ ID NO:26 1s a 2'-O-alkyl modified oligonucleotide. In
embodiments, SEQ ID NO:3; SEQ ID NO:4; SEQ ID NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ
ID NO:8; SEQ ID NO:9; SEQ ID NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ
ID NO:14; SEQ ID NO:15; SEQ ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:19:
SEQ ID NO:20; SEQ ID NO:21; SEQ ID NO:22, SEQ ID NO:23; SEQ ID NO:24; SEQ ID
NO:25; or SEQ ID NO:26 is a 2’-O-methyl modified oligonucleotide. In embodiments, SEQ ID
NO:3; SEQ ID NO:4; SEQ ID NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID NO:8; SEQ ID
NO:9; SEQ ID NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID NO:14; SEQ
ID NO:15; SEQ ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ ID NO:20:
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SEQ ID NO:21; SEQ ID NO:22, SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25; or SEQ ID
NO:26 is a 2’-deoxy-2’fluoro modified oligonucleotide. In embodiments, SEQ ID NO:3; SEQ
ID NO:4; SEQ ID NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID NO:8; SEQ ID NO:9; SEQ ID
NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID NO:14; SEQ ID NO:15; SEQ
ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ ID NO:20; SEQ ID NO:21:
SEQ ID NO:22, SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25; or SEQ ID NO:26 is modified
with a non-ribose backbone, such as phosphorodiamidate morpholino. In embodiments, SEQ ID
NO:3; SEQ ID NO:4; SEQ ID NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID NO:8; SEQ ID
NO:9; SEQ ID NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID NO:14; SEQ
ID NO:15; SEQ ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ ID NO:20;
SEQ ID NO:21; SEQ ID NO:22, SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25; or SEQ ID

NO:26 is a phosphorodiamidate morpholino modified oligonucleotide.

[0083] In embodiments, the oligonucleotide comprising a mirtron splice site binding sequence
is a nucleic acid that binds to a region of the MCM?7 splice acceptor site and comprises one of the

following amino acid sequences:

5’ -CACATCCACCATTCTCAGACGTGCC-3'
5’ -ACATCCACCATTCTCAGACGTGCCT-3'
5’ -CATCCACCATTCTCAGACGTGCCTA-3’
5" -ATCCACCATTCTCAGACGTGCCTAA-3’
5’ -TCCACCATTCTCAGACGTGCCTAAG-3’
5’ -CCACCATTCTCAGACGTGCCTAAGG-3’
5’ -CACCATTCTCAGACGTGCCTAAGGG-3’
5’ -ACCATTCTCAGACGTGCCTAAGGGG-3’
5’ -CCATTCTCAGACGTGCCTAAGGGGA-3’
5" -CATTCTCAGACGTGCCTAAGGGGAA-3’ (SEQ ID NO:36
5" -ATTCTCAGACGTGCCTAAGGGGAAG-3’" (SEQ ID NO:37

(SEQ ID NO:27)
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
5/ -TTCTCAGACGTGCCTAAGGGGAAGG-3’ (SEQ ID NO:38)
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )

SEQ ID NO:28
SEQ ID NO:29
SEQ ID NO:30
SEQ ID NO:31
SEQ ID NO:32
SEQ ID NO:33
SEQ ID NO:34
SEQ ID NO:35

5’ -TCTCAGACGTGCCTAAGGGGAAGGT-3" (SEQ ID NO:39
5’ -CTCAGACGTGCCTAAGGGGAAGGTA-3" (SEQ ID NO:40
5’ -TCAGACGTGCCTAAGGGGAAGGTAG-3" (SEQ ID NO:41
5’ -CAGACGTGCCTAAGGGGAAGGTAGG-3" (SEQ ID NO:42
5’ -AGACGTGCCTAAGGGGAAGGTAGGG-3" (SEQ ID NO:43
5’ -GACGTGCCTAAGGGGAAGGTAGGGG-3" (SEQ ID NO:44
5’ -ACGTGCCTAAGGGGAAGGTAGGGGG-3" (SEQ ID NO:45
5’ -CGTGCCTAAGGGGAAGGTAGGGGGG-3" (SEQ ID NO:46
5’ -GTGCCTAAGGGGAAGGTAGGGGGGA-3" (SEQ ID NO:47
5’ -TGCCTAAGGGGAAGGTAGGGGGGAA-3" (SEQ ID NO:48
5’ -GCCTAAGGGGAAGGTAGGGGGGAAA-3’ (SEQ ID NO:49
5’ -CCTAAGGGGAAGGTAGGGGGGAAAG-3’ (SEQ ID NO:50

[0084] In embodiments, SEQ ID NO:27; SEQ ID NO:28; SEQ ID NO:29; SEQ ID NO:30,
SEQ ID NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID NO:34, SEQ ID NO:35; SEQ ID
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NO:36; SEQ ID NO:37; SEQ ID NO:38; SEQ ID NO:39; SEQ ID NO:40; SEQ ID NO:41; SEQ
ID NO:42; SEQ ID NO:43; SEQ ID NO:44: SEQ ID NO:45; SEQ ID NO:46; SEQ ID NO:47;
SEQ ID NO:48; SEQ ID NO:49; or SEQ ID NO:50 is a modified oligonucleotide. Non-limiting
examples of modifications that can be to the oligonucleotides of SEQ ID NO:27; SEQ ID
NO:28; SEQ ID NO:29; SEQ ID NO:30, SEQ ID NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ
ID NO:34, SEQ ID NO:35; SEQ ID NO:36; SEQ ID NO:37; SEQ ID NO:38; SEQ ID NO:39;
SEQ ID NO:40; SEQ ID NO:41; SEQ ID NO:42; SEQ ID NO:43; SEQ ID NO:44; SEQ ID
NO:45; SEQ ID NO:46; SEQ ID NO:47; SEQ ID NO:48; SEQ ID NO:49; or SEQ ID NO:50
include 2'-O-alkyl, 2’-O-methyl, 2’-deoxy-2’fluoro, 2’-deoxy, a universal base, 5-C-methyl, an
inverted deoxy abasic residue incorporation, a positive backbone; non-ionic backbones, modified
sugars, and non-ribose backbones (e.g. phosphorodiamidate morpholino oligonucleotides), and
locked nucleic acids (LNAs). In embodiments, SEQ ID NO:27; SEQ ID NO:28; SEQ ID NO:29;
SEQ ID NO:30, SEQ ID NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID NO:34, SEQ ID
NO:35; SEQ ID NO:36; SEQ ID NO:37; SEQ ID NO:38; SEQ ID NO:39; SEQ ID NO:40; SEQ
ID NO:41; SEQ ID NO:42; SEQ ID NO:43; SEQ ID NO:44; SEQ ID NO:45; SEQ ID NO:46;
SEQ ID NO:47;, SEQ ID NO:48; SEQ ID NO:49; or SEQ ID NO:50 is a 2'-O-alkyl modified
oligonucleotide. In embodiments, SEQ ID NO:27; SEQ ID NO:28; SEQ ID NO:29; SEQ ID
NO:30, SEQ ID NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID NO:34, SEQ ID NO:35; SEQ
ID NO:36; SEQ ID NO:37; SEQ ID NO:38; SEQ ID NO:39; SEQ ID NO:40; SEQ ID NO:41;
SEQ ID NO:42; SEQ ID NO:43; SEQ ID NO:44; SEQ ID NO:45; SEQ ID NO:46; SEQ ID
NO:47; SEQ ID NO:48; SEQ ID NO:49; or SEQ ID NO:50 is a 2’-O-methyl modified
oligonucleotide. In embodiments, SEQ ID NO:27; SEQ ID NO:28; SEQ ID NO:29; SEQ ID
NO:30, SEQ ID NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID NO:34, SEQ ID NO:35; SEQ
ID NO:36; SEQ ID NO:37; SEQ ID NO:38; SEQ ID NO:39; SEQ ID NO:40; SEQ ID NO:41;
SEQ ID NO:42; SEQ ID NO:43; SEQ ID NO:44; SEQ ID NO:45; SEQ ID NO:46; SEQ ID
NO:47; SEQ ID NO:48; SEQ ID NO:49; or SEQ ID NO:50 is a 2’-deoxy-2’fluoro modified
oligonucleotide. In embodiments, SEQ ID NO:27; SEQ ID NO:28; SEQ ID NO:29; SEQ ID
NO:30, SEQ ID NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID NO:34, SEQ ID NO:35; SEQ
ID NO:36; SEQ ID NO:37; SEQ ID NO:38; SEQ ID NO:39; SEQ ID NO:40; SEQ ID NO:41;
SEQ ID NO:42; SEQ ID NO:43; SEQ ID NO:44; SEQ ID NO:45; SEQ ID NO:46; SEQ ID
NO:47;, SEQ ID NO:48; SEQ ID NO:49; or SEQ ID NO:50 is a 2’-deoxy modified
oligonucleotide. In embodiments, SEQ ID NO:27; SEQ ID NO:28; SEQ ID NO:29; SEQ ID
NO:30, SEQ ID NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID NO:34, SEQ ID NO:35; SEQ
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ID NO:36; SEQ ID NO:37; SEQ ID NO:38; SEQ ID NO:39; SEQ ID NO:40; SEQ ID NO:41;
SEQ ID NO:42; SEQ ID NO:43; SEQ ID NO:44; SEQ ID NO:45; SEQ ID NO:46; SEQ ID
NO:47; SEQ ID NO:48; SEQ ID NO:49; or SEQ ID NO:50 is modified with a non-ribose
backbone, such as phosphorodiamidate morpholino. In embodiments, SEQ ID NO:27; SEQ ID
NO:28; SEQ ID NO:29; SEQ ID NO:30, SEQ ID NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ
ID NO:34, SEQ ID NO:35; SEQ ID NO:36; SEQ ID NO:37; SEQ ID NO:38; SEQ ID NO:39;
SEQ ID NO:40; SEQ ID NO:41; SEQ ID NO:42; SEQ ID NO:43; SEQ ID NO:44; SEQ ID
NO:45; SEQ ID NO:46; SEQ ID NO:47; SEQ ID NO:48; SEQ ID NO:49; or SEQ ID NO:501s a

phosphorodiamidate morpholino modified oligonucleotide.

[0085] In embodiments, the oligonucleotide comprising a mirtron splice site binding sequence
is an oligonucleotide comprising a nucleic acid sequence having at least 80% sequence identity
to SEQ ID NO:3; SEQ ID NO:4; SEQ ID NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID NO:8;
SEQ ID NO:9; SEQ ID NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID
NO:14; SEQ ID NO:15; SEQ ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ
ID NO:20; SEQ ID NO:21; SEQ ID NO:22, SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25;
SEQ ID NO:26; SEQ ID NO:27; SEQ ID NO:28; SEQ ID NO:29; SEQ ID NO:30, SEQ ID
NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID NO:34, SEQ ID NO:35; SEQ ID NO:36; SEQ
ID NO:37; SEQ ID NO:38; SEQ ID NO:39; SEQ ID NO:40; SEQ ID NO:41; SEQ ID NO:42;
SEQ ID NO:43; SEQ ID NO:44; SEQ ID NO:45; SEQ ID NO:46; SEQ ID NO:47; SEQ ID
NO:48; SEQ ID NO:49; or SEQ ID NO:50.

[0086] In embodiments, the oligonucleotide comprising a mirtron splice site binding sequence
is an oligonucleotide comprising a nucleic acid sequence having at least 85% sequence identity
to SEQ ID NO:3; SEQ ID NO:4; SEQ ID NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID NO:8;
SEQ ID NO:9; SEQ ID NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID
NO:14; SEQ ID NO:15; SEQ ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ
ID NO:20; SEQ ID NO:21; SEQ ID NO:22, SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25;
SEQ ID NO:26; SEQ ID NO:27; SEQ ID NO:28; SEQ ID NO:29; SEQ ID NO:30, SEQ ID
NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID NO:34, SEQ ID NO:35; SEQ ID NO:36; SEQ
ID NO:37; SEQ ID NO:38; SEQ ID NO:39; SEQ ID NO:40; SEQ ID NO:41; SEQ ID NO:42;
SEQ ID NO:43; SEQ ID NO:44; SEQ ID NO:45; SEQ ID NO:46; SEQ ID NO:47; SEQ ID
NO:48; SEQ ID NO:49; or SEQ ID NO:50.
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[0087] In embodiments, the oligonucleotide comprising a mirtron splice site binding sequence
is an oligonucleotide comprising a nucleic acid sequence having at least 90% sequence identity
to SEQ ID NO:3; SEQ ID NO:4; SEQ ID NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID NO:8;
SEQ ID NO:9; SEQ ID NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID
NO:14; SEQ ID NO:15; SEQ ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ
ID NO:20; SEQ ID NO:21; SEQ ID NO:22, SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25;
SEQ ID NO:26; SEQ ID NO:27; SEQ ID NO:28; SEQ ID NO:29; SEQ ID NO:30, SEQ ID
NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID NO:34, SEQ ID NO:35; SEQ ID NO:36; SEQ
ID NO:37; SEQ ID NO:38; SEQ ID NO:39; SEQ ID NO:40; SEQ ID NO:41; SEQ ID NO:42;
SEQ ID NO:43; SEQ ID NO:44; SEQ ID NO:45; SEQ ID NO:46; SEQ ID NO:47; SEQ ID
NO:48; SEQ ID NO:49; or SEQ ID NO:50.

[0088] In embodiments, the oligonucleotide comprising a mirtron splice site binding sequence
is an oligonucleotide comprising a nucleic acid sequence having at least 91% sequence identity
to SEQ ID NO:3; SEQ ID NO:4; SEQ ID NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID NO:8;
SEQ ID NO:9; SEQ ID NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID
NO:14; SEQ ID NO:15; SEQ ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ
ID NO:20; SEQ ID NO:21; SEQ ID NO:22, SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25;
SEQ ID NO:26; SEQ ID NO:27; SEQ ID NO:28; SEQ ID NO:29; SEQ ID NO:30, SEQ ID
NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID NO:34, SEQ ID NO:35; SEQ ID NO:36; SEQ
ID NO:37; SEQ ID NO:38; SEQ ID NO:39; SEQ ID NO:40; SEQ ID NO:41; SEQ ID NO:42;
SEQ ID NO:43; SEQ ID NO:44; SEQ ID NO:45; SEQ ID NO:46; SEQ ID NO:47; SEQ ID
NO:48; SEQ ID NO:49; or SEQ ID NO:50.

[0089] In embodiments, the oligonucleotide comprising a mirtron splice site binding sequence
is an oligonucleotide comprising a nucleic acid sequence having at least 92% sequence identity
to SEQ ID NO:3; SEQ ID NO:4; SEQ ID NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID NO:8;
SEQ ID NO:9; SEQ ID NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID
NO:14; SEQ ID NO:15; SEQ ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ
ID NO:20; SEQ ID NO:21; SEQ ID NO:22, SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25;
SEQ ID NO:26; SEQ ID NO:27; SEQ ID NO:28; SEQ ID NO:29; SEQ ID NO:30, SEQ ID
NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID NO:34, SEQ ID NO:35; SEQ ID NO:36; SEQ
ID NO:37; SEQ ID NO:38; SEQ ID NO:39; SEQ ID NO:40; SEQ ID NO:41; SEQ ID NO:42;
SEQ ID NO:43; SEQ ID NO:44; SEQ ID NO:45; SEQ ID NO:46; SEQ ID NO:47; SEQ ID
NO:48; SEQ ID NO:49; or SEQ ID NO:50.

28



WO 2019/060779 PCT/US2018/052293

[0090] In embodiments, the oligonucleotide comprising a mirtron splice site binding sequence
is an oligonucleotide comprising a nucleic acid sequence having at least 93% sequence identity
to SEQ ID NO:3; SEQ ID NO:4; SEQ ID NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID NO:8;
SEQ ID NO:9; SEQ ID NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID
NO:14; SEQ ID NO:15; SEQ ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ
ID NO:20; SEQ ID NO:21; SEQ ID NO:22, SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25;
SEQ ID NO:26; SEQ ID NO:27; SEQ ID NO:28; SEQ ID NO:29; SEQ ID NO:30, SEQ ID
NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID NO:34, SEQ ID NO:35; SEQ ID NO:36; SEQ
ID NO:37; SEQ ID NO:38; SEQ ID NO:39; SEQ ID NO:40; SEQ ID NO:41; SEQ ID NO:42;
SEQ ID NO:43; SEQ ID NO:44; SEQ ID NO:45; SEQ ID NO:46; SEQ ID NO:47; SEQ ID
NO:48; SEQ ID NO:49; or SEQ ID NO:50.

[0091] In embodiments, the oligonucleotide comprising a mirtron splice site binding sequence
is an oligonucleotide comprising a nucleic acid sequence having at least 94% sequence identity
to SEQ ID NO:3; SEQ ID NO:4; SEQ ID NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID NO:8;
SEQ ID NO:9; SEQ ID NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID
NO:14; SEQ ID NO:15; SEQ ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ
ID NO:20; SEQ ID NO:21; SEQ ID NO:22, SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25;
SEQ ID NO:26; SEQ ID NO:27; SEQ ID NO:28; SEQ ID NO:29; SEQ ID NO:30, SEQ ID
NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID NO:34, SEQ ID NO:35; SEQ ID NO:36; SEQ
ID NO:37; SEQ ID NO:38; SEQ ID NO:39; SEQ ID NO:40; SEQ ID NO:41; SEQ ID NO:42;
SEQ ID NO:43; SEQ ID NO:44; SEQ ID NO:45; SEQ ID NO:46; SEQ ID NO:47; SEQ ID
NO:48; SEQ ID NO:49; or SEQ ID NO:50.

[0092] In embodiments, the oligonucleotide comprising a mirtron splice site binding sequence
is an oligonucleotide comprising a nucleic acid sequence having at least 95% sequence identity
to SEQ ID NO:3; SEQ ID NO:4; SEQ ID NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID NO:8;
SEQ ID NO:9; SEQ ID NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID
NO:14; SEQ ID NO:15; SEQ ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ
ID NO:20; SEQ ID NO:21; SEQ ID NO:22, SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25;
SEQ ID NO:26; SEQ ID NO:27; SEQ ID NO:28; SEQ ID NO:29; SEQ ID NO:30, SEQ ID
NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID NO:34, SEQ ID NO:35; SEQ ID NO:36; SEQ
ID NO:37; SEQ ID NO:38; SEQ ID NO:39; SEQ ID NO:40; SEQ ID NO:41; SEQ ID NO:42;
SEQ ID NO:43; SEQ ID NO:44; SEQ ID NO:45; SEQ ID NO:46; SEQ ID NO:47; SEQ ID
NO:48; SEQ ID NO:49; or SEQ ID NO:50.
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[0093] In embodiments, the oligonucleotide comprising a mirtron splice site binding sequence
is an oligonucleotide comprising a nucleic acid sequence having at least 96% sequence identity
to SEQ ID NO:3; SEQ ID NO:4; SEQ ID NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID NO:8;
SEQ ID NO:9; SEQ ID NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID
NO:14; SEQ ID NO:15; SEQ ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ
ID NO:20; SEQ ID NO:21; SEQ ID NO:22, SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25;
SEQ ID NO:26; SEQ ID NO:27; SEQ ID NO:28; SEQ ID NO:29; SEQ ID NO:30, SEQ ID
NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID NO:34, SEQ ID NO:35; SEQ ID NO:36; SEQ
ID NO:37; SEQ ID NO:38; SEQ ID NO:39; SEQ ID NO:40; SEQ ID NO:41; SEQ ID NO:42;
SEQ ID NO:43; SEQ ID NO:44; SEQ ID NO:45; SEQ ID NO:46; SEQ ID NO:47; SEQ ID
NO:48; SEQ ID NO:49; or SEQ ID NO:50.

[0094] In embodiments, the oligonucleotide comprising a mirtron splice site binding sequence
is an oligonucleotide comprising a nucleic acid sequence having at least 97% sequence identity
to SEQ ID NO:3; SEQ ID NO:4; SEQ ID NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID NO:8;
SEQ ID NO:9; SEQ ID NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID
NO:14; SEQ ID NO:15; SEQ ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ
ID NO:20; SEQ ID NO:21; SEQ ID NO:22, SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25;
SEQ ID NO:26; SEQ ID NO:27; SEQ ID NO:28; SEQ ID NO:29; SEQ ID NO:30, SEQ ID
NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID NO:34, SEQ ID NO:35; SEQ ID NO:36; SEQ
ID NO:37; SEQ ID NO:38; SEQ ID NO:39; SEQ ID NO:40; SEQ ID NO:41; SEQ ID NO:42;
SEQ ID NO:43; SEQ ID NO:44; SEQ ID NO:45; SEQ ID NO:46; SEQ ID NO:47; SEQ ID
NO:48; SEQ ID NO:49; or SEQ ID NO:50.

[0095] In embodiments, the oligonucleotide comprising a mirtron splice site binding sequence
is an oligonucleotide comprising a nucleic acid sequence having at least 98% sequence identity
to SEQ ID NO:3; SEQ ID NO:4; SEQ ID NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID NO:8;
SEQ ID NO:9; SEQ ID NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID
NO:14; SEQ ID NO:15; SEQ ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ
ID NO:20; SEQ ID NO:21; SEQ ID NO:22, SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25;
SEQ ID NO:26; SEQ ID NO:27; SEQ ID NO:28; SEQ ID NO:29; SEQ ID NO:30, SEQ ID
NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID NO:34, SEQ ID NO:35; SEQ ID NO:36; SEQ
ID NO:37; SEQ ID NO:38; SEQ ID NO:39; SEQ ID NO:40; SEQ ID NO:41; SEQ ID NO:42;
SEQ ID NO:43; SEQ ID NO:44; SEQ ID NO:45; SEQ ID NO:46; SEQ ID NO:47; SEQ ID
NO:48; SEQ ID NO:49; or SEQ ID NO:50.
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[0096] In embodiments, the oligonucleotide comprising a mirtron splice site binding sequence
is an oligonucleotide comprising a nucleic acid sequence having at least 99% sequence identity
to SEQ ID NO:3; SEQ ID NO:4; SEQ ID NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID NO:8;
SEQ ID NO:9; SEQ ID NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID
NO:14; SEQ ID NO:15; SEQ ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ
ID NO:20; SEQ ID NO:21; SEQ ID NO:22, SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25;
SEQ ID NO:26; SEQ ID NO:27; SEQ ID NO:28; SEQ ID NO:29; SEQ ID NO:30, SEQ ID
NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID NO:34, SEQ ID NO:35; SEQ ID NO:36; SEQ
ID NO:37; SEQ ID NO:38; SEQ ID NO:39; SEQ ID NO:40; SEQ ID NO:41; SEQ ID NO:42;
SEQ ID NO:43; SEQ ID NO:44; SEQ ID NO:45; SEQ ID NO:46; SEQ ID NO:47; SEQ ID
NO:48; SEQ ID NO:49; or SEQ ID NO:50.

[0097] In embodiments, the oligonucleotide comprising a mirtron splice site binding sequence
is an oligonucleotide comprising SEQ ID NO:3; SEQ ID NO:4; SEQ ID NO:5; SEQ ID NO:6;
SEQ ID NO:7; SEQ ID NO:8; SEQ ID NO:9; SEQ ID NO:10; SEQ ID NO:11; SEQ ID NO:12;
SEQ ID NO:13; SEQ ID NO:14; SEQ ID NO:15; SEQ ID NO:16; SEQ ID NO:17; SEQ ID
NO:18; SEQ ID NO:19; SEQ ID NO:20; SEQ ID NO:21; SEQ ID NO:22, SEQ ID NO:23; SEQ
ID NO:24; SEQ ID NO:25; SEQ ID NO:26; SEQ ID NO:27; SEQ ID NO:28; SEQ ID NO:29:
SEQ ID NO:30, SEQ ID NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID NO:34, SEQ ID
NO:35; SEQ ID NO:36; SEQ ID NO:37; SEQ ID NO:38; SEQ ID NO:39; SEQ ID NO:40; SEQ
ID NO:41; SEQ ID NO:42; SEQ ID NO:43; SEQ ID NO:44; SEQ ID NO:45; SEQ ID NO:46;
SEQ ID NO:47; SEQ ID NO:48; SEQ ID NO:49; or SEQ ID NO:50.

[0098] In embodiments, the oligonucleotide comprising a mirtron splice site binding sequence
is at least 2 nucleic acids in length. In embodiments, the oligonucleotide comprising a mirtron
splice site binding sequence is at least 3 nucleic acids in length. In embodiments, the
oligonucleotide comprising a mirtron splice site binding sequence is at least 4 nucleic acids in
length. In embodiments, the oligonucleotide comprising a mirtron splice site binding sequence is
at least 5 nucleic acids in length. In embodiments, the oligonucleotide comprising a mirtron
splice site binding sequence is at least 6 nucleic acids in length. In embodiments, the
oligonucleotide comprising a mirtron splice site binding sequence is at least 7 nucleic acids in
length. In embodiments, the oligonucleotide comprising a mirtron splice site binding sequence is
at least 8 nucleic acids in length. In embodiments, the oligonucleotide comprising a mirtron
splice site binding sequence is at least 9 nucleic acids in length. In embodiments, the

oligonucleotide comprising a mirtron splice site binding sequence is at least 10 nucleic acids in
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length. In embodiments, the oligonucleotide comprising a mirtron splice site binding sequence is
at least 11 nucleic acids in length. In embodiments, the oligonucleotide comprising a mirtron
splice site binding sequence is at least 12 nucleic acids in length. In embodiments, the
oligonucleotide comprising a mirtron splice site binding sequence is at least 13 nucleic acids in
length. In embodiments, the oligonucleotide comprising a mirtron splice site binding sequence is
at least 14 nucleic acids in length. In embodiments, the oligonucleotide comprising a mirtron
splice site binding sequence is at least 15 nucleic acids in length. In embodiments, the
oligonucleotide comprising a mirtron splice site binding sequence is at least 16 nucleic acids in
length. In embodiments, the oligonucleotide comprising a mirtron splice site binding sequence is
at least 17 nucleic acids in length. In embodiments, the oligonucleotide comprising a mirtron
splice site binding sequence is at least 18 nucleic acids in length. In embodiments, the
oligonucleotide comprising a mirtron splice site binding sequence is at least 19 nucleic acids in
length. In embodiments, the oligonucleotide comprising a mirtron splice site binding sequence is
at least 20 nucleic acids in length. In embodiments, the oligonucleotide comprising a mirtron
splice site binding sequence is at least 21 nucleic acids in length. In embodiments, the
oligonucleotide comprising a mirtron splice site binding sequence is at least 22 nucleic acids in
length. In embodiments, the oligonucleotide comprising a mirtron splice site binding sequence is
at least 23 nucleic acids in length. In embodiments, the oligonucleotide comprising a mirtron
splice site binding sequence is at least 24 nucleic acids in length. In embodiments, the
oligonucleotide comprising a mirtron splice site binding sequence is at least 25 nucleic acids in
length. In embodiments, the oligonucleotide comprising a mirtron splice site binding sequence is
at least 30 nucleic acids in length. In embodiments, the oligonucleotide comprising a mirtron
splice site binding sequence is at least 35 nucleic acids in length. In embodiments, the
oligonucleotide comprising a mirtron splice site binding sequence is at least 40 nucleic acids in
length. Depending on the length of the mirtron splice site binding sequence, the mirtron splice
site binding sequence may overlap with adjacent exon and/or intron sequences. In embodiments,
the oligonucleotide comprising a mirtron splice site binding sequence comprises from about 10
nucleotides to about 50 nucleotides; or from about 15 nucleotides to about 40 nucleotides.
Depending on the length of the mirtron splice site binding sequence, the mirtron splice site
binding sequence may hybridize with adjacent exon and/or intron sequences in addition to

hybridizing with the mirtron splice site sequence.

[0099] In embodiments, the kits further includes a cell. In embodiments, the cell is a bacterial

cell. In embodiments, the cell is a eukaryotic cell. In embodiments, the cell is a T cell. In
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embodiments, the cell is a HT1080 or HEK293T cell. In embodiments, the cell is a HT1080. In

embodiments, the cell is a HEK293T cell (also referred to as 293T).
[0100] Method

[0101] In an aspect is provided a method for producing a lentivirus. The method comprises the
step of transfecting a cell with: (1) a oligonucleotide comprising a mirtron splice site binding

sequence, and (i1) a lentiviral packaging system; thereby producing the lentivirus.

[0102] In embodiments, the cell is a bacterial cell. In embodiments, the cell is a eukaryotic
cell. In embodiments, the cell is a T cell. In embodiments, the cell is a HT1080 or HEK293T
cell. In embodiments, the cell is a HT1080. In embodiments, the cell is a HEK293T cell(also
referred to as 293T).2

[0103] In embodiments, the lentivirus is any known in the art, as defined and described herein.
In embodiments, the lentivirus is a human immunodeficiency virus. In embodiments, the

lentivirus is a pHIV7-EGFP lentivirus.

[0104] In embodiments, the lentiviral packaging system is a second generation lentiviral
packaging system, as defined and described herein. In embodiments, the lentiviral packaging

system is a third generation lentiviral packaging system, as defined and described herein.

[0105] In embodiments, an oligonucleotide comprising a mirtron splice site binding sequence
is SEQ ID NO:3; SEQ ID NO:4; SEQ ID NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID NO:8;
SEQ ID NO:9; SEQ ID NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID
NO:14; SEQ ID NO:15; SEQ ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ
ID NO:20; SEQ ID NO:21; SEQ ID NO:22, SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25;
SEQ ID NO:26; SEQ ID NO:27; SEQ ID NO:28; SEQ ID NO:29; SEQ ID NO:30, SEQ ID
NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID NO:34, SEQ ID NO:35; SEQ ID NO:36; SEQ
ID NO:37; SEQ ID NO:38; SEQ ID NO:39; SEQ ID NO:40; SEQ ID NO:41; SEQ ID NO:42;
SEQ ID NO:43; SEQ ID NO:44; SEQ ID NO:45; SEQ ID NO:46; SEQ ID NO:47; SEQ ID
NO:48; SEQ ID NO:49; or SEQ ID NO:50.

[0106] In embodiments, the oligonucleotide comprising a mirtron splice site binding sequence
is a nucleic acid that binds to a region of the MCM?7 splice donor site and comprises one of the
following sequences: SEQ ID NO:3; SEQ ID NO:4; SEQ ID NO:5; SEQ ID NO:6; SEQ ID
NO:7; SEQ ID NO:8; SEQ ID NO:9; SEQ ID NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ ID
NO:13; SEQ ID NO:14; SEQ ID NO:15; SEQ ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ
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ID NO:19; SEQ ID NO:20; SEQ ID NO:21; SEQ ID NO:22, SEQ ID NO:23; SEQ ID NO:24;
SEQ ID NO:25; or SEQ ID NO:26.

[0107] In embodiments, the oligonucleotide comprising a mirtron splice site binding sequence
is a nucleic acid that binds to a region of the MCM?7 splice acceptor site and comprises one of the
following amino acid sequences: SEQ ID NO:27; SEQ ID NO:28; SEQ ID NO:29; SEQ ID
NO:30, SEQ ID NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID NO:34, SEQ ID NO:35; SEQ
ID NO:36; SEQ ID NO:37; SEQ ID NO:38; SEQ ID NO:39; SEQ ID NO:40; SEQ ID NO:41;
SEQ ID NO:42; SEQ ID NO:43; SEQ ID NO:44; SEQ ID NO:45; SEQ ID NO:46; SEQ ID
NO:47; SEQ ID NO:48; SEQ ID NO:49; or SEQ ID NO:50

[0108] In embodiments, the oligonucleotide comprising a mirtron splice site binding sequence
is a modified oligonucleotide. In embodiments, the oligonucleotide comprising a mirtron splice
site binding sequence is a modified oligonucleotide of SEQ ID NO:3; SEQ ID NO:4; SEQ ID
NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID NO:8; SEQ ID NO:9; SEQ ID NO:10; SEQ ID
NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID NO:14; SEQ ID NO:15; SEQ ID NO:16; SEQ
ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ ID NO:20; SEQ ID NO:21; SEQ ID NO:22,
SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25; SEQ ID NO:26; SEQ ID NO:27; SEQ ID
NO:28; SEQ ID NO:29; SEQ ID NO:30, SEQ ID NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ
ID NO:34, SEQ ID NO:35; SEQ ID NO:36; SEQ ID NO:37; SEQ ID NO:38; SEQ ID NO:39;
SEQ ID NO:40; SEQ ID NO:41; SEQ ID NO:42; SEQ ID NO:43; SEQ ID NO:44; SEQ ID
NO:45; SEQ ID NO:46; SEQ ID NO:47; SEQ ID NO:48; SEQ ID NO:49; or SEQ ID NO:50. In
embodiments, the modified oligonucleotide is a 2’-O-methyl modified oligonucleotide. In
embodiments, the modified oligonucleotide is a morpholino. In embodiments, the modified
oligonucleotide is a LNA. In embodiments, the modified oligonucleotide includes a combination
of LNA, 2’-O-methyl, and morpholino modified oligonucleotides. In embodiments, the
oligonucleotide comprising a mirtron splice site binding sequence comprises at least one
modified nucleic acid. In embodiments, the oligonucleotide comprising a mirtron splice site
binding sequence comprises from 1 to about 20 modified nucleic acids; from 1 to about 15
modified nucleic acids; or from 1 to about 10 modified nucleic acids; or from 1 to about 5
modified nucleic acids; or contains 1,2, 3, 4,5, 6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,

2 2 2 2 2 2 2 2

20, 21, 22, 23, or 24 modified nucleic acids.

[0109] In embodiments, the oligonucleotide comprising a mirtron splice site binding sequence
is an oligonucleotide comprising a nucleic acid sequence having at least 80% sequence identity

to SEQ ID NO:3; SEQ ID NO:4; SEQ ID NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID NO:8;
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SEQ ID NO:9; SEQ ID NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID
NO:14; SEQ ID NO:15; SEQ ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ
ID NO:20; SEQ ID NO:21; SEQ ID NO:22, SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25;
SEQ ID NO:26; SEQ ID NO:27; SEQ ID NO:28; SEQ ID NO:29; SEQ ID NO:30, SEQ ID
NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID NO:34, SEQ ID NO:35; SEQ ID NO:36; SEQ
ID NO:37; SEQ ID NO:38; SEQ ID NO:39; SEQ ID NO:40; SEQ ID NO:41; SEQ ID NO:42;
SEQ ID NO:43; SEQ ID NO:44; SEQ ID NO:45; SEQ ID NO:46; SEQ ID NO:47; SEQ ID
NO:48; SEQ ID NO:49; or SEQ ID NO:50. In embodiments, the oligonucleotide comprising a
mirtron splice site binding sequence is an oligonucleotide comprising a nucleic acid sequence
having at least 85% sequence identity to SEQ ID NO:3; SEQ ID NO:4; SEQ ID NO:5; SEQ ID
NO:6; SEQ ID NO:7; SEQ ID NO:8; SEQ ID NO:9; SEQ ID NO:10; SEQ ID NO:11; SEQ ID
NO:12; SEQ ID NO:13; SEQ ID NO:14; SEQ ID NO:15; SEQ ID NO:16; SEQ ID NO:17; SEQ
ID NO:18; SEQ ID NO:19; SEQ ID NO:20; SEQ ID NO:21; SEQ ID NO:22, SEQ ID NO:23;
SEQ ID NO:24; SEQ ID NO:25; SEQ ID NO:26; SEQ ID NO:27; SEQ ID NO:28; SEQ ID
NO:29; SEQ ID NO:30, SEQ ID NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID NO:34, SEQ
ID NO:35; SEQ ID NO:36; SEQ ID NO:37; SEQ ID NO:38; SEQ ID NO:39; SEQ ID NO:40;
SEQ ID NO:41; SEQ ID NO:42; SEQ ID NO:43; SEQ ID NO:44; SEQ ID NO:45; SEQ ID
NO:46; SEQ ID NO:47; SEQ ID NO:48; SEQ ID NO:49; or SEQ ID NO:50. In embodiments,
the oligonucleotide comprising a mirtron splice site binding sequence is an oligonucleotide
comprising a nucleic acid sequence having at least 90% sequence identity to SEQ ID NO:3; SEQ
ID NO:4; SEQ ID NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID NO:8; SEQ ID NO:9; SEQ ID
NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID NO:14; SEQ ID NO:15; SEQ
ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ ID NO:20; SEQ ID NO:21:
SEQ ID NO:22, SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25; SEQ ID NO:26; SEQ ID
NO:27; SEQ ID NO:28; SEQ ID NO:29; SEQ ID NO:30, SEQ ID NO:31; SEQ ID NO:32; SEQ
ID NO:33; SEQ ID NO:34, SEQ ID NO:35; SEQ ID NO:36; SEQ ID NO:37; SEQ ID NO:38;
SEQ ID NO:39; SEQ ID NO:40; SEQ ID NO:41; SEQ ID NO:42; SEQ ID NO:43; SEQ ID
NO:44; SEQ ID NO:45; SEQ ID NO:46; SEQ ID NO:47;, SEQ ID NO:48; SEQ ID NO:49; or
SEQ ID NO:50. In embodiments, the oligonucleotide comprising a mirtron splice site binding
sequence is an oligonucleotide comprising a nucleic acid sequence having at least 91% sequence
identity to SEQ ID NO:3; SEQ ID NO:4; SEQ ID NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID
NO:8; SEQ ID NO:9; SEQ ID NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID
NO:14; SEQ ID NO:15; SEQ ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ
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ID NO:20; SEQ ID NO:21; SEQ ID NO:22, SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25;
SEQ ID NO:26; SEQ ID NO:27; SEQ ID NO:28; SEQ ID NO:29; SEQ ID NO:30, SEQ ID
NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID NO:34, SEQ ID NO:35; SEQ ID NO:36; SEQ
ID NO:37; SEQ ID NO:38; SEQ ID NO:39; SEQ ID NO:40; SEQ ID NO:41; SEQ ID NO:42;
SEQ ID NO:43; SEQ ID NO:44; SEQ ID NO:45; SEQ ID NO:46; SEQ ID NO:47; SEQ ID
NO:48; SEQ ID NO:49; or SEQ ID NO:50. In embodiments, the oligonucleotide comprising a
mirtron splice site binding sequence is an oligonucleotide comprising a nucleic acid sequence
having at least 92% sequence identity to SEQ ID NO:3; SEQ ID NO:4; SEQ ID NO:5; SEQ ID
NO:6; SEQ ID NO:7; SEQ ID NO:8; SEQ ID NO:9; SEQ ID NO:10; SEQ ID NO:11; SEQ ID
NO:12; SEQ ID NO:13; SEQ ID NO:14; SEQ ID NO:15; SEQ ID NO:16; SEQ ID NO:17; SEQ
ID NO:18; SEQ ID NO:19; SEQ ID NO:20; SEQ ID NO:21; SEQ ID NO:22, SEQ ID NO:23;
SEQ ID NO:24; SEQ ID NO:25; SEQ ID NO:26; SEQ ID NO:27; SEQ ID NO:28; SEQ ID
NO:29; SEQ ID NO:30, SEQ ID NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID NO:34, SEQ
ID NO:35; SEQ ID NO:36; SEQ ID NO:37; SEQ ID NO:38; SEQ ID NO:39; SEQ ID NO:40:
SEQ ID NO:41; SEQ ID NO:42; SEQ ID NO:43; SEQ ID NO:44; SEQ ID NO:45; SEQ ID
NO:46; SEQ ID NO:47; SEQ ID NO:48; SEQ ID NO:49; or SEQ ID NO:50. In embodiments,
the oligonucleotide comprising a mirtron splice site binding sequence is an oligonucleotide
comprising a nucleic acid sequence having at least 93% sequence identity to SEQ ID NO:3; SEQ
ID NO:4; SEQ ID NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID NO:8; SEQ ID NO:9; SEQ ID
NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID NO:14; SEQ ID NO:15; SEQ
ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ ID NO:20; SEQ ID NO:21:
SEQ ID NO:22, SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25; SEQ ID NO:26; SEQ ID
NO:27; SEQ ID NO:28; SEQ ID NO:29; SEQ ID NO:30, SEQ ID NO:31; SEQ ID NO:32; SEQ
ID NO:33; SEQ ID NO:34, SEQ ID NO:35; SEQ ID NO:36; SEQ ID NO:37; SEQ ID NO:38;
SEQ ID NO:39; SEQ ID NO:40; SEQ ID NO:41; SEQ ID NO:42; SEQ ID NO:43; SEQ ID
NO:44; SEQ ID NO:45; SEQ ID NO:46; SEQ ID NO:47;, SEQ ID NO:48; SEQ ID NO:49; or
SEQ ID NO:50. In embodiments, the oligonucleotide comprising a mirtron splice site binding
sequence is an oligonucleotide comprising a nucleic acid sequence having at least 94% sequence
identity to SEQ ID NO:3; SEQ ID NO:4; SEQ ID NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID
NO:8; SEQ ID NO:9; SEQ ID NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID
NO:14; SEQ ID NO:15; SEQ ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ
ID NO:20; SEQ ID NO:21; SEQ ID NO:22, SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25;
SEQ ID NO:26; SEQ ID NO:27; SEQ ID NO:28; SEQ ID NO:29; SEQ ID NO:30, SEQ ID
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NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID NO:34, SEQ ID NO:35; SEQ ID NO:36; SEQ
ID NO:37; SEQ ID NO:38; SEQ ID NO:39; SEQ ID NO:40; SEQ ID NO:41; SEQ ID NO:42;
SEQ ID NO:43; SEQ ID NO:44; SEQ ID NO:45; SEQ ID NO:46; SEQ ID NO:47; SEQ ID
NO:48; SEQ ID NO:49; or SEQ ID NO:50. In embodiments, the oligonucleotide comprising a
mirtron splice site binding sequence is an oligonucleotide comprising a nucleic acid sequence
having at least 95% sequence identity to SEQ ID NO:3; SEQ ID NO:4; SEQ ID NO:5; SEQ ID
NO:6; SEQ ID NO:7; SEQ ID NO:8; SEQ ID NO:9; SEQ ID NO:10; SEQ ID NO:11; SEQ ID
NO:12; SEQ ID NO:13; SEQ ID NO:14; SEQ ID NO:15; SEQ ID NO:16; SEQ ID NO:17; SEQ
ID NO:18; SEQ ID NO:19; SEQ ID NO:20; SEQ ID NO:21; SEQ ID NO:22, SEQ ID NO:23;
SEQ ID NO:24; SEQ ID NO:25; SEQ ID NO:26; SEQ ID NO:27; SEQ ID NO:28; SEQ ID
NO:29; SEQ ID NO:30, SEQ ID NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID NO:34, SEQ
ID NO:35; SEQ ID NO:36; SEQ ID NO:37; SEQ ID NO:38; SEQ ID NO:39; SEQ ID NO:40:
SEQ ID NO:41; SEQ ID NO:42; SEQ ID NO:43; SEQ ID NO:44; SEQ ID NO:45; SEQ ID
NO:46; SEQ ID NO:47; SEQ ID NO:48; SEQ ID NO:49; or SEQ ID NO:50. In embodiments,
the oligonucleotide comprising a mirtron splice site binding sequence is an oligonucleotide
comprising a nucleic acid sequence having at least 96% sequence identity to SEQ ID NO:3; SEQ
ID NO:4; SEQ ID NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID NO:8; SEQ ID NO:9; SEQ ID
NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID NO:14; SEQ ID NO:15; SEQ
ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ ID NO:20; SEQ ID NO:21:
SEQ ID NO:22, SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25; SEQ ID NO:26; SEQ ID
NO:27; SEQ ID NO:28; SEQ ID NO:29; SEQ ID NO:30, SEQ ID NO:31; SEQ ID NO:32; SEQ
ID NO:33; SEQ ID NO:34, SEQ ID NO:35; SEQ ID NO:36; SEQ ID NO:37; SEQ ID NO:38;
SEQ ID NO:39; SEQ ID NO:40; SEQ ID NO:41; SEQ ID NO:42; SEQ ID NO:43; SEQ ID
NO:44; SEQ ID NO:45; SEQ ID NO:46; SEQ ID NO:47;, SEQ ID NO:48; SEQ ID NO:49; or
SEQ ID NO:50. In embodiments, the oligonucleotide comprising a mirtron splice site binding
sequence is an oligonucleotide comprising a nucleic acid sequence having at least 97% sequence
identity to SEQ ID NO:3; SEQ ID NO:4; SEQ ID NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID
NO:8; SEQ ID NO:9; SEQ ID NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID
NO:14; SEQ ID NO:15; SEQ ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ
ID NO:20; SEQ ID NO:21; SEQ ID NO:22, SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25;
SEQ ID NO:26; SEQ ID NO:27; SEQ ID NO:28; SEQ ID NO:29; SEQ ID NO:30, SEQ ID
NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID NO:34, SEQ ID NO:35; SEQ ID NO:36; SEQ
ID NO:37; SEQ ID NO:38; SEQ ID NO:39; SEQ ID NO:40; SEQ ID NO:41; SEQ ID NO:42;
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SEQ ID NO:43; SEQ ID NO:44; SEQ ID NO:45; SEQ ID NO:46; SEQ ID NO:47; SEQ ID
NO:48; SEQ ID NO:49; or SEQ ID NO:50. In embodiments, the oligonucleotide comprising a
mirtron splice site binding sequence is an oligonucleotide comprising a nucleic acid sequence
having at least 98% sequence identity to SEQ ID NO:3; SEQ ID NO:4; SEQ ID NO:5; SEQ ID
NO:6; SEQ ID NO:7; SEQ ID NO:8; SEQ ID NO:9; SEQ ID NO:10; SEQ ID NO:11; SEQ ID
NO:12; SEQ ID NO:13; SEQ ID NO:14; SEQ ID NO:15; SEQ ID NO:16; SEQ ID NO:17; SEQ
ID NO:18; SEQ ID NO:19; SEQ ID NO:20; SEQ ID NO:21; SEQ ID NO:22, SEQ ID NO:23;
SEQ ID NO:24; SEQ ID NO:25; SEQ ID NO:26; SEQ ID NO:27; SEQ ID NO:28; SEQ ID
NO:29; SEQ ID NO:30, SEQ ID NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID NO:34, SEQ
ID NO:35; SEQ ID NO:36; SEQ ID NO:37; SEQ ID NO:38; SEQ ID NO:39; SEQ ID NO:40:
SEQ ID NO:41; SEQ ID NO:42; SEQ ID NO:43; SEQ ID NO:44; SEQ ID NO:45; SEQ ID
NO:46; SEQ ID NO:47; SEQ ID NO:48; SEQ ID NO:49; or SEQ ID NO:50. In embodiments,
the oligonucleotide comprising a mirtron splice site binding sequence is an oligonucleotide
comprising a nucleic acid sequence having at least 99% sequence identity to SEQ ID NO:3; SEQ
ID NO:4; SEQ ID NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID NO:8; SEQ ID NO:9; SEQ ID
NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID NO:14; SEQ ID NO:15; SEQ
ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ ID NO:20; SEQ ID NO:21:
SEQ ID NO:22, SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25; SEQ ID NO:26; SEQ ID
NO:27; SEQ ID NO:28; SEQ ID NO:29; SEQ ID NO:30, SEQ ID NO:31; SEQ ID NO:32; SEQ
ID NO:33; SEQ ID NO:34, SEQ ID NO:35; SEQ ID NO:36; SEQ ID NO:37; SEQ ID NO:38;
SEQ ID NO:39; SEQ ID NO:40; SEQ ID NO:41; SEQ ID NO:42; SEQ ID NO:43; SEQ ID
NO:44; SEQ ID NO:45; SEQ ID NO:46; SEQ ID NO:47;, SEQ ID NO:48; SEQ ID NO:49; or
SEQ ID NO:50. In embodiments, the oligonucleotide comprising a mirtron splice site binding
sequence is an oligonucleotide comprising SEQ ID NO:3; SEQ ID NO:4; SEQ ID NO:5; SEQ
ID NO:6; SEQ ID NO:7; SEQ ID NO:8; SEQ ID NO:9; SEQ ID NO:10; SEQ ID NO:11; SEQ
ID NO:12; SEQ ID NO:13; SEQ ID NO:14; SEQ ID NO:15; SEQ ID NO:16; SEQ ID NO:17,
SEQ ID NO:18; SEQ ID NO:19; SEQ ID NO:20; SEQ ID NO:21; SEQ ID NO:22, SEQ ID
NO:23; SEQ ID NO:24; SEQ ID NO:25; SEQ ID NO:26; SEQ ID NO:27; SEQ ID NO:28; SEQ
ID NO:29; SEQ ID NO:30, SEQ ID NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID NO:34,
SEQ ID NO:35; SEQ ID NO:36; SEQ ID NO:37; SEQ ID NO:38; SEQ ID NO:39; SEQ ID
NO:40; SEQ ID NO:41; SEQ ID NO:42; SEQ ID NO:43; SEQ ID NO:44; SEQ ID NO:45; SEQ
ID NO:46; SEQ ID NO:47;, SEQ ID NO:48; SEQ ID NO:49; or SEQ ID NO:50.

[0110] In embodiments, the oligonucleotide comprising a mirtron splice site binding sequence
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is at least 2 nucleic acids in length. In embodiments, the oligonucleotide comprising a mirtron
splice site binding sequence is at least 3 nucleic acids in length. In embodiments, the
oligonucleotide comprising a mirtron splice site binding sequence is at least 4 nucleic acids in
length. In embodiments, the oligonucleotide comprising a mirtron splice site binding sequence is
at least 5 nucleic acids in length. In embodiments, the oligonucleotide comprising a mirtron
splice site binding sequence is at least 6 nucleic acids in length. In embodiments, the
oligonucleotide comprising a mirtron splice site binding sequence is at least 7 nucleic acids in
length. In embodiments, the oligonucleotide comprising a mirtron splice site binding sequence is
at least 8 nucleic acids in length. In embodiments, the oligonucleotide comprising a mirtron
splice site binding sequence is at least 9 nucleic acids in length. In embodiments, the
oligonucleotide comprising a mirtron splice site binding sequence is at least 10 nucleic acids in
length. In embodiments, the oligonucleotide comprising a mirtron splice site binding sequence is
at least 11 nucleic acids in length. In embodiments, the oligonucleotide comprising a mirtron
splice site binding sequence is at least 12 nucleic acids in length. In embodiments, the
oligonucleotide comprising a mirtron splice site binding sequence is at least 13 nucleic acids in
length. In embodiments, the oligonucleotide comprising a mirtron splice site binding sequence is
at least 14 nucleic acids in length. In embodiments, the oligonucleotide comprising a mirtron
splice site binding sequence is at least 15 nucleic acids in length. In embodiments, the
oligonucleotide comprising a mirtron splice site binding sequence is at least 16 nucleic acids in
length. In embodiments, the oligonucleotide comprising a mirtron splice site binding sequence is
at least 17 nucleic acids in length. In embodiments, the oligonucleotide comprising a mirtron
splice site binding sequence is at least 18 nucleic acids in length. In embodiments, the
oligonucleotide comprising a mirtron splice site binding sequence is at least 19 nucleic acids in
length. In embodiments, the oligonucleotide comprising a mirtron splice site binding sequence is
at least 20 nucleic acids in length. In embodiments, the oligonucleotide comprising a mirtron
splice site binding sequence is at least 21 nucleic acids in length. In embodiments, the
oligonucleotide comprising a mirtron splice site binding sequence is at least 22 nucleic acids in
length. In embodiments, the oligonucleotide comprising a mirtron splice site binding sequence is
at least 23 nucleic acids in length. In embodiments, the oligonucleotide comprising a mirtron
splice site binding sequence is at least 24 nucleic acids in length. In embodiments, the
oligonucleotide comprising a mirtron splice site binding sequence is at least 25 nucleic acids in
length. In embodiments, the oligonucleotide comprising a mirtron splice site binding sequence is

at least 30 nucleic acids in length. In embodiments, the oligonucleotide comprising a mirtron
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splice site binding sequence is at least 35 nucleic acids in length. In embodiments, the
oligonucleotide comprising a mirtron splice site binding sequence is at least 40 nucleic acids in
length. In embodiments, the oligonucleotide comprising a mirtron splice site binding sequence
comprises from about 10 nucleotides to about 50 nucleotides; or from about 15 nucleotides to
about 40 nucleotides. Depending on the length of the mirtron splice site binding sequence, the
mirtron splice site binding sequence may hybridize with the mirtron splice site sequence

including the adjacent exon and/or intron sequences.
[0111] Embodiments

[0112] Embodiment 1. A kit comprising: (i) an oligonucleotide comprising a mirtron splice

site binding sequence; and (i1) a lentiviral packaging system.

[0113] Embodiment 2. The kit of Embodiment 1, wherein the lentiviral packaging system is a

second generation lentiviral packaging system.

[0114] Embodiment 3. The kit of Embodiment 1, wherein the lentiviral packaging system is a

third generation lentiviral packaging system.

[0115] Embodiment 4. The kit of any one of Embodiments 1 to 3, further comprising a cell.
[0116] Embodiment 5. The kit of Embodiment 4, wherein the cell is a bacterial cell.

[0117] Embodiment 6. The kit of Embodiment 4, wherein the cell is a eukaryotic cell.
[0118] Embodiment 7. The kit of Embodiment 4, wherein the cell is a T cell.

[0119] Embodiment 8. The kit of Embodiment 4, wherein the cell is HT1080.

[0120] Embodiment 9. The kit of Embodiment 4, wherein the cell is HEK293T.

[0121] Embodiment 10. The kit of any one of Embodiments 1 to 9, wherein the mirtron splice
site binding sequence comprises: (i) a nucleic acid that binds to a region of the MCM?7 splice

donor site, or (i1) a nucleic acid that binds to a region of the MCM?7 splice acceptor site.

[0122] Embodiment 11. A method for producing a lentivirus, the method comprising the step
of: transfecting a cell with: (i) an oligonucleotide comprising a mirtron splice site binding

sequence, and (i1) a lentiviral packaging system; thereby producing the lentivirus
[0123] Embodiment 12. The method of Embodiment 11, wherein the cell is a bacterial cell.
[0124] Embodiment 13. The method of Embodiment 11, wherein the cell is a eukaryotic cell.

[0125] Embodiment 14. The method of Embodiment 11, wherein the cell is a T cell.
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[0126] Embodiment 15. The method of Embodiment 11, wherein the cell is HT1080.

[0127] Embodiment 16. The method of Embodiment 11, wherein the cell is HEK293T.

[0128] Embodiment 17. The method of any one of Embodiments 11 to 16, wherein the
lentivirus is a pHIV7-EGFP lentivirus.

[0129] Embodiment 18. The method of any one of Embodiments 11 to 17, wherein the

lentiviral packaging system is a second generation lentiviral packaging system.

[0130] Embodiment 19. The method of any one of Embodiments 11 to 17, wherein the

lentiviral packaging system is a third generation lentiviral packaging system.

[0131] [0132] Embodiment 20. The method of any one of Embodiments 11 to 18,
wherein the mirtron splice site binding sequence comprises: (i) a nucleic acid that binds to a
region of the MCM7 splice donor site, or (i1) a nucleic acid that binds to a region of the MCM?7

splice acceptor site.

[0133] Embodiment 21. The kit of any one of Embodiments 1-10 or the method of any one of
Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at
least 80% sequence identity to SEQ ID NO:3. The kit of any one of Embodiments 1-10 or the
method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid
sequence having at least 80% sequence identity to SEQ ID NO:4. The kit of any one of
Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 80% sequence identity to SEQ
ID NO:5. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 80%
sequence identity to SEQ ID NO:6. The kit of any one of Embodiments 1-10 or the method of
any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
having at least 80% sequence identity to SEQ ID NO:7. The kit of any one of Embodiments 1-10
or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
nucleic acid sequence having at least 80% sequence identity to SEQ ID NO:8. The kit of any one
of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 80% sequence identity to SEQ
ID NO:9. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 80%
sequence identity to SEQ ID NO:10. The kit of any one of Embodiments 1-10 or the method of

any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
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having at least 80% sequence identity to SEQ ID NO:11. The kit of any one of Embodiments 1-

10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
nucleic acid sequence having at least 80% sequence identity to SEQ ID NO:12. The kit of any
one of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 80% sequence identity to SEQ
ID NO:13. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 80%
sequence identity to SEQ ID NO:14. The kit of any one of Embodiments 1-10 or the method of
any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
having at least 80% sequence identity to SEQ ID NO:15. The kit of any one of Embodiments 1-
10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
nucleic acid sequence having at least 80% sequence identity to SEQ ID NO:16. The kit of any
one of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 80% sequence identity to SEQ
ID NO:17. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 80%
sequence identity to SEQ ID NO:18. The kit of any one of Embodiments 1-10 or the method of
any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
having at least 80% sequence identity to SEQ ID NO:19. The kit of any one of Embodiments 1-
10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
nucleic acid sequence having at least 80% sequence identity to SEQ ID NO:20. The kit of any
one of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 80% sequence identity to SEQ
ID NO:21. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 80%
sequence identity to SEQ ID NO:22. The kit of any one of Embodiments 1-10 or the method of
any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
having at least 80% sequence identity to SEQ ID NO:23. The kit of any one of Embodiments 1-
10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
nucleic acid sequence having at least 80% sequence identity to SEQ ID NO:24. The kit of any
one of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 80% sequence identity to SEQ

ID NO:25. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
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11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 80%
sequence identity to SEQ ID NO:26. The kit of any one of Embodiments 1-10 or the method of
any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
having at least 80% sequence identity to SEQ ID NO:27. The kit of any one of Embodiments 1-
10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
nucleic acid sequence having at least 80% sequence identity to SEQ ID NO:28. The kit of any
one of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 80% sequence identity to SEQ
ID NO:29. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 80%
sequence identity to SEQ ID NO:30. The kit of any one of Embodiments 1-10 or the method of
any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
having at least 80% sequence identity to SEQ ID NO:31. The kit of any one of Embodiments 1-
10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
nucleic acid sequence having at least 80% sequence identity to SEQ ID NO:32. The kit of any
one of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 80% sequence identity to SEQ
ID NO:33. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 80%
sequence identity to SEQ ID NO:34. The kit of any one of Embodiments 1-10 or the method of
any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
having at least 80% sequence identity to SEQ ID NO:35. The kit of any one of Embodiments 1-
10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
nucleic acid sequence having at least 80% sequence identity to SEQ ID NO:36. The kit of any
one of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 80% sequence identity to SEQ
ID NO:37. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 80%
sequence identity to SEQ ID NO:38. The kit of any one of Embodiments 1-10 or the method of
any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
having at least 80% sequence identity to SEQ ID NO:39. The kit of any one of Embodiments 1-
10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a

nucleic acid sequence having at least 80% sequence identity to SEQ ID NO:40. The kit of any
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one of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 80% sequence identity to SEQ
ID NO:41. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 80%
sequence identity to SEQ ID NO:42. The kit of any one of Embodiments 1-10 or the method of
any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
having at least 80% sequence identity to SEQ ID NO:43. The kit of any one of Embodiments 1-
10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
nucleic acid sequence having at least 80% sequence identity to SEQ ID NO:44. The kit of any
one of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 80% sequence identity to SEQ
ID NO:45. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 80%
sequence identity to SEQ ID NO:46. The kit of any one of Embodiments 1-10 or the method of
any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
having at least 80% sequence identity to SEQ ID NO:47. The kit of any one of Embodiments 1-
10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
nucleic acid sequence having at least 80% sequence identity to SEQ ID NO:48. The kit of any
one of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 80% sequence identity to SEQ
ID NO:49. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 80%

sequence identity to SEQ ID NO:50.

[0134] Embodiment 22. The kit of any one of Embodiments 1-10 or the method of any one of
Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at
least 85% sequence identity to SEQ ID NO:3. The kit of any one of Embodiments 1-10 or the
method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid
sequence having at least 85% sequence identity to SEQ ID NO:4. The kit of any one of
Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 85% sequence identity to SEQ
ID NO:5. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 85%

sequence identity to SEQ ID NO:6. The kit of any one of Embodiments 1-10 or the method of
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any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
having at least 85% sequence identity to SEQ ID NO:7. The kit of any one of Embodiments 1-10
or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
nucleic acid sequence having at least 85% sequence identity to SEQ ID NO:8. The kit of any one
of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 85% sequence identity to SEQ
ID NO:9. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 85%
sequence identity to SEQ ID NO:10. The kit of any one of Embodiments 1-10 or the method of
any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
having at least 85% sequence identity to SEQ ID NO:11. The kit of any one of Embodiments 1-
10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
nucleic acid sequence having at least 85% sequence identity to SEQ ID NO:12. The kit of any
one of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 85% sequence identity to SEQ
ID NO:13. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 85%
sequence identity to SEQ ID NO:14. The kit of any one of Embodiments 1-10 or the method of
any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
having at least 85% sequence identity to SEQ ID NO:15. The kit of any one of Embodiments 1-
10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
nucleic acid sequence having at least 85% sequence identity to SEQ ID NO:16. The kit of any
one of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 85% sequence identity to SEQ
ID NO:17. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 85%
sequence identity to SEQ ID NO:18. The kit of any one of Embodiments 1-10 or the method of
any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
having at least 85% sequence identity to SEQ ID NO:19. The kit of any one of Embodiments 1-
10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
nucleic acid sequence having at least 85% sequence identity to SEQ ID NO:20. The kit of any
one of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the

oligonucleotide comprises a nucleic acid sequence having at least 85% sequence identity to SEQ

45



WO 2019/060779 PCT/US2018/052293
ID NO:21. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments

11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 85%
sequence identity to SEQ ID NO:22. The kit of any one of Embodiments 1-10 or the method of
any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
having at least 85% sequence identity to SEQ ID NO:23. The kit of any one of Embodiments 1-
10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
nucleic acid sequence having at least 85% sequence identity to SEQ ID NO:24. The kit of any
one of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 85% sequence identity to SEQ
ID NO:25. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 85%
sequence identity to SEQ ID NO:26. The kit of any one of Embodiments 1-10 or the method of
any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
having at least 85% sequence identity to SEQ ID NO:27. The kit of any one of Embodiments 1-
10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
nucleic acid sequence having at least 85% sequence identity to SEQ ID NO:28. The kit of any
one of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 85% sequence identity to SEQ
ID NO:29. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 85%
sequence identity to SEQ ID NO:30. The kit of any one of Embodiments 1-10 or the method of
any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
having at least 85% sequence identity to SEQ ID NO:31. The kit of any one of Embodiments 1-
10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
nucleic acid sequence having at least 85% sequence identity to SEQ ID NO:32. The kit of any
one of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 85% sequence identity to SEQ
ID NO:33. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 85%
sequence identity to SEQ ID NO:34. The kit of any one of Embodiments 1-10 or the method of
any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
having at least 85% sequence identity to SEQ ID NO:35. The kit of any one of Embodiments 1-

10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
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nucleic acid sequence having at least 85% sequence identity to SEQ ID NO:36. The kit of any

one of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 85% sequence identity to SEQ
ID NO:37. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 85%
sequence identity to SEQ ID NO:38. The kit of any one of Embodiments 1-10 or the method of
any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
having at least 85% sequence identity to SEQ ID NO:39. The kit of any one of Embodiments 1-
10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
nucleic acid sequence having at least 85% sequence identity to SEQ ID NO:40. The kit of any
one of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 85% sequence identity to SEQ
ID NO:41. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 85%
sequence identity to SEQ ID NO:42. The kit of any one of Embodiments 1-10 or the method of
any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
having at least 85% sequence identity to SEQ ID NO:43. The kit of any one of Embodiments 1-
10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
nucleic acid sequence having at least 85% sequence identity to SEQ ID NO:44. The kit of any
one of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 85% sequence identity to SEQ
ID NO:45. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 85%
sequence identity to SEQ ID NO:46. The kit of any one of Embodiments 1-10 or the method of
any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
having at least 85% sequence identity to SEQ ID NO:47. The kit of any one of Embodiments 1-
10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
nucleic acid sequence having at least 85% sequence identity to SEQ ID NO:48. The kit of any
one of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 85% sequence identity to SEQ
ID NO:49. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 85%

sequence identity to SEQ ID NO:50.
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[0135] Embodiment 23. The kit of any one of Embodiments 1-10 or the method of any one of

Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at
least 90% sequence identity to SEQ ID NO:3. The kit of any one of Embodiments 1-10 or the
method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid
sequence having at least 90% sequence identity to SEQ ID NO:4. The kit of any one of
Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 90% sequence identity to SEQ
ID NO:5. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 90%
sequence identity to SEQ ID NO:6. The kit of any one of Embodiments 1-10 or the method of
any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
having at least 90% sequence identity to SEQ ID NO:7. The kit of any one of Embodiments 1-10
or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
nucleic acid sequence having at least 90% sequence identity to SEQ ID NO:8. The kit of any one
of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 90% sequence identity to SEQ
ID NO:9. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 90%
sequence identity to SEQ ID NO:10. The kit of any one of Embodiments 1-10 or the method of
any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
having at least 90% sequence identity to SEQ ID NO:11. The kit of any one of Embodiments 1-
10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
nucleic acid sequence having at least 90% sequence identity to SEQ ID NO:12. The kit of any
one of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 90% sequence identity to SEQ
ID NO:13. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 90%
sequence identity to SEQ ID NO:14. The kit of any one of Embodiments 1-10 or the method of
any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
having at least 90% sequence identity to SEQ ID NO:15. The kit of any one of Embodiments 1-
10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
nucleic acid sequence having at least 90% sequence identity to SEQ ID NO:16. The kit of any

one of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
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oligonucleotide comprises a nucleic acid sequence having at least 90% sequence identity to SEQ
ID NO:17. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 90%
sequence identity to SEQ ID NO:18. The kit of any one of Embodiments 1-10 or the method of
any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
having at least 90% sequence identity to SEQ ID NO:19. The kit of any one of Embodiments 1-
10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
nucleic acid sequence having at least 90% sequence identity to SEQ ID NO:20. The kit of any
one of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 90% sequence identity to SEQ
ID NO:21. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 90%
sequence identity to SEQ ID NO:22. The kit of any one of Embodiments 1-10 or the method of
any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
having at least 90% sequence identity to SEQ ID NO:23. The kit of any one of Embodiments 1-
10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
nucleic acid sequence having at least 90% sequence identity to SEQ ID NO:24. The kit of any
one of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 90% sequence identity to SEQ
ID NO:25. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 90%
sequence identity to SEQ ID NO:26. The kit of any one of Embodiments 1-10 or the method of
any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
having at least 90% sequence identity to SEQ ID NO:27. The kit of any one of Embodiments 1-
10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
nucleic acid sequence having at least 90% sequence identity to SEQ ID NO:28. The kit of any
one of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 90% sequence identity to SEQ
ID NO:29. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 90%
sequence identity to SEQ ID NO:30. The kit of any one of Embodiments 1-10 or the method of
any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence

having at least 90% sequence identity to SEQ ID NO:31. The kit of any one of Embodiments 1-
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10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
nucleic acid sequence having at least 90% sequence identity to SEQ ID NO:32. The kit of any
one of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 90% sequence identity to SEQ
ID NO:33. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 90%
sequence identity to SEQ ID NO:34. The kit of any one of Embodiments 1-10 or the method of
any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
having at least 90% sequence identity to SEQ ID NO:35. The kit of any one of Embodiments 1-
10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
nucleic acid sequence having at least 90% sequence identity to SEQ ID NO:36. The kit of any
one of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 90% sequence identity to SEQ
ID NO:37. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 90%
sequence identity to SEQ ID NO:38. The kit of any one of Embodiments 1-10 or the method of
any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
having at least 90% sequence identity to SEQ ID NO:39. The kit of any one of Embodiments 1-
10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
nucleic acid sequence having at least 90% sequence identity to SEQ ID NO:40. The kit of any
one of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 90% sequence identity to SEQ
ID NO:41. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 90%
sequence identity to SEQ ID NO:42. The kit of any one of Embodiments 1-10 or the method of
any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
having at least 90% sequence identity to SEQ ID NO:43. The kit of any one of Embodiments 1-
10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
nucleic acid sequence having at least 90% sequence identity to SEQ ID NO:44. The kit of any
one of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 90% sequence identity to SEQ
ID NO:45. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments

11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 90%
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sequence identity to SEQ ID NO:46. The kit of any one of Embodiments 1-10 or the method of

any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
having at least 90% sequence identity to SEQ ID NO:47. The kit of any one of Embodiments 1-
10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
nucleic acid sequence having at least 90% sequence identity to SEQ ID NO:48. The kit of any
one of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 90% sequence identity to SEQ
ID NO:49. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 90%

sequence identity to SEQ ID NO:50.

[0136] Embodiment 24. The kit of any one of Embodiments 1-10 or the method of any one of
Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at
least 95% sequence identity to SEQ ID NO:3. The kit of any one of Embodiments 1-10 or the
method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid
sequence having at least 95% sequence identity to SEQ ID NO:4. The kit of any one of
Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 95% sequence identity to SEQ
ID NO:5. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 95%
sequence identity to SEQ ID NO:6. The kit of any one of Embodiments 1-10 or the method of
any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
having at least 95% sequence identity to SEQ ID NO:7. The kit of any one of Embodiments 1-10
or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
nucleic acid sequence having at least 95% sequence identity to SEQ ID NO:8. The kit of any one
of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 95% sequence identity to SEQ
ID NO:9. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 95%
sequence identity to SEQ ID NO:10. The kit of any one of Embodiments 1-10 or the method of
any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
having at least 95% sequence identity to SEQ ID NO:11. The kit of any one of Embodiments 1-
10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a

nucleic acid sequence having at least 95% sequence identity to SEQ ID NO:12. The kit of any
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one of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 95% sequence identity to SEQ
ID NO:13. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 95%
sequence identity to SEQ ID NO:14. The kit of any one of Embodiments 1-10 or the method of
any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
having at least 95% sequence identity to SEQ ID NO:15. The kit of any one of Embodiments 1-
10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
nucleic acid sequence having at least 95% sequence identity to SEQ ID NO:16. The kit of any
one of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 95% sequence identity to SEQ
ID NO:17. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 95%
sequence identity to SEQ ID NO:18. The kit of any one of Embodiments 1-10 or the method of
any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
having at least 95% sequence identity to SEQ ID NO:19. The kit of any one of Embodiments 1-
10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
nucleic acid sequence having at least 95% sequence identity to SEQ ID NO:20. The kit of any
one of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 95% sequence identity to SEQ
ID NO:21. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 95%
sequence identity to SEQ ID NO:22. The kit of any one of Embodiments 1-10 or the method of
any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
having at least 95% sequence identity to SEQ ID NO:23. The kit of any one of Embodiments 1-
10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
nucleic acid sequence having at least 95% sequence identity to SEQ ID NO:24. The kit of any
one of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 95% sequence identity to SEQ
ID NO:25. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 95%
sequence identity to SEQ ID NO:26. The kit of any one of Embodiments 1-10 or the method of

any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
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having at least 95% sequence identity to SEQ ID NO:27. The kit of any one of Embodiments 1-

10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
nucleic acid sequence having at least 95% sequence identity to SEQ ID NO:28. The kit of any
one of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 95% sequence identity to SEQ
ID NO:29. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 95%
sequence identity to SEQ ID NO:30. The kit of any one of Embodiments 1-10 or the method of
any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
having at least 95% sequence identity to SEQ ID NO:31. The kit of any one of Embodiments 1-
10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
nucleic acid sequence having at least 95% sequence identity to SEQ ID NO:32. The kit of any
one of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 95% sequence identity to SEQ
ID NO:33. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 95%
sequence identity to SEQ ID NO:34. The kit of any one of Embodiments 1-10 or the method of
any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
having at least 95% sequence identity to SEQ ID NO:35. The kit of any one of Embodiments 1-
10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
nucleic acid sequence having at least 95% sequence identity to SEQ ID NO:36. The kit of any
one of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 95% sequence identity to SEQ
ID NO:37. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 95%
sequence identity to SEQ ID NO:38. The kit of any one of Embodiments 1-10 or the method of
any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
having at least 95% sequence identity to SEQ ID NO:39. The kit of any one of Embodiments 1-
10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
nucleic acid sequence having at least 95% sequence identity to SEQ ID NO:40. The kit of any
one of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 95% sequence identity to SEQ

ID NO:41. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
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11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 95%
sequence identity to SEQ ID NO:42. The kit of any one of Embodiments 1-10 or the method of
any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
having at least 95% sequence identity to SEQ ID NO:43. The kit of any one of Embodiments 1-
10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
nucleic acid sequence having at least 95% sequence identity to SEQ ID NO:44. The kit of any
one of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 95% sequence identity to SEQ
ID NO:45. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 95%
sequence identity to SEQ ID NO:46. The kit of any one of Embodiments 1-10 or the method of
any one of Embodiments 11-20, wherein the oligonucleotide comprises a nucleic acid sequence
having at least 95% sequence identity to SEQ ID NO:47. The kit of any one of Embodiments 1-
10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises a
nucleic acid sequence having at least 95% sequence identity to SEQ ID NO:48. The kit of any
one of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises a nucleic acid sequence having at least 95% sequence identity to SEQ
ID NO:49. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises a nucleic acid sequence having at least 95%

sequence identity to SEQ ID NO:50.

[0137] Embodiment 25. The kit of any one of Embodiments 1-10 or the method of any one of
Embodiments 11-20, wherein the oligonucleotide comprises SEQ ID NO:3. The kit of any one of
Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises SEQ ID NO:4. The kit of any one of Embodiments 1-10 or the
method of any one of Embodiments 11-20, wherein the oligonucleotide comprises SEQ ID
NO:5. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments 11-
20, wherein the oligonucleotide comprises SEQ ID NO:6. The kit of any one of Embodiments 1-
10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises SEQ
ID NO:7. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments
11-20, wherein the oligonucleotide comprises SEQ ID NO:8. The kit of any one of Embodiments
1-10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises
SEQ ID NO:9. The kit of any one of Embodiments 1-10 or the method of any one of
Embodiments 11-20, wherein the oligonucleotide comprises SEQ ID NO:10. The kit of any one
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of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises SEQ ID NO:11. The kit of any one of Embodiments 1-10 or the
method of any one of Embodiments 11-20, wherein the oligonucleotide comprises SEQ ID
NO:12. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments 11-
20, wherein the oligonucleotide comprises SEQ ID NO:13. The kit of any one of Embodiments
1-10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises
SEQ ID NO:14. The kit of any one of Embodiments 1-10 or the method of any one of
Embodiments 11-20, wherein the oligonucleotide comprises SEQ ID NO:15. The kit of any one
of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises SEQ ID NO:16. The kit of any one of Embodiments 1-10 or the
method of any one of Embodiments 11-20, wherein the oligonucleotide comprises SEQ ID
NO:17. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments 11-
20, wherein the oligonucleotide comprises SEQ ID NO:18. The kit of any one of Embodiments
1-10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises
SEQ ID NO:19. The kit of any one of Embodiments 1-10 or the method of any one of
Embodiments 11-20, wherein the oligonucleotide comprises SEQ ID NO:20. The kit of any one
of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises SEQ ID NO:21. The kit of any one of Embodiments 1-10 or the
method of any one of Embodiments 11-20, wherein the oligonucleotide comprises SEQ ID
NO:22. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments 11-
20, wherein the oligonucleotide comprises SEQ ID NO:23. The kit of any one of Embodiments
1-10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises
SEQ ID NO:24. The kit of any one of Embodiments 1-10 or the method of any one of
Embodiments 11-20, wherein the oligonucleotide comprises SEQ ID NO:25. The kit of any one
of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises SEQ ID NO:26. The kit of any one of Embodiments 1-10 or the
method of any one of Embodiments 11-20, wherein the oligonucleotide comprises SEQ ID
NO:27. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments 11-
20, wherein the oligonucleotide comprises SEQ ID NO:28. The kit of any one of Embodiments
1-10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises
SEQ ID NO:29. The kit of any one of Embodiments 1-10 or the method of any one of
Embodiments 11-20, wherein the oligonucleotide comprises SEQ ID NO:30. The kit of any one

of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
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oligonucleotide comprises SEQ ID NO:31. The kit of any one of Embodiments 1-10 or the

method of any one of Embodiments 11-20, wherein the oligonucleotide comprises SEQ ID
NO:32. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments 11-
20, wherein the oligonucleotide comprises SEQ ID NO:33. The kit of any one of Embodiments
1-10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises
SEQ ID NO:34. The kit of any one of Embodiments 1-10 or the method of any one of
Embodiments 11-20, wherein the oligonucleotide comprises SEQ ID NO:35. The kit of any one
of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises SEQ ID NO:36. The kit of any one of Embodiments 1-10 or the
method of any one of Embodiments 11-20, wherein the oligonucleotide comprises SEQ ID
NO:37. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments 11-
20, wherein the oligonucleotide comprises SEQ ID NO:38. The kit of any one of Embodiments
1-10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises
SEQ ID NO:39. The kit of any one of Embodiments 1-10 or the method of any one of
Embodiments 11-20, wherein the oligonucleotide comprises SEQ ID NO:40. The kit of any one
of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises SEQ ID NO:41. The kit of any one of Embodiments 1-10 or the
method of any one of Embodiments 11-20, wherein the oligonucleotide comprises SEQ ID
NO:42. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments 11-
20, wherein the oligonucleotide comprises SEQ ID NO:43. The kit of any one of Embodiments
1-10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises
SEQ ID NO:44. The kit of any one of Embodiments 1-10 or the method of any one of
Embodiments 11-20, wherein the oligonucleotide comprises SEQ ID NO:45. The kit of any one
of Embodiments 1-10 or the method of any one of Embodiments 11-20, wherein the
oligonucleotide comprises SEQ ID NO:46. The kit of any one of Embodiments 1-10 or the
method of any one of Embodiments 11-20, wherein the oligonucleotide comprises SEQ ID
NO:47. The kit of any one of Embodiments 1-10 or the method of any one of Embodiments 11-
20, wherein the oligonucleotide comprises SEQ ID NO:48. The kit of any one of Embodiments
1-10 or the method of any one of Embodiments 11-20, wherein the oligonucleotide comprises
SEQ ID NO:49. The kit of any one of Embodiments 1-10 or the method of any one of
Embodiments 11-20, wherein the oligonucleotide comprises SEQ ID NO:50.

[0138] Embodiment 26. The kit of any one of Embodiments 1-10 or 21-25 or the method of

any one of Embodiments 11-25, wherein the oligonucleotide is a modified oligonucleotide.
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[0139] Embodiment 27. The kit of any one of Embodiments 1-10 or 21-25 or the method of

any one of Embodiments 11-25, wherein the modified oligonucleotide comprises 2'-O-alkyl, 2’
O-methyl, 2’-deoxy-2’fluoro, 2’-deoxy, a universal base, 5-C-methyl, an inverted deoxy abasic
residue incorporation, a positive backbone, a non-ionic backbone, a modified sugar, a non-ribose

backbone, a locked nucleic acid, or a combination of two or more thereof

[0140] Embodiment 28. The kit of any one Embodiments 1-10 or 21-25 or the method of any

one of Embodiments 11-25, wherein the modified oligonucleotide comprises 2'-O-alkyl.

[0141] Embodiment 29. The kit of any one Embodiments 1-10 or 21-25 or the method of any

one of Embodiments 11-25, wherein the modified oligonucleotide comprises 2’-O-methyl.

[0142] Embodiment 30. The kit of any one Embodiments 1-10 or 21-25 or the method of any

one of Embodiments 11-25, wherein the modified oligonucleotide comprises 2’-deoxy-2’fluoro.

[0143] Embodiment 31. The kit of any one Embodiments 1-10 or 21-25 or the method of any

one of Embodiments 11-25, wherein the modified oligonucleotide comprises 2’-deoxy.

[0144] Embodiment 32. The kit of any one Embodiments 1-10 or 21-25 or the method of any

one of Embodiments 11-25, wherein the modified oligonucleotide comprises a universal base.

[0145] Embodiment 33. The kit of any one Embodiments 1-10 or 21-25 or the method of any

one of Embodiments 11-25, wherein the modified oligonucleotide comprises 5-C-methyl.

[0146] Embodiment 34. The kit of any one Embodiments 1-10 or 21-25 or the method of any
one of Embodiments 11-25, wherein the modified oligonucleotide comprises an inverted deoxy

abasic residue incorporation.

[0147] Embodiment 35. The kit of any one Embodiments 1-10 or 21-25 or the method of any
one of Embodiments 11-25, wherein the modified oligonucleotide comprises a positive

backbone.

[0148] Embodiment 36. The kit of any one Embodiments 1-10 or 21-25 or the method of any
one of Embodiments 11-25, wherein the modified oligonucleotide comprises a non-ionic

backbone.

[0149] Embodiment 37. The kit of any one Embodiments 1-10 or 21-25 or the method of any

one of Embodiments 11-25, wherein the modified oligonucleotide comprises a modified sugar.

[0150] Embodiment 38. The kit of any one Embodiments 1-10 or 21-25 or the method of any

one of Embodiments 11-25, wherein the modified oligonucleotide comprises a non-ribose
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backbone.

[0151] Embodiment 39. The kit of any one Embodiments 1-10 or 21-25 or the method of any
one of Embodiments 11-25, wherein the modified oligonucleotide comprises a locked nucleic

acid.

[0152] Embodiment 40. The kit of any one Embodiments 1-10 or 21-25 or the method of any
one of Embodiments 11-25, wherein the modified oligonucleotide comprises a morpholino

modification.

[0153] Embodiment 40. The kit of any one Embodiments 1-10 or 21-25 or the method of any
one of Embodiments 11-25, wherein the modified oligonucleotide comprises a morpholino

modification and a 2’-O-methyl.

[0154] Embodiment 41. An isolated nucleic acid sequence comprising SEQ ID NO:3. An
isolated nucleic acid sequence comprising SEQ ID NO:4. An isolated nucleic acid sequence
comprising SEQ ID NO:5. An isolated nucleic acid sequence comprising SEQ ID NO:6. An
isolated nucleic acid sequence comprising SEQ ID NO:7. An isolated nucleic acid sequence
comprising SEQ ID NO:8. An isolated nucleic acid sequence comprising SEQ ID NO:9. An
isolated nucleic acid sequence comprising SEQ ID NO:10. An isolated nucleic acid sequence
comprising SEQ ID NO:11. An isolated nucleic acid sequence comprising SEQ ID NO:12. An
isolated nucleic acid sequence comprising SEQ ID NO:13. An isolated nucleic acid sequence
comprising SEQ ID NO:14. An isolated nucleic acid sequence comprising SEQ ID NO:15. An
isolated nucleic acid sequence comprising SEQ ID NO:16. An isolated nucleic acid sequence
comprising SEQ ID NO:17. An isolated nucleic acid sequence comprising SEQ ID NO:18. An
isolated nucleic acid sequence comprising SEQ ID NO:19. An isolated nucleic acid sequence
comprising SEQ ID NO:20. An isolated nucleic acid sequence comprising SEQ ID NO:21. An
isolated nucleic acid sequence comprising SEQ ID NO:22. An isolated nucleic acid sequence
comprising SEQ ID NO:23. An isolated nucleic acid sequence comprising SEQ ID NO:24. An
isolated nucleic acid sequence comprising SEQ ID NO:25. An isolated nucleic acid sequence
comprising SEQ ID NO:26. An isolated nucleic acid sequence comprising SEQ ID NO:27. An
isolated nucleic acid sequence comprising SEQ ID NO:28. An isolated nucleic acid sequence
comprising SEQ ID NO:29. An isolated nucleic acid sequence comprising SEQ ID NO:30. An
isolated nucleic acid sequence comprising SEQ ID NO:31. An isolated nucleic acid sequence
comprising SEQ ID NO:32. An isolated nucleic acid sequence comprising SEQ ID NO:33. An

isolated nucleic acid sequence comprising SEQ ID NO:34. An isolated nucleic acid sequence
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comprising SEQ ID NO:35. An isolated nucleic acid sequence comprising SEQ ID NO:36. An

isolated nucleic acid sequence comprising SEQ ID NO:37. An isolated nucleic acid sequence
comprising SEQ ID NO:38. An isolated nucleic acid sequence comprising SEQ ID NO:39. An
isolated nucleic acid sequence comprising SEQ ID NO:40. An isolated nucleic acid sequence
comprising SEQ ID NO:41. An isolated nucleic acid sequence comprising SEQ ID NO:42. An
isolated nucleic acid sequence comprising SEQ ID NO:43. An isolated nucleic acid sequence
comprising SEQ ID NO:44. An isolated nucleic acid sequence comprising SEQ ID NO:45. An
isolated nucleic acid sequence comprising SEQ ID NO:46. An isolated nucleic acid sequence
comprising SEQ ID NO:47. An isolated nucleic acid sequence comprising SEQ ID NO:48. An
isolated nucleic acid sequence comprising SEQ ID NO:49. An isolated nucleic acid sequence
comprising SEQ ID NO:50.

[0155] Embodiment 42. The isolated nucleic acid sequence of Embodiment 41, which
comprises a modification to at least one nucleotide.

[0156] Embodiment 43. The isolated nucleic acid of Embodiment 42, wherein the modification
is 2'-O-alkyl, 2° O-methyl, 2’-deoxy-2’fluoro, 2’-deoxy, a universal base, 5-C-methyl, an
inverted deoxy abasic residue incorporation, a positive backbone, a non-ionic backbone, a

modified sugar, a non-ribose backbone, a locked nucleic acid, or a combination of two or more

thereof.

[0157] Embodiment 44. The isolated nucleic acid of Embodiment 42, wherein the modification

is a morpholino modification.

[0158] Embodimnet 45. The isolated nucleic acid of Embodiment 42, wherein the modified

oligonucleotide comprises a 2’-O-methyl modification.

[0159] Embodiment 46. The isolated nucleic acid of Embodiment 42, wherein the modified

oligonucleotide comprises a 2’-O-methyl modification and a morpholino modification.

[0160] Embodiment 47. An isolated nucleic acid sequence comprising SEQ ID NO:1.

[0161] Embodiment 48. An isolated nucleic acid sequence comprising SEQ ID NO:2.
EXAMPLE

[0162] A number of clinical trials use lentiviral constructs containing shRNAs inside of
miNRA intronic cassettes. Unfortunately, these vectors have varying levels of self-repression
during lentiviral packaging due to vector targeting by processed shRNAs and as a result, viral

titer remains low in large-scale productions. One potential target for increasing viral production
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is splicing since it is an early modulator of intronic shRNA processing. It has previously been
shown that the MCM7 miRNA 106b-25 cluster uses alternative splicing to control expression of
its three miRNAs and that inhibition of these sites can drive expression of the miRNAs to
varying levels. It was also found that splice-inhibiting antisense oligonucleotides can modulate
gene expression and RISC-complex loading of shRNAs. Therefore, using splice-inhibiting
antisense oligonucleotides during packaging should allow intact viral production and improved

overall titer.

[0163] Hematopoietic malignancies are characterized by an inability of the immune system to
function correctly and if left untreated, are fatal. Treatments to date include bone marrow
transplants and in some cases like Human Immunodeficiency Virus (HIV)-lymphoma patients,
techniques such as lentiviral transduction, electroporation, or zinc-finger nucleases have been
used to genetically-modify transplant cells in order to also protect these patients from HIV
infection. One pre-clinical therapy uses a lentivirus that incorporates a minichromosome
maintenance complex component 7 (MCM7) gene cassette that contains artificial short-hairpin

ribonucleic acids (shRNAs) in its intron that target different HIV genes.

[0164] MCMY7 is a regulatory gene responsible for various replication events including pre-
replication complex and replication fork formation and it contains three endogenous microRNAs
(miRNAs) that assist in these processes. When knocked down or alternatively spliced, the
MCMT7 miRNAs are overexpressed and are indications of many cancers including breast, colon,
and pancreatic cancers. These intronic miRNAs have also been shown to rely on spliceosomal
activity for efficient miRNA biogenesis and their expression levels can be modulated using

splice-inhibiting morpholinos.

[0165] Packaging efficiency of shRNA-containing vectors and especially the MCM?7 cassette
vectors 1s a known hurdle in clinical lentiviral production. In an attempt to improve viral titer,
various anti-sense oligonucleotides (ASOs) can be used to target splice junctions and alternative
splice sites of the lentiviral MCM7 gene cassette. These ASOs bind selectively to RNA and can
affect splicing events. To test this, third generation MCM7 vectors have been packaged in the
presence or absence of splice-inhibiting ASOs into HEK 293T cells to make lentivirus. Viral titer
has been determined and the transduced cells will be tested for alternative splicing of the MCM7
cassette. ASO-treated viral titer increased for both initial tests and small-scale viral production.
These results indicate that clinical lentiviral production of MCM?7 vectors would benefit from the

incorporation of splice-inhibiting ASOs during packaging.
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[0166] Materials and Methods. Antisense oligonucleotide production. Morpholinos and 2’-

OMe-modified oligonucleotides were prepared. Lentiviral packaging with splice-inhibiting
ASOs. Lentiviral plasmid was co-transfected with gag/pol, rev, and VSVG packaging plasmids
into 100 mm plates with 60-75% confluent 293T cells. Viral supernatant was harvested 48 hours
later (preliminary test) or pooled from 24, 48, and 72 hours (small-scale test). Lentiviral
transduction and titering. 293T or HT1080 cells were grown in DMEM supplemented with 10%
FBS and L-Glutamine. Cells were plated into 12-well plates for 50% confluency on transduction
day. Varying volumes of filtered raw viral supernatant were added to each well along with
polybrene (0.8ug/mL final). Viral supernatant was removed 12 hours later and replaced with
fresh media. Cells were allowed to grow for 5 days and passaged when confluent. On Day 5,
cells were harvested and divided into two groups. One group was resuspended in Trizol for later
RNA and DNA extraction, while the second group was stained with DAPI and analyzed by flow
cytometry for GFP expression in live cell populations. Statistical Analysis. GFP and MOI

calculations were calculated using Poisson distribution.

[0167] Conclusions. Splice-inhibiting antisense oligonucleotides can be used to increase viral
production of miRNA cassette lentiviruses. Virus produced by these packaging experiments can
efficiently transduce 293T and HT1080 cells. Some ASOs appear to be more effective at
increasing viral titer than others. ASOs that suppress viral production may be interfering with

packaging processes and remain to be investigated further.

[0168] Future Directions. Further ASO construct development and testing. Explore other
delivery methods. Cell-type validation assays. Large-scale packaging (clinical scale).
Comparative studies with other lentiviral titer improvement strategies and viral constructs. If all

goes well, incorporation into current clinical manufacturing processes.

[0169] Significance. shRNA-mediated gene therapy continues to be a major player in
functional disease treatments for heme malignancies and potentially more diseases. Large-scale
production of lentiviruses that contain miRNA cassettes have historically had lower titers than
normal shRNA-containing vectors and increase of viral titer would decrease cost and materials

used for clinical viral production.

[0170] It is understood that the examples and embodiments described herein are for illustrative
purposes only and that various modifications or changes in light thereof will be suggested to
persons skilled in the art and are to be included within the spirit and purview of this application

and scope of the appended claims. All publications, patents, and patent applications cited herein
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are hereby incorporated by reference in their entirety for all purposes.
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CLAIMS

What is claimed is:

1. A kit comprising an oligonucleotide which comprises a mirtron splice site

binding sequence; and a lentiviral packaging system.

2. The kit of claim 1, wherein the lentiviral packaging system is a second

generation lentiviral packaging system.

3. The kit of claim 1, wherein the lentiviral packaging system is a third

generation lentiviral packaging system.

4. The kit of any one of claims 1 to 3, wherein the oligonucleotide comprises
a nucleic acid sequence having at least 80% sequence identity to SEQ ID NO:3; SEQ ID NO:4;
SEQ ID NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID NO:8; SEQ ID NO:9; SEQ ID NO:10;
SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID NO:14; SEQ ID NO:15; SEQ ID
NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ ID NO:20; SEQ ID NO:21; SEQ
ID NO:22, SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25; SEQ ID NO:26; SEQ ID NO:27;
SEQ ID NO:28; SEQ ID NO:29; SEQ ID NO:30, SEQ ID NO:31; SEQ ID NO:32; SEQ ID
NO:33; SEQ ID NO:34, SEQ ID NO:35; SEQ ID NO:36; SEQ ID NO:37; SEQ ID NO:38; SEQ
D NO:39; SEQ ID NO:40; SEQ ID NO:41; SEQ ID NO:42; SEQ ID NO:43; SEQ ID NO:44;
SEQ ID NO:45; SEQ ID NO:46; SEQ ID NO:47; SEQ ID NO:48; SEQ ID NO:49; or SEQ ID
NO:50.

5. The kit of any one of claims 1 to 3, wherein the oligonucleotide comprises
a nucleic acid sequence having at least 85% sequence identity to SEQ ID NO:3; SEQ ID NO:4;
SEQ ID NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID NO:8; SEQ ID NO:9; SEQ ID NO:10;
SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID NO:14; SEQ ID NO:15; SEQ ID
NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ ID NO:20; SEQ ID NO:21; SEQ
ID NO:22, SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25; SEQ ID NO:26; SEQ ID NO:27;
SEQ ID NO:28; SEQ ID NO:29; SEQ ID NO:30, SEQ ID NO:31; SEQ ID NO:32; SEQ ID
NO:33; SEQ ID NO:34, SEQ ID NO:35; SEQ ID NO:36; SEQ ID NO:37; SEQ ID NO:38; SEQ
ID NO:39; SEQ ID NO:40; SEQ ID NO:41; SEQ ID NO:42; SEQ ID NO:43; SEQ ID NO:44;
SEQ ID NO:45; SEQ ID NO:46; SEQ ID NO:47; SEQ ID NO:48; SEQ ID NO:49; or SEQ ID
NO:50.
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6. The kit of any one of claims 1 to 3, wherein the oligonucleotide comprises
a nucleic acid sequence having at least 90% sequence identity to SEQ ID NO:3; SEQ ID NO:4;
SEQ ID NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID NO:8; SEQ ID NO:9; SEQ ID NO:10;
SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID NO:14; SEQ ID NO:15; SEQ ID
NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ ID NO:20; SEQ ID NO:21; SEQ
ID NO:22, SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25; SEQ ID NO:26; SEQ ID NO:27,
SEQ ID NO:28; SEQ ID NO:29; SEQ ID NO:30, SEQ ID NO:31; SEQ ID NO:32; SEQ ID
NO:33; SEQ ID NO:34, SEQ ID NO:35; SEQ ID NO:36; SEQ ID NO:37; SEQ ID NO:38; SEQ
D NO:39; SEQ ID NO:40; SEQ ID NO:41; SEQ ID NO:42; SEQ ID NO:43; SEQ ID NO:44;
SEQ ID NO:45; SEQ ID NO:46; SEQ ID NO:47; SEQ ID NO:48; SEQ ID NO:49; or SEQ ID
NO:50.

7. The kit of any one of claims 1 to 3, wherein the oligonucleotide comprises
a nucleic acid sequence having at least 95% sequence identity to SEQ ID NO:3; SEQ ID NO:4;
SEQ ID NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID NO:8; SEQ ID NO:9; SEQ ID NO:10;
SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID NO:14; SEQ ID NO:15; SEQ ID
NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ ID NO:20; SEQ ID NO:21; SEQ
ID NO:22, SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25; SEQ ID NO:26; SEQ ID NO:27;
SEQ ID NO:28; SEQ ID NO:29; SEQ ID NO:30, SEQ ID NO:31; SEQ ID NO:32; SEQ ID
NO:33; SEQ ID NO:34, SEQ ID NO:35; SEQ ID NO:36; SEQ ID NO:37; SEQ ID NO:38; SEQ
D NO:39; SEQ ID NO:40; SEQ ID NO:41; SEQ ID NO:42; SEQ ID NO:43; SEQ ID NO:44;
SEQ ID NO:45; SEQ ID NO:46; SEQ ID NO:47; SEQ ID NO:48; SEQ ID NO:49; or SEQ ID
NO:50.

8. The kit of any one of claims 1 to 3, wherein the oligonucleotide comprises
SEQ ID NO:3; SEQ ID NO:4; SEQ ID NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID NO:8;
SEQ ID NO:9; SEQ ID NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID
NO:14; SEQ ID NO:15; SEQ ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ
ID NO:20; SEQ ID NO:21; SEQ ID NO:22, SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25;
SEQ ID NO:26; SEQ ID NO:27; SEQ ID NO:28; SEQ ID NO:29; SEQ ID NO:30, SEQ ID
NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID NO:34, SEQ ID NO:35; SEQ ID NO:36; SEQ
ID NO:37; SEQ ID NO:38; SEQ ID NO:39; SEQ ID NO:40; SEQ ID NO:41; SEQ ID NO:42;
SEQ ID NO:43; SEQ ID NO:44; SEQ ID NO:45; SEQ ID NO:46; SEQ ID NO:47; SEQ ID
NO:48; SEQ ID NO:49; or SEQ ID NO:50.
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0. The kit of any one of claims 1 to 8, wherein the oligonucleotide is a

modified oligonucleotide.

10. The kit of claim 9, wherein the modified oligonucleotide comprises 2'-O-
alkyl, 2’-O-methyl, 2’-deoxy-2’fluoro, 2’-deoxy, a universal base, 5-C-methyl, an inverted deoxy
abasic residue incorporation, a positive backbone, a non-ionic backbone, a modified sugar, a

non-ribose backbone, a locked nucleic acid, or a combination of two or more thereof.

11. The kit of claim 9, wherein the modified oligonucleotide comprises a

morpholino modification.

12.  The kit of claim 9, wherein the modified oligonucleotide comprises a 2’-

O-methyl modification.

13.  The kit of claim 9, wherein the modified oligonucleotide comprises a 2’-

O-methyl modification and a morpholino modification.

14.  The kit of any one of claims 1 to 13, wherein the mirtron splice site
binding sequence comprises: (i) a nucleic acid that binds to a region of the MCM?7 splice donor

site, or (i1) a nucleic acid that binds to a region of the MCM?7 splice acceptor site

15. The kit of any one of claims 1 to 14, further comprising a cell.
16. The kit of claim 15, wherein the cell is a bacterial cell.
17. The kit of claim 15, wherein the cell is a eukaryotic cell.

18. The kit of claim 15, wherein the cell is a T cell.
19. The kit of claim 15, wherein the cell is HT1080 or HEK293T.

20. A method for producing a lentivirus, the method comprising the step of:
transfecting a cell with an oligonucleotide comprising a mirtron splice site binding sequence, and

a lentiviral packaging system; thereby producing the lentivirus.
21. The method of claim 20, wherein the cell is a bacterial cell.

22. The method of claim 20, wherein the cell is a eukaryotic cell.
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23. The method of claim 20, wherein the cell is a T cell.

24. The method of claim 20, wherein the cell is HT1080 or HEK293T.

25.  The method of any one of claims 20 to 24, wherein the lentivirus is a

pHIV7-EGFP lentivirus.

26. The method of any one of claims 20 to 25, wherein the lentiviral

packaging system is a second generation lentiviral packaging system.

27. The method of any one of claims 20 to 25, wherein the lentiviral

packaging system is a third generation lentiviral packaging system.

28.  The method of any one of claims 20 to 27, wherein the mirtron splice site
binding sequence comprises: (i) a nucleic acid that binds to a region of the MCM?7 splice donor

site, or (i1) a nucleic acid that binds to a region of the MCM?7 splice acceptor site

29.  The method of any one of claims 20 to 28, wherein the oligonucleotide
comprises a nucleic acid sequence having at least 80% sequence identity to SEQ ID NO:3; SEQ
ID NO:4; SEQ ID NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID NO:8; SEQ ID NO:9; SEQ ID
NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID NO:14; SEQ ID NO:15; SEQ
ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ ID NO:20; SEQ ID NO:21:
SEQ ID NO:22, SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25; SEQ ID NO:26; SEQ ID
NO:27; SEQ ID NO:28; SEQ ID NO:29; SEQ ID NO:30, SEQ ID NO:31; SEQ ID NO:32; SEQ
ID NO:33; SEQ ID NO:34, SEQ ID NO:35; SEQ ID NO:36; SEQ ID NO:37; SEQ ID NO:38;
SEQ ID NO:39; SEQ ID NO:40; SEQ ID NO:41; SEQ ID NO:42; SEQ ID NO:43; SEQ ID
NO:44; SEQ ID NO:45; SEQ ID NO:46; SEQ ID NO:47;, SEQ ID NO:48; SEQ ID NO:49; or
SEQ ID NO:50.

30.  The method of any one of claims 20 to 28, wherein the oligonucleotide
comprises a nucleic acid sequence having at least 85% sequence identity to SEQ ID NO:3; SEQ
ID NO:4; SEQ ID NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID NO:8; SEQ ID NO:9; SEQ ID
NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID NO:14; SEQ ID NO:15; SEQ
ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ ID NO:20; SEQ ID NO:21:
SEQ ID NO:22, SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25; SEQ ID NO:26; SEQ ID
NO:27; SEQ ID NO:28; SEQ ID NO:29; SEQ ID NO:30, SEQ ID NO:31; SEQ ID NO:32; SEQ
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ID NO:33; SEQ ID NO:34, SEQ ID NO:35; SEQ ID NO:36; SEQ ID NO:37; SEQ ID NO:38;
SEQ ID NO:39; SEQ ID NO:40; SEQ ID NO:41; SEQ ID NO:42; SEQ ID NO:43; SEQ ID
NO:44; SEQ ID NO:45; SEQ ID NO:46; SEQ ID NO:47; SEQ ID NO:48; SEQ ID NO:49; or
SEQ ID NO:50.

31.  The method of any one of claims 20 to 28, wherein the oligonucleotide
comprises a nucleic acid sequence having at least 90% sequence identity to SEQ ID NO:3; SEQ
ID NO:4; SEQ ID NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID NO:8; SEQ ID NO:9; SEQ ID
NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID NO:14; SEQ ID NO:15; SEQ
ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ ID NO:20; SEQ ID NO:21;
SEQ ID NO:22, SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25; SEQ ID NO:26; SEQ ID
NO:27; SEQ ID NO:28; SEQ ID NO:29; SEQ ID NO:30, SEQ ID NO:31; SEQ ID NO:32; SEQ
ID NO:33; SEQ ID NO:34, SEQ ID NO:35; SEQ ID NO:36; SEQ ID NO:37; SEQ ID NO:38;
SEQ ID NO:39; SEQ ID NO:40; SEQ ID NO:41; SEQ ID NO:42; SEQ ID NO:43; SEQ ID
NO:44; SEQ ID NO:45; SEQ ID NO:46; SEQ ID NO:47;, SEQ ID NO:48; SEQ ID NO:49; or
SEQ ID NO:50.

32.  The method of any one of claims 20 to 28, wherein the oligonucleotide
comprises a nucleic acid sequence having at least 95% sequence identity to SEQ ID NO:3; SEQ
ID NO:4; SEQ ID NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID NO:8; SEQ ID NO:9; SEQ ID
NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID NO:14; SEQ ID NO:15; SEQ
ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ ID NO:20; SEQ ID NO:21:
SEQ ID NO:22, SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25; SEQ ID NO:26; SEQ ID
NO:27; SEQ ID NO:28; SEQ ID NO:29; SEQ ID NO:30, SEQ ID NO:31; SEQ ID NO:32; SEQ
ID NO:33; SEQ ID NO:34, SEQ ID NO:35; SEQ ID NO:36; SEQ ID NO:37; SEQ ID NO:38;
SEQ ID NO:39; SEQ ID NO:40; SEQ ID NO:41; SEQ ID NO:42; SEQ ID NO:43; SEQ ID
NO:44; SEQ ID NO:45; SEQ ID NO:46; SEQ ID NO:47;, SEQ ID NO:48; SEQ ID NO:49; or
SEQ ID NO:50.

33.  The method of any one of claims 20 to 28, wherein the oligonucleotide
comprises SEQ ID NO:3; SEQ ID NO:4; SEQ ID NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID
NO:8; SEQ ID NO:9; SEQ ID NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID
NO:14; SEQ ID NO:15; SEQ ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ
ID NO:20; SEQ ID NO:21; SEQ ID NO:22, SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25;
SEQ ID NO:26; SEQ ID NO:27; SEQ ID NO:28; SEQ ID NO:29; SEQ ID NO:30, SEQ ID
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NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID NO:34, SEQ ID NO:35; SEQ ID NO:36; SEQ
ID NO:37; SEQ ID NO:38; SEQ ID NO:39; SEQ ID NO:40; SEQ ID NO:41; SEQ ID NO:42;
SEQ ID NO:43; SEQ ID NO:44; SEQ ID NO:45; SEQ ID NO:46; SEQ ID NO:47; SEQ ID
NO:48; SEQ ID NO:49; or SEQ ID NO:50.

34.  The method of any one of claims 20 to 33, wherein the oligonucleotide is

a modified oligonucleotide.

35. The method of claim 34, wherein the modified oligonucleotide comprises
2'-0-alkyl, 2 O-methyl, 2’-deoxy-2’fluoro, 2’-deoxy, a universal base, 5-C-methyl, an inverted
deoxy abasic residue incorporation, a positive backbone, a non-ionic backbone, a modified sugar,

a non-ribose backbone, a locked nucleic acid, or a combination of two or more thereof.

36. The method of claim 34, wherein the modified oligonucleotide comprises

a morpholino modification.

37. The method of claim 34, wherein the modified oligonucleotide comprises

a 2’-O-methyl modification.

38. The method of claim 34, wherein the modified oligonucleotide comprises

a 2’-O-methyl modification and a morpholino modification.

39. An isolated nucleic acid sequence comprising SEQ ID NO:3; SEQ ID
NO:4; SEQ ID NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID NO:8; SEQ ID NO:9; SEQ ID
NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID NO:14; SEQ ID NO:15; SEQ
ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ ID NO:20; SEQ ID NO:21:
SEQ ID NO:22, SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25; SEQ ID NO:26; SEQ ID
NO:27; SEQ ID NO:28; SEQ ID NO:29; SEQ ID NO:30, SEQ ID NO:31; SEQ ID NO:32; SEQ
ID NO:33; SEQ ID NO:34, SEQ ID NO:35; SEQ ID NO:36; SEQ ID NO:37; SEQ ID NO:38;
SEQ ID NO:39; SEQ ID NO:40; SEQ ID NO:41; SEQ ID NO:42; SEQ ID NO:43; SEQ ID
NO:44; SEQ ID NO:45; SEQ ID NO:46; SEQ ID NO:47;, SEQ ID NO:48; SEQ ID NO:49; or
SEQ ID NO:50.

40. The isolated nucleic acid sequence of claim 39, which comprises a

modification to at least one nucleotide.
41. The isolated nucleic acid of claim 40, wherein the modification is 2'-O-
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alkyl, 2 O-methyl, 2’-deoxy-2’fluoro, 2’-deoxy, a universal base, 5-C-methyl, an inverted deoxy

abasic residue incorporation, a positive backbone, a non-ionic backbone, a modified sugar, a

non-ribose backbone, a locked nucleic acid, or a combination of two or more thereof.

42. The isolated nucleic acid of claim 40, wherein the modification is a

morpholino modification.

43. The isolated nucleic acid of claim 40, wherein the modified

oligonucleotide comprises a 2’-O-methyl modification.

44. The isolated nucleic acid of claim 40, wherein the modified

oligonucleotide comprises a 2’-O-methyl modification and a morpholino modification.
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