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RIBOSWITCHES FOR REGULATING GENE EXPRESSION AND
THERAPEUTIC METHODS OF USING THE SAME

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the priority benefit of U.S. Provisional Application
No. 63/499,181, filed April 28, 2023, the contents of which are hereby incorporated by reference

in their entirety.

REFERENCE TO SEQUENCE LISTING SUBMITTED ELECTRONICALLY

[0002] The content of the electronically submitted sequence listing (Name:
4525 105PCO1_Seqlisting ST26.xml; Size: 178,656 bytes; and Date of Creation: April 25, 2024),

filed with the application, is incorporated herein by reference in its entirety.

FIELD OF DISCLOSURE

[0003] The present disclosure pertains generally to the field of molecular biology and
medicine (e.g., gene therapy). More particularly it relates to compositions and methods for

regulating gene expression.

BACKGROUND

[0004] Gene therapy represents a robust tool for treating human disease. While gene
therapy technologies have developed in recent decades, there is a need to further control gene
expression, for example, to regulate symptoms and reduce protein toxicity.

[0005] A riboswitch is a regulatory segment of a messenger RNA (mRNA) molecule that
binds a small molecule, which can result in a change in production of the proteins encoded by the
mRNA. Most known riboswitches occur in bacteria, but functional riboswitches (e.g., the TPP
riboswitch) have been discovered in archaea, plants and certain fungi. Riboswitches can operate
using different mechanisms. For example, certain riboswitch structures can affect the splicing of
pre-mRNA. Bacteria make extensive use of riboswitches to sense metabolites and control gene
expression, and typically do so by modulating premature transcription termination or translation
initiation. The most widespread riboswitch class known in bacteria responds to the coenzyme
thiamine pyrophosphate (TPP), which is a derivative of vitamin Bi. See Cheah et al., Nature
volume 447, 497-500 (2007). Methods for controlling gene expression using drug inducible
alternative splicing switches have been investigated (see, e.g., Int. Publ. No. W0O2021163556A1).
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Touse a riboswitch in a therapeutic setting, the small molecule must be both effective at regulating

the gene of interest and non-toxic to the patient.

BRIEF SUMMARY

[0006] Certain aspects of the disclosure are directed to an expression cassette comprising
from 5' to 3": (1) promoter, (ii) an upstream exon, (iii) an upstream intron, (iv) an alternatively
spliced exon comprising a translation initiation sequence, (v) a downstream intron, (vi) a
downstream exon, and (vii) a heterologous nucleic acid sequence.

[0007] In some aspects, the upstream intron, the alternatively spliced exon, and the
downstream intron each comprise a portion of a gene selected from the group consisting of a
Transient Receptor Potential Cation Channel Subfamily V. Member 3 (TRPV3) gene, a
Serine/Threonine Kinase 31 (STK31) gene, an Ubiquitin Specific Peptidase 25 (USP25) gene, a
IK gene, a Testis Expressed 14, Intercellular Bridge Forming Factor (TEX14) gene, a General
Transcription Factor I[IB (GTF2B) gene, and a LY6/PLAUR Domain Containing 3 (LYPD3) gene.
[0008] In some aspects, the upstream exon and the downstream exon each comprise a
portion of a gene selected from the group consisting of a Transient Receptor Potential Cation
Channel Subfamily V Member 3 (TRPV3) gene, a Serine/Threonine Kinase 31 (STK31) gene, an
Ubiquitin Specific Peptidase 25 (USP25) gene, a IK gene, a Testis Expressed 14, Intercellular
Bridge Forming Factor (TEX14) gene, a General Transcription Factor IIB (GTF2B) gene, and a
LY6/PLAUR Domain Containing 3 (LYPD3) gene.

[0009] In some aspects, the upstream exon, the upstream intron, the alternatively spliced
exon comprising a translation initiation sequence, the downstream intron, the a downstream exon
each comprise a portion of a gene selected from the group consisting of a Transient Receptor
Potential Cation Channel Subfamily V Member 3 (TRPV3) gene, a Serine/Threonine Kinase 31
(STK31) gene, an Ubiquitin Specific Peptidase 25 (USP25) gene, a IK gene, a Testis Expressed
14, Intercellular Bridge Forming Factor (TEX14) gene, a General Transcription Factor IIB
(GTF2B) gene, and a LY6/PLAUR Domain Containing 3 (LYPD3) gene.

[0010] In some aspects, the upstream exon and the downstream exon each comprise a
portion of a gene, which is different from the gene for the portion of the upstream intron, the
alternatively spliced exon, and the downstream intron.

[0011] In some aspects, the upstream exon and the downstream exon comprise synthetic

€Xons.
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[0012] In some aspects, the inclusion of the alternatively spliced exon is regulatable (e.g.,
regulated) by a splicing modulator.
[0013] In some aspects, the splicing modulator is kinetin or homocarbonyltopsentin.
[0014] In some aspects, the gene is TRPV3, STK31, or USP25; and the splicing modulator
is Kinetin.
[0015] In some aspects, the gene is GTF2B, LYPD3, IK, or TEX14; and the splicing
modulator is Homocarbonyltopsentin.
[0016] In some aspects, the splicing modulator promotes inclusion of the alternatively

spliced exon thereby driving expression of the heterologous nucleic acid sequence.

[0017] In some aspects, the promoter is selected from the group consisting of a CBA
promoter, a smCBA promoter, a CMV promoter, an EF-1a (Elongation Factor 1a) promoter, a RSV
(Rous Sarcoma Virus) promoter, an Ubiquitin (UbC) promoter, a CAG promoter, a SV40 (simian
vacuolating virus 40) promoter, a PGK (phosphoglycerate kinase) promoter, a human beta actin
promoter, a HI (human polymerase III RNA) promoter, a human U6 small nuclear promoter,
tetracycline responsive element, and any combination thereof.

[0018] In some aspects, the expression cassette further comprises an enhancer.

[0019] In some aspects, the enhancer is selected from the group consisting of a CMV
enhancer, a SV40 enhancer, and any combination thereof.

[0020] In some aspects, the expression cassette further comprises a cleavage site between
the downstream exon and the heterologous nucleic acid sequence.

[0021] In some aspects, the cleavage site is selected from the group consisting of a furin
cleavage site, a foot-and-mouth disease virus 18 2A peptide (F2A), an equine rhinitis A virus 2A
peptide (E2A), a porcine teschovirus-1 2A peptide (P2A), a thosea asigna virus 2A peptide (T2A),
and any combination thereof.

[0022] In some aspects, the expression cassette further comprises a leader sequence
between the downstream exon and the heterologous nucleic acid sequence.

[0023] In some aspects, the leader sequence is selected from the group consisting of an
opticin (e.g., a human opticin (hOPT)) leader sequence, an interleukin-2 (e.g., human interleukin-
2 (hIL-2)) leader sequence, an interleukin-12 (e.g.,, human interleukin-12 (hIL-12)) leader
sequence, an interleukin-6 (e.g., a human or mouse interleukin-6 (hIL-6 or mIL-6)) leader
sequence, an insulin (e.g., human insulin) leader sequence, a serum albumin (e.g., human serum

albumin (HSA)) leader sequence, and any combination thereof.
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[0024] In some aspects, the combined length of the upstream exon, the upstream intron,
the alternatively spliced exon, the downstream intron, and the downstream exon is between about
300 basepairs to about 2100 basepairs.

[0025] In some aspects, the length of the heterologous nucleic acid sequence is less than
about 4100 basepairs, less than about 4000 basepairs, or less than about 3900 basepairs.

[0026] In some aspects, the heterologous nucleic acid sequence encodes a protein. In some
aspects, the protein is a therapeutic protein.

[0027] In some aspects, the upstream exon comprises a sequence selected from the group
consisting of SEQ ID NO: 8, 13, 18, 23, 28, 33, and 38.

[0028] In some aspects, the alternatively spliced exon comprises a sequence selected from
the group consisting of SEQ ID NO: 10, 15, 20, 25, 30, 35, and 40.

[0029] In some aspects, the downstream exon comprises a sequence selected from the
group consisting of SEQ ID NO: 12, 17,22, 27,32, 37, and 42.

[0030] In some aspects, the expression cassette comprises a sequence selected from the
group consisting of SEQ ID NO: 8-42.

[0031] In some aspects, the expression cassette comprises a sequence selected from the
group consisting of one or more of SEQ ID NO: 1-7 and 43-66.

[0032] In some aspects, the expression cassette further comprises an untranslated region

(UTR), a microRNA binding site, a polyA (pA) sequence, an intron sequence, or any combination

thereof.
[0033] In some aspects, the expression cassette comprises a poly(A) (pA) sequence.
[0034] In some aspects, the pA sequence is a synthetic pA sequence, a bovine growth

hormone (bGH) pA sequence, or a human growth hormone (hGH) pA sequence.
[0035] In some aspects, provided herein is a delivery vector comprising any of the

expression cassettes disclosed herein.

[0036] In some aspects, the expression cassette is flanked by inverted terminal repeat (ITR)
sequences.
[0037] In some aspects, the delivery vector is selected from the group consisting of a viral

vector, a plasmid, a lipid, a protein particle, a bacterial vector, a lysosome, a virus-like particle, a
polymeric particle, an exosome, and a vault particle.

[0038] In some aspects, the delivery vector is a viral vector.

[0039] In some aspects, the viral vector is a lentiviral vector, an adenoviral vector, an

adeno-associated viral (AAV) vector, or a retroviral vector.
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[0040] In some aspects, the viral vector is an adeno-associated viral (AAV) vector.
[0041] In some aspects, the delivery vector is a recombinant AAV (rAAYV) vector

comprising an AAV serotype selected from the group consisting of AAV1, AAV2, AAV3, AAV4,
AAV5, AAV6, AAV7, AAVS, AAVrhS, AAV9, AAV10, AAVrh10, AAV11, and AAV12.
[0042] In some aspects, provided herein is a cell comprising any of the expression cassettes
disclosed herein or any of the delivery vectors disclosed herein.

[0043] In some aspects, provided herein is a pharmaceutical composition comprising any
of the expression cassettes disclosed herein, any of the delivery vectors disclosed herein, or any of
the cells disclosed herein.

[0044] In some aspects, the pharmaceutical composition further comprises a
pharmaceutically acceptable excipient.

[0045] Certain aspects of the disclosure are directed to a kit comprising 1) any of the
expression cassettes disclosed herein, any of the delivery vectors disclosed herein, any of the cells
disclosed herein, or any of the pharmaceutical compositions disclosed herein; and (i1) optionally
instructions for use.

[0046] In some aspects, the kit further comprises (iii) a splicing modulator molecule that

promotes the inclusion of the alternatively spliced exon.

[0047] In some aspects, the splicing modulator molecule is kinetin.
[0048] In some aspects, the splicing modulator molecule is homocarbonyltopsentin.
[0049] Certain aspects of the disclosure are directed to a method of regulating expression

of a protein in a mammalian cell comprising administering to the cell any of the expression
cassettes disclosed herein, any of the delivery vectors disclosed herein, or any of the
pharmaceutical compositions disclosed herein, followed by administering the splicing modulator
molecule that promotes the inclusion of the alternatively spliced exon.

[0050] Certain aspects of the disclosure are directed to a method of expressing a protein in
a cell or subject comprising administering to the cell or subject any of the expression cassettes
disclosed herein, any of the delivery vectors disclosed herein, any of the cells disclosed herein, or
any of the pharmaceutical compositions disclosed herein, followed by administering the splicing
modulator molecule that promotes the inclusion of the alternatively spliced exon.

[0051] Certain aspects of the disclosure are directed to a method of treating a disease in a
mammal comprising administering to a subject any of the expression cassettes disclosed herein,

any of the delivery vectors disclosed herein, any of the cells disclosed herein, or any of the
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pharmaceutical compositions disclosed herein, followed by administering the splicing modulator
molecule that promotes the inclusion of the alternatively spliced exon.

[0052] In some aspects, the administration of the expression cassette, delivery vector, or
cell is systemic or tissue specific. In some aspects, the administration is intravenous, intramuscular,
intrahepatic, intraventricular, intraparenchymal, intrathecal, subcutaneous, oral, intraocular,
periocular, or intratumoral.

[0053] In some aspects, the administration of the molecule that promotes the inclusion of
the alternatively spliced exon is systemic.

[0054] In some aspects, the molecule that promotes the inclusion of the alternatively
spliced exon is administered at least 1 day after administration of the expression cassette.

[0055] In some aspects, the method further comprises administering a second dose of the
molecule that promotes the inclusion of the alternatively spliced exon.

[0056] Certain aspects of the disclosure are directed to a method of regulating transgene
expression post-transcriptionally, comprising administering to a subject (a) a nucleic acid construct
comprising (i) an upstream exon, (ii) an upstream intron, (iii) an alternatively spliced exon
comprising a translation initiation sequence, (iv) a downstream intron, (v) a downstream exon, and
(vi) a heterologous nucleic acid sequence; and (b) a splicing modulator.

[0057] In some aspects, the upstream intron, the alternatively spliced exon, and the
downstream intron each comprise a portion of a gene selected from the group consisting of a
Transient Receptor Potential Cation Channel Subfamily V. Member 3 (TRPV3) gene, a
Serine/Threonine Kinase 31 (STK31) gene, an Ubiquitin Specific Peptidase 25 (USP25) gene, a
IK gene, a Testis Expressed 14, Intercellular Bridge Forming Factor (TEX14) gene, a General
Transcription Factor I[IB (GTF2B) gene, and a LY6/PLAUR Domain Containing 3 (LYPD3) gene.
[0058] In some aspects, the upstream exon and the downstream exon each comprise a
portion of a gene selected from the group consisting of a Transient Receptor Potential Cation
Channel Subfamily V Member 3 (TRPV3) gene, a Serine/Threonine Kinase 31 (STK31) gene, an
Ubiquitin Specific Peptidase 25 (USP25) gene, a IK gene, a Testis Expressed 14, Intercellular
Bridge Forming Factor (TEX14) gene, a General Transcription Factor IIB (GTF2B) gene, and a
LY6/PLAUR Domain Containing 3 (LYPD3) gene.

[0059] In some aspects, the upstream exon, the upstream intron, the alternatively spliced
exon comprising a translation initiation sequence, the downstream intron, the a downstream exon
each comprise a portion of a gene selected from the group consisting of a Transient Receptor

Potential Cation Channel Subfamily V Member 3 (TRPV3) gene, a Serine/Threonine Kinase 31
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(STK31) gene, an Ubiquitin Specific Peptidase 25 (USP25) gene, a IK gene, a Testis Expressed
14, Intercellular Bridge Forming Factor (TEX14) gene, a General Transcription Factor IIB
(GTF2B) gene, and a LY6/PLAUR Domain Containing 3 (LYPD3) gene.

[0060] In some aspects, the upstream exon and the downstream exon each comprise a
portion of a gene, which is different from the gene for the portion of the upstream intron, the
alternatively spliced exon, and the downstream intron. In some aspects, the upstream exon and the
downstream exon comprise synthetic exons.

[0061] In some aspects, the splicing modulator is Kinetin or Homocarbonyltopsentin.
[0062] Certain aspects of the disclosure are directed to a method of producing an adeno-
associated viral (AAV) vector comprising: (a) introducing a first plasmid comprising an adenovirus
helper gene and a second plasmid comprising a heterologous nucleic acid sequence into a host cell;
and

(b) culturing the host cell in the presence of a splicing modulator to produce AAYV particles.
[0063] In some aspects, the host cell comprises an AAV capsid (Cap) gene and a nucleic
acid construct comprising (1) an upstream exon, (ii) an upstream intron, (iii) an alternatively spliced
exon comprising a translation initiation sequence, (iv) a downstream intron, (v) a downstream
exon, and (vi) an AAV replication (Rep) gene.

[0064] In some aspects, the host cell comprises an AAV replication (Rep) gene and a
nucleic acid construct comprising (i) an upstream exon, (ii) an upstream intron, (ii1) an alternatively
spliced exon comprising a translation initiation sequence, (iv) a downstream intron, (v) a
downstream exon, and (vi) an AAV capsid (Cap) gene.

[0065] In some aspects, the upstream intron, the alternatively spliced exon, and the
downstream intron each comprise a portion of a gene selected from the group consisting of a
Transient Receptor Potential Cation Channel Subfamily V. Member 3 (TRPV3) gene, a
Serine/Threonine Kinase 31 (STK31) gene, an Ubiquitin Specific Peptidase 25 (USP25) gene, a
IK gene, a Testis Expressed 14, Intercellular Bridge Forming Factor (TEX14) gene, a General
Transcription Factor I[IB (GTF2B) gene, and a LY6/PLAUR Domain Containing 3 (LYPD3) gene.
[0066] In some aspects, the upstream exon and the downstream exon each comprise a
portion of a gene selected from the group consisting of a Transient Receptor Potential Cation
Channel Subfamily V Member 3 (TRPV3) gene, a Serine/Threonine Kinase 31 (STK31) gene, an
Ubiquitin Specific Peptidase 25 (USP25) gene, a IK gene, a Testis Expressed 14, Intercellular
Bridge Forming Factor (TEX14) gene, a General Transcription Factor IIB (GTF2B) gene, and a
LY6/PLAUR Domain Containing 3 (LYPD3) gene.
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[0067] In some aspects, the upstream exon, the upstream intron, the alternatively spliced
exon comprising a translation initiation sequence, the downstream intron, the a downstream exon
each comprise a portion of a gene selected from the group consisting of a Transient Receptor
Potential Cation Channel Subfamily V Member 3 (TRPV3) gene, a Serine/Threonine Kinase 31
(STK31) gene, an Ubiquitin Specific Peptidase 25 (USP25) gene, a IK gene, a Testis Expressed
14, Intercellular Bridge Forming Factor (TEX14) gene, a General Transcription Factor IIB
(GTF2B) gene, and a LY6/PLAUR Domain Containing 3 (LYPD3) gene.

[0068] In some aspects, the upstream exon and the downstream exon each comprise a
portion of a gene, which is different from the gene for the portion of the upstream intron, the
alternatively spliced exon, and the downstream intron. In some aspects, the upstream exon and the
downstream exon comprise synthetic exons.

[0069] In some aspects, the method further comprises (c) harvesting the AAV particles

from the cultured host cell.

[0070] In some aspects, the method further comprises (d) purifying the harvested AAV
particles.

[0071] In some aspects, the host cell is a HEK293 cell.

[0072] In some aspects, the splicing modulator is Kinetin or Homocarbonyltopsentin.
[0073] In some aspects, the adenovirus helper gene is selected from the group consisting

of an Early 4 (E4) gene, an Early 2A (E2A) gene, and a viral associated (VA) gene.

[0074] In some aspects, the nucleic acid construct is stably integrated into the host cell
genome.
[0075] In some aspects, the nucleic acid construct comprises a sequence selected from the

group consisting of SEQ ID NO: 59-62.

[0076] Certain aspects of the disclosure are directed to a method of producing an AAV
particle comprising contacting a host cell comprising rep genes, cap genes, and adenoviral helper
genes with a topsentin alkaloid or derivative thereof.

[0077] In some aspects, the method: 1) reduces viral response genes, ii) increases
immediate early genes, iil) increases a NF-xB signaling pathway, iv) increases a TNF signaling
pathway, v) increases a IL-17 signaling pathway, vi) inhibits apoptosis, vii) inhibits viral defense
and/or vii) increases histone levels.

[0078] In some aspects, the apoptosis is inhibited by altering a signaling pathway.
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[0079] In some aspects, the signaling pathway comprises a NF-kB signaling pathway, a
TNF signaling pathway, IL-17 signaling pathway, a JAK/STAT signaling pathway, a P38 MAPK
signaling pathway, PI3K-Akt signaling pathway, or any combination thereof.

[0080] In some aspects, the increased histone levels result in increased metabolic activity

and/or increased host cell replication.

[0081] In some aspects, the host cell comprises an AAV capsid (Cap) gene, an AAV
replication (Rep) gene, an AAV helper gene, or any combination thereof.

[0082] In some aspects, the host cell is a HEK293 cell.

[0083] In some aspects, the topsentin alkaloid or derivative thereof is selected from the

group consisting of Homocarbonyltopsentin, Topsentin, Bromotopsentin, Bromodeoxytopsentin,
Deoxytopsentin, and any combination thereof.  In some aspects, the topsentin alkaloid or
derivative thereof is Homocarbonyltopsentin.

[0084] In some aspects, the host cell is contacted with about 5 pM to about 50 uM (e.g.,
about 5 uM, about 10 uM, about 20 uM, or about 40 uM) of the topsentin alkaloid or derivative
thereof (e.g., Homocarbonyltopsentin).

[0085] In some aspects, the host cell is contacted with the topsentin alkaloid or derivative
thereof (e.g., Homocarbonyltopsentin) for at least 24 hours, at least 48 hours, or at least 72 hours

(e.g., 24 to 90 hours).

[0086] In some aspects, the method further comprises harvesting the AAV particle.
[0087] In some aspects, the method further comprises purifying the harvested AAV
particle.

BRIEF DESCRIPTION OF FIGURES

[0088] FIGs. 1A-1B show an exemplary schematic of a riboswitch, both with (FIG. 1B)
and without (FIG. 1A) a cleavage site between the downstream exon and the heterologous nucleic
acid sequence (GFP).

[0089] FIG. 2 shows the effect of homocarbonyltopsentin (Drug H) and kinetin (Drug K)
on alternatively spliced exons in HEK293T cells as measured by mRNA-seq.

[0090] FIGs. 3A-3C show the effect of kinetin as measured by RNA-seq on alternatively
spliced exons in three genes: TRPV3 (FIG. 3A), STK31 (FIG. 3B), and USP25 (FIG. 3C).

[0091] FIGs. 4A-4D show the effect of homocarbonyltopsentin as measured by RNA-seq
on alternatively spliced exons in four genes: IK (FIG. 4A), TEX14 (FIG. 4B), GTF2B (FIG. 4C),
and LYPD3 (FIG. 4D).
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[0092] FIGs. SA-5C show immunofluorescent staining in cells transfected with USP25
Full (FIG. 5A), STK31 Full (FIG. 5B) or TRPV3 mini (FIG. 5C) after treatment with DMSO, Low
Drug K, or High Drug K.

[0093] FIGs. 6A-6D show immunofluorescent staining in cells transfected with LYPD3
Full (FIG. 6A), TEX14 Full (FIG. 6B), GTF2B Mini (FIG. 6C), or IK Mini (FIG. 6D) after
treatment with DMSO, Low Drug H, or High Drug H.

[0094] FIGs. 7A-7E show immunofluorescent staining (FIGs. 7A-7D) or qPCR
measurements (FIG. 7E) of Drug K or Drug H driven splicing. GTF2B Minimal Reporter (FIG.
7A — Drug H), IK Minimal Reporter (FIG. 7B — Drug H), TRPV3 Minimal Reporter (FIG. 7C),
and USP25 Minimal Reporter (FIG. 7D) were analyzed. Fold change comparing Drug H or Drug
K treated samples with vehicle was analyzed by qPCR in FIG. 7E for cells transfected with Gene
G (GTF2B Minimal Reporter), Gene I (IK Minimal Reporter), Gene T (TRPV3 Minimal Reporter),
and Gene U (USP25 Minimal Reporter).

[0095] FIGs. 8A-8H show immunofluorescent staining in triplicate for DMSO, 10 uM
Drug H, or 40 uM Drug H for cells transfected with GTF2B Full Reporter (FIGs. 8A-8B), GTF2B
Mini Reporter (FIGs. 8C-8D), IK Mini Reporter (FIGs. 8E-8F), or LYPD3 Mini Reporter (FIGs.
8G-8H).

[0096] FIG. 9 shows an RNA PCR splicing assay in cells transfected with LYPD3 Mini
Reporter, IK Mini Reporter, and GTF2B Full Reporter after increasing Drug H treatment.

[0097] FIGs. 10A-10C show immunofluorescent staining 24 hours after treatment with
DMSO, Low Drug H (10 uM), or High Drug H (40 uM) for cells transfected with Full Gene L
(LYPD3) (FIG. 10A), Minimum Gene L (version 1 — 779 bp) (FIG. 10B), or Minimum Exon/Intron
Gene L (version 2 — 414 bp) (FIG. 10C).

[0098] FIGs. 11A-11G show immunofluorescent staining 48 hours after treatment with
DMSO, Low Drug K (50 uM), High Drug K (200 uM), Low Drug H (10 uM), or High Drug H
(40 uM) for cells transfected with constitutively expressed GFP (FIG. 11A), Full Gene L (LYPD?3)
(FIG. 11B), Minimum Gene L (version 1 — 779 BP) (FIG. 11C), Minimum Exon/Intron Gene L
(version 2 —414 bp) (FIG. 11D), Full Gene T (TRPV3) (FIG. 11E), Minimum Gene T (version 1
— 906 bp) (FIG. 11F), or Minimum Exon/Intron Gene T (version 2 — 410 bp) (FIG. 11G).

[0099] FIGs. 12A-12C show immunofluorescent staining and mRNA fold change after
treatment with vehicle, Low Drug H (10 uM), or High Drug H (40 uM) for cells transfected with
constitutively expressed GFP (FIG. 12A) or a KT Splice — Drug H — GFP construct (FIG. 12B).
FIG. 12C shows mRNA fold change of GFP expression relative to Actin and GAPDH.
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[0100] FIGs. 13A-13D show immunofluorescent staining and mRNA fold change after
treatment with vehicle, Low Drug H (10 uM), or High Drug H (40 uM) for cells transfected with
constitutively expressed iRFP (FIG. 13A) a KT Splice — Drug H — iRFP construct (FIG. 13B), or
a KT Splice — Constitutively Expressed Exon (FIG. 13C), which does not have a splicing
requirement (a control for similar expression to constitutively expressed iRFP). FIG. 13D shows
mRNA fold change of iRFP expression relative to Actin and GAPDH.

[0101] FIG. 14 shows immunofluorescent staining of cells after transfection with inducible
green fluorescent protein (GFP) construct "V1A" or "V2A" and treatment with vehicle or with
small molecule "Drug 1" (Drug H).

[0102] FIG. 15 shows ITR titer after triple transfection of "WT Rep" or inducible Rep78/52
constructs ("V2A" or "V2B") after treatment with Drug K ("Drug 2") or Drug H ("Drug 1").
[0103] FIG. 16 shows fold change of induction of capsid titer after triple transfection of
inducible Rep78/52 after treatment with Drug K ("Drug 2") or after treatment with Drug H ("Drug
1").

[0104] FIGs. 17A-17B show a western blot of AAV Rep78 levels (FIG. 17A) or VPI,
VP2, and VP3 levels (FIG. 17B) after transfection with Drug K ("Drug 2") or Drug H ("Drug 1").
[0105] FIG. 18 shows an exemplary scheme for the inducible Rep system in comparison

to the Triple Transfection system.

[0106] FIGs. 19A-19B show ITR titer after triple transfection of "WT Rep" after treatment
with Drug K (FIG. 19A) or Drug H (FIG. 19B).
[0107] FIGs. 20A-20B show fold change of induction of capsid titer after triple

transfection of WT Rep. FIG. 20A shows capsid titer after treatment with Drug K. FIG. 20B shows
capsid titer after treatment with Drug H.

[0108] FIGs. 21A-21B show a western blot of AAV VP1, VP2, and VP3 levels after
treatment with Drug K (FIG. 21A) or Drug H (FIG. 21B).

[0109] FIG. 22A shows the expression of Cap mRNA expression after treatment with Drug
H (5 uM, 10 uM, 20 uM, and 40 uM) after O hours, 24 hours, and 48 hours.

[0110] FIG. 22B shows the expression of Rep mRNA expression after treatment with Drug
H (5 uM, 10 uM, 20 uM, and 40 uM) at 0 hour, 24 hours, and 48 hours.

[0111] FIGs. 23A-23H show changes in the transcriptome after treatment with Drug H at
24 hours (FIGs. 23A-23D) and 48 hours (FIGs. 23E-23H). Concentrations of Drug H analyzed
include 5 pM (FIG. 23A and FIG. 23E), 10 uM (FIG. 23B and FIG. 23F), 20 uM (FIG. 23C and
FIG. 23G), and 40 uM (FIG. 23D and FIG. 23H).
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[0112] FIG. 24 shows a pathway analysis of differentially expressed genes driven by Drug
H treatment, comparing triple transfection with Drug H relative to triple transfection without Drug
H.

[0113] FIG. 25A shows a heat map of a gene set involved in the inflammatory response
after treatment with Drug H for 24 hours or 48 hours.

[0114] FIG. 25B shows a heat map of a gene set involved in the immediate early response
after treatment with Drug H for 24 hours or 48 hours.

[0115] FIG. 25C shows a heat map of a gene set involved in the Defense to Virus pathway
after treatment with Drug H for 24 hours or 48 hours.

[0116] FIGs. 25D-25G show fold change of genes involved in the Defense to Virus
pathway after treatment with Drug H for 24 hours or 48 hours. Genes analyzed include BST2 (FIG.
25D), EXOSCS (FIG. 25E), CGAS (FIG. 25F), and GBP1 (FIG. 25G).

[0117] FIG. 26A shows a heat map of a gene set involved in nucleosome assembly genes
after treatment with Drug H for 24 hours or 48 hours.

[0118] FIGs. 26B-26E show fold change of genes involved in nucleosome assembly after
treatment with Drug H for 24 hours or 48 hours. Genes analyzed include H1-3 (FIG. 26B), H2BC8
(FIG. 26C), H3C1 (FIG. 26D), and H4C3 (FIG. 26E).

[0119] FIG. 27A shows a heat map of a gene set involved in the TNF signaling pathway
after treatment with Drug H for 24 hours or 48 hours.

[0120] FIGs. 27B-27C show normalized gene counts of TNFAIP3 (FIG. 27B) and FOS
(FIG. 27C) after treatment with Drug H at 0 hours, 24 hours, and 48 hours.

[0121] FIG. 28A shows expression of genes within the JAK/STAT signaling pathway 48
hours after treatment with Drug H.

[0122] FIG. 28B shows expression of genes within the IL-17 and NF-xkB signaling
pathways 48 hours after treatment with Drug H.

[0123] FIG. 28C shows expression of genes in parallel and downstream pathways to IL-
17 signaling 48 hours after treatment with Drug H (e.g. P38 MAPK signaling and PI3K-Akt
signaling pathways).

[0124] FIG. 28D shows expression of genes in pathways that converge on apoptosis 48
hours after treatment with Drug H.

[0125] FIG. 28E shows expression of genes within the TNF signaling pathway after
treatment with Drug H.
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[0126] FIG. 29 shows an exemplary scheme for the Mode of Action for Drug H on host
cells during AAV production.
[0127] FIGs. 30A-30C shows the epifluorescence of non-transduced cells (FIG. 30A) and

cells transduced with AAV2 packaged Positive Control Construct carrying an expression construct
including enhanced GFP (eGFP) operably linked aRous Sarcoma Virus (RSV) promoter (FIG. 30B
and 30C) in HEK293 cells 24 hours after treatment with the amount indicated of DMSO, Drug H
(Homocarb), or Drug K (Kinetin). Multiplicity of infection of each AAV construct was either 1e5
or Se5 vector genomes per cell as indicated in figure title.

[0128] FIGs. 31A-31D shows the epifluorescence of cells transduced with AAV2
packaged TRPV3 construct #3 (FIG. 31A and 31B), or cells transduced with AAV2 packaged
LYPD3 construct #3 (FIG. 31C and 31D), each carrying an expression construct including
enhanced GFP (eGFP) operably linked aRous Sarcoma Virus (RSV) promoter, in HEK293 cells
24 hours after treatment with the amount indicated of DMSO, Drug H (Homocarb), or Drug K
(Kinetin). Multiplicity of infection of each AAV construct was either 1e5 or 5e5 vector genomes
per cell as indicated in figure title.

[0129] FIGs. 32A-32C shows the epifluorescence of non-transduced cells (FIG. 32A),
cells transduced with AAV?2 packaged Positive Control Construct (FIG. 32B and 32C) carrying an
expression construct including enhanced GFP (eGFP) operably linked aRous Sarcoma Virus
(RSV) promoter in Neuro2A cells 24 hours after treatment with the amount indicated of DMSO,
Drug H (Homocarb), or Drug K (Kinetin). Multiplicity of infection of each AAV construct was
either 1e5 or Se5 vector genomes per cell as indicated in figure title.

[0130] FIGs. 33A-33D shows the epifluorescence of cells transduced with AAV2
packaged TRPV3 construct #3 (FIG. 33A and 33B), or cells transduced with AAV2 packaged
LYPD3 construct #3 (FIG. 33C and 33D), each carrying an expression construct including
enhanced GFP (eGFP) operably linked aRous Sarcoma Virus (RSV) promoter, in Neuro2A cells
24 hours after treatment with the amount indicated of DMSO, Drug H (Homocarb), or Drug K
(Kinetin). Multiplicity of infection of each AAV construct was either 1e5 or 5e5 vector genomes
per cell as indicated in figure title.

[0131] FIGs. 34A-34C shows the epifluorescence of non-transduced cells, cell transduced
with AAV2 packaged Positive Control Construct (FIG. 34A), cells transduced with AAV2
packaged TRPV3 construct #3 (FIG. 34B and 34C), each carrying an expression construct
including enhanced GFP (eGFP) operably linked aRous Sarcoma Virus (RSV) promoter, in
Neuro2A cells 24 hours after treatment with the amount indicated of DMSO or Drug K (Kinetin).
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Multiplicity of infection of each AAV construct was either 1e5 or 5e5 vector genomes per cell as
indicated in figure title.

[0132] FIGs. 35A-35B shows the epifluorescence of cells transduced with AAV2
packaged LYPD3 construct #3 (FIG. 35A and 35B) carrying an expression construct including
enhanced GFP (eGFP) operably linked aRous Sarcoma Virus (RSV) promoter in NeuroZA cells
24 hours after treatment with the amount indicated of DM SO or Drug H (Homocarb). Multiplicity
of infection of each AAV construct was either 1e5 or 5e5 vector genomes per cell as indicated in
figure title.

[0133] FIGs. 36A-36B shows the epifluorescence of non-transduced cells (FIG. 36A), cell
transduced with AAV2 packaged Positive Control Construct (FIG. 36B) carrying an expression
construct including enhanced GFP (eGFP) operably linked aRous Sarcoma Virus (RSV) promoter
in Neuro2A cells 24 hours after treatment with the amount indicated of DMSO, Drug H
(Homocarb), or Drug K (Kinetin). Multiplicity of infection of each AAV construct was either 1e5
or Se5 vector genomes per cell as indicated in figure title.

[0134] FIGs. 37A-37D show the epifluorescence cells transduced with AAV2 packaged
TRPV3 construct #3 (FIG. 37A and 37B), or cells transduced with AAV2 packaged LYPD3
construct #3 (FIG. 37C and 37D) carrying an expression construct including enhanced GFP (eGFP)
operably linked aRous Sarcoma Virus (RSV) promoter in Neuro2A cells 24 hours after treatment
with the amount indicated of DMSO, Drug H (Homocarb), or Drug K (Kinetin). Multiplicity of
infection of each AAV construct was either 1e5 or S5e5 vector genomes per cell as indicated in
figure title.

[0135] FIGs. 38A-38B shows the quantification of the DNA of each vector in mouse livers.
Each dot represents the vector genomes per nanogram of total DNA quantified by a standard curve
of input DNA. Positive control represents AAV2 packaged Positive Control Construct, TRPV3
represents AAV2 packaged TRPV3 Construct #3, and LYPD3 represents AAV2 packaged LYPD3
Construct #3, each carrying an expression construct including enhanced GFP (eGFP) operably
linked aRous Sarcoma Virus (RSV) promoter, at 1el1 vector genomes per animal (FIG. 38A) and
lel2 vector genomes per animal (FIG. 38B).

[0136] FIGs. 39A-39F show the effect of homocarbonyltopsentin (Drug H) and kinetin
(Drug K) measured by qPCR on the alternatively spliced exon of either AAV2 packaged TRPV3
Construct #3 or AAV2 packaged LYPD3 Construct #3, carrying an expression construct including
enhanced GFP (eGFP) operably linked aRous Sarcoma Virus (RSV) promoter, in mouse tissues.

The relative expression of the alternatively spliced exon was compared to the expression of AAV2
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packaged Positive Control Construct for TRPV3 Construct #3 of RNA from mouse liver (FIG 39A-
39B) or for LYPD3 Construct #3 of RNA from mouse liver (FIG 39C-39D) or mouse heart (FIG
39E-39F). Stars indicate p-value of less than 0.05 as determined by one-way ANOVA.

DETAILED DESCRIPTION OF THE DISCLOSURE

[0137] In some aspects, provided herein is an expression cassette comprising from 5' to 3":
(1) promoter, (ii) an upstream exon, (iii) an upstream intron, (iv) an alternatively spliced exon
comprising a translation initiation sequence, (v) a downstream intron, (vi) a downstream exon, and
(vil) a heterologous nucleic acid sequence. In some aspects, the upstream intron, the alternatively
spliced exon, and the downstream intron each comprise a portion of a gene (reference or
endogenous gene) selected from the group consisting of a Transient Receptor Potential Cation
Channel Subfamily V Member 3 (TRPV3) gene, a Serine/Threonine Kinase 31 (STK31) gene, an
Ubiquitin Specific Peptidase 25 (USP25) gene, a IK gene, a Testis Expressed 14, Intercellular
Bridge Forming Factor (TEX14) gene, a General Transcription Factor IIB (GTF2B) gene, and a
LY6/PLAUR Domain Containing 3 (LYPD3) gene.

[0138] In some aspects, the upstream exon and the downstream exon, each comprise a
portion of a gene (reference or endogenous gene) selected from the group consisting of a Transient
Receptor Potential Cation Channel Subfamily V Member 3 (TRPV3) gene, a Serine/Threonine
Kinase 31 (STK31) gene, an Ubiquitin Specific Peptidase 25 (USP25) gene, a IK gene, a Testis
Expressed 14, Intercellular Bridge Forming Factor (TEX14) gene, a General Transcription Factor
[IB (GTF2B) gene, and a LY6/PLAUR Domain Containing 3 (LYPD3) gene.

[0139] In some aspects, the upstream exon, the upstream intron, the alternatively spliced
exon comprising a translation initiation sequence, the downstream intron, the a downstream exon
each comprise a portion of a gene (reference or endogenous gene) selected from the group
consisting of a Transient Receptor Potential Cation Channel Subfamily V Member 3 (TRPV3)
gene, a Serine/Threonine Kinase 31 (STK31) gene, an Ubiquitin Specific Peptidase 25 (USP25)
gene, a IK gene, a Testis Expressed 14, Intercellular Bridge Forming Factor (TEX14) gene, a
General Transcription Factor IB (GTF2B) gene, and a LY6/PLAUR Domain Containing 3
(LYPD3) gene.

[0140] In some aspects, the upstream exon and the downstream exon each comprise a
portion of a gene (reference or endogenous gene), which is different from the gene for the portion

of the upstream intron, the alternatively spliced exon, and the downstream intron.
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[0141] In some aspects, the upstream exon and the downstream exon comprise synthetic
exons.
[0142] In some aspects, the portion of the gene comprises fragments or shortened regions

of a reference or endogenous gene (e.g., upstream exon of the gene, upstream intron of the gene,
an alternatively spliced exon comprising a translation initiation sequence of the gene, downstream
intron of the gene, and/or downstream exon of the gene) or regions missing sections of the
endogenous gene. In some aspects, the reference or endogenous gene is selected from the group
consisting of a Transient Receptor Potential Cation Channel Subfamily V Member 3 (TRPV3)
gene, a Serine/Threonine Kinase 31 (STK31) gene, an Ubiquitin Specific Peptidase 25 (USP25)
gene, a IK gene, a Testis Expressed 14, Intercellular Bridge Forming Factor (TEX14) gene, a
General Transcription Factor IB (GTF2B) gene, and a LY6/PLAUR Domain Containing 3
(LYPD3) gene.

[0143] In some aspects, the portion of the gene comprises a truncated region of the gene
(e.g., upstream exon of the gene, upstream intron of the gene, an alternatively spliced exon
comprising a translation initiation sequence of the gene, downstream intron of the gene, and/or
downstream exon of the gene).

[0144] In some aspects, the portion of the gene (e.g., a truncated portion) comprises two or
more portions of a region of the gene (e.g., upstream intron but missing an intervening sequence
contained in the endogenous upstream intron or downstream intron but missing an intervening
sequence contained in the endogenous downstream intron).

[0145] In some aspects, the portion of the gene comprises 15 to 400 basepairs. In some
aspects, the portion of the gene comprises less than 400 basepairs, less than 350 basepairs, or less
than 300 basepairs. In some aspects, the portion of the gene comprises at least 15 basepairs, at
least 18 basepairs, at least 21 basepairs, at least 24 basepairs, at least 27 basepairs, at least 30
basepairs, at least 45 basepairs, at least 60 basepairs, at least 75 basepairs, or at least 90 basepairs.
[0146] In some aspects, the portion of the gene is 15 to 400 basepairs. In some aspects, the
portion of the gene is less than 400 basepairs, less than 350 basepairs, or less than 300 basepairs.
In some aspects, the portion of the gene is at least 15 basepairs, at least 18 basepairs, at least 21
basepairs, at least 24 basepairs, at least 27 basepairs, at least 30 basepairs, at least 45 basepairs, at
least 60 basepairs, at least 75 basepairs, or at least 90 basepairs.

[0147] In some aspects, the expression cassette comprises (i) a promoter; (ii) a truncated
upstream exon comprising the 3’ end of the endogenous upstream exon; (iii) a truncated upstream

intron comprising the 5’ and 3’ end of the endogenous upstream intron but missing an intervening
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sequence contained in the endogenous upstream intron; (iv) an alternatively spliced exon
comprising a translation initiation sequence, (v) a truncated downstream intron comprising the 5’
and 3’ end of the endogenous downstream intron but missing an intervening sequence contained
in the endogenous downstream intron, (vi) a truncated downstream exon comprising the 5’ end of
the endogenous downstream exon, and (vii) a heterologous nucleic acid sequence.

[0148] In some aspects, provided herein is a delivery vector comprising any of the
expression cassettes disclosed herein.

[0149] In some aspects, provided herein is a cell comprising any of the expression cassettes
disclosed herein or any of the delivery vectors disclosed herein.

[0150] In some aspects, provided herein is a pharmaceutical composition comprising any
of the expression cassettes disclosed herein, any of the delivery vectors disclosed herein, or any of
the cells disclosed herein.

[0151] In some aspects, provided herein is a kit comprising 1) any of the expression
cassettes disclosed herein, any of the delivery vectors disclosed herein, any of the cells disclosed
herein, or any of the pharmaceutical compositions disclosed herein; and (i1) optionally instructions
for use.

[0152] In some aspects, provided herein is a method of regulating expression of a protein
in a mammalian cell comprising administering to the cell any of the expression cassettes disclosed
herein, any of the delivery vectors disclosed herein, or any of the pharmaceutical compositions
disclosed herein, followed by administering the splicing modulator molecule that promotes the
inclusion of the alternatively spliced exon.

[0153] In some aspects, provided herein is a method of expressing a protein in a subject
comprising administering to the subject any of the expression cassettes disclosed herein, any of the
delivery vectors disclosed herein, any of the cells disclosed herein, or any of the pharmaceutical
compositions disclosed herein, followed by administering the splicing modulator molecule that
promotes the inclusion of the alternatively spliced exon.

[0154] In some aspects, provided herein is a method of treating a disease in a mammal
comprising administering to a subject any of the expression cassettes disclosed herein, any of the
delivery vectors disclosed herein, any of the cells disclosed herein, or any of the pharmaceutical
compositions disclosed herein, followed by administering the splicing modulator molecule that
promotes the inclusion of the alternatively spliced exon.

[0155] In some aspects, provided herein is a method of regulating transgene expression

post-transcriptionally, comprising administering to a subject (a) a nucleic acid construct
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comprising (i) an upstream exon, (ii) an upstream intron, (iii) an alternatively spliced exon
comprising a translation initiation sequence, (iv) a downstream intron, (v) a downstream exon, and
(vi) a heterologous nucleic acid sequence; and (b) a splicing modulator. In some aspect, the
upstream intron, the alternatively spliced exon, and the downstream intron each comprise a portion
of a gene selected from the group consisting of a Transient Receptor Potential Cation Channel
Subfamily V Member 3 (TRPV3) gene, a Serine/Threonine Kinase 31 (STK31) gene, an Ubiquitin
Specific Peptidase 25 (USP25) gene, a IK gene, a Testis Expressed 14, Intercellular Bridge
Forming Factor (TEX14) gene, a General Transcription Factor IIB (GTF2B) gene, and a
LY6/PLAUR Domain Containing 3 (LYPD3) gene. In some aspects, the splicing modulator is
Kinetin or Homocarbonyltopsentin.

[0156] In some aspects, provided herein is a method of producing an adeno-associated viral
(AAV) vector comprising: (a) introducing a first plasmid comprising an adenovirus helper gene
and a second plasmid comprising a heterologous nucleic acid sequence into a host cell; and
(b) culturing the host cell in the presence of a splicing modulator to produce AAV particles. In
some aspects, the host cell comprises an AAV capsid (Cap) gene and a nucleic acid construct
comprising (i) an upstream exon, (ii) an upstream intron, (iii) an alternatively spliced exon
comprising a translation initiation sequence, (iv) a downstream intron, (v) a downstream exon, and
(vi) an AAV replication (Rep) gene. In some aspects, the host cell comprises an AAV replication
(Rep) gene and a nucleic acid construct comprising (i) an upstream exon, (ii) an upstream intron,
(1i1) an alternatively spliced exon comprising a translation initiation sequence, (iv) a downstream
intron, (v) a downstream exon, and (vi) an AAV capsid (Cap) gene. In some aspects, the upstream
intron, the alternatively spliced exon, and the downstream intron each comprise a portion of a gene
selected from the group consisting of a Transient Receptor Potential Cation Channel Subfamily V
Member 3 (TRPV3) gene, a Serine/Threonine Kinase 31 (STK31) gene, an Ubiquitin Specific
Peptidase 25 (USP25) gene, a IK gene, a Testis Expressed 14, Intercellular Bridge Forming Factor
(TEX14) gene, a General Transcription Factor I[IB (GTF2B) gene, and a LY6/PLAUR Domain
Containing 3 (LYPD3) gene.

[0157] In some aspects, provided herein is a method of producing an AAV particle
comprising contacting a host cell comprising rep genes, cap genes, and adenoviral helper genes

with a topsentin alkaloid or derivative thereof (e.g., Homocarbonyltopsentin).

L Definitions
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[0158] Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this disclosure
belongs. In case of conflict, the present application including the definitions will control. Unless
otherwise required by context, singular terms shall include pluralities and plural terms shall include
the singular. All publications, patents and other references mentioned herein are incorporated by
reference in their entireties for all purposes as if each individual publication or patent application
were specifically and individually indicated to be incorporated by reference.

[0159] Although methods and materials similar or equivalent to those described herein can
be used in practice or testing of the present disclosure, suitable methods and materials are described
below. The materials, methods and examples are illustrative only and are not intended to be
limiting. Other features and advantages of the disclosure will be apparent from the detailed
description and from the claims.

[0160] In order that the present disclosure can be more readily understood, certain terms
are first defined. Additional definitions are set forth throughout the detailed disclosure.

[0161] It is to be noted that the term "a" or "an" entity refers to one or more of that entity;
for example, "a nucleic acid sequence," is understood to represent one or more nucleic acid
sequences, unless stated otherwise. As such, the terms "a" (or "an"), "one or more," and "at least
one" can be used interchangeably herein.

[0162] Furthermore, "and/or", where used herein, is to be taken as specific disclosure of
each of the two specified features or components with or without the other. Thus, the term "and/or"
as used in a phrase such as "A and/or B" herein is intended to include "A and B," "A or B," "A"
(alone), and "B" (alone). Likewise, the term "and/or" as used in a phrase such as "A, B, and/or C"
is intended to encompass each of the following aspects: A, B, and C; A, B, or C; A or C; A or B;
BorC; Aand C; A and B; B and C; A (alone); B (alone); and C (alone).

[0163] It is understood that wherever aspects are described herein with the language
"comprising," otherwise analogous aspects described in terms of "consisting of" and/or "consisting
essentially of" are also provided.

[0164] The term "about" is used herein to mean approximately, roughly, around, or in the
regions of. When the term "about" is used in conjunction with a numerical range, it modifies that
range by extending the boundaries above and below the numerical values set forth. In general, the
term "about" can modify a numerical value above and below the stated value by a variance of, e.g.,

10 percent, up or down (higher or lower).
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[0165] The term "at least" prior to a number or series of numbers is understood to include
the number adjacent to the term "at least," and all subsequent numbers or integers that could
logically be included, as clear from context. For example, the number of nucleotides in a nucleic
acid molecule must be an integer. For example, "at least 18 nucleotides of a 21- nucleotide nucleic
acid molecule" means that 18, 19, 20, or 21 nucleotides have the indicated property. When at least
is present before a series of numbers or a range, it is understood that "at least" can modify each of
the numbers in the series or range. "At least" is also not limited to integers (e.g., "at least 5%"
includes 5.0%, 5.1%, 5.18% without consideration of the number of significant figures).

[0166] As used herein, "no more than" or "less than" is understood as the value adjacent to
the phrase and logical lower values or integers, as logical from context, to zero. When "no more
than" is present before a series of numbers or a range, it is understood that "no more than" can
modify each of the numbers in the series or range.

[0167] Throughout this disclosure, various aspects of this invention are presented in a range
format. It should be understood that the description in range format is merely for convenience and
brevity and should not be construed as an inflexible limitation on the scope of the invention.
Accordingly, the description of a range should be considered to have specifically disclosed all the
possible sub-ranges as well as individual numerical values within that range. For example,
description of a range such as from 1 to 6 should be considered to have specifically disclosed sub-
ranges such as from 1 to 3, from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from 3 to 6, etc., as
well as individual numbers within that range, for example, 1, 2, 3, 4, 5, and 6. This applies
regardless of the breadth of the range. Numeric ranges recited are inclusive of the numbers defining
the range and include each integer within the defined range.

[0168] Units, prefixes, and symbols are denoted in their Systéme International de Unites
(SI) accepted form. Numeric ranges are inclusive of the numbers defining the range. Where a range
of values is recited, it is to be understood that each intervening integer value, and each fraction
thereof, between the recited upper and lower limits of that range is also specifically disclosed,
along with each subrange between such values. The upper and lower limits of any range can
independently be included in or excluded from the range, and each range where either, neither or
both limits are included is also encompassed within the disclosure. Thus, ranges recited herein are
understood to be shorthand for all of the values within the range, inclusive of the recited endpoints.
For example, a range of 1 to 10 is understood to include any number, combination of numbers, or

sub-range from the group consisting of 1,2, 3,4, 5,6, 7, 8,9, and 10.
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[0169] Where a value is explicitly recited, it is to be understood that values which are about
the same quantity or amount as the recited value are also within the scope of the disclosure. Where
a combination is disclosed, each subcombination of the elements of that combination is also
specifically disclosed and is within the scope of the disclosure. Conversely, where different
elements or groups of elements are individually disclosed, combinations thereof are also disclosed.
Where any element of a disclosure is disclosed as having a plurality of alternatives, examples of
that disclosure in which each alternative is excluded singly or in any combination with the other
alternatives are also hereby disclosed; more than one element of a disclosure can have such
exclusions, and all combinations of elements having such exclusions are hereby disclosed.

[0170] The term "pharmaceutical composition," as used herein, represents a composition
comprising a compound or molecule described herein, e.g., a vector disclosed herein, formulated
with a pharmaceutically acceptable excipient, and can be manufactured or sold with the approval
of a governmental regulatory agency as part of a therapeutic regimen for the treatment of disease
in a mammal.

[0171] A "pharmaceutically acceptable excipient," as used herein, refers to any ingredient
other than the compounds described herein (for example, a vehicle capable of suspending or
dissolving the active compound) and having the properties of being substantially nontoxic and non-
inflammatory in a patient.

[0172] The terms "operatively linked," "operatively inserted," "operatively positioned,"
"under control" or "under transcriptional control" means that the promoter is in the correct location
and orientation in relation to the nucleic acid to control RNA polymerase initiation and expression
of the gene. The term "operably linked" means that a DNA sequence and a regulatory sequence(s)
are connected in such a way as to permit gene expression when the appropriate molecules (e.g.,
transcriptional activator proteins) are bound to the regulatory sequence(s).

[0173] "Nucleic acid," "polynucleotide," and "oligonucleotide," are used interchangeably
in the present application. These terms refer only to the primary structure of the molecule. Thus,
these terms include double- and single-stranded DNA, as well as double- and single-stranded RNA.
The terms "nucleic acid," "polynucleotide," and "oligonucleotide," as used herein, are defined as
it is generally understood by the skilled person as a molecule comprising two or more covalently
linked nucleosides. Such covalently bound nucleosides can also be referred to as nucleic acid
molecules or oligomers. Polynucleotides can be made recombinantly, enzymatically, or

synthetically, e.g., by solid-phase chemical synthesis followed by purification. When referring to
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a sequence of the polynucleotide or nucleic acid, reference is made to the sequence or order of
nucleobase moieties, or modifications thereof, of the covalently linked nucleotides or nucleosides.
[0174] The term "mRNA" as used herein, refers to a single stranded RNA that encodes the
amino acid sequence of one or more polypeptide chains.

[0175] A "coding sequence" or a sequence "encoding" a particular molecule (e.g., a
therapeutic protein or peptide) is a nucleic acid that is transcribed (in the case of DNA) or translated
(in the case of mRNA) into polypeptide, in vifro or in vivo, when operably linked to an appropriate
regulatory sequence, such as a promoter. The boundaries of the coding sequence are determined
by a start codon at the 5’ (amino) terminus and a translation stop codon at the 3’ (carboxy) terminus.
A coding sequence can include, but is not limited to, cDNA from prokaryotic or eukaryotic mRNA,
genomic DNA sequences from prokaryotic or eukaryotic DNA, and synthetic DNA sequences. A
transcription termination sequence will usually be located 3’ to the coding sequence.

[0176] As used herein, the term "polypeptide" is intended to encompass a singular
"polypeptide" as well as plural "polypeptides," and comprises any chain or chains of two or more
amino acids. Thus, as used herein, a "peptide," a "peptide subunit," a "protein," an "amino acid
chain," an "amino acid sequence," or any other term used to refer to a chain or chains of two or
more amino acids, are included in the definition of a "polypeptide," even though each of these
terms can have a more specific meaning. The term "polypeptide" can be used instead of, or
interchangeably with any of these terms. The term further includes polypeptides which have
undergone post-translational or post-synthesis modifications, for example, conjugation of a
palmitoyl group, glycosylation, acetylation, phosphorylation, amidation, derivatization by known
protecting/blocking groups, proteolytic cleavage, or modification by non-naturally occurring
amino acids. The term "peptide," as used herein encompasses full length peptides and fragments,
variants or derivatives thereof. A "peptide" as disclosed herein, can be part of a fusion polypeptide
comprising additional components such as, e.g., an Fc domain or an albumin domain, to increase
half-life. A peptide as described herein can also be derivatized in a number of different ways. A
peptide described herein can comprise modifications including e.g., conjugation of a palmitoyl
group.

[0177] "Percent (%) sequence identity" or "Percent (%) identity" or "sequence identity"
with respect to a reference polynucleotide or polypeptide sequence is defined as the percentage of
nucleic acids or amino acids in a candidate sequence that are identical to the nucleic acids or amino
acids in the reference polynucleotide or polypeptide sequence, after aligning the sequences and

introducing gaps, if necessary, to achieve the maximum percent sequence identity. Alignment for
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purposes of determining percent nucleic acid or amino acid sequence identity can be achieved in
various ways that are within the capabilities of one of skill in the art, for example, using publicly
available computer software such as BLAST, BLAST-2, or Megalign software. Those skilled in
the art can determine appropriate parameters for aligning sequences, including any algorithms
needed to achieve maximal alignment over the full length of the sequences being compared. For
example, percent sequence identity values can be generated using the sequence comparison
computer program BLAST.

[0178] As used herein, the term "promoter" refers to a DNA sequence recognized by the
machinery of the cell, or introduced synthetic machinery, that can initiate the transcription of a
nucleic acid (e.g., a gene of interest). The term "promoter" can also encompass those nucleic acid
elements sufficient for promoter-dependent gene expression controllable for cell-type specific,
tissue-specific or inducible by external signals or agents; such elements can be located in the 5’ or
3’ regions of the native gene. In some aspects, the promoter is a constitutive promoter, a cell-type
specific promoter, or an inducible promoter.

[0179] As used herein, the term "enhancer" is a cis-acting element that stimulates or
inhibits transcription of adjacent genes. An enhancer that inhibits transcription is also referred to
as a "silencer." Enhancers can function (e.g., can be associated with a coding sequence) in either
orientation, over distances of up to several kilobase pairs (kb) from the coding sequence and from
a position downstream of a transcribed region.

[0180] The term "expression vector", "expression construct”", or "expression cassette"
means any type of genetic construct containing a nucleic acid in which part or all of the nucleic
acid encoding sequence is capable of being transcribed.

[0181] As used herein, the term "delivery vector" or "vector" refers to any vehicle for the
cloning of and/or transfer of a nucleic acid into a host cell, such as a plasmid, phage, transposon,
cosmid, chromosome, artificial chromosome, virus, virion, etc. A vector can be a replicon to which
another nucleic acid segment can be attached so as to bring about the replication of the attached
segment. A "replicon" refers to any genetic element (e.g., plasmid, phage, cosmid, chromosome,
virus) that functions as an autonomous unit of replication in vivo, i.e., capable of replication under
its own control. The term "delivery vector" or "vector" includes both viral and nonviral vehicles
for introducing the nucleic acid into a cell in vitro, ex vivo or in vivo. A large number of vectors
are known and used in the art including, for example, plasmids, modified eukaryotic viruses, or
modified bacterial viruses. In some aspects, insertion of a polynucleotide into a suitable vector can

be accomplished by ligating the appropriate polynucleotide fragments into a chosen vector that has
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complementary cohesive termini. Vectors can be engineered to encode selectable markers or
reporters that provide for the selection or identification of cells that have incorporated the vector.
Expression of selectable markers or reporters allows identification and/or selection of host cells
that incorporate and express other coding regions contained on the vector. Examples of selectable
marker genes known and used in the art include: genes providing resistance to ampicillin,
streptomycin, gentamycin, kanamycin, hygromycin, bialaphos herbicide, sulfonamide, and the
like; and genes that are used as phenotypic markers, i.e., anthocyanin regulatory genes, isopentanyl
transferase gene, and the like. Examples of reporters known and used in the art include: luciferase
(Luc), green fluorescent protein (GFP), chloramphenicol acetyltransferase (CAT), B-galactosidase
(LacZ), B-glucuronidase (Gus), and the like. Selectable markers can also be considered to be
reporters. In some aspects, the delivery vector is selected from the group consisting of a viral vector
(e.g., an AAV vector), a plasmid, a lipid, a protein particle, a bacterial vector, and a lysosome.
[0182] Some aspects of the disclosure are directed to biological vectors, which can include
viruses, particularly attenuated and/or replication-deficient viruses.

[0183] A "viral vector" refers to a sequence that comprises one or more polynucleotide
regions encoding or comprising a molecule of interest, e.g., a protein, a peptide, and an
oligonucleotide or a plurality thereof. Viral vectors can be used to deliver genetic materials into
cells. Viral vectors can be modified for specific applications. In some aspects, the delivery vector
of the disclosure is a viral vector selected from the group consisting of an adeno-associated viral
(AAV) vector, an adenoviral vector, a lentiviral vector, or a retroviral vector.

[0184] The term "adeno-associated virus vector" or "AAV vector" or "adeno-associated
viral vector" as used herein refers to any vector that comprises or derives from components of an
adeno-associated vector and is suitable to infect mammalian cells, preferably human cells. The
term AAYV vector typically designates an AAV-type viral particle or virion comprising a payload.
The AAV vector can be derived from various serotypes, including combinations of serotypes (i.e.,
"pseudotyped" AAV) or from various genomes (e.g., single stranded or self-complementary). In
addition, the AAV vector can be replication defective and/or targeted. As used herein, the term
"adeno-associated virus" (AAV), includes but is not limited to, AAV type 1, AAV type 2, AAV
type 3 (including types 3A and 3B), AAV type 4, AAV type 5, AAV type 6, AAV type 7, AAV
type 8, AAVtype 9, AAV type 10, AAV type 11, AAV type 12, AAV type 13, AAVrh8, AAVrhlO0,
AAVrh.74, snake AAV, avian AAV, bovine AAYV, canine AAV, equine AAV, ovine AAV, goat
AAYV, shrimp AAV, those AAV serotypes and clades disclosed by Gao et al. (J. Virol. 78:6381
(2004)) and Moris et al. (Virol. 33:375 (2004)), and any other AAV now known or later discovered.
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See, e.g., FIELDS etal. VIROLOGY, volume 2, chapter 69 (4th ed., Lippincott-Raven Publishers).
In some aspects, an "AAV vector" includes a derivative of a known AAV vector. In some aspects,
an "AAYV vector" includes a modified or an artificial AAV vector. In some aspects, an AAV vector
includes a hybrid vector (e.g., AAV-DJ, AAV-PHP.B, AAV2-ESGHGYF, AAVM41, AAV-
LK03, AAV2-BR1, AAV587MTP, AAV-Anc80L65, AAV2-7m8, AAV2HBKO, AAV2YF,
AAV6-RGD or AAV6.2). In some aspects, the terms "AAV genome" and "AAYV vector" can be
used interchangeably. In some aspects, the AAV vector is modified relative to the wild-type AAV
serotype sequence. In some aspects, the modified AAV vector is a modified AAV6, e.g., an AAV6
vector comprising the RGD peptide (an AAV6-RGD vector) or an AAV6 vector comprising
mutations of surface exposed tyrosine residues as described, for example, in Sayroo et al. Gene
Ther. 2016 Jan; 23(1):18-25. In some aspects, the AAV6-RGD vector further comprises modified
amino acids corresponding to Y705, Y731, T492, and K531, (e.g., Y705, Y731F, T492V, and
KS531E; also referred to as AAV-RGD-Y705-731F+T492V+KS531E).

[0185] As used herein, a "recombinant AAV particle", "recombinant AAV vector", "rAAV
particle", or "rAAYV vector" refers to an AAV virus that comprises a capsid protein and a vector
genome (or an AAV genome) comprising at least one heterologous polynucleotide encoding a
protein of interest and at least one inverted terminal repeat (ITR) region.

[0186] As used herein, the term "in vifro" refers to events that occur in an artificial
environment, €.g., in a test tube or reaction vessel, in cell culture, in a Petri dish, etc., rather than
within an organism (e.g., animal, plant, or microbe).

[0187] As used herein, the term "in vivo" refers to events that occur within an organism

(e.g., animal, plant, or microbe or cell or tissue thereof).

[0188] As used herein, "transcription" refers to the process of copying a segment of DNA
into RNA.
[0189] As used herein, "messenger RNA" or "mRNA" refer to a form of mRNA molecule

that only includes the exons that code for the amino acids that make up a protein. Thus, any introns
and/or any exons that are not required for the particular protein have been removed.

[0190] As used herein, "mature messenger RNA" or "mature mRNA" refer to a final form
of RNA molecule that is transcribed from a single strand of DNA and carries the genetic
information needed to make a protein.

[0191] As used herein the term "intron" refers to a non-coding nucleotide portion of a gene

sequence that is transcribed into a precursor mRNA (e.g., pre-mRNA) and subsequently removed
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by splicing during formation of the mature messenger RNA. Thus, introns are not present post-
splicing in the final mature mRNA.

[0192] As used herein the term "exon" refers to a nucleotide portion of a gene or DNA
sequence that is transcribed and can form part of a mature messenger RNA derived from the gene
or DNA sequence, e.g., after the introns have been removed by RNA splicing.

[0193] As used herein, the terms "splicing" or "splice" refer to the process of removing
introns and joining exons from pre-mRNA to generate mRNA. The terms "splice site" and "splice
junction" are used interchangeably to refer to a region where a splicing event takes place, for
example, at an exon-intron junction in a pre-mRNA molecule. For example, a slice donor site may
be present at the 5’ end of an intron and a splice acceptor site may be present at the 3' end of an
intron.

[0194] As used herein, the term "alternative splicing" refers to a process where exons from
the same gene are joined in different combinations leading to different but related mRNA. In some
aspects, nRNAs can be translated to produce different proteins, e.g., with distinct structures and/or
functions from a single gene.

[0195] As used herein, the terms "regulating" or "regulate" refer to controlling the activity
of a molecule or biological function, such as enhancing or diminishing the activity or function (e.g.,
transgene or protein expression).

[0196] As used herein, the term "splicing modulator" refers to a molecule that is capable
of enhancing or diminishing splicing. In some aspects, splicing can be regulated by the presence
or absence of the splicing modulator, resulting in the presence or absence of particular mRNA
variants (e.g., those that contain alternatively spliced exons).

[0197] As used herein, the term "stably integrated" refers to a process wherein a
heterologous or foreign gene (e.g., an AAV Rep gene) becomes part of a host cell genome and is
copied during replication such that descendants of the host cell also express the heterologous or
foreign gene.

[0198] As used herein, the term "a portion of a gene" or "gene portion" refers to a nucleic
acid sequence derived from a reference gene (e.g., an endogenous gene), wherein the portion
includes a region or fragment of the reference gene. In some aspects, the gene portion can comprise
a 5' splice site, a 3' splice site, an exon or fragment thereof, an intron or fragment thereof, or any
combination thereof. In some aspects, the portion of the gene can comprise two or more fragments

from a region of the gene (e.g., upstream exon of the gene, upstream intron of the gene, an
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alternatively spliced exon comprising a translation initiation sequence of the gene, downstream
intron of the gene, and/or downstream exon of the gene).

[0199] As used herein, the term "gene" refers to a nucleic acid region, also referred to as a
transcribed region, which expresses a polynucleotide, such as an RNA. The transcribed
polynucleotide can have a sequence encoding a polypeptide, such as a functional protein, which
can be translated into the encoded polypeptide when placed under the control of an appropriate
regulatory region. In some aspects, the protein coding sequences a genes can be broken into smaller
portions or pieces of coding sequences (exons) separated by non-coding sequences (introns). When
such genes are transcribed, those exons and introns can be included in the initial messenger RNA
products.

[0200] As used herein, the term "derived from" refers to a component that is isolated from
or made using a specified molecule or organism, or information (e.g., amino acid or nucleic acid
sequence) from the specified molecule or organism. In some aspects, the derived species can be
obtained by, for example, naturally occurring mutagenesis, artificial directed mutagenesis or

artificial random mutagenesis.

[0201] As used herein, the term "Drug H" refers to homocarbonyltopsentin.

[0202] As used herein, the term "Drug K" refers to kinetin.

[0203] As used herein, the term "Gene G" refers to the General Transcription Factor 1B
gene (i.e., GTF2B).

[0204] As used herein, the term "Gene L" refers to the LY6/PLAUR Domain Containing 3
gene (i.e., LYPD3).

[0205] As used herein, the term "Gene I" refers to the IK cytokine gene (i.e., IK).

[0206] As used herein, the term "Gene T" refers to the Transient Receptor Potential Cation

Channel Subfamily V Member 3 gene (i.e., TRPV3).

[0207] As used herein, the term "Gene U" refers to the Ubiquitin Specific Peptidase 25
gene (i.e., USP25).

[0208] As used herein, the term "Gene S" refers to the Serine/Threonine Kinase 31 gene
(i.e., STK31).

1L Alternatively Spliced Exons
[0209] Certain aspects of the disclosure are directed to an expression cassette comprising
from 5' to 3": (1) promoter, (ii) an upstream exon, (iii) an upstream intron, (iv) an alternatively

spliced exon comprising a translation initiation sequence, (v) a downstream intron, (vi) a
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downstream exon, and (vii) a heterologous nucleic acid sequence. In some aspects, the upstream
intron, the alternatively spliced exon, and the downstream intron each comprise a portion of a gene
selected from the group consisting of a Transient Receptor Potential Cation Channel Subfamily V
Member 3 (TRPV3) gene, a Serine/Threonine Kinase 31 (STK31) gene, an Ubiquitin Specific
Peptidase 25 (USP25) gene, a IK gene, a Testis Expressed 14, Intercellular Bridge Forming Factor
(TEX14) gene, a General Transcription Factor I[IB (GTF2B) gene, and a LY6/PLAUR Domain
Containing 3 (LYPD?3) gene.

[0210] In some aspects, the upstream intron and the downstream intron can each comprise
a portion of a gene, which is different from the gene for the portion of the alternatively spliced
exon. In some aspects, the upstream intron and the downstream intron can comprise synthetic
introns.

[0211] In some aspects, the upstream exon, the upstream intron, the alternatively spliced
exon comprising a translation initiation sequence, the downstream intron, and the downstream
exon are not in the protein coding sequence of the target gene.

[0212] In some aspects, the expression cassette comprises from 5' to 3': (i) promoter, (i)
an upstream exon, (iii) an upstream intron, (iv) an alternatively spliced exon comprising an
expression modulator, (v) a downstream intron, (vi) a downstream exon, and (vii) a heterologous
nucleic acid sequence. In some aspects, the upstream intron, the alternatively spliced exon, and the
downstream intron each comprise a portion of a gene selected from the group consisting of a
Transient Receptor Potential Cation Channel Subfamily V. Member 3 (TRPV3) gene, a
Serine/Threonine Kinase 31 (STK31) gene, an Ubiquitin Specific Peptidase 25 (USP25) gene, a
IK gene, a Testis Expressed 14, Intercellular Bridge Forming Factor (TEX14) gene, a General
Transcription Factor IIB (GTF2B) gene, and a LY6/PLAUR Domain Containing 3 (LYPD3) gene.
[0213] In some aspects, the expression modulator is a translation initiation sequence.
[0214] In some aspects, the upstream exon and the downstream exon, each comprise a
portion of a gene selected from the group consisting of a Transient Receptor Potential Cation
Channel Subfamily V Member 3 (TRPV3) gene, a Serine/Threonine Kinase 31 (STK31) gene, an
Ubiquitin Specific Peptidase 25 (USP25) gene, a IK gene, a Testis Expressed 14, Intercellular
Bridge Forming Factor (TEX14) gene, a General Transcription Factor IIB (GTF2B) gene, and a
LY6/PLAUR Domain Containing 3 (LYPD3) gene.

[0215] In some aspects, the upstream exon, the upstream intron, the alternatively spliced
exon comprising a translation initiation sequence, the downstream intron, the a downstream exon

each comprise a portion of a gene selected from the group consisting of a Transient Receptor
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Potential Cation Channel Subfamily V Member 3 (TRPV3) gene, a Serine/Threonine Kinase 31
(STK31) gene, an Ubiquitin Specific Peptidase 25 (USP25) gene, a IK gene, a Testis Expressed
14, Intercellular Bridge Forming Factor (TEX14) gene, a General Transcription Factor IIB
(GTF2B) gene, and a LY6/PLAUR Domain Containing 3 (LYPD?3) gene.

[0216] In some aspects, the upstream exon and the downstream exon each comprise a
portion of a gene, which is different from the gene for the portion of the upstream intron, the

alternatively spliced exon, and the downstream intron.

[0217] In some aspects, the upstream exon and the downstream exon comprise synthetic
exons.
[0218] In some aspects, the portion of the gene comprises fragments or shortened regions

of a reference or endogenous gene (e.g., upstream exon of the gene, upstream intron of the gene,
an alternatively spliced exon comprising a translation initiation sequence of the gene, downstream
intron of the gene, and/or downstream exon of the gene) or regions missing sections of the
endogenous gene. In some aspects, the reference or endogenous gene is selected from the group
consisting of a Transient Receptor Potential Cation Channel Subfamily V Member 3 (TRPV3)
gene, a Serine/Threonine Kinase 31 (STK31) gene, an Ubiquitin Specific Peptidase 25 (USP25)
gene, a IK gene, a Testis Expressed 14, Intercellular Bridge Forming Factor (TEX14) gene, a
General Transcription Factor IB (GTF2B) gene, and a LY6/PLAUR Domain Containing 3
(LYPD3) gene.

[0219] In some aspects, the portion of the gene comprises a truncated region of the gene
(e.g., upstream exon of the gene, upstream intron of the gene, an alternatively spliced exon
comprising a translation initiation sequence of the gene, downstream intron of the gene, and/or
downstream exon of the gene).

[0220] In some aspects, the portion of the gene (e.g., a truncated portion) comprises two or
more portions of a region of the gene (e.g., upstream intron but missing an intervening sequence
contained in the endogenous upstream intron or downstream intron but missing an intervening
sequence contained in the endogenous downstream intron).

[0221] In some aspects, the portion of the gene comprises 15 to 400 basepairs. In some
aspects, the portion of the gene comprises less than 400 basepairs, less than 350 basepairs, or less
than 300 basepairs. In some aspects, the portion of the gene comprises at least 15 basepairs, at
least 18 basepairs, at least 21 basepairs, at least 24 basepairs, at least 27 basepairs, at least 30

basepairs, at least 45 basepairs, at least 60 basepairs, at least 75 basepairs, or at least 90 basepairs.
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[0222] In some aspects, the portion of the gene is 15 to 400 basepairs. In some aspects, the
portion of the gene is less than 400 basepairs, less than 350 basepairs, or less than 300 basepairs.
In some aspects, the portion of the gene is at least 15 basepairs, at least 18 basepairs, at least 21
basepairs, at least 24 basepairs, at least 27 basepairs, at least 30 basepairs, at least 45 basepairs, at
least 60 basepairs, at least 75 basepairs, or at least 90 basepairs.

[0223] In some aspects, the expression cassette comprises

(1) a promoter;

(i) a truncated upstream exon comprising the 3’ end of the endogenous upstream exon;

(ii1) a truncated upstream intron comprising the 5” and 3’ end of the endogenous upstream
intron but missing an intervening sequence contained in the endogenous upstream intron;

(iv) an alternatively spliced exon comprising a translation initiation sequence,

(v) a truncated downstream intron comprising the 5’ and 3’ end of the endogenous
downstream intron but missing an intervening sequence contained in the endogenous downstream
intron,

(vi) a truncated downstream exon comprising the 5’ end of the endogenous downstream
exon, and

(vii) a heterologous nucleic acid sequence.

[0224] In some aspects, the alternatively spliced exon is regulatable (e.g., regulated) by a

splicing modulator.

[0225] In some aspects, the splicing modulator is Kinetin or Homocarbonyltopsentin.
[0226] In some aspects, the gene is TRPV3, STK31, or USP25; and the splicing modulator
is Kinetin.

[0227] In some aspects, the gene is GTF2B, LYPD3, IK, or TEX14; and the splicing

modulator is Homocarbonyltopsentin.

[0228] In some aspects, the splicing modulator promotes inclusion of the alternatively
spliced exon thereby driving expression of the heterologous nucleic acid sequence.

[0229] In some aspects, the promoter is selected from the group consisting of a CBA
promoter, a smCBA promoter, a CMV promoter, an EF-1a (Elongation Factor 1a) promoter, a RSV
(Rous Sarcoma Virus) promoter, an Ubiquitin (UbC) promoter, a CAG promoter, a SV40 (simian
vacuolating virus 40) promoter, a PGK (phosphoglycerate kinase) promoter, a human beta actin
promoter, a H1 (human polymerase III RNA) promoter, a human U6 small nuclear promoter,
tetracycline responsive element, and any combination thereof.

[0230] In some aspects, the expression cassette further comprises an enhancer.
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[0231] In some aspects, the enhancer is selected from the group consisting of a CMV
enhancer, a SV40 enhancer, and any combination thereof.

[0232] In some aspects, the expression cassette further comprises a cleavage site between
the downstream exon and the heterologous nucleic acid sequence.

[0233] In some aspects, the cleavage site is selected from the group consisting of a furin
cleavage site, a foot-and-mouth disease virus 18 2A peptide (F2A), an equine rhinitis A virus 2A
peptide (E2A), a porcine teschovirus-1 2A peptide (P2A), a thosea asigna virus 2A peptide (T2A),
and any combination thereof.

[0234] In some aspects, the expression cassette further comprises a leader sequence
between the downstream exon and the heterologous nucleic acid sequence. In some aspects, the
leader sequence is selected from the group consisting of a human opticin (hOPT) leader sequence,
an interleukin-2 (IL-2) leader sequence, an interleukin-12 (IL-12) leader sequence, a human or
mouse interleukin-6 (hIL-6 or mIL-6) leader sequence, a human insulin leader sequence, a human
serum albumin (HSA) leader sequence, and any combination thereof.

[0235] In some aspects, the combined length of the upstream exon, the upstream intron,
the alternatively spliced exon, the downstream intron, and the downstream exon is between about
300 basepairs to about 2100 basepairs.

[0236] In some aspects, the combined length of the upstream exon, the upstream intron,
the alternatively spliced exon, the downstream intron, and the downstream exon is between about
300 basepairs to about 2300 basepairs, about 400 basepairs to about 2300 basepairs, about 500
basepairs to about 2300 basepairs, about 600 basepairs to about 2300 basepairs, about 700
basepairs to about 2300 basepairs, about 800 basepairs to about 2300 basepairs, about 900
basepairs to about 2300 basepairs, about 1000 basepairs to about 2300 basepairs, about 1100
basepairs to about 2300 basepairs, about 1200 basepairs to about 2300 basepairs, about 1300
basepairs to about 2300 basepairs, about 1400 basepairs to about 2300 basepairs, about 1500
basepairs to about 2300 basepairs, about 1600 basepairs to about 2300 basepairs, about 1700
basepairs to about 2300 basepairs, about 1800 basepairs to about 2300 basepairs, about 1900
basepairs to about 2300 basepairs, about 2000 basepairs to about 2300 basepairs, about 2100
basepairs to about 2300 basepairs, about 2200 basepairs to about 2300 basepairs, about 1500
basepairs to about 2200 basepairs, about 1500 basepairs to about 2100 basepairs, about 1500
basepairs to about 2000 basepairs, about 1500 basepairs to about 1900 basepairs, about 1500
basepairs to about 1800 basepairs, about 1500 basepairs to about 1700 basepairs, about 1500
basepairs to about 1600 basepairs, about 1800 basepairs to about 2200 basepairs, about 1700
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basepairs to about 2100 basepairs, about 300 basepairs to about 2200 basepairs, about 300
basepairs to about 2100 basepairs, about 300 basepairs to about 2000 basepairs, about 300
basepairs to about 1900 basepairs, about 300 basepairs to about 1800 basepairs, about 300
basepairs to about 1700 basepairs, about 300 basepairs to about 1600 basepairs, or about 1700
basepairs to about 2200 basepairs.

[0237] In some aspects, the combined length of the upstream exon, the upstream intron,
the alternatively spliced exon, the downstream intron, and the downstream exon is about 300
basepairs, about 400 basepairs, about 500 basepairs, about 600 basepairs, about 700 basepairs,
about 800 basepairs, about 900 basepairs, about 1000 basepairs, about 1100 basepairs, about 1200
basepairs, about 1300 basepairs, about 1400 basepairs, about 1500 basepairs, about 1600 basepairs,
about 1700 basepairs, about 1800 basepairs, about 1900 basepairs, about 2000 basepairs, about
2100 basepairs, about 2200 basepairs, or about 2300 basepairs.

[0238] In some aspects, the combined length of the upstream exon, the upstream intron,
the alternatively spliced exon, the downstream intron, and the downstream exon is between 300
basepairs to 2300 basepairs, 400 basepairs to 2300 basepairs, 500 basepairs to 2300 basepairs, 600
basepairs to 2300 basepairs, 700 basepairs to 2300 basepairs, 800 basepairs to 2300 basepairs, 900
basepairs to 2300 basepairs, 1000 basepairs to 2300 basepairs, 1100 basepairs to 2300 basepairs,
1200 basepairs to 2300 basepairs, 1300 basepairs to 2300 basepairs, 1400 basepairs to 2300
basepairs, 1500 basepairs to 2300 basepairs, 1600 basepairs to 2300 basepairs, 1700 basepairs to
2300 basepairs, 1800 basepairs to 2300 basepairs, 1900 basepairs to 2300 basepairs, 2000 basepairs
to 2300 basepairs, 2100 basepairs to 2300 basepairs, 2200 basepairs to 2300 basepairs, 1500
basepairs to 2200 basepairs, 1500 basepairs to 2100 basepairs, 1500 basepairs to 2000 basepairs,
1500 basepairs to 1900 basepairs, 1500 basepairs to 1800 basepairs, 1500 basepairs to 1700
basepairs, 1500 basepairs to 1600 basepairs, 1800 basepairs to 2200 basepairs, 1700 basepairs to
2100 basepairs, 300 basepairs to 2200 basepairs, 300 basepairs to 2100 basepairs, 300 basepairs to
2000 basepairs, 300 basepairs to 1900 basepairs, 300 basepairs to 1800 basepairs, 300 basepairs to
1700 basepairs, 300 basepairs to 1600 basepairs, or 1700 basepairs to 2200 basepairs.

[0239] In some aspects, the combined length of the upstream exon, the upstream intron,
the alternatively spliced exon, the downstream intron, and the downstream exon is 300 basepairs,
400 basepairs, 500 basepairs, 600 basepairs, 700 basepairs, 800 basepairs, 900 basepairs, 1000
basepairs, 1100 basepairs, 1200 basepairs, 1300 basepairs, 1400 basepairs, 1500 basepairs, 1600
basepairs, 1700 basepairs, 1800 basepairs, 1900 basepairs, 2000 basepairs, 2100 basepairs, 2200

basepairs, or 2300 basepairs.
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[0240] In some aspects, the length of the heterologous nucleic acid sequence is less than
about 4100 basepairs, less than about 4000 basepairs, less than about 3900 basepairs, less than
about 3800 basepairs, less than about 3600 basepairs, less than about 3400 basepairs, less than
about 3200 basepairs, less than about 3000 basepairs, less than about 2800 basepairs, less than
about 2600 basepairs, less than about 2400 basepairs, or less than about 2200 basepairs.

[0241] In some aspects, the length of the heterologous nucleic acid sequence is less than
about 2600 basepairs, less than about 2400 basepairs, less than about 2200 basepairs, less than
about 2000 basepairs, less than about 1800 basepairs, less than about 1600 basepairs, less than
about 1400 basepairs, less than about 1200 basepairs, less than about 1000 basepairs, less than
about 800 basepairs, less than about 600 basepairs, less than about 400 basepairs, or less than about
200 basepairs.

[0242] In some aspects, the length of the heterologous nucleic acid sequence is between
about 200 basepairs to about 4100 basepairs, between about 400 basepairs to about 4100 basepairs,
between about 600 basepairs to about 4100 basepairs, between about 800 basepairs to about 4100
basepairs, between about 1000 basepairs to about 4100 basepairs, between about 1200 basepairs
to about 4100 basepairs, between about 1400 basepairs to about 4100 basepairs, between about
1600 basepairs to about 4100 basepairs, between about 1800 basepairs to about 4100 basepairs,
between about 2000 basepairs to about 4100 basepairs, between about 2200 basepairs to about
4100 basepairs, between about 2400 basepairs to about 4100 basepairs, between about 2600
basepairs to about 4100 basepairs, between about 2800 basepairs to about 4100 basepairs, between
about 3000 basepairs to about 4100 basepairs, between about 3200 basepairs to about 4100
basepairs, between about 3400 basepairs to about 4100 basepairs, between about 3600 basepairs
to about 4100 basepairs, between about 3800 basepairs to about 4100 basepairs, between about
4000 basepairs to about 4100 basepairs, about 200 basepairs to about 2400 basepairs, between
about 400 basepairs to about 2400 basepairs, between about 600 basepairs to about 2400 basepairs,
between about 800 basepairs to about 2400 basepairs, between about 1000 basepairs to about 2400
basepairs, between about 1200 basepairs to about 2400 basepairs, between about 1400 basepairs
to about 2400 basepairs, between about 1600 basepairs to about 2400 basepairs, between about
1800 basepairs to about 2400 basepairs, between about 2000 basepairs to about 2400 basepairs,
between about 2200 basepairs to about 2400 basepairs, between about 200 basepairs to about 2200
basepairs, between about 200 basepairs to about 2000 basepairs, between about 200 basepairs to
about 1800 basepairs, between about 200 basepairs to about 1600 basepairs, between about 200

basepairs to about 1400 basepairs, between about 200 basepairs to about 1200 basepairs, between



WO 2024/227074 PCT/US2024/026643
-34 -

about 200 basepairs to about 1000 basepairs, between about 200 basepairs to about 800 basepairs,
between about 200 basepairs to about 600 basepairs, between about 200 basepairs to about 400
basepairs, between about 1000 basepairs to about 2000 basepairs, between about 1200 basepairs
to about 2000 basepairs, between about 1400 basepairs to about 2000 basepairs, or between about
1600 basepairs to about 2000 basepairs.

[0243] In some aspects, the length of the heterologous nucleic acid sequence is less than
4100 basepairs, less than 4000 basepairs, less about 3900 basepairs, less than 3800 basepairs, less
than 3600 basepairs, less than 3400 basepairs, less than 3200 basepairs, less than 3000 basepairs,
less than 2800 basepairs, less than 2600 basepairs, less than 2400 basepairs, or less than 2200
basepairs. In some aspects, the length of the payload sequence is less than 2600 basepairs, less than
2400 basepairs, less than 2200 basepairs, less than 2000 basepairs, less than 1800 basepairs, less
than 1600 basepairs, less than 1400 basepairs, less than 1200 basepairs, less than 1000 basepairs,
less than 800 basepairs, less than 600 basepairs, less than 400 basepairs, or less than 200 basepairs.
[0244] In some aspects, the length of the heterologous nucleic acid sequence is between
200 basepairs to 4100 basepairs, between 400 basepairs to 4100 basepairs, between 600 basepairs
to 4100 basepairs, between 800 basepairs to 4100 basepairs, between 1000 basepairs to 4100
basepairs, between 1200 basepairs to 4100 basepairs, between 1400 basepairs to 4100 basepairs,
between 1600 basepairs to 4100 basepairs, between 1800 basepairs to 4100 basepairs, between
2000 basepairs to 4100 basepairs, between 2200 basepairs to 4100 basepairs, between 2400
basepairs to 4100 basepairs, between 2600 basepairs to 4100 basepairs, between 2800 basepairs to
4100 basepairs, between 3000 basepairs to 4100 basepairs, between 3200 basepairs to 4100
basepairs, between 3400 basepairs to 4100 basepairs, between 3600 basepairs to 4100 basepairs,
between 3800 basepairs to 4100 basepairs, between 4000 basepairs to 4100 basepairs, 200
basepairs to 2400 basepairs, between 400 basepairs to 2400 basepairs, between 600 basepairs to
2400 basepairs, between 800 basepairs to 2400 basepairs, between 1000 basepairs to 2400
basepairs, between 1200 basepairs to 2400 basepairs, between 1400 basepairs to 2400 basepairs,
between 1600 basepairs to 2400 basepairs, between 1800 basepairs to 2400 basepairs, between
2000 basepairs to 2400 basepairs, between 2200 basepairs to 2400 basepairs, between 200
basepairs to 2200 basepairs, between 200 basepairs to 2000 basepairs, between 200 basepairs to
1800 basepairs, between 200 basepairs to 1600 basepairs, between 200 basepairs to 1400 basepairs,
between 200 basepairs to 1200 basepairs, between 200 basepairs to 1000 basepairs, between 200
basepairs to 800 basepairs, between 200 basepairs to 600 basepairs, between 200 basepairs to 400
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basepairs, between 1000 basepairs to 2000 basepairs, between 1200 basepairs to 2000 basepairs,
between 1400 basepairs to 2000 basepairs, or between 1600 basepairs to 2000 basepairs.

[0245] In some aspects, the heterologous nucleic acid sequence encodes a protein. In some
aspects, the protein is a therapeutic protein.

[0246] In some aspects, the upstream exon comprises a sequence selected from the group
consisting of SEQ ID NOs: 8, 13, 18, 23, 28, 33, and 38.

[0247] In some aspects, the upstream exon comprises a sequence having at least about 85%,
at least about 90%, at least about 91%, at least about 92%, at least about 93%, at least about 94%,
at least about 95%, at least about 96%, at least about 97%, at least about 98%, at least about 99%,
or 100% sequence identity to any one of SEQ ID NOs: 8, 13, 18, 23, 28, 33, and 38.

[0248] In some aspects, the upstream exon comprises a sequence having at least 85%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99%, or 100% sequence identity to any one of SEQ ID NO: 8, 13, 18,
23, 28, 33, and 38.

[0249] In some aspects, the alternatively spliced exon comprises a sequence selected from
the group consisting of SEQ ID NO: 10, 15, 20, 25, 30, 35, and 40.

[0250] In some aspects, the alternatively spliced exon comprises a sequence having at least
about 85%, at least about 90%, at least about 91%, at least about 92%, at least about 93%, at least
about 94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, at least
about 99%, or 100% sequence identity to any one of SEQ ID NO: 10, 15, 20, 25, 30, 35, and 40.
[0251] In some aspects, the alternatively spliced exon comprises a sequence having at least
85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99%, or 100% sequence identity to any one of SEQ ID NO: 10,
15, 20, 25, 30, 35, and 40.

[0252] In some aspects, the downstream exon comprises a sequence selected from the
group consisting of SEQ ID NO: 12, 17,22, 27,32, 37, and 42.

[0253] In some aspects, the downstream exon comprises a sequence having at least about
85%, at least about 90%, at least about 91%, at least about 92%, at least about 93%, at least about
94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, at least about
99%, or 100% sequence identity to any one of SEQ ID NO: 12, 17, 22, 27, 32, 37, and 42.

[0254] In some aspects, the downstream exon comprises a sequence having at least 85%,

at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
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least 97%, at least 98%, at least 99%, or 100% sequence identity to any one of SEQ ID NO: 12,
17,22, 27, 32, 37, and 42.

[0255] In some aspects, the upstream intron comprises a sequence selected from the group
consisting of SEQ ID NOs: 9, 14, 19, 24, 29, 34, and 39.

[0256] In some aspects, the upstream intron comprises a sequence having at least about
85%, at least about 90%, at least about 91%, at least about 92%, at least about 93%, at least about
94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, at least about
99%, or 100% sequence identity to any one of SEQ ID NOs: 9, 14, 19, 24, 29, 34, and 39.

[0257] In some aspects, the upstream intron comprises a sequence having at least 85%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99%, or 100% sequence identity to any one of SEQ ID NO: 9, 14, 19,
24,29, 34, and 39.

[0258] In some aspects, the downstream intron comprises a sequence selected from the
group consisting of SEQ ID NO: 11, 16, 21, 26, 31, 36, and 41.

[0259] In some aspects, the downstream intron comprises a sequence having at least about
85%, at least about 90%, at least about 91%, at least about 92%, at least about 93%, at least about
94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, at least about
99%, or 100% sequence identity to any one of SEQ ID NO: 11, 16, 21, 26, 31, 36, and 41.

[0260] In some aspects, the downstream intron comprises a sequence having at least 85%,
at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99%, or 100% sequence identity to any one of SEQ ID NO: 11,
16, 21, 26, 31, 36, and 41.

[0261] In some aspects, the expression cassette comprises a sequence selected from the
group consisting of SEQ ID NOs: 1-7 or 43-66, or fragments thereof.

[0262] In some aspects, the expression cassette comprises a sequence having at least about
85%, at least about 90%, at least about 91%, at least about 92%, at least about 93%, at least about
94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, at least about
99%, or 100% sequence identity to any one of SEQ ID NO: 1-7 or 43-66, or fragments thereof.
[0263] In some aspects, the expression cassette comprises a sequence having at least 85%,
at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99%, or 100% sequence identity to any one of SEQ ID NO: 1-7 or
43-66, or fragments thereof.



WO 2024/227074 PCT/US2024/026643

-37-

[0264] In some aspects, the expression cassette comprises a sequence selected from the
group consisting of SEQ ID NOs: 8-42.

[0265] In some aspects, the expression cassette comprises a sequence having at least about

85%, at least about 90%, at least about 91%, at least about 92%, at least about 93%, at least about
94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, at least about
99%, or 100% sequence identity to any one of SEQ ID NO: 8-42.

[0266] In some aspects, the expression cassette comprises a sequence having at least 85%,
at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99%, or 100% sequence identity to any one of SEQ ID NO: 8-42.
[0267] In some aspects, the expression cassette comprises the upstream exon, the upstream
intron, the alternatively spliced exon comprising a translation initiation sequence, the downstream
intron, the downstream exon, wherein each comprises a portion of a gene, wherein the gene is a
Transient Receptor Potential Cation Channel Subfamily V Member 3 (TRPV3) gene.

[0268] In some aspects, the expression cassette comprises a sequence selected from the
group consisting of SEQ ID NOs: 1, 8-12, and 43-45.

[0269] In some aspects, the expression cassette comprises a sequence having at least about
85%, at least about 90%, at least about 91%, at least about 92%, at least about 93%, at least about
94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, at least about
99%, or 100% sequence identity to any one of SEQ ID NO: 1, 8-12, and 43-45.

[0270] In some aspects, the expression cassette comprises a sequence having at least 85%,
at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99%, or 100% sequence identity to any one of SEQ ID NO: 1, 8-
12, and 43-45.

[0271] In some aspects, the expression cassette comprises a sequence corresponding to
SEQ ID NO: 45.
[0272] In some aspects, the expression cassette comprises a sequence having at least about

85%, at least about 90%, at least about 91%, at least about 92%, at least about 93%, at least about
94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, at least about
99%, or 100% sequence identity to SEQ ID NO: 45.

[0273] In some aspects, the expression cassette comprises a sequence having at least 85%,
at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99%, or 100% sequence identity to SEQ ID NO: 45.
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[0274] In some aspects, the expression cassette comprises the upstream exon, the upstream
intron, the alternatively spliced exon comprising a translation initiation sequence, the downstream
intron, the downstream exon, wherein each comprises a portion of a gene, wherein the gene is a
Serine/Threonine Kinase 31 (STK31) gene.

[0275] In some aspects, the expression cassette comprises a sequence selected from the
group consisting of SEQ ID NOs: 2, 13-17, 46 and 47.

[0276] In some aspects, the expression cassette comprises a sequence having at least about
85%, at least about 90%, at least about 91%, at least about 92%, at least about 93%, at least about
94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, at least about
99%, or 100% sequence identity to any one of SEQ ID NO: 2, 13-17, 46 and 47.

[0277] In some aspects, the expression cassette comprises a sequence having at least 85%,
at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99%, or 100% sequence identity to any one of SEQ ID NO: 2, 13-
17,46 and 47.

[0278] In some aspects, the expression cassette comprises the upstream exon, the upstream
intron, the alternatively spliced exon comprising a translation initiation sequence, the downstream
intron, the downstream exon, wherein each comprises a portion of a gene, wherein the gene is an
Ubiquitin Specific Peptidase 25 (USP25) gene.

[0279] In some aspects, the expression cassette comprises a sequence selected from the
group consisting of SEQ ID NOs: 3, 18-22, 48 and 49.

[0280] In some aspects, the expression cassette comprises a sequence having at least about
85%, at least about 90%, at least about 91%, at least about 92%, at least about 93%, at least about
94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, at least about
99%, or 100% sequence identity to any one of SEQ ID NO: 3, 18-22, 48 and 49.

[0281] In some aspects, the expression cassette comprises a sequence having at least 85%,
at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99%, or 100% sequence identity to any one of SEQ ID NO: 3, 18-
22,48 and 49.

[0282] In some aspects, the expression cassette comprises the upstream exon, the upstream
intron, the alternatively spliced exon comprising a translation initiation sequence, the downstream
intron, the downstream exon, wherein each comprises a portion of a gene, wherein the gene is a

General Transcription Factor [IB (GTF2B) gene.
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[0283] In some aspects, the expression cassette comprises a sequence selected from the
group consisting of SEQ ID NOs: 4, 23-27, 50 and 51.

[0284] In some aspects, the expression cassette comprises a sequence having at least about
85%, at least about 90%, at least about 91%, at least about 92%, at least about 93%, at least about
94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, at least about
99%, or 100% sequence identity to any one of SEQ ID NO: 4, 23-27, 50 and 51.

[0285] In some aspects, the expression cassette comprises a sequence having at least 85%,
at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99%, or 100% sequence identity to any one of SEQ ID NO: 4, 23-
27,50 and 51.

[0286] In some aspects, the expression cassette comprises the upstream exon, the upstream
intron, the alternatively spliced exon comprising a translation initiation sequence, the downstream
intron, the downstream exon, wherein each comprises a portion of a gene, wherein the gene is a
LY6/PLAUR Domain Containing 3 (LYPD3) gene.

[0287] In some aspects, the expression cassette comprises a sequence selected from the
group consisting of SEQ ID NOs: 5, 28-32, and 52-54.

[0288] In some aspects, the expression cassette comprises a sequence having at least about
85%, at least about 90%, at least about 91%, at least about 92%, at least about 93%, at least about
94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, at least about
99%, or 100% sequence identity to any one of SEQ ID NO: 5, 28-32, and 52-54.

[0289] In some aspects, the expression cassette comprises a sequence having at least 85%,
at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99%, or 100% sequence identity to any one of SEQ ID NO: 5, 28-
32, and 52-54.

[0290] In some aspects, the expression cassette comprises a sequence corresponding to
SEQ ID NO: 54.
[0291] In some aspects, the expression cassette comprises a sequence having at least about

85%, at least about 90%, at least about 91%, at least about 92%, at least about 93%, at least about
94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, at least about
99%, or 100% sequence identity to SEQ ID NO: 54.

[0292] In some aspects, the expression cassette comprises a sequence having at least 85%,
at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99%, or 100% sequence identity to SEQ ID NO: 54.
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[0293] In some aspects, the expression cassette comprises the upstream exon, the upstream
intron, the alternatively spliced exon comprising a translation initiation sequence, the downstream
intron, the downstream exon, wherein each comprises a portion of a gene, wherein the gene is a IK
gene.

[0294] In some aspects, the expression cassette comprises a sequence selected from the
group consisting of SEQ ID NOs: 6, 33-37, 55 and 56.

[0295] In some aspects, the expression cassette comprises a sequence having at least about
85%, at least about 90%, at least about 91%, at least about 92%, at least about 93%, at least about
94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, at least about
99%, or 100% sequence identity to any one of SEQ ID NO: 6, 33-37, 55 and 56.

[0296] In some aspects, the expression cassette comprises a sequence having at least 85%,
at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99%, or 100% sequence identity to any one of SEQ ID NO: 6, 33-
37, 55 and 56.

[0297] In some aspects, the expression cassette comprises the upstream exon, the upstream
intron, the alternatively spliced exon comprising a translation initiation sequence, the downstream
intron, the downstream exon, wherein each comprises a portion of a gene, wherein the gene is a
Testis Expressed 14, Intercellular Bridge Forming Factor (TEX14) gene.

[0298] In some aspects, the expression cassette comprises a sequence selected from the
group consisting of SEQ ID NOs: 7, 38-42, 57 and 58.

[0299] In some aspects, the expression cassette comprises a sequence having at least about
85%, at least about 90%, at least about 91%, at least about 92%, at least about 93%, at least about
94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, at least about
99%, or 100% sequence identity to any one of SEQ ID NO: 7, 38-42, 57 and 58.

[0300] In some aspects, the expression cassette comprises a sequence having at least 85%,
at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99%, or 100% sequence identity to any one of SEQ ID NO: 7, 38-
42,57 and 58.

[0301] In some aspects, the expression cassette comprises a sequence selected from the
group consisting of SEQ ID NO: 43 to 66.

[0302] In some aspects, the expression cassette comprises a sequence having at least about

85%, at least about 90%, at least about 91%, at least about 92%, at least about 93%, at least about
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94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, at least about
99%, or 100% sequence identity to any one of SEQ ID NO: 43 to 66.

[0303] In some aspects, the expression cassette comprises a sequence having at least 85%,
at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99%, or 100% sequence identity to any one of SEQ ID NO: 43 to
66.

[0304] In some aspects, the expression cassette comprises a sequence selected from the
group consisting of SEQ ID NO: 59-62.

[0305] In some aspects, the expression cassette comprises a sequence having at least about
85%, at least about 90%, at least about 91%, at least about 92%, at least about 93%, at least about
94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, at least about
99%, or 100% sequence identity to any one of SEQ ID NO: 59-62.

[0306] In some aspects, the expression cassette comprises a sequence having at least 85%,
at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99%, or 100% sequence identity to any one of SEQ ID NO: 59-
62.

[0307] In some aspects, the expression cassette comprises a sequence selected from the
group consisting of SEQ ID NO: 63-66.

[0308] In some aspects, the expression cassette comprises a sequence having at least about
85%, at least about 90%, at least about 91%, at least about 92%, at least about 93%, at least about
94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, at least about
99%, or 100% sequence identity to any one of SEQ ID NO: 63 to 66.

[0309] In some aspects, the expression cassette comprises a sequence having at least 85%,
at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99%, or 100% sequence identity to any one of SEQ ID NO: 63 to
66.

[0310] In some aspects, the expression cassette comprises one or more of any of the
sequences in Table 1.

Table 1 — Genomic Sequences

Gene Upstream Upstream Intron Alternatively | Downstream Intron Downstream Exon
Exon Spliced Exon

TRPV3 ttttatccaage | gtgcgttgagagetgcgecggegg | gteattttgeatga | gtaattgatttataaataatagta | Ccttggectegetgateg
tgtgcttgtgat | gagggccctcggaggatggecatt | tgttctgaagttctt | actcccacatttataaacacttt | agaagtgtcccaaagaca
(SEQID | actgtctgtctt | tttcagatggggaaactgagatctg | gtttgtatatatcgt | atacagatgtcaaaatggcaa | acaaggactgcagetect
NO: 1) cttgtacttgttt | gagaggaagaggegtttaccaag | gtttttgcttggatt | agtgeatggeggecttggeaa | acggcagettcagegac

gcctacaaag | gggcaggtcactgetcetitcteccaa | tggagtag caattagaccaactaccagtg | gcagtgctggaactcttca
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Gene Upstream Upstream Intron Alternatively | Downstream Intron Downstream Exon

Exon Spliced Exon

agtacctcgec | atgccatgeactccctttgetttcgg gggcacttgecatgettggeat | agetcaccataggectgg

tgectegtget | ccaggctttaagtgtcaagaccttaa | (SEQ ID NO: | tttccaagcattacctttatatat | gtgacctgaacatccage

ggceatggee | atcccccaggcettgtggggtectgg | 10) atacatatatattttattatacttt | agaactccaagtatcccat

ctgggctgge | ggaggggtacagtitgtggaggaa aagttctagggtacatgtgeac | tetctttctgttectgetcat

cgaacatgctc | tgttctcaccectgggeagtggegt aacatgcaggtttgttacatatg | cacctatgtcatcctcacct

tactatacgcg | gctggtaaacatttaacgactgttct tatacatgtgccatgttggtatg | ttgttctectcetcaacatg

gggtttccagt | gtgtgtetgtgtetetatgtgtatete ctgcacccattaactegteattt | ctcattgetctgatgggeg

ccatgggcat | tgtaggtggaatatgtatattccatat acattaggtatatctcctaatca | agactgtggagaacgtct

gtacagcgtc | atatacacaaaagacttatcatacatt agcattacctttttacttctctca | ccaaggagagcgaacgc

atgatccagaa | ttactatataaacgatgtgtatcacac acaacttgatcaagtgggaat | atctggcgectge

g aatttgcaaataatgaaaatatacca catcaccccgatcataaggta
tgcagtttattgtaaattccacatage actgaggcttagagactccag | (SEQ ID NO: 12)

(SEQID cagttgagtctcagaataatttgttgc gattcaaaccaggccageca

NO: 8) teetetteetettttttggagaccaagtctt ctcataatccaacttcaccatgt
getctgetgeccaggecagagtaa ggtatatacctctggetttceea
agtggtgcgatctcggcteectgea ttcattgcttacgtggecctcac
acctctgectcetgggttcaageagt gacctaagataggttctgcaa
tetcetgectcagectecagagtag gtgttttcagecccattttaaca
ctgggatcacaggcacgcaccacc gatgcggaaactaaagtccac
atgttggctaatttttgtatttttagtag agaaactcaactgatggtcttt
agacagggtttcagcatgttggeca gcaaagtaggagcaaactaat
ggattgtcttgaactcctgacctcag accctgaggtgatttcctttgg
gtgatccacctgectcggecteeca atttcacatcacgttactctcac
aagtgctgggattacaggcatgaac agtttgctttagatacaactgtg
caccgcgecaggcectatttgttgctt agagcctctctggtctgctgg
tttattgaattctagtttttgttgtcaact gaccaggaaggagccccctce
titggttgcaattgacaaaagagtgc ttaaaatctctccatttacaaca
tatcagacatgaatgttggttgagag gagggaacagcacgatctgg
tittctttataagcagtgattgaagtg ttgtatttctaacctctgeataga
aaacaattaagatttatgttgaacttt gagatatcattttcccccacgt
acttgtttatcaatgatgtgagcaact accagttgcttttttttcttttcttc
tetttgetgaattggatactagtttgc agtgaccattgacatttgaaatt
aaataccagaataatattctgttgata aagtagctgtttccatctgtctg
tttttgtgctatacataatgtaaaggcet gtaccttttctgggtcacaattt
gcagacagaacacattttaaaattta gcttatttatttgctecttcacct
aactggattaatagtttctccatcact gcttgtttattcatccatctattta

gtcttaaatcatttagatctagatatc
aacaaaacaatgagtcaatcaatct
ctgatttgtggcatttaccaattttcat
gatgtaaatacagtagtcccecctta
ttcttgggggagatgttctaagacce
cccatgaatgectgaaactgcagat
agtaccaaacattatataatatgctat
gttttttcctatacatatacatctatge
aaataatgaaaatatactatacaata
cagtttattgtaaattccacttageca
gttgagtcttagaataatttttgetttit
tttttttttigtttgteactgagteteg
ctetgttgeccaggetggagtgcaa
tagtgcaatctcggetcactgeaac
ctetgeetcecgggctcaageaatt
ctecegecccagecteetgagtage
tgggactacaggcatgcaccatgc
ccagctaatttttgtatttttagtagag
atggggtttcgccatgttggecagg
ctggtctccaactettgacctcaggt
gatccgtecgecteggecteccaaa

ctetcteatttaatttgctcatec
acctgtctatcegtccatecate
catccatccatccatccatceca
tccatccaatcattcatccateg
atccatccattgatctatccate
tatccatccatccatccatecat
ccatccatctaatcatccatce
aatcatccatccatccatccat
ccatccatccatccatceagtc
atccatccattcatccatttaatc
atccatccatcgatcaatcggt
ccatccatccagctatccatce
atccatccatccatctaatcatt
catccatcaatccatccatcca
tceatccatceatecatceate
catccatctatccatccatcea
atcatccatccatccatcgate
aatcagtccatccatceatcta
atcatccatctaatcatccatce
atccatccatccatccatccag
tcatccatccattcatccatttaa
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glgctggggggtgggggggogaa
tcaacaaattattctaagactcaact

ggctatgtggaatttataaaatttattt
tatcaattaggcatagtgagattaat

ggcaataactaacagaacaatgata
acaatatactgtaataaaagtatgtg

aatgttgtctctctcagaatattgtatt
gtgtgtaatatttctgggtcatagitg

accacaggcaaccaaaactgcaga
aagtgaaatcgaagagaaggecg

gactactgttctcctctcagggecaa
tttccagetaccaacattatgttactg
gacatagagttagggagaaacatg

cagatccacatcgctctagaattect
gccatatggctatgatagagacaag
taacctcaaaagcacacacaattgt

aaatatagtgaaataactggacggg
gatgagttitgaacatttattgtctitgt
tttatttaattaaattaattaattaattaa
ttttttgagacagagtctggcetetgec
ccccaggetggagtgcagtggtec
gatctaggetcactgeaaceccttc

ctectgggttcaageaattcteccge
ctcagectctggagtagetgggate
acaggtgtgtgccaccacacccag
ctaatttttgtatttttagtagagacgg
ggtttcgecatgttggccaagetgg

cctccaactectgacctcaggegat
ccacccacctcagectctcaaagtg
ttgggattacaggcgtgagtcactg

caccctggecetgtetttgttttaaatat
aacttattttatttaattgtaagtttatat
getttaattttttggcaatacaaataat
aatttctttacccccagctttattgag

gtacagctgacatatataattgtataa
atttaagatgtacaatgtgaggatttg
atataggtatatattgtgaaatgatttc
caatttccaattaacacacccatcac
ctcacatagttgccatttctttgtgtgt
ggtgagaacatttatgatctattctett
agcaaatttctagtacacaacacgg
tattgttcactatagtcatcatgetgte
cattagatccccagaacttattcatct
tattcattgatttagttctgaataatgg
ctgtgtttaacaaccagetcacaag

cttcatgagaatttaacgatcagctct
tgegagetcttctgagetggcteca

gcatgecactgeccccageaagtg
tgaggattccagtgtgagaccctat

gglgaaaggtacagggtgaatcac

agggagaagagaacclggggctg
gagcagaaacagaaggcttcctgg
aggaggcaggatccagtgttgage
cttggagcatcaggaggatttggct

gggggaagggagaglggcceaa

glgaagagacagttaggetegess
glggeagagestegeaagcagea

tcatccatccatccatcgatca
attggtccatccatccatetate
catccatccatccatccatcta
atcacccatccatccatecate
catccaatcatctatccatccat
ccatctaatcatctatccatcea
tccatccatccatecatccaat
catccatccatccatccatceca
tcectecatctaatcatccatec
ctecatceatecetccatatce
atccatccatccatccatccat
ccatccaaccattcagcagtg
aacctctactgtggtgtgttgg
aaagaagggaaglgtgagce
tggtettgetcacagggaactc
aaaacagagcattaggagga
gactcaggatcttacagecttg
agggaggtgacccaggctag
aggaagtcaggagctcaaag
actagctgggeagecaggga
cacacacatggattataattag
tggctctgcaaggetgcaagt
gatcaagggcagactgcgeg
gtaaaggaaggagagaagac
tetggectitgitaggtagaag
gectttctgecaggaggecagg
ccagagaagccagectgatg
aggctttgagaggacctgaaa
ctggagatgggatttaatggc
cagagagaaggaggcagca
gecttgtcatgtaggcaaatac
acgcaagcttgtagagtaatta
ccaggcagagagctgagga
gagcaccctgttatgttcectta
g

(SEQ ID NO: 11)
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agatcagggtgccgtgaatatgtge
ttgcaccttacacttgaattatgtttatt
tecttatag
(SEQID NO: 9)
STK31 aactctggtgg | gtaagtctaacttcttcttacttgtgg | ggctattetgtgg | gtaaagttcttatgetaatctett | tctgatcctatggettatet
tctccttacaat | gagattcagcagcataaaggatagt | atgttgacacaga | gcagaaaccattttatcttgeca | gatggtcccatactaccct
(SEQ ID | gagcttggaa | ggtgctgttacatttcaagaaagaaa | agccaaggtgatt | gaaactattttatttaaaataaat | agggcaaacctgaatgcet
NO: 2) cgagatcttctt | aaacctcactgttagttttctaaagtg | gagagagcage | tttagctccaggttttagagca | gttcaagccaacatgectt
gatgctgage | tataagttgactggcatgataattgtg | cacctaccataga | gcagttcattccecttaacataa | taaattcagaa
ccatgaagga | cttgtagtttggttgccagaactaatt | gcttggagagaa | aagaaaaattatcccatagaat
acttagcagca | ttcacttttaaagtttccctcaattgaa | getgaaggagac | caatgtatgctaaaaatatgttg | (SEQ ID NO: 17)
agcgtectttg | caatgagaacacttggacacaggg | tcagggttactge | aagaagtttttacttggagtcac
gtacgttctga | cggggaacatcaccegtggggge | cattgatattectg | attctctgttttgettettag
ggttaatgggc | ctgtcatggggiggggggcagge | titttatgtaag
agataattctgt | ggagggatagcattaggagaaata (SEQ ID NO: 16)
taaag cctaatgtaaatgatgagttaatggg | (SEQ ID NO:
tgcagcaaaccaacatggeacatgt | 15)
(SEQID atacatatgtaacaaacctgcacgtt
NO: 13) gtgcacatgtaccctagaacttaaa
gtataataataaaaataagtatataa
aagtcattaaataaagctttgtctcac
aagaaaaaaaaataaagtttcectc
atttccctaaatagaatatgtccttaat
aggatatactttectttttttttgggtga
acttattatagtcatccaatatcttttta
aaattcttgattttcttacatttctectt
gaaatctcagctgtgttatcagtaca
atcttctactctttaatttcttctictcat
tgatctgggaaactgttaatcatgat
aataagataattaatttggccttagtt
gctacacattctagaatgtgtagecag
gctacaggtagaattgcactttcettt
tccaaattatagcattcaaagaagat
agaaaagtacttataaaattaaaaaa
taaaattagatttgatttaacttaaaat
aatgaattatgtttaaattggaatgat
gtataattataatgagattttcatcttg
gaattacgagtgcctetttctttggta
caag
(SEQ ID NO: 14)
USP25 gtgtcacaaca | gtaatgtgctticttagaggttaaact | tgcaggetgtatg | gttagtgaacagtataaagact | gagtggcatcaggattata
taatgaaagtt | acagatttagggattctgtaattcact | aaaattccagcaa | ttttaataaatggttctgggaaa | ggaaattcagggaaacaa
(SEQ ID | gctcaagcca | gatattectttcgtttcageccaactg | gatgttttatggag | taaataaaatttgatttcttcttta | ctatgtatctcataattggg
NO: 3) aactggaaat | aagttgaatttgttatgaatgatgagt | cttgataagccaa | ttccatatgcaaaaattcatttc | ctagaaaattttcaaagag
gataaaacctg | aaaaaaattaagtttccaagtcaatg | ctgaaaaatgtta | aattgtgaaagactcctgtgta | aaa
aagaagtaaa | ctcaagtaattaataattttatatgtga | cggaaatgcaaa | aagctgtttagaagtcaacata
cttggaggaat | ttttaggattaacatgatatgatagca | gatcccagtccac | ggtagaageccaaagacatte | (SEQ ID NO: 22)
atgag tgtagaccaaaaagtttaaaatcaaa | ctcccatctctga | atttatccataagaggcactca
aaaggaagatttttggttttttatttca | caagcaa ctgaccagatatttttgaccag
(SEQID atactaattctcaagtactttttaaatg gatatgtaatctagagccaga
NO: 18) aacttttctagcttaaaaacagaata | (SEQ ID NO: | gaaattcaaaatttgttttctctt
acaaatgcattgttaattttgaaatca | 20) gaccctgaggagcaagtcaa
acttagaaattgctgttacataatacc gtcatcttttagctaataatgact
aacaagtaatatttatcaagacccta ccaaatctgtgcectecacatt
ctatatgccaggcatttgtctaagec gattgagagctcttcecttgtee
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ctttacatatattaactgatttaattca ccaagattcgtgttcatggaac
gacagtaacactgtaagataggtag ttgatttttaattgtgacttgattc

tgttcttattcceatttgacacacgag
aaaataaggcatagagcagtgaag
taacctgcctaaggttttcacageea
caagtttacagcttggctaatagaac
ctacattcttaactgttgcactacact
gtgcaactgtaccetgtggectgtat
tttttccttcactttgattcatcagatat
attttggggaagttaattcattttagtc
cctatatgccatatatgtttgtcatga
gacagtgtigtgtgtgagagageac
ttacataggtacttgtacatgtgcttg
tggeatttttttgtgcacaaaattatttt
ttgtcaactttggctttaaaatattctit
attttaattgatgaattcatacaccta
gtatttcttcacatttttaaatttaatctt
atgcattgtcttttttttaatitataagtc
tagtaaattttaagttgttttcttgggt
gectitgettaatatttagttceatttac
aaacttaattatggtactttagattcc
ctaaataattagtgtaattcactacac
aaacagggaagageaaagagaga
gaaaacactcattattgatgaaaacc
ttagctagtttggcgtataaggtaact
accttaattcactaaagagtgtctcta
aaaacaaaaataggaaataataaaa
ctgcagcaaatatatagaattgtgag
cactgaaagcttaaaatttttgttgte
aaaagcaaggcaatgaaaataagc
gaaaagtaaaatactggaaaagaa
gaaacaaagacatcattatttgtagtt
ttttttaccttgaaattcaaataaaatc
tacaactgatgtattagaactagtaa
gacagctttgcagcatgcaaacttgt
gtcagacatcaattttattcccttttge
cagtaaaaaaagtatgagaaagtat
aaaagtgagaccatttacaatagtat
ctgaaactatggagtatatagaaata
aatttaacaaaaggtgcgtetgactt
ctgtggggaaaattataaaacttatt
gggagacattaacaaagacctaaat
aaatgggcatacatatggtatttgga
aaacttgatattattaatatatagatat
cacttttcccccaaatgctttataaatt
cag

(SEQ ID NO: 19)

tgcaatgcttccttcagtttgctt
caacagattggactcattatgtt
ttttttcataaaatcttctcatatt
ctaactgcagggctgttaaatc
atacaagtatttaaatgacttgtt
tttagattctgcatattcctecta
tetttgtettgctctaagttcagg
gttcagtaaaccatagectgea
gaccagcttaccacctgtttttg
taaataaacttttattggaacat
ggccatttgtatacatattgtct
gtggatactttcacactgcagtt
acagagttgagtaactgaaga
agatgaggcttgcaaagtcta
aaatattatctggccttttacag
aaaaagtttgcctactcacaac
ttctaaggtgattctaatgacaa
caaggaatgacagtttgaata
ccttceccagaaaagctaactt
catacttgcaggacaaatttta
cctttatttgttatgaagatctac
taatagcatgaaaattatgtctt
gaaaattaaaattaagactgga
tgtggtegctcatgcttataate
ccagcacttttggaaatcaag
geacagggagtigttigaggc
caggaatttgagaccggectg
gccaacatagcaagaccctgt
ctatacaaaacagattaagtaa
ttaactggaactgggagcatg
cacctgtaattcaagctacttg
ggagacagaggtaggaggat
tgctggageccagaaggtca
agtctgcagttagecgtgatcg
tgccactgeactgecagactgg
gcaactgagtgagaccctgte
tccaaaaaaaaaaaaaaaagt
ttatattcaaggagaatatcgtt
ggctaataactatgtttcttatttt
tgtttataatgtttatataaaage
cttaacactttgttatcagtatt
cactttccaatttatcctacattg
aatttcagttatttttcttgagtca
attattataaagtaagctaaga
aaatcttgactttggtatcacctt
agaattatttagtcctattacatg

ceclatagitgititgggggtg

gggaggggcattgaaatgtg
aactgcagttattcttttaccata

tctcatgtaaataaactattcge
ctacacacttaaagtcaaattta
ccacatatttgcgaagttaaaa
ggttaaataaatctaactttettt
agtttcttaaaattatgtattaag
tatgtgtccaagctttgattcat
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actcagcgtaatatttcattttct
tccatcagttgatgtagatataa
taatagttcaataatatgatttta
tactgatgaatttttgagatgac
ctgattgattatcctgectttata
titctgttatctgctagtaaaate
tttattgtttaaaacatttcatatc
catgcctaataatttttagattta
atgttgtattaataaatagtcttg
tgtgccagaaagtaaagtettg
tittagttctgatgtatcttcatttt
gaactctttatttctattaattca
gatagtagcgaaacagtgcat
tactttttgtacagtttcatagta
ctttttaaatcttactctgaacatt
tttaatattttctttcacctacag
(SEQ ID NO: 21)
GTF2B gatcgaacaa | gtaagtttttagetttgtetttttgtgttt | titgcagttacatg | gtgagtatttattttttatgtittct | aaatatgtgecgtatcacg
ataatttattca | gtttgtttgtttgtttgagatagggtct | tgaatatgtgataa | tacgtaaaagtgaagaggtga | aatttctaagaaagaaatt
(SEQ ID | agcaagtatat | cactttgtcgcccaggeccagagtge | tttgttcagtgttge | tggectttatcatcatcttttttgt | ggtcggtgttttaaacttatt
NO: 4) gaacagaaga | agtggcgcaatcttgactcactgca | tcactgacttcca | tgtttttataactaaaacaactttt | ttgaaagcgctagaaacc
gectgaagge | acctetgectcccaggttcaagetat | ctaccaaagctca | gttaaatttcttctgaaagtgtgt | agtgtggatttgattacaa
aagagctaat | actcctgectcageetectgagtag | gtttagetgaaga | ggtggttgcatctgggaatag | ctggggacttcatgtceag
gatgctatage | ctgggattacaggcatgtgecacea | ctatacttaaccct | cagggtcagatattttatctcat | gttctgttccaacctttgtet
ttetgettgtct | cacctggttaacttttgtatttttagta | ttattcatcca tgagctacageccataatcge | tcctaaacaagtacagatg
ctatattgcctg | gagacagggtttcgecatgttggec agggatttcatgcacacatga | gcagctacacatatagec
tagacaagaa | aggctggtctcaaacttctgacctca | (SEQ ID NO: | cattgtgttgcctaagaggeat | cgtaaagetgtggaactg
ggggttectag | ggtgatctgeccactttggecteeca | 25) cctttagettgagtattttctttca | gacttggttcctgggagg
gacatttaaag | aagtgctagaattaacaggcgtgag attccttggtaacactgettaca | agecccatctctgtggea
geactgtgcccatcctaaaataacat acagattaatacataaacatca | gcggcagctatttacatgg
(SEQID ttictacatcatattaaagaaacaga aagaatttttcatttaaagaaatt | cctcacaggeatcagetg
NO: 23) ccaatgtcaggcagctttgacactta tagttgtatgaattaatccttag | aaaagaggacccaaaaa
gaagctaagtcatctttattgtgacta agcagttaatattttgaaagatt | g
cagtaatccacttgagcatcatttgce aagacctaaatttagccagge
caatgcctacttatttcattccttgaca acgatggctcacaccggtaat | (SEQ ID NO: 27)
gcaaattcatagcatgttcttttagge ctcagcactttgtgaggccga
tgttttcccatgtagactcattttagte ggcaggtagatcacgaggtc
cacgtaagcccactatgttcttttcta aggagttcaagaccagcctg
gtgagatcttttgatggactgttgcttt gccaagatggtgaaaccccat
gtgggctttcagaaggcctataate ctctactaaaaatacaaaaaat
gtaaaccaaagtaggccgtttatac tagccgggtgteggtggcagg
atttggtttacatggaaacagtttcca cgectgtaatcccaactactcg
tttctagcactggtctctgtagatgag ggtggcaggagaatcgettga
ggagtcaagctttagaaagtatcag acccagggggceagaggttgc
tgaaggccaggtatggtgtctcaca agtgagccaagatggtgtcac
cctgtaatcccagaactttgggagg tgcactccagtctggacgaca
ccgaggtggttgggtcatgaggec gagtgaaatttcatctcaaaaa
aggagttcaagaccagectggeca acaaaaaaactctaaattgaaa
atatggtgaaaccccgtctctactaa gagtgaagaacattaggcca
aaatacaaaaattagccaggegtg ggcgeagtggcetcatgeetgt
gtggtgcgegcectgtagtcccaget aatctcagcactttgggagge
actcaggaggctgaggcagaaga cgaggtaggaggatcacctg
atcgcttgaaaccgggaggcagag aggtcaggagttctagacagg
gttgcagtgageegagatcacgcec cctggecaacatggtgaaace
actacactccagcctgggegacag ccatctctactaaaaatacaaa
agtgagacttcatctcaaaaaaaaa agttagccaggtgtegtosts
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aaaaaaaaagttatcagttaagttttt cacgccetgtagteccagetact
tetcttgaggtgtattgtttgeactttta cgggaggetgaggeaggag
cacttcagttaagaactggtatttttc aatcacttgagcctaggaggt
atttag ggaggtigcagtgagetgag
atcatgccactacccttagtct
(SEQ ID NO: 24) gggcgacagagtgagacttc
atctcaaaaaaaaaggtgtgat
gaacattaaagttaactgagaa
atttgcagttaactctgtggga
agtatcactgagatgattaggg
tttcatctttaaggtatgattgaa
tgttttacaattagaatgtatatt
atgtttataattagaaatggtag
attttaagatgaactatatggct
taagtgaattgatttatttaatttt
tittctittag
(SEQ ID NO: 26)
LYPD3 atggaccceg | gtgggtctgetgeecggagaggtg | gagegeaggee | gtgagtggggacceecggge | tccacggacaattcteget
ccaggaaage | gagggggtagagtgggggctetta | ctggagtgetaca | cacgcacaccactgcagget | ggeagtgeggggttgcg
(SEQ ID | aggtgcecag | gggaggaggcetectetggeeeegt | getgegtgeaga | ccteccggeccageccegeet | gttcgggacteceeggea
NO:5) gecatgatetg | acagagaaggcetgtgggaaggate | aagcagatgacg | ccttatagtcctttctggatctg | agaatgaccgeggectg
gactgcagge | cccacataagcagagggceactgtg | gatgctccccga | gecacgeccctttaacgegge | gatcttcacgggcttetgg
tggetgetget | ggeaaagttcccecatcctaageaa | acaagatgaaga | cccaccccteectttcagectg | cgttcatccagetgeage
getgetgettc | gggaggeagagggaagggteete | cagtgaagtgeg | gecgggaccctacgacacag | aatgegcetcaggategcet
geggag caccatgggccgtaggaagggttc | cgeegggegtgg | ccttgecaggecaggecttetet | gecaacgccaagetcaac
cccaccacggacaaggggagetg | acgtctgecaccg | attaacaattacaagegegag | ctcacctcgegggegete
(SEQ ID tgggcaaaattttcctatcetgaage | aggecgtgggg | gagcagagagttgagaactg | gacccggeag
NO: 28) tgcagaaagaagtceectgtticcta | geggtggagace | gglggggeggacggggaga
ggeegggegeggtggticatgect | a gctegggtttggaacgaggte | (SEQ ID NO: 32)
gtaatctcagcactttgggaggecg acgtcctatgcactttttctgetc
aggcaggeggatcatgaggtcaaa | (SEQ ID NO: | caccaatgagacctceecatc
cgatcgagaccagcctggecaaca | 30) cctgectgtcaaccaggetgt
tggtgaaaccctgtctctactaaaaa ctcctecgactcagctctttga
tacaaaaattagctgggcgeggtag ggttccgeeccegttccgtga
cgegagectgtagtcccagetacte cceegetecteectgetteggt
gggaggctgaggcaggagaateg cgttctttccgetctgageggc
tttgaatccaggaggggaggttgca tetttgggggcgtecatcegee
gtgagcegagattgegecactgea aattcctgectgtcggtectgt
ctccagectggegacagagegag ggtgttggcctatttgaggecc

actccgtctcaaaaaaaaaaaaaag
42222222A22232agA2a2aagt
gttcectgtectgggcagagaaget
gtegotagtgttctctcatttgagea

gaagggggcigigggaagggalc
cctcactgageacagtctactgtgg

gaaaagttctcccacacactgtggg
aaaagttctctcattctgagcagaaa
accgtgaggaggtatccttcetace
ccgggatgagggecticatggegg
ggatcgcctacagtgggcatacag
gectgtcggaaggatgtegcccaca
gltggcatagtgggtgtgaaggaaa
agggtccagtgattccegtgcttee
agatttgtggaaagcttttccctactc

ctgecctggaaaagtgtetgcaata
agactgtctaatcccgggacagag

cgeeceteccagaccetacce
aactctgggccacgececate
tgagaccacgcccacagcta

atccegeccttgtecetcteect

ag

(SEQ ID NO: 31)
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Exon Spliced Exon
ggcatgggaaggactatttctcettg
ggggtggacgctitagcaaggage
getcaggtctattcggetcegeteec
ccag
(SEQ ID NO: 29)
IK gtgageegttc | gtgagtattttgtectaggaccatgg | getggaatgeagt | gttccactacgeccggetaatt | atcaaaactcaccaatga
tccaaccettt | aaatgagttgggcaatgaatagaaa | ggtgegatcteg | ttgtatttttagtagagatgggg | agacttcaggaaacttctc
(SEQ ID | ggceeccgat | agtggtggtgatggtgaaagaattc | getcaccacaac | tttctccatgttgatcaggetgg | atgacccccagggetgea
NO: 6) ggceacgatg | tgaatgtcttgtcatcaaggatggta | ctccgectcceg | tettgaaatcccgacttcaggt | cctacctetgecaccacctt
tggatgatcct | aaaaattatacccgctggecctttat | ggttcaagcaatt | gatccacccgectctgectee | ctaagtcacgtcaccatga
cactcctteca | ctetgtgagecttaactggatcagg | ctectgectcage | caaagtggtgggagtacagg
cca ccaagtgcataagggtattagaagg | cttccgagtaget | cgtgagecaccgtgectgge | (SEQ ID NO: 37)
gaaattcctgcaggaaaggtgttaa | gggattacagge | ccccgataaaatcatctttgata
(SEQID gtttttttttttttttatacgtgttgtegtaa | at acatccccaattccagtecattt
NO: 33) ttacacattatataggaattacttctic ctitettettttctittetttctittett
caatagcaaattaaaacataggaaa | (SEQ ID NO: | tctttttttttttttttgagacggag
taagggtaaaatcatctttttatttttttt | 35) tctcactgttacccaggetgga
gagactgagtttcgctcttgttgetca gtgcagtgatgcaatcttgget
g cactgcaacctctgectectga
gttcaagcggttctcetgeete
(SEQ ID NO: 34) agcctcccaagtagetgggac
tacaggcatgtgccaccatge
acgactgatttttttittgtattttt
agtagagacagggtttcactgt
gttcgtcaggetggtettgaac
tectggectgaagtgatccac
ccgectecagectectaaagtg
ctggcattacaggcgtgagcec
accgtgcccagcectcagtectt
ttcttagaagtaaccacagtta
ccttttttggceatatcttttcctece
cgttgcccaggetggagttca

atggcattatttctgctcacage
aacctttgectectgggctcaa
gcaattcttctgectcagtttee

ccagtagctgggattacaggc
atgccccaccatgcettggctaa

tttttgtattagtagagacaggg
tttcgetatgttggccaggctg

gtcttgaactcetgacctcaaa
tgatctgcccgtctcggegee

ccaaagtgctgggattacagg
cgtgagccactgegectggc

cctectactcttttttaaatgeatt
tatacacatacatgcatatctga
ggaaaacacaacattgctttgt
gatttaaaatatttgagttaaat

gatattatgctgtatatatcatttt
tgcaacttgcettetttttaaacce
tgctcagtgtttctgagattatct
ttcagagcagtgacaagcatt

cectecttggetaaactttagte
aggttccccaaagagtcecatt
tttcagcaggactcatcegtgg
cctgctgageacagttttaaca
aagaaatcaaccaccgctcca




WO 2024/227074

-49 -

PCT/US2024/026643

Gene

Upstream
Exon

Upstream Intron

Alternatively
Spliced Exon

Downstream Intron

Downstream Exon

cccccatacctaaccaagttg
cttttagtaattttctataaattct
cacttgtccctgttgtattcgga
attaagttcagtctetctactcta
ttacaatggtcttgactcttgtta
cagtagtcttcaataaagtcttc
cttggggagaagaggaacttg
attagatatcaagttggattgg
atatcaagagtgggaaaacttt
ctgtgaactgacttaggattcct
ttttaaaactgaggtcagcagg
ccaaggaagagccctagtca
gaagagagctttaaaggagtc
tgactttaatttgatcaagagag
gagtctitgttagtgtaccaatt
aaaataatctcttgtaccattag
tgctgtettteectetttgggaa
acaccatcatagtttagtcagt
ctccagctaataaacgcttagt
ctgtttcagactgattcttttcttt
ttittatttttttgagacagagtct
tgetctttttgcccaggetgga
gtetaatacctagatctcgget
cactgcaaactccgecteeca
ggttcaagegattttcctgecte
agcctectgagtagetaggatt
acaggcgeccaccacaacge
ccagctaatttttttgtattittag
tagagatgggatatcaccatgt
tggccatgetggtettgaacte
ctgacctcgggtgatcegect
gcgtcagectcccaaagtgcg
gcgattataggtetgagecact
gcacccggecagactgattat
tttcaaggctataactgaattaa
atttacaggccttcttatatacat
atgtcagtaatggaccaggct
aaatataaataaatggagttgc
tggctcataggatatatatactt
aaattttaacaaatactgcaaa
attgcccttcaaattggttatact
ggtttacattctcatcagcattat
atgagagagtccecttcecaa
attctcactcacacttgatttatc
aaactttctggtagttaacactc
tgatgcattaaaagtggcatgg

catatctggtcgggcgtgete
gcttacacctataatcccagea

ctiigggaggctgaggtggec
agatcacctgaggtcagaagt
ttgggaccagectggecaaca
cctctaataaaaatacaaaaat
tagctggglgtettggcggec
acctgtattcccagctacttgtg
aggctgaggcaggagaatta

cttgaacccaggaggcagag
gttgcagtggectgagatcat
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gecactgeactccageeggg
gcaacagagggagactctgt
c1taaaaaaaaaaaaaaaaag
ctgggtgcggtggctcatece
tataatcccagcactttgggag
geegaggtgggtggatcaca
aggtcaggagttcaagacca
gectggecaatatgggtgaca
gtgagactccgtctcaaaaaa
aaaaaaacagtgtcatatcttt
gttttaatttgtatttcectgattt
ctgttaatttaatcatgatttttac
ttgttcctttttcatttcttattgag
tcctaatatttaaaatctttgectt
ttctictag
(SEQ ID NO: 36)
TEX14 tggaggtgaa | gtaagttcacttgegggaatcagga | gtcectttgtecaa | gtaggecatcactgectactg | gtatcaggeacccatctce
agaaatggca | taggtgaactcaatcaagtatcagtc | aggaagtaaaat | cccatgtctctgcattgtattcta | cagacaaaaggagcaac
(SEQ ID | aagaaagcag | gggcgaggtggctcageetgtaatt | aatcaaatactga | agctgaaattaaattctcccag | cagagcatagtgaagect
NO: 7) ctactggaca | ccagcactttgggaggtgaggega | ccctggttttgge | aatttatttagaatgtattctaag | tccaagcaagttctgacac
gctcacagtac | geggatcacctgageccaggaattt | gaggaatcgatc | ctggcattaaatttttccagaga | attggtggctgtagagaa
ctecttggeat | gggaccagectggtcaacatgatg | cttctttacctggg | gtetatgetggaggaacctag | atcttacagt
cctcagagta | aaacctggtctctacaaaaaaaaaa | gatagag agacacatgacatttattgtcat
gictgactttag | aaaaaaaaaaaaaaaacattagctg cggtttatagatttacaggttaa | (SEQ ID NO: 42)
agagcgagg | ggegtggtggcacacgectctagtt | (SEQ ID NO: | aaaaaatgaaggctgtatatttt
ctgaaaatga | ccaggtacccaggaggctgaggtg | 40) cagttgataatttgcttataatca
gcecegacgee | ggaggatcacttggacctgagagg gggcatggatattgtttcacag
ctgetgeage | tggaggttgeagtgagetgtgatca ttgtttataagttaaagaaagat
cccccattagg | tgaaactgcactccagettgggtga acatctaaacttgtcatttgtctt
agcccagaaa | cagtgagaccctgtctcaaaataaa aggcagaaaatctattggettg
acacggattg | aataaaagtaaaaaaaagttatcag ggtattatttgtatttagaatctg
gcagegagtt | ctctcaaaaaagtaaactticcagca tttcttgtcaageatcactetcg
attgagtatcat | tattttttttggtttggtectetctecttt aatgggtgggcagatgatcca
agggaaaatg | cctacttttctggaaaccttgaattce gggctgeattttggggtcagg
atgagcccag | aggggaagacagtatagccctatat ctaaactaacagtctctactcte
aggaaatggc | ctcattgcatttcccacaggcaaaca tggactgaacctaacgtatgg
aagtttgacaa | gatccagacactgatcagtttttatat gacatggccactcttggeaga
gacgggcaac | tactgaaacag atatgtatacatctcttctttcat
aatgactgtga gecacctttatcctcttecatgtt
cagtgaccag | (SEQ ID NO: 39) gtctgaatatcactgaatgactt
catggcagac tgaccctgactgtgttacaatc
agcccaggct attag
tggaagcttca
cca (SEQ ID NO: 41)
(SEQ ID
NO: 38)
[0311] In some aspects, the expression cassette further comprises an untranslated region
(UTR), a microRNA binding site, a polyA (pA) sequence, an intron sequence, or any combination
thereof.
[0312] In some aspects, the expression cassette comprises a poly(A) (pA) sequence.
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[0313] In some aspects, the pA sequence is a synthetic pA sequence, a bovine growth
hormone (bGH) pA sequence, or a human growth hormone (hGH) pA sequence.

[0314] In some aspects, the upstream exon, the upstream intron, the alternatively spliced
exon, the downstream intron, and the downstream exon, are derived from TRPV3. TRPV3 is also
known as Transient Receptor Potential Cation Channel Subfamily V Member 3 (see
ncbi.nlm.nih.gov/gene/162514). In some aspects, the alternatively spliced exon is derived from a
sequence between exon 13 and exon 15 of TRPV3. In some aspects, the upstream exon, the
upstream intron, the alternatively spliced exon, the downstream intron, and/or the downstream
exon has been modified relative to WT TRPV3. In some aspects, the upstream exon, the upstream
intron, the alternatively spliced exon, the downstream intron, and/or the downstream exon have
been shortened relative to WT TRPV3.

[0315] In some aspects, the upstream exon, the upstream intron, the alternatively spliced
exon, the downstream intron, and the downstream exon, are derived from STK31. STK31 is also
known as Serine/Threonine Kinase 31 (see ncbi.nlm.nih.gov/gene/56164). In some aspects, the
alternatively spliced exon is derived from a sequence between exon 18 and exon 20 of STK31. In
some aspects, the upstream exon, the upstream intron, the alternatively spliced exon, the
downstream intron, and/or the downstream exon has been modified relative to WT STK31. In some
aspects, the upstream exon, the upstream intron, the alternatively spliced exon, the downstream
intron, and/or the downstream exon have been shortened relative to WT STK31.

[0316] In some aspects, the upstream exon, the upstream intron, the alternatively spliced
exon, the downstream intron, and the downstream exon, are derived from USP25. USP25 is also
known as Ubiquitin Specific Peptidase 25 (see ncbi.nlm.nih.gov/gene/29761). In some aspects, the
alternatively spliced exon is derived from a sequence between exon 22 and exon 23 of USP25. In
some aspects, the upstream exon, the upstream intron, the alternatively spliced exon, the
downstream intron, and/or the downstream exon has been modified relative to WT USP25. In some
aspects, the upstream exon, the upstream intron, the alternatively spliced exon, the downstream
intron, and/or the downstream exon have been shortened relative to WT USP25.

[0317] In some aspects, the upstream exon, the upstream intron, the alternatively spliced
exon, the downstream intron, and the downstream exon, are derived from IK. IK is also known as
IK cytokine (see ncbi.nlm.nih.gov/gene/3550). In some aspects, the alternatively spliced exon is
derived from a sequence between exon 2 and exon 3 of IK. In some aspects, the upstream exon,
the upstream intron, the alternatively spliced exon, the downstream intron, and/or the downstream

exon has been modified relative to WT IK. In some aspects, the upstream exon, the upstream intron,
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the alternatively spliced exon, the downstream intron, and/or the downstream exon have been
shortened relative to WT IK.

[0318] In some aspects, the upstream exon, the upstream intron, the alternatively spliced
exon, the downstream intron, and the downstream exon, are derived from TEX14. TEX14 is also

known as Testis Expressed 14, Intracellular Bridge Forming Factor (see

ncbi.nlm.nih.gov/gene/56155). In some aspects, the alternatively spliced exon is derived from a
sequence between exon 18 and exon 19 of TEX14. In some aspects, the upstream exon, the
upstream intron, the alternatively spliced exon, the downstream intron, and/or the downstream
exon has been modified relative to WT TEX14. In some aspects, the upstream exon, the upstream
intron, the alternatively spliced exon, the downstream intron, and/or the downstream exon have
been shortened relative to WT TEX14.

[0319] In some aspects, the upstream exon, the upstream intron, the alternatively spliced
exon, the downstream intron, and the downstream exon, are derived from GTF2B. GTF2B is also
known as General Transcription Factor IIB (see ncbi.nlm.nih.gov/gene/2959). In some aspects, the
alternatively spliced exon is derived from a sequence between exon 5 and exon 6 of GTF2B. In
some aspects, the upstream exon, the upstream intron, the alternatively spliced exon, the
downstream intron, and/or the downstream exon has been modified relative to WT GTF2B. In
some aspects, the upstream exon, the upstream intron, the alternatively spliced exon, the
downstream intron, and/or the downstream exon have been shortened relative to WT GTF2B.
[0320] In some aspects, the upstream exon, the upstream intron, the alternatively spliced
exon, the downstream intron, and the downstream exon, are derived from LYPD3. LYPD3 is also
known as LY6/PLAUR Domain Containing 3 (see ncbi.nlm.nih.gov/gene/27076). In some aspects,
the alternatively spliced exon is derived from a sequence between exon 1 and exon 3 of LYPD3.
In some aspects, the upstream exon, the upstream intron, the alternatively spliced exon, the
downstream intron, and/or the downstream exon has been modified relative to WT LYPD3. In
some aspects, the upstream exon, the upstream intron, the alternatively spliced exon, the

downstream intron, and/or the downstream exon have been shortened relative to WT LYPD3.

III.  Splicing Modifiers or Modulators

[0321] Certain aspects of the disclosure are directed to expression constructs comprising a
gene of interest which is regulatable (e.g., regulated) by a molecule (e.g., a splicing modifier or
modulator). In some aspects, the molecule promotes the inclusion of an alternatively spliced exon.

In some aspects, the molecule is kinetin. In some aspects, the molecule is homocarbonyltopsentin.
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[0322] Certain aspect of the disclosure are directed to increasing AAV production by
contacting or culturing a host cell with the molecule (e.g., an indole alkaloid). In some aspects, the
molecule is a topsentin alkaloid or derivative thereof (e.g., Homocarbonyltopsentin, Topsentin,
Bromotopsentin, Bromodeoxytopsentin, Deoxytopsentin, and any combination thereof). In some
aspects, the topsentin alkaloid or derivative thereof is homocarbonyltopsentin. In some aspects, the
molecule is homocarbonyltopsentin.

[0323] Kinetin

[0324] Kinetin or Drug K is a member of the class of 6-aminopurines that is adenine
carrying a (furan-2-ylmethyl) substituent at the exocyclic amino group (PubChem CID 3830).
Kinetin is a member of furans and a member of 6-aminopurines. In some aspects, kinetin has a role
as a geroprotector and a cytokinin.

[0325] In some aspects, kinetin has been shown to increase inclusion of exon 20 in
IKBKAP (see Hims MM, et al., ] Mol Med (Berl). 85(2):149-61 (Feb. 2007)).

[0326] In some aspects, kinetin is represented by the structure:

[0327] Homocarbonyltopsentin

[0328] In some aspects, homocarbonyltopsentin, or Drug H (see PubChem CID 11326167),
binds to TSL2 and converts from it from a pentaloop to triloop conformation. TSL2 is a RNA
structure that regulates exon skipping, promoting skipping in the pentaloop formation (See Garcia-
Lopez, A., et al., Nat Commun 9, 2032 (2018)), thus homocarbonyltopsentin leads to exon
inclusion.

[0329] In some aspects, homocarbonyltopsentin is represented by the structure:
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[0330] Indole alkaloids are a class of alkaloids containing a structural moiety of indole. In

some aspects, the idole alkaloid is a topsentin alkaloid or derivative thereof (e.g.,
Homocarbonyltopsentin, Topsentin, Bromotopsentin, Bromodeoxytopsentin, Deoxytopsentin, and
any combination thereof). In some aspects, the topsentin alkaloid or derivative thereof is

homocarbonyltopsentin.

IV. Delivery Vectors

[0331] In some aspects, provided herein is a delivery vector comprising any of the
expression cassettes disclosed herein. In some aspects, the expression cassette is flanked by
inverted terminal repeat (ITR) sequences.

[0332] In some aspects, the delivery vector is selected from the group consisting of a viral
vector, a plasmid, a lipid, a protein particle, a bacterial vector, a lysosome, a virus-like particle, a
polymeric particle, an exosome, and a vault particle.

[0333] In some aspects, the vector is a viral vector.

[0334] In some aspects, the vector is a lentiviral vector, an adenoviral vector, an adeno-

associated viral (AAV) vector, or a retroviral vector.

[0335] In some aspects, the vector is an adeno-associated viral (AAV) vector.
[0336] In some aspects, the vector is a lentiviral vector.
[0337] In some aspects, provided herein is a cell comprising any of the expression cassettes

disclosed herein or any of the delivery vectors disclosed herein.

[0338] In some aspects, provided herein is a recombinant viral vector (e.g., rAAV)
comprising any of the expression cassettes disclosed herein or any of the delivery vectors disclosed
herein.

1V.A. Non-Viral Vectors

[0339] In some aspects, the expression cassettes can be administered using a non-viral
vector. "Non-viral vector," as used herein is meant to include naked DNA, chemical formulations

containing naked DNA (e.g., a formulation of DNA and cationic compounds (e.g., dextran
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sulfate)), and naked DNA mixed with an adjuvant such as a viral particle (i.e., the DNA of interest
is not contained within the viral particle, but the transforming formulation is composed of both
naked DNA and viral particles (e.g., AAV particles) (see e.g., Curiel et al., Am. J. Respir. Cell
Mol. Biol. 6:247-52 (1992)). Thus the "non-viral vector" can include vectors composed of DNA
plus viral particles where the viral particles do not contain the DNA of interest within the viral
genome.

[0340] In some aspects, the non-viral vector is a bacterial vector. See e.g., Baban ef al.,
Bioeng Bugs., 1(6):385-394 (2010).

[0341] In some aspects, the expression cassettes can be complexed with polycationic
substances such as poly-L-lysine or DEAC-dextran, targeting ligands, and/or DNA binding
proteins (e.g., histones). DNA- or RNA-liposome complex formulations comprise a mixture of
lipids which bind to genetic material (DNA or RNA) and facilitate delivery of the nucleic acid into
the cell. Liposomes which can be used in accordance with the disclosure include DOPE (dioleyl
phosphatidyl ethanol amine), CUDMEDA (N-(5-cholestrum-3-B-ol 3-urethanyl)-N’, N'-
dimethylethylene diamine).

[0342] Lipids which can be used in accordance with the disclosure include, but are not
limited to, DOPE (Dioleoyl phosphatidylethanolamine), cholesterol, and CUDMEDA (N-(5-
cholestrum-3-ol 3 urethanyl)-N’, N'-dimethylethylenediamine). As an example, DNA can be
administered in a solution containing one of the following cationic liposome formulations:
Lipofectin™ (LTI/BRL), Transfast™ (Promega Corp), Tfx50™ (Promega Corp), Tfx10™
(Promega Corp), or Tfx20™ (Promega Corp). The concentration of the liposome solutions range
from about 2.5% to 15% volume:volume, preferably about 6% to 12% volume:volume. Further
exemplary methods and compositions for formulation of nucleic acids (e.g., DNA, including DNA
or RNA not contained within a viral particle) for delivery according to the method of the disclosure
are described in U.S. Pat. Nos. 5,892,071; 5,744,625; 5,925,623; 5,527,928; 5,824.812; 5,869,715
[0343] In some aspects, protein particles can be used in accordance with the disclosure for
polymer-based gene delivery. See e.g., Putnam et al., PNAS 98 (3): 1200-1205 (2001).

[0344] In some aspects, the expression cassettes can be administered as a chemical
formulation of DNA or RNA coupled to a carrier molecule (e.g., an antibody or a receptor ligand)
which facilitates delivery to host cells for the purpose of altering the biological properties of the
host cells. The term "chemical formulations" refers to modifications of nucleic acids to allow
coupling of the nucleic acid compounds to a carrier molecule such as a protein or lipid, or derivative

thereof.
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1V.B Viral Vectors

[0345] In some aspects, the expression cassettes can be administered using a viral vector
(e.g., a recombinant viral vector). In general, recombinant viral vectors used in accordance with
the disclosure can comprise a viral particle derived from a naturally-occurring virus which has
been genetically altered to render the virus replication-defective and to express a recombinant gene
of interest in accordance with the disclosure. Once the virus delivers its genetic material to a cell,
it does not generate additional infectious virus but does introduce exogenous recombinant genes
into the cell, preferably into the genome of the cell.

[0346] In some aspects, the viral vector is a retrovirus, an adenovirus, an adeno-associated
virus (AAV), a herpes simplex virus (HSV), a cytomegalovirus (CMYV), a vaccinia or a poliovirus
vectors. In some aspects, retroviral vectors are less preferred since retroviruses require replicating
cells and secretory glands are composed of mostly slowly replicating and/or terminally
differentiated cells. In some aspects, adenovirus and AAV are preferred viral vectors since this
virus efficiently infects slowly replicating and/or terminally differentiated cells. In some aspects,
the delivery vector (e.g., viral vector) is selected from the group consisting of an adeno-associated
viral (AAV) vector, an adenoviral vector, a lentiviral vector, or a retroviral vector.

[0347] Where a replication-deficient virus is used as the viral vector, the production of
infective virus particles containing either DNA or RNA corresponding to the DNA of interest can
be produced by introducing the viral construct into a recombinant cell line which provides the
missing components essential for viral replication. In some aspects, transformation of the
recombinant cell line with the recombinant viral vector will not result in production of replication-
competent viruses, e.g., by homologous recombination of the viral sequences of the recombinant
cell line into the introduced viral vector. Methods for production of replication-deficient viral
particles containing a nucleic acid of interest are well known in the art and are described in, e.g.,
Rosenfeld et al., Science 252:431-434 (1991) and Rosenfeld et al., Cell 68:143-155 (1992)
(adenovirus); U.S. Patent No. 5,139,941 (adeno- associated virus); U.S. Patent No. 4,861,719
(retrovirus); and U.S. Patent No. 5,356,806 (vaccinia virus).

1V.C Adeno-Associated Virus

[0348] AAYV, a parvovirus belonging to the genus Dependovirus, has several attractive
features not found in other viruses. For example, AAV can infect a wide range of host cells,
including non-dividing cells. Furthermore, AAV can infect cells from different species.
Importantly, AAV has not been associated with any human or animal disease, and does not appear

to alter the physiological properties of the host cell upon integration. Finally, AAYV is stable at a
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wide range of physical and chemical conditions, which lends itself to production, storage, and
transportation requirements.

[0349] The AAV genome, a linear, single-stranded DNA molecule containing
approximately 4700 nucleotides (the AAV-2 genome consists of 4681 nucleotides), generally
comprises an internal non-repeating segment flanked on each end by inverted terminal repeats
(ITRs). The ITRs are approximately 145 nucleotides in length (AAV-1 has ITRs of 143
nucleotides) and have multiple functions, including serving as origins of replication, and as
packaging signals for the viral genome.

[0350] The internal non-repeated portion of the genome includes two large open reading
frames (ORFs), known as the AAV replication (rep) and capsid (cap) regions. These ORFs encode
replication and capsid gene products, respectively: replication and capsid gene products (i.e.,
proteins) allow for the replication, assembly, and packaging of a complete AAV virion. More
specifically, a family of at least four viral proteins are expressed from the AAV rep region: Rep
78, Rep 68, Rep 52, and Rep 40, all of which are named for their apparent molecular weights. The
AAYV cap region encodes at least three proteins: VP1, VP2, and VP3.

[0351] AAYV is a helper-dependent virus, requiring co-infection with a helper virus (e.g.,
adenovirus, herpesvirus, or vaccinia virus) in order to form functionally complete AAV virions. In
the absence of co-infection with a helper virus, AAV establishes a latent state in which the viral
genome inserts into a host cell chromosome or exists in an episomal form, but infectious virions
are not produced. Subsequent infection by a helper virus "rescues" the integrated genome, allowing
it to be replicated and packaged into viral capsids, thereby reconstituting the infectious virion.
While AAYV can infect cells from different species, the helper virus must be of the same species as
the host cell. Thus, for example, human AAV will replicate in canine cells that have been co-
infected with a canine adenovirus.

[0352] In some aspects, to produce recombinant AAV (rAAV) virions containing the HNA,
a suitable host cell line is transfected with an AAV vector containing the HNA, but lacking rep and
cap. The host cell is then infected with wild-type (wt) AAV and a suitable helper virus to form
rAAYV virions. Alternatively, wt AAV genes (known as helper function genes, comprising rep and
cap) and helper virus function genes (known as accessory function genes) can be provided in one
or more plasmids, thereby eliminating the need for wt AAV and helper virus in the production of
rAAV virions. The helper and accessory function gene products are expressed in the host cell where
they act in trans on the rAAYV vector containing the heterologous gene. The heterologous gene is

then replicated and packaged as though it were a wt AAV genome, forming a recombinant AAV
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virion. When a patient's cells are transduced with the resulting rAAV virion, the HNA enters and
is expressed in the patient's cells. Because the patient's cells lack the rep and cap genes, as well as
the accessory function genes, the rAAYV virion cannot further replicate and package its genomes.
Moreover, without a source of rep and cap genes, wt AAV virions cannot be formed in the patient's
cells. Seee.g., U.S. Appl. Publ. No. 2003/0147853.

[0353] In some aspects, AAV vectors of the present disclosure can comprise or be derived
from any natural or recombinant AAV serotype. According to the present disclosure, the AAV
serotype can be, but is not limited to, AAV1, AAV2, AAV3, AAV4, AAVS, AAV6, AAV7T,
AAVS, AAVrh8, AAV9, AAV10, AAVrhl0, AAV11, and AAV12. In some aspects, the AAV
serotype is AAV2. In some aspects, an AAV vector includes a hybrid vector (e.g., AAV-DJ, AAV-
PHP.B, AAV2-ESGHGYF, AAVM41, AAV-LK03, AAV2-BRI, AAVS587MTP, AAV-
Anc80L65, AAV2-Tm8, AAV2HBKO, AAV2YF, AAV6-RGD or AAV6.2). In some aspects, the
AAYV vector is modified relative to the wild-type AAV serotype sequence. In some aspects, the
modified AAV vector is a modified AAV6, e.g., an AAV6 vector comprising the RGD peptide (an
AAV6-RGD vector) or an AAV6 vector comprising mutations of surface exposed tyrosine residues
as described, for example, in Sayroo et al. Gene Ther. 2016 Jan; 23(1):18-25. In some aspects, the
AAV6-RGD vector further comprises modified amino acids corresponding to Y705, Y731, T492,
and K531, (e.g., Y705, Y731F, T492V, and KS531E; also referred to as AAV-RGD-Y705-
731F+T492V+KS31E).

[0354] The AAYV vectors of the present disclosure comprise a viral genome with at least
one ITR region and a heterologous payload (e.g., an expression cassette comprising an alternatively
spliced exon). In some aspects, the AAV vector comprises two ITRs. These two ITRs flank the
payload region at the 5' and 3' ends. The ITRs function as origins of replication comprising
recognition sites for replication. ITRs comprise sequence regions which can be complementary
and symmetrically arranged. ITRs incorporated into AAV vectors of the disclosure can be
comprised of naturally occurring polynucleotide sequences or recombinantly derived
polynucleotide sequences.

[0355] The ITRs can be derived from the same serotype as the capsid, selected from any
of the serotypes listed herein, or a derivative thereof. The ITR can be of a different serotype from
the capsid. In some aspects, the AAV vector has more than one ITR. In a non-limiting example,
the AAV vector has a viral genome comprising two ITRs. In some aspects, the ITRs are of the

same serotype as one another. In some aspects, the ITRs are of different serotypes. Non-limiting
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examples include zero, one or both of the ITRs having the same serotype as the capsid. In some
aspects both ITRs of the AAV vector are AAV2 ITRs.

[0356] Independently, each ITR can be about 75 to about 175 nucleotides in length. An
ITR can be about 100-105 nucleotides in length, about 106-110 nucleotides in length, about 111-
115 nucleotides in length, about 116-120 nucleotides in length, about 121-125 nucleotides in
length, about 126-130 nucleotides in length, about 131-135 nucleotides in length, about 136-140
nucleotides in length, about 141-145 nucleotides in length or about 146-150 nucleotides in length.
In some aspects, the ITRs are about 140-142 nucleotides in length. Non-limiting examples of ITR
length are about 102, about 140, about 141, about 142, about 145 nucleotides in length, and those
having at least 95% identity thereto.

[0357] In some aspects, the AAV vector comprises a nucleic acid sequence disclosed
herein which can be located within about 1, about 2, about 3, about 4, about 5, about 6, about 7,
about 8, about 9, about 10, about 11, about 12, about 13, about 14, about 15, about 16, about 17,
about 18, about 19, about 20, about 21, about 22, about 23, about 24, about 25, about 26, about 27,
about 28, about 29, about 30 or more than about 30 nucleotides downstream or upstream from the
5"or 3'end of an ITR (e.g., Flip or Flop ITR) in the vector.

[0358] In some aspects, the AAV vector comprises one or more filler sequences (also
referred to as "stuffer sequences"). In some aspects, the AAV vector comprises one or more filler

sequences in order to have the length of the AAV vector be the optimal size for packaging.

[0359] In some aspects, the AAV vector is a single stranded (ss) AAV vector.
[0360] In some aspects, the AAV vector is a self-complementary (sc) AAV vector.
[0361] In some aspects, the AAV vector can comprise one or more filler sequences between

one of more regions of the AAV vector. In some aspects, the filler region can be located before a
region such as, but not limited to, a payload region, an ITR, a promoter region, an intron region,
an enhancer region, and/or a polyadenylation signal sequence region. In some aspects, the filler
region can be located after a region such as, but not limited to, a payload region, an ITR, a promoter
region, an intron region, an enhancer region, and/or a polyadenylation signal sequence region. In
some aspects, the filler region can be located before and after a region such as, but not limited to,
a payload region, an ITR, a promoter region, an intron region, an enhancer region, and/or a
polyadenylation signal sequence region.

[0362] In some aspects, an AAV vector can comprise two filler sequences. The two filler

sequences can be located between two regions as described herein.
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[0363] The present disclosure provides also methods for the generation of AAV particles,
by viral genome replication in a viral replication cell comprising contacting the viral replication
cell with an AAV polynucleotide or AAV genome (e.g., an AAV vector of the present disclosure).
[0364] In some aspects, an AAV particle is produced by a method comprising the steps of’

(1) co-transfecting competent bacterial cells with a bacmid vector and either a viral
construct vector and/or AAV payload construct vector,

(2) isolating the resultant viral construct expression vector and AAV payload
construct expression vector and separately transfecting viral replication cells,

(3) isolating and purifying resultant payload and viral construct particles comprising
viral construct expression vector or AAV payload construct expression vector,

(4) co-infecting a viral replication cell with both the AAV payload and wviral
construct particles comprising viral construct expression vector or AAV payload construct
expression vector, and

(5) harvesting and purifying the viral particle comprising a parvoviral genome.

[0365] In one aspect, the present disclosure provides a method for producing an AAV
particle comprising the steps of (1) simultaneously co-transfecting mammalian cells, such as, but
not limited to HEK293 cells, with a synthetic promoter operably linked to a nucleic acid, a
construct expressing rep and cap genes and a helper construct, and (2) harvesting and purifying the
AAYV particle comprising a viral genome.

[0366] In one aspect, the present disclosure provides a method for producing an AAV
particle comprising the steps of (1) contacting mammalian cells, such as, but not limited to
HEK?293 cells, comprising 1) a synthetic promoter operably linked to a nucleic acid, ii) rep gene(s),
ii1) cap gene(s) and iv) a helper construct comprising AAV helper genes, with a topsentin alkaloid
or derivative thereof, and (2) harvesting and purifying the AAV particle comprising a viral genome.
[0367] In some aspects, the cells can be contacted with a topsentin alkaloid or derivative
thereof. In some aspects, the cells can be cultured in the presence of a topsentin alkaloid or
derivative thereof. In some aspects, the topsentin alkaloid or derivative thereof is
homocarbonyltopsentin.

[0368] To address limitations of the Triple Transfection system for AAV production (e.g.,
issues of scale due to the number of cells required, the efficiency of transfection, and the cost of
raw materials), efforts have been made to generate producer cell lines that contain one or more of
the vector production genes, such as Rep or Cap. A significant barrier to these efforts was the

cytotoxic and cytostatic effects of constitutive expression of Rep (See Yang, Q., et al., J Virol.
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68(8):4847-56 (Aug. 1994); Schmidt, M., etal., J Virol. 74(20):9441-50 (Oct. 2000)). To overcome
this issue, a system was developed in which Rep RNA was alternatively spliced to generate a
message that only contains a start codon upon treatment with a small molecule. The treatment of
the small molecule allowed for both the timing and level of expression to result in packaging of
viral vectors.

[0369] In some aspects, provided herein is a method of producing an adeno-associated viral
(AAV) vector comprising: (a) introducing a first plasmid comprising an adenovirus helper gene
and a second plasmid comprising a heterologous nucleic acid sequence into a host cell; and
(b) culturing the host cell in the presence of a splicing modulator to produce AAYV particles.
[0370] In some aspects, the host cell comprises an AAV capsid (Cap) gene and a nucleic
acid construct comprising (1) an upstream exon, (ii) an upstream intron, (iii) an alternatively spliced
exon comprising a translation initiation sequence, (iv) a downstream intron, (v) a downstream
exon, and (vi) an AAV replication (Rep) gene.

[0371] In some aspects, the host cell comprises an AAV replication (Rep) gene and a
nucleic acid construct comprising (i) an upstream exon, (ii) an upstream intron, (ii1) an alternatively
spliced exon comprising a translation initiation sequence, (iv) a downstream intron, (v) a
downstream exon, and (vi) an AAV capsid (Cap) gene.

[0372] In some aspects, the upstream exon, the upstream intron, the alternatively spliced
exon, the downstream intron, and the downstream exon each comprise a portion of a gene selected
from the group consisting of a Transient Receptor Potential Cation Channel Subfamily V Member
3 (TRPV3) gene, a Serine/Threonine Kinase 31 (STK31) gene, an Ubiquitin Specific Peptidase 25
(USP25) gene, a IK gene, a Testis Expressed 14, Intercellular Bridge Forming Factor (TEX14)
gene, a General Transcription Factor IIB (GTF2B) gene, and a LY6/PLAUR Domain Containing
3 (LYPD3) gene.

[0373] In some aspects, the method further comprises (c) harvesting the AAV particles

from the cultured host cell.

[0374] In some aspects, the method further comprises (d) purifying the harvested AAV
particles.

[0375] In some aspects, the host cell is a HEK293 cell.

[0376] In some aspects, the splicing modulator is Kinetin or Homocarbonyltopsentin.
[0377] In some aspects, the adenovirus helper gene is selected from the group consisting

of an Early 4 (E4) gene, an Early 2A (E2A) gene, and a viral associated (VA) gene.
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[0378] In some aspects, the nucleic acid construct is stably integrated into the host cell
genome.

[0379] In some aspects, the nucleic acid construct comprises a sequence selected from the
group consisting of SEQ ID NO: 59-62.

[0380] In some aspects, the AAV particles can be produced in a viral replication cell that

comprises an insect cell. Growing conditions for insect cells in culture, and production of
heterologous products in insect cells in culture are well-known in the art, see, e.g., U.S. Patent No.
6,204,059

[0381] The viral replication cell can be selected from any biological organism, including
prokaryotic (e.g., bacterial) cells, and eukaryotic cells, including, insect cells, yeast cells and
mammalian cells. Viral replication cells can comprise mammalian cells such as A549, WEH1, 3T3,
10T1/2, BHK, MDCK, COS 1, COS 7, BSC 1, BSC 40, BMT 10, VERO, W138, HeLa, HEK293,
Saos, C2C12, L cells, HT1080, HepG2 and primary fibroblast, hepatocyte and myoblast cells
derived from mammals. Viral replication cells comprise cells derived from mammalian species
including, but not limited to, human, monkey, mouse, rat, rabbit, and hamster or cell type, including
but not limited to fibroblast, hepatocyte, tumor cell, cell line transformed cell, etc.

[0382] Viral production disclosed herein describes processes and methods for producing
AAYV particles that contact a target cell to deliver a payload.

[0383] In some aspects, the AAV particles can be produced in a viral replication cell that
comprises a mammalian cell. Viral replication cells commonly used for production of recombinant
AAYV particles include, but are not limited to 293 cells, COS cells, HeLa cells, and KB cells.
[0384] In some aspects, AAV particles are produced in mammalian cells wherein all three
VP proteins are expressed at a stoichiometry approaching 1:1:10 (VP1:VP2:VP3). The regulatory
mechanisms that allow this controlled level of expression include the production of two mRNAs,
one for VP1, and the other for VP2 and VP3, produced by differential splicing.

[0385] In some aspects, AAV particles are produced in mammalian cells using a triple
transfection method wherein a payload construct, parvoviral Rep and parvoviral Cap and a helper
construct are comprised within three different constructs. The triple transfection method of the
three components of AAV particle production can be utilized to produce small lots of virus for
assays including transduction efficiency, target tissue (tropism) evaluation, and stability.

[0386] In some aspects, the viral construct vector and the AAV payload construct vector
can be each incorporated by a transposon donor/acceptor system into a bacmid, also known as a

baculovirus plasmid, by standard molecular biology techniques known and performed by a person
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skilled in the art. Transfection of separate viral replication cell populations produces two
baculoviruses, one that comprises the viral construct expression vector, and another that comprises
the AAV payload construct expression vector. The two baculoviruses can be used to infect a single
viral replication cell population for production of AAV particles.

[0387] Baculovirus expression vectors for producing viral particles in insect cells,
including but not limited to Spodoptera frugiperda (Sf9) cells, provide high titers of viral particle
product. Recombinant baculovirus encoding the viral construct expression vector and AAV
payload construct expression vector initiates a productive infection of viral replicating cells.
Infectious baculovirus particles released from the primary infection secondarily infect additional
cells in the culture, exponentially infecting the entire cell culture population in a number of
infection cycles that is a function of the initial multiplicity of infection (MOI), see, e.g., Urabe, M.
etal., J Virol. 2006 Feb; 80 (4): 1874-85, the contents of which are herein incorporated by reference
in their entirety.

[0388] Production of AAV particles with baculovirus in an insect cell system can address
known baculovirus genetic and physical instability. Baculovirus-infected viral producing cells are
harvested into aliquots that can be cryopreserved in liquid nitrogen; the aliquots retain viability and
infectivity for infection of large-scale viral producing cell culture (Wasilko DJ et al., Protein Expr
Purif. 2009 Jun; 65(2): 122-32).

[0389] In some aspects, stable viral replication cells permissive for baculovirus infection
are engineered with at least one stable integrated copy of any of the elements necessary for AAV
replication and viral particle production including, but not limited to, the entire AAV genome, Rep
and Cap genes, Rep genes, Cap genes, each Rep protein as a separate transcription cassette, each
VP protein as a separate transcription cassette, the AAP (assembly activation protein), or at least
one of the baculovirus helper genes with native or non-native promoters.

[0390] In some aspects, AAV particle production can be modified to increase the scale of
production. Transfection of replication cells in large-scale culture formats can be carried out

according to any methods known in the art.

[0391] In some aspects, cell culture bioreactors can be used for large scale viral production.
[0392] In some cases, bioreactors comprise stirred tank reactors.
[0393] Cells of the disclosure, including, but not limited to viral production cells, can be

subjected to cell lysis according to any methods known in the art. Cell lysis can be carried out to

obtain one or more agents (e.g. viral particles) present within any cells of the disclosure.
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[0394] Cell lysis methods can be chemical or mechanical. Chemical cell lysis typically
comprises contacting one or more cells with one or more lysis agent. Mechanical lysis typically
comprises subjecting one or more cells to one or more lysis condition and/or one or more lysis
force. In some aspects, chemical lysis can be used to lyse cells. As used herein, the term "lysis
agent" refers to any agent that can aid in the disruption of a cell. In some cases, lysis agents are
introduced in solutions, termed lysis solutions or lysis buffers. As used herein, the term "lysis
solution" refers to a solution (typically aqueous) comprising one or more lysis agent. In addition
to lysis agents, lysis solutions can include one or more buffering agents, solubilizing agents,
surfactants, preservatives, cryoprotectants, enzymes, enzyme inhibitors and/or chelators.

[0395] Concentrations of salts can be increased or decreased to obtain an effective
concentration for rupture of cell membranes. Lysis agents comprising detergents can include ionic
detergents or non-ionic detergents. Detergents can function to break apart or dissolve cell structures
including, but not limited to cell membranes, cell walls, lipids, carbohydrates, lipoproteins and
glycoproteins.

[0396] In some aspects, mechanical cell lysis is carried out. Mechanical cell lysis methods
can include the use of one or more lysis condition and/or one or more lysis force. As used herein,
the term "lysis condition" refers to a state or circumstance that promotes cellular disruption. Lysis
conditions can comprise certain temperatures, pressures, osmotic purity, salinity and the like. In
some aspects, lysis conditions comprise increased or decreased temperatures. In some aspects, lysis
conditions comprise changes in temperature to promote cellular disruption. Cell lysis carried out
according to such aspects can include freeze-thaw lysis.

[0397] As used herein, the term "lysis force" refers to a physical activity used to disrupt a
cell. Lysis forces can include, but are not limited to mechanical forces, sonic forces, gravitational
forces, optical forces, electrical forces and the like. Cell lysis carried out by mechanical force is
referred to herein as "mechanical lysis." Mechanical forces that can be used according to
mechanical lysis can include high shear fluid forces.

[0398] In some aspects, a method for harvesting AAV particles without lysis can be used
for efficient and scalable AAV particle production. In a non-limiting example, AAV particles can
be produced by culturing an AAYV particle lacking a heparin binding site, thereby allowing the
AAYV particle to pass into the supernatant, in a cell culture, collecting supernatant from the culture;
and isolating the AAV particle from the supernatant, as described in U.S. Patent Application
20090275107.
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[0399] Cell lysates comprising viral particles can be subjected to clarification. Clarification
refers to initial steps taken in purification of viral particles from cell lysates. Clarification serves
to prepare lysates for further purification by removing larger, insoluble debris. Clarification steps
can include, but are not limited to centrifugation and filtration.

[0400] In some aspects, AAV particles can be purified from clarified cell lysates by one or
more methods of chromatography. Chromatography refers to any number of methods known in the
art for separating out one or more elements from a mixture. Such methods can include, but are not
limited to ion exchange chromatography (e.g. cation exchange chromatography and anion

exchange chromatography), immunoaftinity chromatography and size-exclusion chromatography.

V. Host Cells

[0401] Certain aspects of the disclosure are directed to a cell comprising any of the
expression cassettes disclosed herein or any of the delivery vectors disclosed herein.

[0402] In some aspects, the cell is a host cell.

[0403] In some aspects, the host cell can be selected from any biological organism,
including prokaryotic (e.g., bacterial) cells, and eukaryotic cells, including, insect cells, yeast cells
and mammalian cells. Host cells can comprise mammalian cells such as A549, WEH1, 3T3,
10T1/2, BHK, MDCK, COS 1, COS 7, BSC 1, BSC 40, BMT 10, VERO. W138, HeLa, HEK293,
Saos, C2C12, L cells, HT1080, HepG2 and primary fibroblast, hepatocyte and myoblast cells
derived from mammals. Host cells comprise cells derived from mammalian species including, but
not limited to, human, monkey, mouse, rat, rabbit, and hamster or cell type, including but not
limited to fibroblast, hepatocyte, tumor cell, cell line transformed cell, etc.

[0404] In some aspects, the host cell is a HEK293 cell. In some aspects, the host cell is
derived from a HEK293 cell (e.g., a HEK293T cell).

[0405] The expression cassettes of the disclosure can be transfected into the host cells by
any methods know in the art. For example, the expression cassettes of the disclosure can be
transfected into the viral replication cell by electroporation, cationic lipid transfection, or calcium
phosphate transfection.

[0406] In some aspects, the host cell comprises a nucleic acid construct comprising (i) an
upstream exon, (ii) an upstream intron, (iii) an alternatively spliced exon comprising a translation
initiation sequence, (iv) a downstream intron, (v) a downstream exon, and (vi) an AAV replication
(Rep) gene. In some aspects, the upstream exon, the upstream intron, the alternatively spliced exon,

the downstream intron, and the downstream exon each comprise a portion of a gene selected from
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the group consisting of a Transient Receptor Potential Cation Channel Subfamily V Member 3
(TRPV3) gene, a Serine/Threonine Kinase 31 (STK31) gene, an Ubiquitin Specific Peptidase 25
(USP25) gene, a IK gene, a Testis Expressed 14, Intercellular Bridge Forming Factor (TEX14)
gene, a General Transcription Factor IIB (GTF2B) gene, and a LY6/PLAUR Domain Containing
3 (LYPD3) gene.

[0407] In some aspects, the nucleic acid construct is stably integrated into the host cell
genome.
[0408] In some aspects, the host cell comprises a nucleic acid construct corresponding to

any of SEQ ID NOs: 59-62.

[0409] In some aspects, provided herein is a method of increasing production of an adeno-
associated virus (AAV) packaging gene in a host cell, the method comprising culturing the host
cell in the presence of a small molecule modulator (e.g., an indole alkaloid). In some aspects, the
AAYV packaging gene is an AAV capsid (Cap) gene. In some aspects, the AAV packaging gene is
an AAV replication (Rep) gene.

[0410] In some aspects, the host cell is a HEK293 cell.

[0411] In some aspects, the small molecule modulator is a topsentin alkaloid or derivative
thereof.

[0412] In some aspects, the small molecule modulator is Homocarbonyltopsentin.

VI. Pharmaceutical Constructs

[0413] Certain aspects of the disclosure are directed to a pharmaceutical composition
comprising any of the expression cassettes disclosed herein, any of the delivery vectors disclosed
herein, any of the cells disclosed herein, or any of the viral particles (e.g., rAAV) disclosed herein.
[0414] In some aspects, the pharmaceutical further comprises a pharmaceutically
acceptable excipient.

[0415] Pharmaceutically acceptable excipients or carriers are determined in part by the
particular composition being administered, as well as by the particular method used to administer
the composition.

[0416] Accordingly, there is a wide variety of suitable formulations of pharmaceutical
compositions comprising a delivery vector of the present disclosure (e.g., an AAV vector) or a
plurality thereof (see, e.g., Remington's Pharmaceutical Sciences, Mack Publishing Co., Easton,
Pa. 18th ed. (1990)). The pharmaceutical compositions are generally formulated sterile and in full
compliance with all Good Manufacturing Practice (GMP) regulations of the U.S. Food and Drug
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Administration. In some aspects, the pharmaceutical composition comprises more than one AAV
vector of the present disclosure.

[0417] Acceptable carriers, excipients, or stabilizers are nontoxic to recipients (e.g.,
animals or humans) at the dosages and concentrations employed.

[0418] Examples of carriers or diluents include, but are not limited to, water, saline,
Ringer's solutions, dextrose solution, and 5% human serum albumin. Except insofar as any
conventional media or compound is incompatible with the delivery vectors disclosed herein (e.g.,
AAYV vectors or AAV capsids), use thereof in the compositions is contemplated. In some aspects,
a pharmaceutical composition is formulated to be compatible with its intended route of
administration. The delivery vectors disclosed herein (e.g., AAV vectors or AAV capsids) can be
administered by intravenous, parenteral, topical, intravenous, oral, subcutaneous, intra-arterial,
intradermal, transdermal, rectal, intracranial, intraperitoneal, intranasal, intratumoral,
intramuscular route or as inhalants.

[0419] In some aspects, the pharmaceutical composition is administered intratumorally,
e.g. by direct injection. In some aspects, the pharmaceutical composition is administered

intravenously.

VIL Kits and Articles of Manufacture

[0420] In some aspects, provided herein is a kit comprising 1) any of the expression
cassettes disclosed herein, any of the delivery vectors disclosed herein, any of the cells disclosed
herein, or any of the pharmaceutical compositions disclosed herein; and (i1) optionally instructions
for use.

[0421] In some aspects, the kit further comprises (iii) a splicing modulator molecule that

promotes the inclusion of the alternatively spliced exon.

[0422] In some aspects, the splicing modulator molecule is kinetin.
[0423] In some aspects, the splicing modulator molecule is homocarbonyltopsentin.
[0424] The disclosure also provides kits and products of manufacture comprising, for
example,

(1) an expression cassette of the present disclosure

(1))  adelivery vector of the present disclosure;
(ii1)  aviral particle (e.g., rAAV) of the present disclosure;
(iv)  acell of the present disclosure;

(v) instructions for use; or
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(vi)  any combination thereof.

[0425] In some aspects, the kit or product of manufacture comprises, e.g., an expression
cassette of the present disclosure or delivery vector of the present disclosure, in at least one
container, and one or more containers with reagents sufficient for transfection of one or more cells
or expression in one or more cells.

[0426] In some aspects, the disclosure provides kits and products of manufacture
comprising, for example, one or more cells genetically modified to express one or more expression
cassettes of the present disclosure, or one or more delivery vectors of the present disclosure, or a
pharmaceutical composition comprising the one or more cells, and optionally instructions for use.
[0427] One skilled in the art will readily recognize that the expression cassettes of the
present disclosure, delivery vector of the present disclosure, cell genetically modified to express
an expression cassette of the present disclosure, composition (e.g., a pharmaceutical composition
comprising n expression cassette, delivery vector, or cell disclosed herein), or combinations thereof
can be readily incorporated into one of the established kit formats which are well known in the art.
[0428] Having described the present invention, the same will be explained in greater detail
in the following examples, which are included herein for illustration purposes only, and which are

not intended to be limiting to the invention.

VIIIL. Methods of Use

[0429] In some aspects, provided herein is a method of regulating expression of a protein
of interest in a mammalian cell comprising administering to the cell any of the expression cassettes
disclosed herein, any of the delivery vectors disclosed herein, or any of the pharmaceutical
compositions disclosed herein, followed by administering the splicing modulator molecule that
promotes the inclusion of the alternatively spliced exon.

[0430] In some aspects, provided herein is a method of providing a protein to a subject
comprising administering to the subject any of the expression cassettes disclosed herein, any of the
delivery vectors disclosed herein, any of the cells disclosed herein, or any of the pharmaceutical
compositions disclosed herein, followed by administering the splicing modulator molecule that
promotes the inclusion of the alternatively spliced exon.

[0431] In some aspects, provided herein is a method of treating a disease in a mammal
comprising administering to a subject any of the expression cassettes disclosed herein, any of the

delivery vectors disclosed herein, any of the cells disclosed herein, or any of the pharmaceutical
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compositions disclosed herein, followed by administering the splicing modulator molecule that
promotes the inclusion of the alternatively spliced exon.

[0432] In some aspects, provided herein is a method of regulating transgene expression
post-transcriptionally, comprising (a) a nucleic acid construct comprising (1) an upstream exon, (i)
an upstream intron, (iii) an alternatively spliced exon comprising a translation initiation sequence,
(iv) a downstream intron, (v) a downstream exon, and (vi) a heterologous nucleic acid sequence;
and (b) a splicing modulator. In some aspect, the upstream exon, the upstream intron, the
alternatively spliced exon, the downstream intron, and the downstream exon each comprise a
portion of a gene selected from the group consisting of a Transient Receptor Potential Cation
Channel Subfamily V Member 3 (TRPV3) gene, a Serine/Threonine Kinase 31 (STK31) gene, an
Ubiquitin Specific Peptidase 25 (USP25) gene, a IK gene, a Testis Expressed 14, Intercellular
Bridge Forming Factor (TEX14) gene, a General Transcription Factor IIB (GTF2B) gene, and a
LY6/PLAUR Domain Containing 3 (LYPD3) gene. In some aspects, the splicing modulator is
Kinetin or Homocarbonyltopsentin.

[0433] In some aspects, the administration of the expression cassette, delivery vector, or
cell is systemic or tissue specific. In some aspects, the administration is intravenous, intramuscular,
subcutaneous, oral, intraocular, or intratumoral.

[0434] In some aspects, the administration of the splicing modulator molecule that
promotes the inclusion of the alternatively spliced exon is systemic.

[0435] In some aspects, the splicing modulator molecule that promotes the inclusion of the
alternatively spliced exon is kinetin.

[0436] In some aspects, the splicing modulator molecule that promotes the inclusion of the
alternatively spliced exon is homocarbonyltopsentin.

[0437] In some aspects, the splicing modulator molecule that promotes the inclusion of the
alternatively spliced exon is administered at least 1 day after administration of the expression
cassette.

[0438] In some aspects, provided herein is a method of producing an AAV particle
comprising contacting a host cell comprising rep genes, cap genes, and adenoviral helper genes
with a topsentin alkaloid or derivative thereof (e.g., Homocarbonyltopsentin, Topsentin,
Bromotopsentin, Bromodeoxytopsentin, Deoxytopsentin, and any combination thereof).

[0439] In some aspects, the topsentin alkaloid or derivative thereof (e.g,
Homocarbonyltopsentin): 1) reduces one or more viral response genes, i1) increases one or more

immediate early genes, iil) increases a NF-xB signaling pathway, iv) increases a TNF signaling
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pathway, v) increases a IL-17 signaling pathway, vi) inhibits apoptosis, vii) inhibits viral defense

and/or vii) increases histone levels.

[0440] In some aspects, the apoptosis is inhibited by altering a signaling pathway.

[0441] In some aspects, the signaling pathway is the NF-kB signaling pathway.

[0442] In some aspects, the signaling pathway is the TNF signaling pathway.

[0443] In some aspects, the signaling pathway is the IL-17 signaling pathway.

[0444] In some aspects, the signaling pathway is the JAK/STAT signaling pathway.
[0445] In some aspects, the signaling pathway is the P38 MAPK signaling pathway.
[0446] In some aspects, signaling pathway is the PI3K-Akt signaling pathway.

[0447] In some aspects, the increased histone levels result in increased metabolic activity.
[0448] In some aspects, the increased histone levels result in increased host cell replication.
[0449] In some aspects, the host cell comprises an AAV capsid (Cap) gene.

[0450] In some aspects, the host cell comprises an AAV replication (Rep) gene.

[0451] In some aspects, the host cell is a HEK293 cell.

[0452] In some aspects, the topsentin alkaloid or derivative thereof is

Homocarbonyltopsentin.

[0453] In some aspects, the host cell is contacted with about 5 pM to about 50 uM (e.g.,
about 5 uM, about 6 pM, about 7 uM, about 8 pM, about 9 uM, about 10 uM, about 11 uM, about
12 uM, about 13 uM, about 14 uM, about 15 pM, about 16 uM, about 17 uM, about 18 uM, about
19 uM, about 20 uM, about 21 uM, about 22 uM, about 23 uM, about 24 uM, about 25 uM, about
26 uM, about 27 uM, about 28 uM, about 29 uM, about 30 uM, about 31 pM, about 32 uM, about
33 uM, about 34 uM, about 35 uM, about 36 uM, about 37 uM, about 38 uM, about 39 uM, or
about 40 uM) of Homocarbonyltopsentin.

[0454] In some aspects, the host cell is contacted with between about 5 uM and about 50
uM of Homocarbonyltopsentin. In some aspects, the host cell is contacted with between about 5
uM and about 40 uM of Homocarbonyltopsentin. In some aspects, the host cell is contacted with
between about 10 uM and about 40 uM of Homocarbonyltopsentin. In some aspects, the host cell
is contacted with between about 15 uM and about 40 pM of Homocarbonyltopsentin. In some
aspects, the host cell is contacted with between about 20 puM and about 40 puM of
Homocarbonyltopsentin. In some aspects, the host cell is contacted with between about 25 pM and
about 40 uM of Homocarbonyltopsentin. In some aspects, the host cell is contacted with between
about 30 uM and about 40 uM of Homocarbonyltopsentin. In some aspects, the host cell is

contacted with between about 35 pM and about 40 pM of Homocarbonyltopsentin. In some
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aspects, the host cell is contacted with between about 5 uM and about 35 pM of
Homocarbonyltopsentin. In some aspects, the host cell is contacted with between about 5 uM and
about 30 uM of Homocarbonyltopsentin. In some aspects, the host cell is contacted with between
about 5 uM and about 25 pM of Homocarbonyltopsentin. In some aspects, the host cell is contacted
with between about 5 pM and about 20 uM of Homocarbonyltopsentin. In some aspects, the host
cell is contacted with between about 5 uM and about 15 uM of Homocarbonyltopsentin. In some
aspects, the host cell is contacted with between about 5 uM and about 10 pM of
Homocarbonyltopsentin. In some aspects, the host cell is contacted with between about 10 pM and
about 30 uM of Homocarbonyltopsentin. In some aspects, the host cell is contacted with between
about 20 uM and about 30 uM of Homocarbonyltopsentin.

[0455] In some aspects, the host cell is contacted with the topsentin alkaloid or derivative
(e.g., Homocarbonyltopsentin) for about 24 to 90 hours. In some aspects, the host cell is contacted
with the topsentin alkaloid or derivative (e.g., Homocarbonyltopsentin) for at least about 24 hours,
at least about 30 hours, at least about 36 hours, at least about 42 hours, at least about 48 hours, at

least about 54 hours, at least about 60 hours, at least about 66 hours, or at least about 72 hours.

[0456] In some aspects, the host cell is contacted with the topsentin for about 24 hours.
[0457] In some aspects, the host cell is contacted with the topsentin for about 48 hours.
[0458] In some aspects, the host cell is contacted with the topsentin for about 72 hours.
[0459] In some aspects, the host cell is contacted with the topsentin for between about 24

hours and about 72 hours.

[0460] In some aspects, the method further comprises harvesting the AAV particle.
[0461] In some aspects, the method further comprises purifying the harvested AAV
particle.

EXAMPLES

Example 1: Identification of inducible alternatively spliced exons

[0462] Regions of the genome were identified that undergo alternative splicing events upon
small molecule treatment, for the purpose of controlling transgene protein levels. To identify these
regions, HEK293T cells were treated with two previously reported splicing modulators, Kinetin
(Drug K) and Homocarbonyltopsentin (Drug H) at three different concentrations (low, medium,
and high) and isolated total RNA from cells in each of those conditions. Novel splice sites close in
proximity were identified in treated compared to control samples. The splice sites were used to

identify exons that were alternatively spliced in the presence of homocarbonyltopsentin (Drug H)
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or kinetin (Drug K) (FIG. 2). Treatment with either of these drugs was assessed for increase the
presence of either unused annotated exons or unannotated/novel exons in coding genes. Using
RNA sequencing, the presence of alternatively spliced exons was identified in many different
coding genes resulting from treatment of either Drug K or Drug H. A list of candidate sequences
was generated based on the size of the novel exon as well as the depth of coverage at the novel or
unused but annotated exon sequence based on visualization on a genome browser. These results
supported that both Drug K and Drug H can drive alternative splicing events across the human
genome and that these splicing events could be utilized to control expression of transgenes.
[0463] To generate reporter constructs that express a transgenic protein only upon
treatment with Drug K or Drug H, 7 total candidate genes were selected. The regions of alternative
splicing in genes TRPV3, STK31, and USP25 were selected as Drug-K responsive (FIGs. 3A-3C)
and the alternative splicing regions from genes GTF2B, LYPD3, IK, and TEX14 were selected as
Drug-H responsive (FIGs. 4A-4D). These genes were selected for several reasons including that
they had novel exon sizes of less than 150 base pairs, at least 5 splice junction exon counts in the
RNA-sequencing data, as well as low standard of deviation in novel exon splice junction counts,
suggesting a conserved mechanism across biological replicates. The overall design of these
constructs was to generate transcripts that would be transcribed with any promoter of interest, but
only upon treatment with Drug K or Drug H would translation occur, due to the introduction of a
start codon in the novel exon inserted by alternative splicing.

[0464] To design the splicing reporters, the entire region of the genome including the
upstream exon, the upstream intron, the novel exon, the downstream intron, and the downstream
exon were placed upstream of the coding sequence of the green fluorescent protein (GFP) (FIG.
1A-1B). Codons were identified and substituted in the novel exon with a consensus Kozak
sequence and start codon so that they would be in frame with the downstream exon and GFP. To
minimize background expression, any ATG start codons were removed that could drive GFP
expression without drug treatment. To reduce the size of the constructs for eventual packaging into
an AAYV vector, minimal versions of these constructs were also generated that only contained 200
base pair introns, with only the first 100 bases at the 5' splice site and the last 100 bases at the 3'
splice site of each intron maintained. Each of these reporters was placed downstream of a Rous
sarcoma virus promoter for strong expression and cloned into a mammalian expression vector that

included the hygromycin selection marker.
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Example 2: Small molecule splicing modulators can induce transgene expression via
alternative splicing

[0465] Materials and Methods

[0466] Cell Culture, transfection, and drug treatments: HEK293T Human embryonic

kidney cells (ATCC) were cultured in DMEM media containing 10% fetal bovine serum (Gibco)
and 1% penicillin/streptomycin at 37 degrees Celsius with 5% carbon dioxide. For plasmid
transfections, cells were cultured in 48-well plates and transfected at 70-80% confluence using
Lipofectamine LTX reagent according to manufacturer's recommendation. For all experiments, 24
hours after transfection cells were treated with indicated amounts of DMSO, kinetin
(MedChemExpress), or homocarbonyltopsentin (MedChemExpress). 24 hours after treatment,
cells were washed with Dulbecco's phosphate buffered saline (DPBS) and imaged for GFP
expression.

[0467] RNA-sequencing: 200,000 HEK293T cells were plated into individual wells of a
24-well plate and cultured for 24 hours. For kinetin treatment, after 24 hours of culture cells were
treated with 50 uM, 100 uM, or 200 uM kinetin in DMSQO, or DMSO alone as a vehicle control.
For homocarbonyltopsentin treatment, after 24 hours of culture, cells were treated with 20 pM, 40
uM, or 60 uM homocarbonyltopsentin in DMSO or DMSO alone as a vehicle control. After 24
hours of drug treatment, cells were washed with DPBS, and RNA was isolated using the Qiagen
RNeasy kit with on-column DNase digestion according to manufacturer's instructions. RNA-
sequencing libraries were constructed using the Illumina Stranded mRNA prep using 1000
nanograms of total RNA as input. 3 replicates of vehicle-treated or each concentration were
sequenced on an Illumina NextSeq 2000 using a P3 300-cycle kit. The resulting fastq files were
trimmed using Trim Galore! and then aligned to GRCh38 human genome using STAR. The splice
junction output files were quantified using an R script (Monteys et al., Nature 596(7871):291-295
(2021); see also github.com/DavidsonLabCHOP/Xon) to identify novel splice junctions unique to
treatment with Kinetin or Homocarbonyltopsentin. Novel splice isoforms were visualized using
IGV. The top candidates from either kinetin or homocarbonyltopsentin treatment were selected by
identifying two novel splice events within 500 bases of one another to select and design splicing-
reporter constructs, followed by manual inspection of the novel splice site RNA-sequence coverage
comparing drug treated samples to control samples.

[0468] Plasmids: For each gene-splicing reporter, the entire genomic sequence including
the Exons upstream and downstream of the novel splice site were obtained from GRCh38. To

generate the full gene reporter, a consensus Kozak sequence (ccaccatgg) was inserted into the novel
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splice sequence so that the coding sequence would be in protein coding frame of an eGFP coding
sequence at the 3' end of the downstream exon sequence. In addition, all in frame ATG codons
were mutated to minimize expression in vehicle conditions. Splicing reporter sequences were
generated for the following genes: GTF2B, LYPD3, IK, TEX14, TRPV3, USP25, and STK31. To
generate minimal versions of each reporter construct, the intron sequences were reduced to only
200 bases each, the 100 bases at the 5' and 3' ends of each intron, to include only the essential
splicing sequences. The full and minimal sequences were placed downstream of the rous sarcoma
virus promoter and then cloned into pcDNA3.1-Hygro(+) between the Nrul and Apal sites.
Plasmids were transfected into HEK293T cells according to the method described above. Plasmid
constructs were also generated to replace the eGFP coding sequence at the 3' end of the downstream
exon sequence with a Rep78/52 coding sequence (construct V2A and V2B — see FIGs. 15, 16 and
17A-17B).

[0469] Splicing Assays: Total RNA was extracted using the RNeasy kit (Qiagen) with on-
column DNase digestion according to the manufacturer's protocol. To examine differential
splicing, 1 ug of total RNA was converted to cDNA using the High-Capacity cDNA Reverse
Transcription Kit (Thermo) according to manufacturer's instructions. For qPCR, splicing
determined by either qPCR using a forward primer directed to the novel exon and a reverse primer
targeted to eGFP. Real-time PCR was performed using Fast SYBR Green Master Mix (Thermo)
according to manufacturer's recommendations on a QuantStudio 5 Real-Time PCR system
(Applied Biosystems). The percentage of fold change of novel exon splicing was determined by
the delta-delta Ct method, comparing the average Ct values of 3 biological replicates of the novel
exon in drug treated conditions compared to vehicle treated conditions relative to the geometric
mean of two control genes, ACTB and GAPDH. For gel analysis of splicing, cDNAs from cells
treated with vehicle or drug were amplified using KAPA HiFi HotStart ReadyMix and a primer
pair targeted towards the upstream constitutive exon of each gene and eGFP. The PCR product
was run on a 1% agarose gel and stained with Sybr Gold to examine the size of the bands from the
splicing products.

[0470] Fluorescent Microscopy: 48 hours after transfection and 24 hours after drug
treatment, cells were washed with DPBS and imaged using and EVOS MS5000 (Thermo) using
identical settings for each well. 3 biological replicates were imaged for each condition.

[0471] Drug H and Drug K Treatment

[0472] To examine the effects of Drug K or Drug H on the designed splicing reporters, the

reporters were transfected into HEK293T cells. The transfected cells were then treated with the
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corresponding small molecule and monitored for the expression of GFP after treatment. An
increase in the expression of GFP was observed by fluorescent microscopy for 6 out of the 7
designed constructs (FIGs. SA-5C, FIGs. 6A-6D), supporting that Drug K and Drug H can operate
as modulators of transgene expression via alternative splicing.

[0473] The experiments were repeated with 3 biological replicates of the reporters USP25-
Minimal, GTF2B-Minimal, IK-Minimal, and TRPV3-Minimal (FIGs. 7A-7D) and again observed
induction for all these constructs, however the GFP expression seen in Drug K treated USP25-
Minimal cells was significantly lower than the other reporters.

[0474] To quantify the levels of expression, quantitative real-time polymerase chain
reactions (q-RT-PCR) was performed on the RNA isolated from these transfected cells, targeted
toward the novel exon (FIG. 7E). There was a significant increase in the amount of novel exon
RNA detected when comparing either Drug K or Drug H compared to vehicle treated cells for
GTF2B-Minimal, IK-Minimal, and TRPV3-Minimal reporters.

[0475] Concentration Dependent

[0476] The expression of the GFP transgene was concentration dependent, allowing for
control of dosing to modulate the levels of the targeted transgene. Cells were transfected with
GTF2B-Full, GTF2B-Minimal, IK-Minimal, or LYPD3-Minimal and treated with increasing
amounts of Drug H (FIGs. 8A-8H). Cells transfected with each of these constructs demonstrated
a Drug H concentration-dependent increase in GFP expression. These results demonstrated that
Drug H can modulate the protein expression level of alternative-splicing driven transgenes in a
dose responsive manner.

[0477] To visualize the effect of these small molecules on the splicing reporter constructs,
an additional assay was designed to examine the size of the transgenic RNAs produced in cells
transfected with the reporter constructs. PCR was used to amplify the upstream exon region to GFP
in treated and untreated cells, expecting that there would be a shift in the size and amount of the
amplicon as Drug H or Drug K was added, due to the inclusion of the novel exon. This effect was
observed for cells transfected with the LYPD3-Minimal, IK-Minimal, GTF2B-Full or GTF2B-
Minimal reporters (FIG. 9, FIGs. 10A-10C, and FIGs. 11A-11F). High Expression was
established for Minimum Gene L (LYPD3) (FIG. 10B), Minimum Exon/Intron Gene L (LYPD?3)
(FIG. 10C) and Minimum Exon/Intron Gene L (LYPD3) (FIG. 11D). Further, increases in GFP
and iRFP expression driven by KT Splice Drug H sensitive constructs (e.g., SEQ ID NOs: 63-66)
were shown (FIGs. 12A-12C and FIGs. 13A-13D). Drug H was also able to drive high expression
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in two different minimal LYPD3 constructs driving eGFP expression (V1A and V2A - see FIG.
14).

[0478] In summary, the results demonstrate that two small molecule splice modulators
were able to drive alternative splicing of specific gene transcripts. These small molecules-transcript
pairs were utilized to control expression of transgenes post-transcriptionally in a dose dependent
manner. Promoter-independent control of a transgene that could be broadly targeted to various cell
types for broad therapeutic usage has been demonstrated.

Example 3 — Treatment of cells with small molecule modulators results in improved
transcriptome for AAV production

[0479] To make sure Drug H and Drug K did not negatively impact packaging, cells were
treated in the presence of Drug H or Drug K without the inducible exon constructs. However, it

was surprisingly found that they had an impact on the transcriptome of cells during AAV

production.
[0480] Cell Culture
[0481] VPC2.0 cells (Thermo Fisher) were cultured in Viral Production Medium (Gibco)

containing 4 mM GlutaMAX (Gibco) at 37 degrees Celsius with 8% carbon dioxide and shaken at
120 rpm. Triple plasmids were transfected at 0.5 pg/cell in equimolar ratios with PEIpro (Polyplus
Transfection) as the DNA transporter. Cells were treated with drug additives or a DMSO vehicle
control at 4- and 24-hours post-transfection. Kinetin concentrations were 50 uM, 100 uM, 200 uM
and 400 uM. Homocarbonyltopsentin concentrations were 5 uM, 10 uM, 20 uM and 40 puM.
[0482] DNA Isolation and Titer

[0483] 48-hours after transfection cells were lysed using 50 mM Tris HCI, 0.05% Tween-
20, pH 8.5 and freeze thawed 3 times. To digest host cell DNA, 10 mM MgClz, 500 mM NaCl and

Benzonase were added to harvested cell culture and incubated at 37 °C for 1-hour. The crude lysate
was then analyzed for capsid titer by GYROS and genome titer by ddPCR.
[0484] RNA Sequencing

[0485] RNA was isolated using the Qiagen RNeasy kit with on-column DNase digestion
according to manufacturer’s instructions. RNA-sequencing libraries generated, and 3 replicates of
each concentration were sequenced. The resulting sequencing files were aligned to the human
genome and a normalized count table was generated for downstream analysis. The splice junction
output files were quantified to identify novel splice junctions.

[0486] Results
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[0487] Genome and capsid titers and protein levels were determined 48 hours after triple
transfection as shown in Table 2 and Table 3. GFPTest is a plasmid containing eGFP driven by a
CMYV promoter with a SV40 polyA, flanked by AAV2 ITRs. CMVAAV1 Cap is a plasmid
containing the AAV1 CAP gene driven by a CMV promoter. AAV2 Rep Helper is a plasmid
containing the AAV2 Rep and adenovirus helper genes.
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[0488] In this system, Drug H and Drug K's effect on AAV production was observed by
detecting genome titer (FIGs. 19A-19B) and capsid titer (FIGs. 20A-20B). Effect on genome titer
efficiency in normal cells showed that the effect was independent of activating the inducible
system. Results (FIG. 20B) showed that Drug H increased capsid titer independent of activating
the inducible system as measured by GYROS quantification. Additionally, VP1, VP2, and VP3
levels (FIG. 21A-21B) were observed for both systems. These results showed that Drug H
increased capsid proteins (i.e., VP1, VP2, and VP3) independent of activating the inducible system.
[0489] Further analysis revealed that treatment with Drug H led to altered expressed of
AAYV packaging genes such as Cap (FIG. 22A) and Rep (FIG. 22B). Additionally, the treatment
resulted in changes in the host cell transcriptome (FIGs. 23A-23H). Pathway analysis of the
differentially expressed genes revealed enrichment of apoptosis, viral, and signaling pathways
(FIG. 24). Additionally, inflammatory response, defense response to virus pathway, and immediate
early genes were dampened as compared to previously identified genes during AAV production
after treatment with increasing concentrations of Drug H (FIGs. 25A-25G — from left to right:
vehicle control, 5 uM, 10 uM, 20 uM, 40 pM at 24 hours (gray) and 48 hours (green); see also
Chung, CH,, et al., Mol Ther Methods Clin Dev. 28:272-283 (2023)). Furthermore, after treatment
with Drug H, there was significant alteration of JAK/STAT signaling (FIG. 28A), IL-17 and NF-
kB signaling pathways (FIG. 28B), P38 MAPK and PI3K-Akt signaling pathways (FIG. 28C),
apoptosis pathways (FIG. 28D), and TNF signaling pathway (e.g., TNFAIP3 and FOS) (FIGs. 28E
and 27A-27C). Additionally, the response of nucleosome assembly genes previously identified
during AAV product was heightened after Drug H treatment (FIGs. 26A-26E).

[0490] These results showed that many of the enriched pathways identified by Drug H
treatment converged on apoptosis (e.g. FIG. 28D). Taken together, the data suggested that
treatment of cells with Drug H during AAV production led to increased epigenetic response (e.g.,
enhancement of histone levels that increased metabolic activity to improve replication), reduced
viral defense that allowed survival of producer cells, and reduced apoptosis through alteration of
signaling pathways (e.g., NF-kB, TNF, MAPK, IL-7), which, without being bound by theory, may
have allowed for more availability of resources for viral production. An exemplary scheme for a

possible mode of action for Drug H on host cells during AAV production is shown in FIG. 29.
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Example 4 — Inducible Rep System for AAV production (Prophetic)

[0491] The inducible sequences identified in Example 1 were inserted upstream of Rep and
used in a triple transfection test for the packaging of AAV-GFP. HEK293 cells were triple
transfected with a helper plasmid that also expresses Cap, the GFP gene of interest plasmid, and a
plasmid with either wild-type Rep or a version of Rep downstream of the identified splice sequence
(e.g., SEQ ID NOs: 59-62).

[0492] In this system, the ability of induced Rep to package AAV-GFP was observed by
detecting genome titer (FIG. 15) and capsid titer (FIG. 16). Additionally, Rep protein (FIG. 17A)
and VP1, VP2, and VP3 levels (FIG. 17B) were observed for both systems. The genome and capsid
titer, along with the Rep and Cap protein levels, show that the inducible system was capable of
packaging.

[0493] These results show that the tested inducible systems with Drug H or Drug K can be
used to induce the expression of transgenes in a post-transcriptional manner. The system can
include cell lines capable of expressing various genes necessary for AAV packaging, including
Rep or Cap, which allow for increased vector production by increasing the number of cells actively
generating AAYV particles over transient triple transfection methods (See FIG. 18). The inducible

system allows for finely tuned temporal control of expression to produce AAV vectors.

Example 5 — Expression of vectorized reporter constructs in vitro

[0494] Small Molecule Drugs Tested

[0495] For in wvitro dosing, Kinetin (MedChemExpress) (“Drug K”) or
Homocarbonyltopsentin (MedChemExpress) (“Drug H”) were dissolved in 100% DMSO and this
material was directly added to cells.

[0496] AAY Vector Cloning and Production

[0497] The sequences of TRPV3 construct #3 (SEQ ID NO: 45) and LYPD3 construct #3
(SEQ ID NO: 54) were each placed directly downstream of the Rous Sarcoma Virus (RSV)
promoter and upstream of enhanced GFP (eGFP). The RSV promoter, eGFP, and either TRPV3
construct #3 or LYPD3 construct #3 sequence were cloned between two AAV inverted terminal
repeat sequences. Additionally, a vector was generated that contained just the RSV, eGFP and ITR
sequences (Positive Control Construct). Recombinant AAV?2 serotype vectors were produced with
these constructs, purified, and their vector titers were determined by digital droplet polymerase

chain reaction (ddPCR).
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[0498] Cell Culture and in vitro AAV Vector Transduction
[0499] HEK?293T human embryonic kidney cells, HepG2 human liver cells, U87 MG

human glioblastoma cells, and Neuro2a mouse neuroblastoma cells (ATCC) were cultured in
DMEM media containing 10% fetal bovine serum (Gibco) and 1% penicillin/streptomycin at 37
degrees Celsius with 5% carbon dioxide. Cells were plated into individual wells of a 48-well plate
and cultured for 24-hours. After 24-hours of culture, AAV vectors containing either TRPV3
construct #3 and LYPD3 construct #3 were added to each well at a multiplicity of infection of 1e5
or Se5 for viral transduction. 24-hours post transduction, cells were treated with DMSQO, Kinetin,
or Homocarbonyltopsentin, grown for 24-hours, washed with Dulbecco’s phosphate buffered
saline (DPBS) and imaged for eGFP expression.

[0500] Fluorescent Microscopy

[0501] 24 hours after drug treatment, cells were washed with DPBS and imaged using and
EVOS M5000 (ThermoFisher) using identical settings for each well. 2 biological replicates were
imaged for each condition.

[0502] Methods and Results

[0503] To examine the effectiveness of Drug K or Drug H on AAV packaged splicing
reporters, the plasmids containing TRPV3 Construct #3 or LYPD3 Construct #3 were cloned into
a plasmid containing two inverted terminal repeat sequences (ITRs), the Rous Sarcoma Virus
promoter (RSV), and the enhanced green fluorescent protein (eGFP) for rAAV vector production.
rAAV2 vectors were generated, purified, and transduced into HEK293, Neuro2A, HepG2, or U87
MG cells at a multiplicity of infection of 1e5 vector genomes or Se5 vector genomes per cell.

[0504] The test groups included cells transduced with no vector (Negative Control), AAV2
Positive Control Construct, AAV2 TRPV3 Construct #3, or AAV2 LYPD3 Construct #3. 24-hours
after transduction, cells that received no vector were treated with dimethyl sulfoxide (vehicle), 300
micromolar Drug K, or 40 micromolar Drug H. Cells that were transduced with AAV2 Positive
Control Construct were treated with dimethyl sulfoxide (vehicle), 150 micromolar Kinetin, 300
micromolar Kinetin, 20 micromolar Drug H, or 40 micromolar Drug H. Cells that were transduced
with AAV2 TRPV3 Construct #3 were treated with dimethyl sulfoxide (vehicle), 150 micromolar
Kinetin or 300 micromolar Kinetin. Cells that were transfected with LYPD3 Construct #3 were
treated with dimethyl sulfoxide (vehicle), 20 micromolar Drug H, or 40 micromolar Drug H. 24-
hours after treatment with the indicated small molecule, cells were monitored for GFP expression.
[0505] An increase in the expression of GFP was observed by fluorescent microscopy for

all cell types (e.g., HEK293 cells and Neuro2A cells) after small molecule treatment in the cells
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that were transduced with TRPV3 Construct #3 or LYPD3 Construct #3 (FIGs. 30A-30C
(controls), 31A-31C (TRPV3 Construct #3 and LYPD3 Construct #3 at le5 or 5e5), 32A-32C
(controls), 33A-33D (TRPV3 Construct #3 and LYPD3 Construct #3 at 1le5 or 5e5), 34A-34C
(TRPV3 Construct #3 at 1e5 or 5e5), 35A-35B (LYPD3 Construct #3 at 1e5 or 5e5), 36A-36B
(controls), and 37A-37D (TRPV3 Construct #3 and LYPD3 Construct #3 at leS or 5e5)),
supporting that Drug K and Drug H can operate as modulators of alternative splicing of AAV

vector splicing reporters in many cell lines.

Example 6 — Expression of vectorized reporter construct in vivo

[0506] Small Molecule Drugs Tested

[0507] For in vivo dosing, Kinetin (“Drug K”) was first dissolved to 150 milligrams per
milliliter in 100% DMSO and then vortexed and incubated at 80 degrees Celsius for 10 minutes
with shaking. After shaking a final dosing solution was prepared of 60% PEG300, 5% Tween-80,
10% DMSO, and 25% phosphate-buffered saline. For in vivo dosing, Homocarbonyltopsentin
(“Drug H”) was dissolved in 100% DMSO to make a 10 milligram per milliliter solution. The
solution was vortexed and incubated at 50 degrees Celsius for 5 minutes with shaking. To make
the final dosing solution, PEG300 was added at 30% of the desired final volume, followed by
Tween-80 at 5% of the final volume, and then phosphate-buffered saline at 55% of the final
volume. Each material was vortexed after addition. Both Kinetin and Homocarbonyltopsentin final
dosing solutions were prepared the day of oral gavage.

[0508] AAY Vector Cloning and Production

[0509] The sequences of TRPV3 construct #3 and LYPD3 construct #3 (same sequences
as Example 5) were each placed directly downstream of the Rous Sarcoma Virus (RSV) promoter
and upstream of enhanced GFP (eGFP). The RSV promoter, eGFP, and either TRPV3 construct
#3 or LYPD3 construct #3 sequence were cloned between two AAV inverted terminal repeat
sequences. Additionally, a vector was generated that contained just the RSV, eGFP and ITR
sequences (Positive Control Construct). Recombinant AAV2 vectors were produced with these
constructs, purified, and their vector titers were determined by digital droplet polymerase chain
reaction (ddPCR).

[0510] in vivo Animal Study

[0511] Eight- to twelve-week-old female C57BL/6 mice at Charles River Laboratories
were selected and randomized based on body weight for treatment with rAAV vector and the small

molecules. TRPV3 construct #3 vector, LYPD3 construct #3 vector, or Positive Control vector was
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injected intravenously into a mouse at a dose of either lell vector genomes or lel2 vector
genomes. Animals were housed and monitored for body weight changes for 4 weeks. 4 weeks post-
injection, either Kinetin or Homocarbonyltopsentin were given by oral gavage. Kinetin was
introduced at a concentration of either 70 or 140 milligrams per kilogram of body weight.
Homocarbonyltopsentin was introduced at either 10 or 20 milligrams per kilograms of body
weight. Twenty-four hours after small molecule introduction, animals were euthanized, and tissues
were collected.

[0512] Extraction for RNA and DNA Analyses

[0513] Whole hearts and livers were extracted, stored in RNAlater at 4 degrees Celsius for
twenty-four hours, and then decanted and stored at -80 degrees Celsius.

[0514] Extraction for Fluorescent Microscopy

[0515] Whole hearts and livers were extracted and then immersed in 4% paraformaldehyde
overnight. After fixation, the samples were placed in 15% sucrose in phosphate-buffered saline for
two hours, then transferred to 30% sucrose in phosphate-buffered saline for two hours, followed
by freezing in Tissue Tec-OCT and stored at -80 degrees Celsius before sectioning. Each OCT
block was sectioned once at 8-microns thick and mounted on Super-frost slides with
VECTASHIELD Hardset Antifade Mounting Media with DAPI. Slides were then stored at -80
degrees Celsius until imaging.

[0516] RNA and DNA Co-extraction

[0517] From each mouse liver or heart, 7.5 to 10 milligrams of tissue were isolated with a
razor blade and placed within a Precellys tube along with 6 Precellys 2.8 ceramic zirconium oxide
beads and 300 microliters of DNA/RNA Shield (Zymo Research). The tubes were loaded into the
Precellys 24 homogenizer and run two times with the settings 6500 rpm, 6 cycles, 50 second cycles,
15 second pause. The homogenates were then centrifuged at 10,000 x g for 5 minutes at room
temperature. 15 microliters of 20 milligram per milliliter Proteinase K was added and the tubes
were vortexed and then incubated for 1 hour at 30 degrees Celsius with shaking at 1200 rotations
per minute. 200 microliters of sample were then transferred to a ThermoFisher KingFisher 96 deep-
well plate containing 500 microliters of Quick-DNA/RNA Magbead DNA/RNA Lysis buffer
(Zymo Research). The Quick-DNA/RNA Magbead kit (Zymo Research) was used to extract the
DNA and RNA according to the manufacturer’s protocol with the use of the KingFisher Apex
automated sample purification system. The concentration of DNA and RNA was then determined

by the Invitrogen Qubit system.
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[0518] Vector DNA Quantification

[0519] Total extracted DNA was diluted to a concentration of 5 nanograms per microliter.
Quantitative polymerase chain reaction (qQPCR) was performed using the PrimeTime Gene
Expression Master Mix (IDT) according to the manufacturer’s protocol using a QuantStudio 5
Real-Time PCR system (Applied Biosystems). For quantification, a standard curve was generated
using plasmid DNA of the construct used to produce the vector and vector expression was
normalized to nanograms of input plasmid. Taqgman probes (IDT) were used to detect vector DNA.
[0520] Vector RNA Quantification

[0521] 500 nanograms of total RNA was used as input to the High-Capacity cDNA Reverse
Transcription Kit (Thermo) according to manufacturer’s instructions. Total cDNA was diluted 1:10
and then used for quantitative reverse-transcription real-time polymerase reaction (QRT-PCR)
using the PrimeTime Gene Expression Master Mix (IDT) according to the manufacturer’s protocol
using a QuantStudio 5 Real-Time PCR system (Applied Biosystems). Small molecule induced
alternative splicing of either TRPV3 construct #3 or LYPD3 construct #3 was determined using
two custom Tagman assays targeting the alternative exon sequence compared to the constitutive
eGFP sequence. The fold change of induction was calculated using the delta-delta Ct method for
the average Ct values from each animal in the no drug treatment group compared to the drug
treatment group. Tagman probes (IDT) were used to quantify the RNA.

[0522] Protein Extraction

[0523] Mouse liver lysate supernatant samples were prepared by homogenizing liver tissue
samples in complete lysis buffer (Mesoscale Discovery Tris lysis buffer, ThermoScientific Halt
protease and phosphatase inhibitor cocktail, ThermoScientific EDTA). Homogenization was
performed for 3 rounds of 6,000 rpm using a Precellys 24 homogenizer (Bertin Technologies). The
samples were then centrifuged at 14,000 rpm for 10 minutes at 4°C, and the supernatant was
collected for GFP quantification analysis. Homogenized mouse liver lysate supernatant samples
were analyzed for total protein concentration by DC assay (BioRad).

[0524] Detection of Protein Expression

[0525] The concentration of GFP protein present in homogenized mouse liver lysate
supernatant was quantified using a three-step (capture-analyte-detection) immunoassay specific to
the protein. All analyses were performed on Gyrolab xPlore system (Gyros Protein Technologies)
with Bioaffy 1000 CDs (Gyros Protein Technologies, method 1000-3W-001-A). The capture
reagent consisted of biotinylated anti-GFP monoclonal antibody (Rockland Immunochemicals,

100 pg/mL), and the detection reagent consisted of a noncompeting Alexa Fluor 647 tagged anti-
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GFP polyclonal antibody (Novus Biologicals, 25 nM). A standard curve (0.12 — 500 ng/mL) was
generated using a recombinant GFP protein (Novus Biologicals) diluted in lysate buffer solution
consisting of 1:1 negative control mouse liver lysate supernatant and Rexxip AN (Gyros Protein
Technologies). Mouse liver lysate supernatant samples were diluted 1:1 in Rexxip AN. The
concentration of GFP protein in mouse liver lysate supernatant was determined by comparison of
sample signal at 5% PMT to the standard curve signal fit to a five-parameter logistic curve using
the Gyrolab Evaluator software (Gyros Protein Technologies).

[0526] Methods and Results

[0527] To examine the effect of alternative splicing driven by Drug K or Drug H in vivo,
rAAV?2 packaged splicing reporters containing Positive Control Construct, TRPV3 Construct #3
or LYPD3 Construct #3 were injected intravenously into C57BL/6 mice at a concentration of either
lell or 1el2 vector genomes per animal. 4-weeks post injection, Drug K, Drug H, or vehicle were
introduced to these animals by oral gavage at a dose of either 70 milligrams per kilogram or 140
milligrams per kilogram for Drug K or 10 milligrams per kilogram or 20 milligrams per kilogram
for Drug H. Twenty-four hours after oral gavage, animals were euthanized, and the livers and hearts
of the treated animals were extracted. From those tissues, RNA, DNA, and protein were extracted
and analyzed for vector RNA or DNA expression, and GFP protein expression.

[0528] The total level of vector DNA within each animal in a treated group was not
significantly different between animals that received Positive Control Construct, TRPV3 Construct
#3 or LYPD3 Construct #3 (FIGs. 38A-38B).

[0529] To examine the effect of alternative splicing driven by Drug K or Drug H, the RNA
expression of the alternatively spliced exon was compared to the RNA expression of GFP in each
drug condition. For animals that received TRPV3 Construct #3 at either vector genome dose, there
was not a significant increase in the expression of the alternative exon upon treatment with 70
mg/kg or 140 mg/kg Drug K compared to the expression of the alternative exon upon treatment
with vehicle in the liver (FIGs. 39A-39B). For animals that received LYPD3 Construct #3 at both
vector dose, there was a significant increase in the in the expression of the alternative exon upon
treatment with 10 mg/kg or 20 mg/kg Drug H compared to the expression of the alternative exon
upon treatment with vehicle in the liver and heart (FIGs. 39C-39F). These results demonstrated
that Drug H can be used to modulate the alternative splicing of a target transcript in animals, but

Drug K was unable to modulate the splicing of the target transcript.



WO 2024/227074 PCT/US2024/026643
-87-

[0530] The foregoing description of the specific embodiments will so fully reveal the
general nature of the invention that others can, by applying knowledge within the skill of the art,
readily modify and/or adapt for various applications such specific embodiments, without undue
experimentation, without departing from the general concept of the present invention. Therefore,
such adaptations and modifications are intended to be within the meaning and range of equivalents
of the disclosed embodiments, based on the teaching and guidance presented herein. It is to be
understood that the phraseology or terminology herein is for the purpose of description and not of
limitation, such that the terminology or phraseology of the present specification is to be interpreted
by the skilled artisan in light of the teachings and guidance.

[0531] Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art. Although methods and
materials similar or equivalent to those described herein can be used in the practice or testing of
the present invention, suitable methods and materials are described herein.

[0532] All publications, patent applications, patents, and other references mentioned herein

are incorporated by reference in their entirety.
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SEQID | Description Sequence
NO:
1 TRPV3 genomic | ttttatccaagctgtgcttgtgatactgtetgtettcttgtacttgtttgcctacaaagagtacctegectgectegtgctggccatg

gcectgggctggecgaacatgetctactatacgeggggtttccagtecatgggcatgtacagegtcatgatccagaaggte
cgttgagagctgcgecggegggagggcccteggaggatggccatttttcagatggggaaactgagatctggagaggaag
aggggtttaccaaggggcaggtcactgctetttctcccaaatgecatgeactcectttgetttcggecaggctttaagtgtcaa
gaccttaaatcccecaggettgtggggtectggegagggotacagtitgteggageaatgttctcaccectgggeagtggcgt

getggtaaacatttaacgactgtictgtgtatatatatatatatgtgtgtatatgtaggtegaatatgtatattceatatatatacac
aaaagacttatcatacattttactatataaacgatgtgtatcacacaatttgcaaataatgaaaatataccatgcagtttattgtaaa

ttccacatagccagttgagtctcagaataatttgttgctttttttitttttttttggagaccaagtcttgetctgetgcccaggecaga
gtaaagtggtgcgatctcggetcectgeaacctetgectectgggttcaageagttctectgectcagectccagagtagetg
ggatcacaggeacgeaccaccatgttggctaatttttgtatttttagtagagacagggtttcageatgttggccaggattgtettg
aactcctgacctcaggtgatccacctgecteggectcecaaagtgetgggattacaggeatgaaccaccgegecaggecta
tttgttgctttttattgaattctagtttttgttgtcaacttitggttgcaattgacaaaagagtgctatcagacatgaatgttggttgag
agttttctttataagcagtgattgaagtgaaacaattaagatttatgttgaactttacttgtttatcaatgatgtgagcaacttetttge
tgaattggatactagtttgcaaataccagaataatattctgttgatatttttgtectatacataatgtaaaggetgecagacagaaca
cattttaaaatttaaactggattaatagtttctccatcactgtcttaaatcatttagatctagatatcaacaaaacaatgagtcaatca
atctctgatttgtggcatttaccaattttcatgatgtaaatacagtagtcccceccttattcttggggeagatgttctaagaccecec
atgaatgectgaaactgeagatagtaccaaacattatataatatgetatgttttttcctatacatatacatctatgcaaataatgaaa
atatactatacaatacagtttattgtaaattccacttagccagttgagtcttagaataattttt getttttttttttttttttgtitgtgactg
agtctcgetetgttgeccaggetggagtgcaatagtgeaatcteggetcactgeaacctctgectcecgggctcaageaatte
tceegeeccagectectgagtagetgggactacaggeatgeaccatgeccagctaatttttgtatttttagtagagatgggettt
cgecatgttggecaggcetggtetecaactcttgacetcaggtgatecgtecgecteggectcccaaagtgctggggggteg
ggggeogaatcaacaaattattctaagactcaactggctatgtggaatttataaaatttattttatcaattaggcatagtgagatta
atggcaataactaacagaacaatgataacaatatactgtaataaaagtatgtgaatgttgtctctctcagaatattgtattgtgtet
aatatttctgggtcatagttgaccacaggcaaccaaaactgeagaaagtgaaatcgaagagaaggecggactactgttctee
tctcagggcecaatttccagetaccaacattatgttactggacatagagttagggagaaacatgeagatccacategetctaga
attcctgecatatggctatgatagagacaagtaacctcaaaagcacacacaattgtaaatatagtgaaataactggacgggga
tgagttttgaacatttattgtctttgttitatttaattaaattaattaattaattaattttttgagacagagtctggetctgceccccagge
tggagtgcagtggtgcgatctaggcteactgeaaccecttectectgggttcaageaattctecegectcagectetggagta
gctgggatcacaggtgtgtgccaccacacccagctaatttttgtatttttagtagagacggggtttcgccatgttggecaaget
ggcctccaactectgacctcaggegatecacecacctcagectctcaaagtgttgggattacaggegtgagtcactgcacce
tggectgtetttgtittaaatataacttattttatttaattgtaagtitatatggtitaattttitggcaatacaaataataatttctttacce
ccagctttattgaggtacagetgacatatataattgtataaatttaagatgtacaatgtgageatttgatataggtatatattgtgaa
atgatttccaatttccaattaacacacccatcacctcacatagttgecatttctttgtgtetggt gagaacatttatgatctattctctt
agcaaatttctagtacacaacacggtattgttcactatagtcatcatgctgtecattagatccecagaacttattcatcttattcatt
gatttagttctgaataatggctgtetttaacaaccagetcacaagettcatgagaatttaacgatcagetettgegagetettetg
agctggctccageatgecactgeccccageaagtgtgaggattccagtgtgagacectatggtgaaaggtacagggtgaat
cacagggagaagagaacctgggectggageagaaacagaaggcttcctggaggaggcaggatceagtgttgagecttg
gagcatcaggaggatitggclgggggaagggagagtggcccaagtgaagagacagtiagggtegegegteggagagg
gtgggaagcaggaagatcagggtgecgtgaatatgtgcttgcaccttacacttgaattatgtttatttccttataggteattttge
atgatgttctgaagttcttgtttgtatatatcgtgtttttgcttggatttggagtaggtaattgatttataaataatagtaactcccacat
ttataaacactttatacagatgtcaaaatggcaaagtgcatggcggecttggcaacaattagaccaactaccagtggggcact
tgccatgcttggcattttccaageattacctttatatatatacatatatattttattatactttaagttctagggtacatgtgcacaaca
tgcaggtttgttacatatgtatacatgtgecatgttggtatgctgcacceattaactcgtcatttacattaggtatatctectaatca
agcattacctttttacttctctcaacaacttgatcaagtgggaatcatcaccecgatcataaggtaactgaggcttagagactec
aggattcaaaccaggccagecactcataatccaacttcaccatgtggtatatacctctggctttcecattcattgettacgtggc
cctcacgacctaagataggttctgeaagtgttttcagecccattttaacagatgeggaaactaaagtccacagaaactcaactg
atggtctttgcaaagtaggagcaaactaataccctgaggteatttcctttggatttcacatcacgttactctcacagtttgctttag
atacaactgtgagagcctctetggtetgctgggaccaggaaggageccecctcttaaaatctctecatttacaacagagggaa
cagcacgatctggttgtatttctaacctctgeatagagagatatcattttcccccacgtaccagttgcttttitttcttttcttcagtga
ccattgacatttgaaattaagtagetgtttccatctgtctggtaccttttctgggtcacaatttgcttatttatttgetecttcacctget
tgtttattcatccatctatttactctcteatttaatttgetcatccacctgtetatcegtecatecatccatecatccatceatecatcea
tccatccaatcattcatccatcgatecatccattgatctatecatctatccatceatecatccatccatecatceatctaatcatcca
tccaatcatccatecatccatccatccatccatecatccatccagtcatccatceattcatecatttaatcatccatccatcgatca
atcggtccatccatccagetatccatecatccatecatceatctaateattcatccatcaatccatecatccatecatccatecate
catccatccatccatctatccatccatccaatcatccatccatccatc gatcaatcagtecatccatccatctaatcatceatctaa
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tcatccatccatccatccatccatccatccagtcatccatecattcatecatttaatcatccatccatecatc gatcaattggtecat
ccatccatctatccatccatecatccatccatctaatcacecatceatecatccatccatccaateatctatceatecatceateta
atcatctatccatccatccatccatccatccatccaatcatecatccatccatecatccatceccteeatctaatcatecatcectee
atccatcectccatatccatecatccatccatccatccatccatccaaccattcageagtgaacctctactgtggtgtgttggaa
agaagggaagtgtgagcctggtettgctcacagggaactcaaaacagageattaggaggagactcaggatcttacageett
gagggaggtgacccaggctagaggaagtcaggagetcaaagactagetggggagecagggacacacacatggattata
attagtggctctgcaaggctgcaagtgatcaagggeagactgcggggtaaaggaaggagagaagactctgggctttgttag
gtggaaggectttctgcaggaggccaggecagagaagecagectgatgaggctitgagaggacctgaaactggagatgg
gatttaatggccagagagaaggagecageaggcttgtcatgtaggcaaatacacgeaagettgtagagtaattaccaggea
gagagctgaggagageaccctgttatgttcecttagecttggeetegetgatcgagaagtgtcccaaagacaacaaggact
gcagetcctacggeagcettcagegacgeagtgctggaactcttcaagetcaccataggectgggtgacctgaacatccage
agaactccaagtatcccattetctttctgttcetgcteatcacctatgteatecteacctttgtteteetectcaacatgeteattget
ctgatggecgagactgtggagaacgtctccaaggagagegaacgeatctggegeetgce

STK31 genomic

aactctggtggtctecttacaatgagettggaacgagatcttcttgatgetgageecatgaaggaacttagcageaagegtect
ttggtacgttctgaggttaatgggcagataattctgttaaaggtaagtctaacttettcttacttgtgggagattcagcageataaa
geatagtggtectettacatttcaagaaagaaaaaacctcactgttagttttctaaagtgtataagttgactggcatgataattgt
gcttgtagtttggtteccagaactaattttcacttttaaagtttcectcaattgaacaatgagaacacttggacacagggeggeg
aacatcacccgtggggecctgtcatggegtegeooocaggegoagggatageattaggagaaatacctaatgtaaatgat
gagttaatgggtecagcaaaccaacatggcacatgtatacatatgtaacaaacctgeacgttgtgcacatgtaccctagaact
taaagtataataataaaaataagtatataaaagtcattaaataaagctttgtctcacaagaaaaaaaaataaagtttccctcatttc
cctaaatagaatatgtccttaataggatatactttectttttttttgggtgaacttattatagtcatccaatatctttttaaaattcttgatt
ttcttacatttctecttgaaatctcagetgtgttatcagtacaatcttctactctttaatttettcttcteattgatctgggaaactgttaa
tcatgataataagataattaatttggccttagttgctacacattctagaatgtgtageaggctacaggtagaattgcactttectttt
ccaaattatagcattcaaagaagatagaaaagtacttataaaattanaaaataaaattagatttgatttaacttaaaataatgaatt
atgtttaaattggaatgatgtataattataatgagattttcatcttggaattacgagtgcctetttetttggtacaagggctattctgt
ggatgttgacacagaagccaaggtgattgagagageagecacctaccatagagettggagagaagetgaaggagactca
gggttactgccattgatattcetgtttttatgtaaggtaaagticttatgetaatctettgeagaaaccattttatcttgcagaaactat
tttatttaaaataaattttagctccaggttttagagcageagttcattceccttaacataaaagaaaaattatcccatagaatcaatg
tatgctaaaaatatgttgaagaagtttttacttggagtcacattctctgttitgcttcttagtctgatectatggcettatctgatggtec
catactaccctagggcaaacctgaatgctgttcaagecaacatgectttaaattcagaa

USP25 genomic

gtgtcacaacataatgaaagttgctcaagecaaactggaaatgataaaacctgaagaagtaaacttggaggaatatgaggta
atgtgetttcttagaggttaaactacagatttagggattctgtaattcactgatattectttcgtttcageccaactgaagttgaattt
gttatgaatgatgagtaaaaaaattaagtttccaagtcaatgctcaagtaattaataattttatatgteattttaggattaacatgata
tgatagcatgtagaccaaaaagtttaaaatcaaaaaaggaagatttttggttttttatttcaatactaattctcaagtactttttaaat
gaacttttctagcttaaaaacagaataacaaatgcattgttaattttgaaatcaacttagaaattgctgttacataataccaacaag
taatatttatcaagaccctactatatgccaggeatttgtctaagecctttacatatattaactgatttaattcagacagtaacactgt
aagataggtagtgttcttattcccatttgacacacgagaaaataaggeatagagcagtgaagtaacctgectaaggttttcaca
gccacaagtttacagettggctaatagaacctacattcttaactgttgeactacactgtgcaactgtaccetgtgggctgtattttt
tecttcactttgattcatcagatatattttggggaagttaattcattttagtcectatatgecatatatgtttgtcatgagacagtgttgt
gtgtgagagagcacttacataggtacttgtacatgtgcttgtgggatttttttgtgcacaaaattattttttgtcaactttggctttaa
aatattctttattttaattgatgaattcatacacctagtatttcttcacatttttaaatttaatcttatgcattgtctttittitaatttataagt
ctagtaaattttaagttgttttcttgggtgcctitgcttaatatttagttccatttacaaacttaattatggtactttagattccctaaata
attagtgtaattcactacacaaacagggaagaggaaagagagagaaaacactcattattgatgaaaaccttagetagttggc
gtataaggtaactaccttaattcactaaagagtgtctctaaaaacaaaaataggaaataataaaactgcagcaaatatatagaa
ttgtgagcactgaaagcttaaaatttttgttgtcaaaagcaaggeaatgaaaataagegaaaagtaaaatactggaaaagaag
aaacaaagacatcattatttgtagttttttttaccttgaaattcaaataaaatctacaactgatgtattagaactagtaagacagcttt
gcagcatgcaaacttgtgtcagacatcaattttattcccttttgccagtaaaaaaagtatgagaaagtataaaagtgagaccatt
tacaatagtatctgaaactatggagtatatagaaataaatttaacaaaaggtgcgtgteactictgtggggaaaattataaaactt
attgggagacattaacaaagacctaaataaatgggcatacatatggtatttggaaaacttgatattattaatatatagatatcactt
ttcccccaaatgctttataaattcagtgcaggctgtatgaaaattccageaagatgttttatggagcettgataagecaactgaaa
aatgttacggaaatgcaaagatcccagtccaccteccatetctgacaageaagttagtgaacagtataaagactttttaataaat
ggttctgggaaataaataaaatttgatttcttctttattccatatgeaaaaattcatttcaattgtgaaagactcetgtgtaaagetgt
ttagaagtcaacataggtagaagcccaaagacattcatttatccataagaggcactcactgaccagatatttttgaccaggata
tgtaatctagagccagagaaattcaaaatttgttttctcttgacectgaggageaagtcaagtcatcttttagetaataatgactee
aaatctgtgccctecacattgattgagagetcttcecttgtceccaagattegtgttcatggaacttgatttttaattgtgacttgatt
ctgcaatgcttccttcagtttgcttcaacagattggactcattatgttttttttcataaaatcttctcatattctaactgecagggctgtta
aatcatacaagtatttaaatgacttgtttttagattctgcatattcetcctatctttgtcttgctctaagttcagggttcagtaaaccat
agcctgeagaccagcttaccacctgtttttgtaaataaacttttattggaacatggecatttgtatacatattgtctgtggatacttt
cacactgcagttacagagttgagtaactgaagaagatgaggcttgcaaagtctaaaatattatctggecttttacagaaaaagt
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ttgcctactcacaacttctaaggtgattctaatgacaacaaggaatgacagtttgaataccttccccagaaaagctaacttcata
cttgcaggacaaattttacctttatttgttatgaagatctactaatagcatgaaaattatgtcttgaaaattaaaattaagactggat
gtggtggctcatgcttataatcccageacttttggaaatcaaggeacagggagttgtttgaggccaggaatttgagaccggec
tggccaacatagcaagaccctgtctatacaaaacagattaagtaattaactggaactgggageatgeacctgtaattcaaget
acttgggagacagaggtaggaggattgctggageccagaaggtcaagtctgcagttagecgtgatcgtgecactgeactg
cagactgggcaactgagtgagaccctgtctccaaaaaaaaaaaaaaaagtttatattcaaggagaatatcgttggctaataac
tatgtttcttatttttgtitataatgtttatataaaagccttaacactittgttatcagtattcactttccaatttatcctacattgaatttcag
ttatttttcttgagtcaattattataaagtaagctaagaaaatcttgactttggtatcaccttagaattatttagtcctattacatgeect
atagttgttttgggeetggegagegocattgaaatgtgaactgeagttattcttitaccatatctcatgtaaataaactattcgect
acacacttaaagtcaaatttaccacatatttgcgaagttaaaaggttaaataaatctaactttttttagtttcttaaaattatgtattaa
gtatgtgtccaagetttgattcatactcagegtaatatttcattttcttccatcagttgatgtagatataataatagttcaataatatga
ttttatactgatgaatttttgagatgacctgattgattatcctgectttatatttctgtiatctgctagtaaaatctttattgtitaaaacat
ttcatatccatgectaataatttttagatttaatgttgtattaataaatagtctigtgtgccagaaagtaaagtcttgttttagtictgat
gtatcttcattttgaactctttatttctattaattcagatagtagcgaaacagtgcattactttttgtacagtttcatagtactttttaaat
cttactctgaacatttttaatattttctttcacctacaggagtggcatcaggattataggaaattcagggaaacaactatgtatcte
ataattggectagaaaattttcaaagagaaag

GTF2B genomic

gatcgaacaaataatttattcaagcaagtatatgaacagaagagcctgaagggaagagctaatgatgctatagettctgcttgt
ctetatattgectgtagacaagaaggggticctaggacatttaaaggtaagtttttagetitgttttttgtatitgtitgtitgtttgttt
gagatagggtctcactttgtcgeccaggecagagtgcagtggegeaatcttgactcactgeaacctctgectcecaggttca
agctatactcctgectcagectectgagtagetgggattacaggcatgtgecaccacacctggttaacttttgtatttttagtaga
gacagggtttcgccatgttggecaggctggtctcaaacttctgaccteaggtgatctgeccactttggectcccaaagtgcta
gaattaacaggcgtgaggcactgtgcecatcctaaaataacattttctacatcatattaaagaaacagaccaatgtcaggeag
ctttgacacttagaagctaagtcatctttattgtgactacagtaatccacttgageatcatttgecaatgectacttatttcattectt
gacagcaaattcatagcatgttcttttaggctgttttcccatgtagactcattttagtccacgtaageecactatgttcttttctagtg
agatcttttgatggactgttgctttgtgggctttcagaaggcctataatcgtaaaccaaagtaggecgtttatacatttggtttaca
tggaaacagtttccatttctageactggtetctgtagatgagggagtcaagcetttagaaagtatcagtgaaggecaggtatggt
gtctcacacctgtaatcccagaactttgggaggccgaggtegttgggteatgaggccaggagttcaagaccagectggeca
atatggtgaaaccccgtetctactaaaaatacaaaaattagccaggegtggtggtgcgegectgtagtcccagetactcagg
aggctgaggcagaagaatcgettgaaaccgggaggcagaggttgeagtgagecgagatcacgecactacactccagect
gggcgacagagtgagacttcatctcaaaaaaaaaaaaaaaaaagttatcagttaagttttttctettgaggtetattgtttgcact
tttacacttcagttaagaactggtatttttcatttagtttgcagttacatgtgaatatgtgataatttgttcagtgttgctcactgacttc
cactaccaaagctcagtttagctgaagactatacttaaccctttattcatccagtgagtatttattttttatgttttcttacgtaaaagt
gaagaggtgatggcctttatcatcatcttttttgttgtititataactaaaacaacttttgttaaatttcttctgaaagtgtetegtagtt
gcatctgggaatagcagggtcagatattttatctcattgagctacageccataatcgeagggatttcatgcacacatgacattgt
gttgcctaagaggcatcctttagettgagtattttetttcaattccttggtaacactgettacaacagattaatacataaacatcaaa
gaatttttcatttaaagaaatttagttgtatgaattaatccttagagcagttaatattttgaaagattaagacctaaatttagccagge
acgatggctcacaccggtaatctcageactttgtgaggccgaggcaggtagatcacgaggtcaggagttcaagaccagect
ggccaagatggtgaaaccecatctetactaaaaatacaaaaaattagecgggtgtggtggcaggcgectgtaatcccaacta
ctegggtggcaggagaatcgettgaacccagggggcagaggttgcagtgagecaagatggtgtcactgcactecagtetg
gacgacagagtgaaatttcatctcaaaaaacaaaaaaactctaaattgaaagagtgaagaacattaggccaggegcagteg
ctcatgectgtaatctcageactttgggaggccgaggtaggaggatcacctgaggtcaggagttctagacaggectggeca
acatggtgaaaccccatctctactaaaaatacaaaagttagecaggtgtggtgetocacgectgtagtcecagetactcggg
aggctgaggcaggagaatcacttgagectaggaggtggaggttgcagtgagetgagatcatgecactaccettagtetggg
cgacagagtgagacttcatctcaaaaaaaaaggtgtgatgaacattaaagttaactgagaaatttgcagttaactctgtggga
agtatcactgagatgattagggtttcatctttaaggtatgattgaatgttttacaattagaatgtatattatgtttataattagaaatgg
tagattttaagatgaactatatggcttaagtgaattgatttatttaattttttttcttttagaaatatgtgccgtatcacgaatttctaaga
aagaaattggtcggtgttttaaacttattttganagegetagaaaccagtgtggatttgattacaactggggacttcatgtccag
gttctgttccaacctttgtettcetaaacaagtacagatggcagetacacatatageccgtaaagetgtggaactggacttggtt
cctgggaggagecccatctetgtggeageggeagctatttacatggectcacaggeatcagetgaaaagaggacccaaaa
ag

LYPD3 genomic

atggaccccgecaggaaageaggtgcccaggecatgatctggactgeaggetggetgctgctgctectgcticgeggagg
tggetctgetgeccggagagetggagggggtagagtggggectctiagggaggaggctcctciggeccegtacagagaa
gectgtgggaaggatececacataagcagagggeactgtgggcaaagttcceccatectaageaagggaggcagageg
aagggtcctccaccatgggecgtaggaagggttccccaccacggacaaggggagetgtgggcaaaattttcctatcetgaa
gctgeagaaagaagtecectgttcctaggeegggcgeggtegttcatgectgtaatctcageactttgggaggecgaggca
ggcggatcatgaggtcaaacgatcgagaccagectggecaacatggtgaaaccetgtetctactaaaaatacaaaaattag
ctgggegeggtagegegagectgtagtcccagetactcgggaggctgaggcaggagaategtttgaatccaggagggga
ggttgcagtgageegagattgegecactgeactccagectggegacagagegagactcegtctcaaaaaaaaaaaaaag
aaaaaaagaaaaaaagaaaaaagtgticcetgtcctgggcagagaagetgtegatagtgttctctcatttgageagaagge
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gectgtgggaagggatccctcactgageacagtctactgtgggaaaagttctcecacacactgtgggaaaagttetcteatte
tgagcagaaaaccgtgaggaggtatcettcctaccccgggatgaggggcttcatggcggggatcgectacagtgggcata

cagggctgtcggaaggatgtgcccacagttggeatagtgggtgtgaaggaaaagggtecagtgattccegtgcttccagat
ttgtggaaagcttttcectactectgecctggaaaagtgtgtgcaataagactgtctaatccegggacagagggeatgggaa

ggactatttctecttgggggtggacgctitagcaaggagggctcaggtctattcggetecgetcecccaggagegeaggee
ctggagtgctacagetgegtgcagaaagcagatgacggatgctcccegaacaagatgaagacagtgaagtgcgegecgg
gcgtggacgtctgcaccgaggecgtgggggcggtegagaccagtgagtgggeacceccgggecacgeacaccactgc
aggctectceggeccagecccgectecttatagtectttetggatetggccacgecectttaacgeggecccaceccteecttt
cagcctggecgggaccctacgacacagecttgeaggecaggectictetattaacaattacaagegegaggageagagag
ttgagaactgggtegegcggacggggagagetcgggtttggaacgaggtcacgtectatgeactttttctgetccaccaatg
agacctceccatecctgectgtcaaccaggetgteteetcegactcagetetttgaggttcegecccegttecgtgaccecge
tecteectgetteggtegttctttcegetetgagegectetttgggggcgtecatcegecaatteetgectgteggtectgtggt
gttggcctatttgaggcecegeccctcecagacectacecaactctgggecacgecccatctgagaccacgeccacageta
atccegeccttgteccteteectagtccacggacaattctegetggeagtgeggggttecgettcgggactecccggeaaga
atgaccgcggectggatcttcacgggcttctggegttcatccagetgeageaatgegetcaggatcgetgcaacgecaage
tcaacctcacctcgeggegcgetcgacceggcag

IK genomic

gtgagecgttctccaaccctttggecccegatggecacgatgtggatgatectcactecttccaccagtgagtattttgtgcta
ggaccatggaaatgagttggecaatgaatagaaaagtggtegtegatggtgaaagaattctgaatgtcttgtcatcaaggatg
gtaaaaaattatacccgetggecctttatetetgtgagecttaactggatcaggecaagtgcataagggtattagaagggaaat
tcctgcaggaaaggtgttaagtitttttttttttttatacgtgttgtgtaattacacattatataggaattacttcttccaatagcaaatta
aaacataggaaataagggtaaaatcatctitttattttttttgagactgagtttcgctettgttgctcaggctggaatgcagtggtg
cgatcteggctcaccacaacctecgecteccgggttcaageaattctectgecteagecttccgagtagetgggattacagg
catgttccactacgcecggctaattttgtatttttagtagagatgggetttctecatgttgatcaggctggtcttgaaatccegact
tcaggtgatccaccegectctgecteccaaagtggtgggagtacaggegtgagecacegtgcctggeccccgataaaate
atctttgataacatccccaattccagtecatttctitttttttttctittetttctttettctittittttttttittgagacggagtcteactgtt
acccaggctggagtgcagtgatgeaatcttggetcactgeaacetctgectectgagttcaageggtteteetgectcagect
cccaagtagetgggactacaggceatgtgecaccatgeacgactgatttttttttttgtatttttagtagagacagggtttcactgtg
ttcgtcaggctggtettgaactcetggectgaagtgatccacecgectcagectectaaagtgctggeattacaggegtgage
caccgtgcccagectcagtecttttcttagaagtaaccacagttaccttttttggeatatcttttcetcecgttgeccaggetgga
gttcaatggcattatttctgetcacageaacctttgectectgggetcaageaattettctgecteagtttccccagtagetggga
ttacaggcatgccccaccatgettggctaatttttgtattagtagagacagggtttcgetatgttggecaggctggtettgaacte
ctgacctcaaatgatctgeecgtetcggeggcccaaagtgctgggattacaggegtgagecactgegectggecctectact
cttttttaaatgcatttatacacatacatgcatatctgaggaaaacacaacattgctttgtgatttaaaatatttgagttaaatgatatt
atgctgtatatatcatttttgcaacttgcttctttttaaaccctgctcagtgtttctgagattatetttcagageagtgacaagcattcc
ctecttggetaaactttagtcaggttccccaaagagtcecatttttcageaggactcatecgtggectgetgageacagttttaa
caaagaaatcaaccaccgctccacccccatacctaaccaagttgettttagtaattttctataaattcteacttgtcectgttgtatt
cggaattaagttcagtetctctactctattacaatggtcttgactcttgttacagtagtcttcaataaagtcttecttggggagaag
aggaacttgattagatatcaagttggattggatatcaagagtgggaaaactttctgtgaactgacttaggattectttttaaaact
gaggtcagcaggccaaggaagagecctagtcagaagagagctttaaaggagtctgactttaatttgatcaagagaggagtc
tttgttagtgtaccaattaaaataatctettgtaccattagtgctgtetttccetctttgggaaacaccatcatagtttagtcagtcte
cagctaataaacgcttagtctgtttcagactgattctittctittitttatttttttgagacagagtettgctctttttgcccaggetgga
gtgtaatacctagatctcggetcactgeaaactcegectcecaggttcaagegattttcetgectcagecteetgagtagetag
gattacaggcgeecaccacaacgeccagcetaatttttttgtatttttagtagagatggeatatcaccatgttggecatgetggtet
tgaactcctgacctcgggtgatecgectgegtcagectcecaaagtgeggegattataggtgtgagecactgeacceggec
agactgattattttcaaggctataactgaattaaatttacaggecttcttatatacatatgtcagtaatggaccaggctaaatataa
ataaatggagttgctggctcataggatatatatacttaaattttaacaaatactgcaaaattgeccttcaaattggttatactggttt
acattctcatcagcattatatgagagagtccccttcecaaattctcactcacacttgatttatcaaactttctggtagttaacactct

gatgcattaaaagtggeatggcatatctggtegggcgtggtggcttacacctataatcccageactttgggagectgagete
ggcagatcacctgaggtcagaagtttgggaccagectggecaacacctctaataaaaatacaaaaattagetgggtetgttg

gcgggcacctgtattcecagetacttgtgaggctgaggcaggagaattacttgaacccaggaggeagaggttgcagtege
ctgagatcatgecactgeactccageecggggcaacagagggagactetgtettaaaaaaaaaaaaaaaaagetgggtece
gtggctcatccctataatcccageactttgggaggecgaggteggtegatcacaaggtcaggagttcaagaccagectggc
caatatgggtgacagtgagactccgtctcaaaaaaaaaaaaacagtgtcatatctttgttitaatttgtatttcectgatttctgtta
atttaatcatgatttttacttgttcctttttcatttcttattgagtcetaatatttaaaatctttgecttttettictagatcaaaactcaccaa
tgaagacttcaggaaacttctcatgacccccagggetgcacctacctetgeaccaccttctaagtcacgtcaccatga

TEX 14 genomic

tggaggtgaaagaaatggcaaagaaageagetactggacagetcacagtacctecttggcatcctcagagtagtetgacttt
agagagcgaggctgaaaatgagecegacgccctgctgcagecececattaggageccagaaaacacggattggeageg
agttattgagtatcatagggaaaatgatgagcccagaggaaatggcaagtttgacaagacgggcaacaatgactgtgacag
tgaccagcatggeagacageccaggetiggaagettcaccagtaagticacttgegggaatcaggataggtgaactcaatc
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aagtatcagtcgggcgaggtggctcagectgtaattccageactttgggaggteaggcgageggatcacctgageccagg
aatttgggaccagcctggtcaacatgatgaaacctggtetctacaaaaaaaaaaaaaaaaaaaaaaaaaacattagetggg

cgtggtggcacacgectetagttccaggtacccaggaggctgaggteggageatcacttggacctgagaggtggaggtte
cagtgagctgtgatcatgaaactgeactccagettgggteacagtgagacectgtctcaaaataaaaataaaagtaaaaaaa
agttatcagctctcaaaaaagtaaactttccageatattttttttggtttggtectetetectttectactttictggaaaccttgaatte
caggggaagacagtatagccctatatctcattgeatttcccacaggeaaacagatccagacactgatcagtttttatattactga
aacaggtccctttgtccaaaggaagtaaaataatcaaatactgaccetggttttggcgaggaatcgatecttctttacctgggg
atagaggtaggccatcactgectactgeccatgtetetgeattgtattctaagetgaaattaaattctcccagaatttatttagaat
gtattctaagctggcattaaatttttccagagagtctatgctggaggaacctagagacacatgacatttattgtcatcggtttata

gatttacaggttaaaaaaaatgaaggctgtatattttcagttgataatttgcttataatcagggcatggatattgtttcacagttgttt
ataagttaaagaaagatacatctaaacttgtcatttgtcttaggcagaaaatctattggettgggtattatttgtatttagaatctgtt
tcttgtcaageatcactetcgaatgggtgggcagatgatccagggctgcattttggggtcaggctaaactaacagtetctacte
tctggactgaacctaacgtatgggacatggecactettggeagaatatgtatacatctettetttcatgecacetttatcetettee
atgttgtctgaatatcactgaatgactttgaccetgactgtgttacaatcattaggtatcaggeacccatetcccagacaaaagg
agcaaccagagcatagtgaagccttccaagcaagttctgacacattggtegctgtagagaaatcttacagt

TRPV3
upstream exon

ttttatccaagetgtgcttgtgatactgtetgtettcttgtacttgtttgectacaaagagtacctegectgectegtgctggecatg
geectgggctggecgaacatgetctactatacgcggeetttccagtccatgggcatgtacagegtcatgatccagaag

TRPV3
upstream intron

gtgcgttgagagetgcgecggegggagggcccteggaggatggccatttttcagatggggaaactgagatctggagagg
aagagggetttaccaaggggcaggtcactgctctttctcccaaatgecatgeacteectttgetttcggccaggctttaagtgt
caagaccttaaatcccccaggcttgtgggetectggggaggggtacagtttgtggaggaatgttctcacecctgggcagte

gegtgctggtaaacatttaacgactgtictgtetgtetetetgtgtatgtetetetetgtaggtegaatatgtatattccatatatat
acacaaaagacttatcatacattttactatataaacgatgtgtatcacacaatttgcaaataatgaaaatataccatgeagtttatt

gtaaattccacatagccagttgagtctcagaataatttgttgctttttttttttttttttggagaccaagtettgetetgetgcecagge
cagagtaaagtggtecgatctcggcteectgeaacctctgectectgggttcaageagttcteetgectcagectccagagta
gctgggatcacaggeacgcaccaccatgttggctaatttttgtatttttagtagagacagggtttcageatgttggccaggattg
tettgaactcetgaccteaggtgatcecacctgecteggectcecaaagtgetgggattacaggeatgaaccaccgegecag
gcctatttgttgctttttattgaattctagtttttgttgtcaacttttggttgcaattgacaaaagagtgctatcagacatgaatgttggt
tgagagttttctttataagcagtgattgaagtgaaacaattaagatttatgttgaactttacttgtttatcaatgatgtgagcaacttc
tttgctgaattggatactagtttgcaaataccagaataatattctgttgatatttttgtgctatacataatgtaaaggetgeagacag
aacacattttaaaatttaaactggattaatagtttctccatcactgtcttaaatcatttagatctagatatcaacaaaacaatgagtc
aatcaatctctgatttgtggcatttaccaattttcatgatgtaaatacagtagtccceccttattcttggggeagatgttctaagace
ccccatgaatgectgaaactgeagatagtaccaaacattatataatatgetatgttttttcctatacatatacatctatgcaaataat
gaaaatatactatacaatacagtttattgtaaattccacttagccagttgagtcttagaataatttttgetttttttttttttttttgtttgte
actgagtctcgetctgttgcccaggetggagtgcaatagtgeaatcteggeteactgeaacctetgectcecgggcetcaage
aattctcccgeeccagectectgagtagetgggactacaggeatgeaccatgeccagetaatttttgtatttttagtagagatgg
getttcgecatgttggccaggctggtetecaactettgacctcaggtgatcegtecegecteggectcccaaagtgctggggg
gtgggeoooooaatcaacaaattattctaagactcaactggctatgtggaatttataaaatttattttatcaattaggeatagtga
gattaatggcaataactaacagaacaatgataacaatatactgtaataaaagtatgtgaatgttgtctetctcagaatattgtattg
tgtgtaatatttctgggtcatagttgaccacaggcaaccaaaactgeagaaagtgaaatcgaagagaagggcggactactgt
tctectetcagggccaatttccagetaccaacattatgttactggacatagagttagggagaaacatgcagatccacatcgete
tagaattcctgecatatggcetatgatagagacaagtaacctcaaaageacacacaattgtaaatatagtgaaataactggacg
gggatgagttttgaacatttattgtetttgttttatitaattaaattaattaattaattaattttttgagacagagtetggctetgeecee
caggctggagtecagtggtgcgatctaggetcactgeaaccecttceteetgggttcaageaattctccegectcagectetg
gagtagctgggatcacaggtgtgteccaccacacccagetaatttttgtatttttagtagagacggggtttcgccatgttggec
aagctggcectecaactcctgacctcaggegatceacceaccteagectetcaaagtgttgggattacaggegtgagteactg
caccctggectgtetttgtittaaatataacttattttatttaattgtaagtitatatggttaattttttggcaatacaaataataatttctt
tacccccagctttattgaggtacagetgacatatataattgtataaatttaagatgtacaatgtgageatttgatataggtatatatt
gtgaaatgatttccaatttccaattaacacacccatcacctcacatagttgccattictttgtgtgtggteagaacatttatgatcta
ttctettagcaaatttctagtacacaacacggtattgttcactatagtcatcatgetgtceattagatccccagaacttattcatctta
ttcattgatttagttctgaataatggctgtgtttaacaaccagctcacaagettcatgagaatttaacgatcagetcttgegagete
ttctgagetggetccageatgecactgeececageaagtgtgaggattccagtgtgagaccetatggtgaaaggtacagggt
gaatcacagggagaagagaacctgggectggageagaaacagaaggcticetggaggaggcaggatccagtgttgage
cttggagcatcaggaggattigectgggggaagggagagtggcccaagtgaagagacagitagggtegeggetageag
agggtggoaagcaggaagatcagggteccetgaatatgtgctigcaccttacacttgaattatgtttatttecttatag

10

TRPV3
alternatively
spliced exon

gicattttgcatgatgtictgaagtictigtitgtatatatcgtgtitttgctiggatttggagtag
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11

TRPV3
downstream
intron

gtaattgatttataaataatagtaactcccacatttataaacactttatacagatgtcaaaatggcaaagtgeatggeggecttgg
caacaattagaccaactaccagtggggcacttgccatgettggeattttccaagceattacctttatatatatacatatatattttatt
atactttaagttctagggtacatgtgcacaacatgcaggtttgttacatatgtatacatgtgccatgttggtatgctgcacccatta
actcgtcatttacattaggtatatctcctaatcaageattacctttttacttctctcaacaacttgatcaagtgggaatcatcaccce
gatcataaggtaactgaggcttagagactccaggattcaaaccaggecagecactcataatccaacttcaccatgtggtatat
acctctggctttcecatteattgettacgtggecctcacgacctaagataggttctgcaagtgttttcageeccattttaacagat
gcggaaactaaagtccacagaaactcaactgatggtetttgcaaagtaggageaaactaatacectgaggtgatttectttgg
atttcacatcacgttactctcacagtttgctttagatacaactgtgagagectctetggtetgetgggaccaggaaggagecce
ctcttaaaatctctecatttacaacagagggaacageacgatctggttgtatttctaacctetgeatagagagatatcattttece
ccacgtaccagttgcttttttttcttttcttcagtgaccattgacatttgaaattaagtagetgtttccatctgtetggtaccttttctgg
gtcacaatttgcttatttatttgctcettcacctgcttgtttattcatccatctatttactetcteatttaatttgcteatccacctgtetate
cgtecatceatccatccatceatecatccatecatccatccaatcattcatceatcgatccatccattgatctatccatctatecat
ccatccatccatccatccatccatctaatcatccatceaatcatceatecatccatceatecatccatecatccatccagtcatce
atccattcatccatttaatcatccatccatcgatcaatcggtecatccatccagetatecatccatecatceatccatctaatcatte
atccatcaatccatccatccatccatccatecatccatecatccatccatctatccatccatccaatcatccatecatceatcgat
caatcagtccatccatccatctaatcatceatctaatcatccatceatccatccatccatecatccagtcatecatceattcatcea
tttaatcatccatccatccatcgatcaattggtecatccatccatctatceatecatceatecatccatctaatcacccatecatce
atccatccatccaatcatctatccatccatccatctaatcatctatceatecatccatccatccatccatccaatcatccatccate
catccatccatcectecatctaatcatccatccctecatccatecetceatatecatccatecatceatecatccatecatccaac
cattcagcagtgaacctctactgtggtgtettggaaagaagggaagtgteagectggtcttgctcacagggaactcaaaaca
gagcattaggaggagactcaggatcttacagecttgagggaggteacccaggctagaggaagtcaggagetcaaagact
agctgggeagecagggacacacacatggattataattagtggetctgeaaggetgcaagtgatcaagggeagactgegeg
gtaaaggaaggagagaagactctgggctttgttaggtggaagggctttctgcaggaggecaggecagagaagecagect
gatgaggctttgagaggacctgaaactggagatgggatttaatggccagagagaaggaggcageaggettgtcatgtagg
caaatacacgcaagcttgtagagtaattaccaggcagagagetgaggagageaccctgttatgtteccttag

12

TRPV3
downstream
exon

ccttggeetegetgatcgagaagtgtcccaaagacaacaaggactgeagetectacggeagettcagegacgeagtgctg

gaactcttcaagetcaccataggectgggteacctgaacatccageagaactccaagtateccattetctttetgtteetgctea
tcacctatgteatcctcacctttgttctcetcetcaacatgetcattgetctgatggecgagactgtggagaacgtctccaagga
gagcgaacgeatctggegectge

13

STK31 upstream
exon

aactctggtggtctecttacaatgagettggaacgagatcttcttgatgetgageccatgaaggaacttagcageaagegtect
ttggtacgtictgaggttaatgggcagataattctgttaaag

14

STK31 upstream
intron

gtaagtctaacttcttcttacttgtggeagattcagcageataaaggatagtggtectgttacatttcaagaaagaaaaaaccte

actgttagttttctaaagtgtataagttgactggcatgataattgtgcttgtagtitggtteccagaactaattttcacttttaaagttt

ccctcaattgaacaatgagaacacttggacacagggeggggaacatcaccegtgggggcctgteatggggteggggeca
ggggeagogatageattaggagaaatacctaatgtaaatgatgagttaatgggtecageaaaccaacatggcacatgtata

catatgtaacaaacctgeacgttgtgcacatgtaccctagaacttaaagtataataataaaaataagtatataaaagtcattaaat
aaagctttgtctcacaagaaaaaaaaataaagtttccetcatttccctaaatagaatatgtecttaataggatatactttectttttttt
tgggteaacttattatagtcatccaatatctttttaaaattcttgattttcttacatttctecttgaaatctcagetgtgttatcagtacaa
tcttetactctttaatttcttettctcattgatctgggaaactgttaatcatgataataagataattaatttggecttagttgctacacatt
ctagaatgtgtagcaggctacaggtagaattgcactttcettttccaaattatageattcaaagaagatagaaaagtacttataa

aattaaaaaataaaattagatttgatttaacttaaaataatgaattatgtttaaattggaatgatgtataattataatgagattttcatct
tggaattacgagtgcctettictttggtacaag

15

STK31
alternatively
spliced exon

gectattctgtggatgttgacacagaagecaaggtgattgagagageagecacctaccatagagettggagagaagetgaa
ggagactcagggttactgccattgatattcctgtttttatgtaag

16

STK31
downstream
intron

gtaaagttcttatgctaatctettgcagaaaccattttatcttgcagaaactattttatttaaaataaattttagctccaggttttagag
cagcagttcattccccttaacataaaagaaaaattatcccatagaatcaatgtatgetaaaaatatgttgaagaagtttttacttgg
agtcacattctctgttttgcttcttag

17

STK31
downstream
exon

tctgatcetatggettatctgatggteecatactaccctagggcaaacctgaatgetgtticaagecaacatgectttaaattcag
aa

18

USP25 upstream
exon

gtgtcacaacataatgaaagttgctcaagccaaactggaaatgataaaacctgaagaagtaaacttggaggaatatgag

19

USP25 upstream
intron

gtaatgtgctttcttagaggttaaactacagatttagggattctgtaattcactgatattcctttegtttcageccaactgaagttga
atttgttatgaatgatgagtaaaaaaattaagtttccaagtcaatgctcaagtaattaataattttatatgteattttaggattaacat
gatatgatagcatgtagaccaaaaagtttaaaatcaaaaaaggaagatttttggttttttatttcaatactaattctcaagtacttttt
aaatgaacttttctagcttaaaaacagaataacaaatgeattgttaattttgaaatcaacttagaaattgctgttacataataccaa
caagtaatatttatcaagaccctactatatgccaggcatttgtctaageectttacatatattaactgatttaattcagacagtaaca
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ctgtaagataggtagtgttcttattcccatttgacacacgagaaaataaggcatagageagtgaagtaacctgectaaggttttc
acagccacaagtttacagcttggctaatagaacctacattcttaactgttgcactacactgtgeaactgtacectgtgggctgta
ttttttecttcactttgattcatcagatatattttggggaagttaattcattttagtcectatatgecatatatgtttgtcatgagacagt
gttgtetgteagagageacttacataggtacttgtacatgtecttgtggeatttttttgtgcacaaaattattttttgtcaactttgge
tttaaaatattctttattttaattgatgaattcatacacctagtatttcttcacatttttaaatttaatcttatgcattgtcttttttttaatitat
aagtctagtaaattttaagtigttitcttgggtgectttgcttaatatttagticcatttacaaacttaattatggtactttagattcecta
aataattagtgtaattcactacacaaacagggaagaggaaagagagagaaaacactcattattgatgaaaaccttagetagtt
tggcgtataaggtaactaccttaattcactaaagagtgtctctaaaaacaaaaataggaaataataaaactgecageaaatatat
agaattgtgagcactgaaagcttaaaatttttgttgtcaaaagcaaggcaatgaaaataagcgaaaagtaaaatactggaaaa
gaagaaacaaagacatcattatttgtagttttttttaccttgaaattcaaataaaatctacaactgatgtattagaactagtaagac
agctttgcageatgcaaacttgtgtcagacatcaattttattcecttttgccagtaaaaaaagtatgagaaagtataaaagtgag
accatttacaatagtatctgaaactatggagtatatagaaataaatttaacaaaaggtgcgtetgacttctgtggggaaaattata
aaacttattgggagacattaacaaagacctaaataaatgggcatacatatggtatttggaaaacttgatattattaatatatagat
atcacttttcccccaaatgetttataaattcag

20

USP25
alternatively
spliced exon

tgcaggctgtatgaaaattccagcaagatgttttatggagettgataagecaactgaaaaatgttacggaaatgcaaagatce
cagtccacctcccatetctgacaageaa

21

USP25
downstream
intron

gttagtgaacagtataaagactttttaataaatggttctgggaaataaataaaatttgatttcttctttattccatatgcaaaaattcat
ttcaattgtgaaagactcctgtgtaaagetgtttagaagtcaacataggtagaageccaaagacattcatttatccataagagg
cactcactgaccagatatttttgaccaggatatgtaatctagagccagagaaattcaaaatttgttttctettgaccctgaggage
aagtcaagtcatcttttagctaataatgactccaaatctgtgecctecacattgattgagagetcttcecttgtecccaagatte gt
gttcatggaacttgatttttaattgtgacttgattctgcaatgettcettcagtttgcttcaacagattggactcattatgttttttttcat
aaaatcttctcatattctaactgcagggctgttaaatcatacaagtatttaaatgacttgtttttagattctgcatattectectatettt
gtcttgctctaagticagggttcagtaaaccatagectgeagaccagcettaccacctgtttttgtaaataaacttttattggaacat
gegccatttgtatacatattgtctgtggatactttcacactgcagttacagagttgagtaactgaagaagatgaggcttgcaaagt
ctaaaatattatctggecttttacagaaaaagtttgcctactcacaacttctaaggtgattctaatgacaacaaggaatgacagtt
tgaataccttccccagaaaagetaacttcatacttgcaggacaaattttacctitatttgttatgaagatctactaatageatgaaa
attatgtcttgaaaattaaaattaagactggatgtegtegctcatgcttataatcccageacttttggaaatcaaggeacaggga
gttgtttgaggccaggaatttgagaccggcctggccaacatagcaagaccectgtetatacaaaacagattaagtaattaactg
gaactgggagcatgcacctgtaattcaagetacttgggagacagaggtaggageattgctggageccagaaggtcaagtct
gcagttagecgtgatcgtgecactgeactgcagactgggeaactgagtgagaccetgtctccaaaaaaaaaaaaaaaagitt
atattcaaggagaatatcgttggctaataactatgtttcttatttttgtttataatgtttatataaaagecttaacacttttgttatcagta
ttcactttccaatttatcctacattgaatttcagttatttttcttgagtcaattattataaagtaagctaagaaaatcttgactttggtate
accttagaattatttagtcctattacatgcectatagttgtittggggstegegagegocattgaaatgtgaactgcagttattctt
ttaccatatctcatgtaaataaactattcgectacacacttaaagtcaaatttaccacatatttgc gaagttaaaaggttaaataaa
tctaactttttttagtttcttaaaattatgtattaagtatgtgtecaagetitgattcatactcagegtaatatttcattttcttccatcagtt
gatgtagatataataatagttcaataatatgattttatactgatgaatttttgagatgacctgattgattatcctgcctttatatttctgtt
atctgctagtaaaatctttattgtttaaaacatttcatatccatgectaataattittagatttaatgttgtattaataaatagtettgtgt
gccagaaagtaaagtcttgttttagtictgatgtatcttcattttgaactctttatttctattaattcagatagtagcgaaacagtgeat
tactttttgtacagtttcatagtactttttaaatcttactctgaacatttttaatattttctttcacctacag

22

USP25
downstream
exon

gagtggcatcaggattataggaaattcagggaaacaactatgtatctcataattgggctagaaaattttcaaagagaaa

23

GTF2B
upstream exon

gatcgaacaaataatttattcaagcaagtatatgaacagaagagectgaagggaagagetaatgatgctatagettctgcttgt
ctctatattgectgtagacaagaagggsticctaggacatttaaag

24

GTF2B
upstream intron

gtaagtttttagctttgttittttgtgtttatttatttgtitgtttgagatagggtctcactttgtcgecccaggecagagtgeagtggeg
caatcttgactcactgcaacctetgectcecaggttcaagetatactectgectcagectectgagtagetgggattacaggea
tgtgccaccacacctggttaacttttgtatttttagtagagacagggtttcgecatgttggecaggctggtctcaaacttetgace
tcaggtgatctgcccactttggecteccaaagtgetagaattaacaggegtgaggeactgtgcceatectaaaataacatttte

tacatcatattaaagaaacagaccaatgtcaggcagctttgacacttagaagctaagtcatctttattgtgactacagtaatcca

cttgagcatcatttgccaatgectacttatttcattcettgacageaaattcatageatgttcttttaggctgttttcecatgtagact

cattttagtccacgtaagcccactatgttcttttctagtgagatcttttgatggactgttgctttgtggectttcagaaggcectataat
cgtaaaccaaagtaggccgtttatacatttggtttacatggaaacagtttceatttctagcactggtctctgtagatgagggagtc
aagctttagaaagtatcagtgaaggccaggtatggtgtctcacacctgtaatcccagaactttgggageccgaggtegtteg

gtcatgaggccaggagttcaagaccagectggecaatatggtgaaacecegtctetactaaaaatacaaaaattagecagg

cgtggtggtgcgcgectgtagtcccagetactcaggaggctgaggeagaagaatcgettgaaaccgggaggcagaggtt

gcagtgagcegagatcacgecactacactecagectgggegacagagtgagacttcatctcaaaaaaaaaaaaaaaaaag
ttatcagttaagtttitctcttgaggtgtattgtitgcacttitacacttcagttaagaactggtatttttcatttag
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25 GTF2B tttgcagttacatgtgaatatgtgataatttgticagtgtigetcactgacticcactaccaaagetcagtttagetgaagactatac
alternatively ttaaccctttattcatcca
spliced exon
26 GTF2B gtgagtatttattttttatgtittcttacgtaaaagtgaagaggtgatggectttatcatcatcttttitgtigtitttataactaaaacaa
downstream cttttgttaaatttctictgaaagtgtgtegtegttgcatctgggaatagcagggtcagatatittatctcattgagetacageecat
intron aatcgcagggatttcatgcacacatgacattgtgttgcctaagaggcatectttagettgagtattttctttcaattccttggtaac
actgcttacaacagattaatacataaacatcaaagaatttttcatttaaagaaatttagttgtatgaattaatccttagagcagttaa
tattttgaaagattaagacctaaatttagccaggeacgatggetcacaccggtaatctcageactttgtgaggecgaggeagg
tagatcacgaggtcaggagtticaagaccagectggecaagatggtgaaaccccatctetactaaaaatacaaaaaattagec
ggetgtegtegcaggcgectgtaatcccaactactcgggtegeaggagaategetigaacccagggggeagaggttgca
gtgagecaagatggtgtcactgeactccagictggacgacagagtgaaatticatctcaaaaaacaaaaaaactctaaattga
aagagtgaagaacattaggccaggegeagtggctcatgectgtaatctcageactitgggaggccgaggtaggaggatca
cctgaggtcaggagtictagacaggectggecaacatggtgaaacccecatctctactaaaaatacaaaagttagecaggigt
ggtggtecacgectgtagtceccagetactcgggaggctgaggcaggagaatcacttgagectaggaggtggaggtigcag
tgagctgagatcatgecactacecttagictgggegacagagtgagacticatctcaaaaaaaaaggtgtgatgaacattaaa
gttaactgagaaatttgcagttaactctgtgggaagtatcactgagatgattagggtticatctttaaggtatgattgaatgttttac
aattagaatgtatattatgtttataattagaaatggtagatittaagatgaactatatggettaagtgaattgatttatttaattttttttct
titag
27 GTF2B aaatatgtgccgtatcacgaattictaagaaagaaattggtcggtgttttaaacttattitgaaagcgetagaaaccagtgtggat
downstream ttgattacaactggggacttcatgtccaggttctgttccaaccttigtcticctaaacaagtacagatggcagetacacatatage
exon ccgtaaagetgtggaactggactiggticctgggaggagecccatetctgtggcageggeagetatttacatggectcacag
geatcagctgaaaagaggacccaaaaag
28 LYPD3 atggaccccgecaggaaageaggtgeccaggecatgatctggactgeaggetggctgetgetgetgetgeticgeggag
upstream exon
29 LYPD3 gtgggtctgetgeccggagaggtegagegeotagagtggggectcttagggaggaggctectctggeceegtacagaga
upstream intron | aggctgtgggaaggatcccecacataagcagagggeactgtgggeaaagttcceecatectaageaagggaggeagagg
gaagggtcctecaccatgggecgtaggaagggttecccaccacggacaaggggagetgtgggcaaaattticetatcctg
aagctgcagaaagaagtcecctgticctaggecgggegeggtggticatgectgtaatctcageactttgggaggecgagg
caggcggatcatgaggtcaaacgatcgagaccagectggecaacatggtgaaaccetgictctactaaaaatacaaaaatt
agetgggegeggtagegegagectgtagtcceagetactegggaggctgaggeaggagaategittgaatccaggagge
gaggttgcagtgageegagattgecgecactgeactccagectggegacagagegagactcegtctcaaaaaaaaaaaaa
agaaaaaaagaaaaaaagaaaaaagtgticectgtcctgggcagagaagetgtgggtagtgtictctcatttgageagaag
ggegctgtggeaagggatecctcactgageacagictactgtgggaaaagtictecccacacactgtgggaaaagtictetca
ttctgagcagaaaaccgtgaggaggtatecttcctaccccgggatgagggecticatggeggggatcgectacagtgggc
atacagggctgtcggaaggatgtgcccacagttggeatagtgggtgtgaaggaaaagggtccagtgaticeegtgettcca
gatttgtggaaagcttticectactcctgecctggaaaagtgtgtgcaataagactgictaatcecgggacagagggeatggs
aaggactatttctccttgggegtogacgctitagcaaggagggectcaggictaticggetecgeteccecag
30 LYPD3 gagcgeaggeectggagtgctacagetgegtgcagaaageagatgacggatgetceccgaacaagatgaagacagiga
alternatively agtgecgegecgggegtggacgictgecaccgaggecgtgggggcggtggagacca
spliced exon
31 LYPD3 gtgagtggggacceccgggecacgeacaccactgeaggetectccggeccagecccgectecttatagtectttetggate
downstream tggecacgececctttaacgeggececacceetecctttcagectggecgggaccctacgacacagecttgeaggecagge
intron cttctctattaacaattacaagegegaggageagagagitgagaactgggtegegcggacggggagagetcgggtttgga
acgaggtcacgtcctatgeactttttctgetccaccaatgagacctecccatcectgectgtcaaccaggetgtctectecgac
tcagetctttgaggttccgecccegticegtgaceccgetecteectgeticggtegtictticcgetctgageggctettigge
ggegtecatcegecaattectgectgteggtectgtggtgttgecctatttgaggeccegececteccagaccetacccaact
ctgggccacgeccecatctgagaccacgeccacagetaatccegecctigtecctctecctag
32 LYPD3 tccacggacaattctegetggeagtgeggggtigeggticgggactceceggeaagaatgaccgeggectggatcttcacg
downstream ggcttctggegttcatccagetgeageaatgegetcaggatcgetgeaacgecaagetcaacctcacctegegggegetcg
exon acccggeag
33 IK upstream gtgagecgtictecaaccctttggecececgatggecacgatgtggatgatectcactecttccacca
exon
34 IK upstream gtgagtattttgtgctaggaccatggaaatgagitgggcaatgaatagaaaagtggtggteatggtgaaagaatictgaatgt
intron cttgtcatcaaggatggtaaaaaattataccegetggecctttatctctgtgagecttaactggatcaggecaagtgcataagg
gtattagaagggaaattcctgcaggaaaggtgttaagtttttttttttitttatac gtgtigtgtaattacacattatataggaattactt
cttccaatagcaaattaaaacataggaaataagggtaaaatcatctttttatitittttgagactgagtticgetcttgttgetcag
35 IK alternatively gctggaatgeagtggtgcgatctcggetcaccacaaccteegecteccgggticaageaatictectgectcagecttccga

spliced exon

gtagctggeattacaggcat
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36

IK downstream
intron

gttccactacgcecggctaattttgtatttttagtagagatgggstttctecatgttgatcaggctggtettgaaatcccgacttca
ggtgatccacccgectetgectcccaaagtggteggagtacaggegtgagecaccgtgectggeccecgataaaatcatct
ttgataacatccccaattccagtecattictitttttttttctittetttctittetttctittititittttttgagacggagtcteactgttace
caggctggagtgcagtgatgeaatettggetcactgeaacctetgectectgagttcaageggtictectgectcagecteee
aagtagctgggactacaggcatgtgccaccatgcacgactgatttttttttttgtatttttagtagagacagggtttcactgtgttc
gtcaggctggtettgaactectggectgaagtgatccaccegectcagectectaaagtgctggcattacaggegtgageca
ccgtgeccagectcagtecttttettagaagtaaccacagttaccttttttggeatatcttttcetcecgttgeccaggetggagtt
caatggcattatttctgctcacageaacctttgectectgggctcaageaattettetgectcagtttccccagtagetgggatta
caggcatgccecaccatgettggctaatttttgtattagtagagacagggtttcgetatgttggccaggctggtettgaactect
gacctcaaatgatctgeccgtcteggeggeccaaagtgctgggattacaggegtgagecactgegectggecctectactet
tttttaaatgcatttatacacatacatgcatatctgaggaaaacacaacattgctitgtgatttaaaatatttgagttaaatgatattat
gctgtatatatcatttttgcaacttgcttctttttaaaccetgctcagtgttictgagattatctttcagageagtgacaageattecct
ccttggctaaactttagtcaggttccecaaagagteccatttttcagcaggactcatcegtggectgetgageacagttttaaca
aagaaatcaaccaccgctccacececatacctaaccaagttgcttttagtaattttctataaattctcacttgtecctgttgtattcg
gaattaagttcagtctctctactctattacaatggtettgactettgttacagtagtettcaataaagtcttecttggggagaagag
gaacttgattagatatcaagttggattggatatcaagagtgggaaaactttctgtgaactgacttaggattcctttttaaaactga
ggtcagcaggecaaggaagagecctagtcagaagagagctttaaaggagtetgactttaatttgatcaagagaggagtettt
gttagtgtaccaattaaaataatctcttgtaccattagtgctgtcttteectetttgggaaacaccatcatagtttagtcagtcteca
gctaataaacgcttagtetgtttcagactgattcttttcttttttttatttttttgagacagagtcttgctctttttgcccaggctggagt
gtaatacctagatctcggctcactgeaaactcegectcecaggttcaagegattttcctgectcagectectgagtagetagga
ttacaggcgeccaccacaacgeccagetaatttttttgtattittagtagagatgggatatcaccatgttggecatgetggtettg
aactcctgacctcgggtgatccgectgegtcagectcecaaagtgeggegattataggtetgagecactgeacceggecag
actgattattttcaaggctataactgaattaaatttacaggccttcttatatacatatgtcagtaatggaccaggctaaatataaata
aatggagttgctggctcataggatatatatacttaaattttaacaaatactgcaaaattgeccttcaaattggttatactggtttaca
ttctcatcageattatatgagagagtccccttcccaaattctcactcacacttgatttatcaaactttctggtagttaacactetgat

gcattaaaagtggcatggcatatctggtcgggegtegtegcttacacctataatcccageactttgggaggctgaggtegec
agatcacctgaggtcagaagtttgggaccagectggecaacacctctaataaaaatacaaaaattagetgggtetettegcg

ggcacctgtattcccagcetacttgtgaggctgaggeaggagaattacttgaacccaggaggcagaggttgcagtggectga
gatcatgecactgeactccagecggggcaacagagggagactetgtettaaaaaaaaaaaaaaaaagetgggtecggteg
ctcatccctataatcccageactttgggaggccgaggtegetegatcacaaggtcaggagttcaagaccagectggecaat
atgggtgacagtgagactcegtctcaaaaaaaaaaaaacagtgtcatatctttgttttaatttgtatttcectgatttctgttaattta
atcatgatttttacttgttccttittcatttcttattgagtcctaatatttaaaatctitgecttttcttctag

37

IK downstream
exon

atcaaaactcaccaatgaagacttcaggaaacttctcatgacceccagggcetgcacctacctetgeaccaccttctaagteac
gtcaccatga

38

TEX14 upstream
exon

tggaggtgaaagaaatggcaaagaaageagetactggacagetcacagtacctecttggeatectcagagtagtctgacttt
agagagcgaggctgaaaatgagecegacgccctgctgcagecececattaggageccagaaaacacggattggeageg
agttattgagtatcatagggaaaatgatgagcccagaggaaatggcaagtttgacaagacgggcaacaatgactgtgacag
tgaccagcatggeagacageccaggcttggaagettcacca

39

TEX14 upstream
intron

gtaagttcacttgcgggaatcaggataggteaactcaatcaagtatcagtcgggegaggtggctcagectgtaattccagea
ctttgggaggtgaggcgageggatcacctgageecaggaatttgggaccagectggtcaacatgatgaaaccetggteteta

€a2222222222222333aaaaaaaaacattagetgggegtegtegcacacgectctagttccaggtacccaggaggctg
aggtgggaggatcacttggacctgagaggtegagettgcagtgagetgtgatcatgaaactgeactccagettgggteaca
gtgagaccctgtctcaaaataaaaataaaagtaaaaaaaagttatcagetctcaaaaaagtaaactttccageatattttttttgg
tttggtcctetctectttectacttttctggaaaccttgaattccaggggaagacagtatagecctatatcteattgeatttcccaca
ggcaaacagatccagacactgatcagtttttatattactgaaacag

40

TEX14
alternatively
spliced exon

gtcectttgtccaaaggaagtaaaataatcaaatactgaccctggtittggegaggaatcgatecttctttacctggggataga
g

41

TEX14
downstream
intron

gtaggccatcactgectactgeccatgtetctgcattgtattctaagetgaaattaaattctcecagaatttatttagaatgtattct

aagctggcattaaatttttccagagagtctatgctggaggaacctagagacacatgacatttattgtcatcggtttatagatttac

aggttaaaaaaaatgaaggctgtatattttcagttgataatttgcttataatcagggcatggatattgtttcacagttgtttataagtt
aaagaaagatacatctaaacttgtcatttgtcttaggcagaaaatctattggettgggtattatttgtatttagaatctgtttcttgte

aagcatcactctcgaatgggtgggcagatgatccagggctgcattitggggtcaggctaaactaacagtetctactctetgga
ctgaacctaacgtatgggacatggecactcttggeagaatatgtatacatetcttctttcatgecacetttatcetettceatgttgt
ctgaatatcactgaatgactttgaccetgactgtgttacaatcattag

42

TEX14
downstream
exon

gtatcaggceacccatctcccagacaaaaggageaaccagageatagtgaagecttccaageaagttctgacacattggteg
ctgtagagaaatcttacagt
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43

TRPV3
construct #1
(full)

ttttatccaagetgtgcttgtgatactgtetgtettcttgtacttgtttgectacaaagagtacctegectgectegtgctggecttg
gccctgggctgggcgaacaagetetactatacgeggggtitccagtccatcggettgtacagegtcatcatccagaaggtec
gttgagagetgegecggegggagegeccteggaggatggccatttttcagatggggaaactgagatctggagaggaaga
ggggtttaccaaggggcaggtcactgctctttctcccaaatgecatgeactecctttgetttcggecaggctttaagtgtcaag
accttaaatcccccaggcettgtggggtectggegaggoatacagtttgtggaggaatgtictcaccectgggeagtggegte
ctggtaaacatttaacgactgtictgtgtgtatatetetetatgtat stetetotaggtegaatat gtatattccatatatatacaca

aaagacttatcatacattttactatataaacgatgtgtatcacacaatttgcaaataatgaaaatataccatgcagtttattgtaaat
tccacatagecagttgagtctcagaataatttgttgctttttttttttttttttggagaccaagtettgetetgetgeccaggecagag
taaagtggtgcegatctcggetccctgeaacctetgectectgggttcaageagttctectgectcagectecagagtagetgg
gatcacaggcacgceaccaccatgttggctaatttttgtatttttagtagagacagggtttcagcatgttggccaggattgtcttga
actcctgacctcaggtgatccacctgecteggectcecaaagtgctgggattacaggeatgaaccaccgegecaggectatt
tgttgctttttattgaattctagtttttgttgtcaacttttggttgcaattgacaaaagagtgctatcagacatgaatgttggttgagag
ttttctttataagcagtgattgaagtgaaacaattaagatttatgttgaactttacttgtttatcaatgatgtgageaacttctttgctg
aattggatactagtttgcaaataccagaataatattctgttgatatttttgtgctatacataatgtaaaggctgcagacagaacaca
ttttaaaatttaaactggattaatagtttctccatcactgtcttaaatcatttagatctagatatcaacaaaacaatgagtcaatcaat
ctetgatttgtggcatttaccaattttcatgatgtaaatacagtagtccececttattettggggeagatgttctaagaccceccat
gaatgcctgaaactgcagatagtaccaaacattatataatatgetatgtittttcetatacatatacatctatgcaaataatgaaaat
atactatacaatacagtttattgtaaattccacttagccagttgagtcttagaataatttttgetttttititttttttttgttgtgactgag
tctegetetgttgcccaggctggagtgcaatagtgcaatetcggetcactgeaacctetgectecegggctcaageaattete

ccgecccagecteetgagtagetgggactacaggeatgeaccatgeccagetaatttttgtattttagtagagatgggstttc

gccatgttggecaggetggtctccaactettgaccteaggtgatcegtcegecteggectcccaaagtgctgggggstege

gggeegaatcaacaaattattctaagactcaactggctatgtggaatttataaaatttattttatcaattaggeatagtgagattaa
tggcaataactaacagaacaatgataacaatatactgtaataaaagtatgtgaatgttgtctctetcagaatattgtattgtgtgta
atatttctgggtcatagttgaccacaggeaaccaaaactgecagaaagtgaaatcgaagagaagggcggactactgttctect
ctcagggccaatttccagctaccaacattatgttactggacatagagttagggagaaacatgeagatccacatcgetetagaa
ttcetgecatatggctatgatagagacaagtaacctcaaaagcacacacaattgtaaatatagtgaaataactggacggggat
gagttttgaacatttattgtctttgttttatttaattaaattaattaattaattaattttttgagacagagtctggctctgccceccaggcet
ggagtgcagtggtgcgatctaggetcactgeaaccecttectectgggttcaageaattctecegectcagectetggagtag
ctgggatcacaggtgtgtgccaccacacccagctaatttttgtatttttagtagagacgggetttcgecatgttggccaagetg

gcctccaactectgacctcaggegatccacccaccetcagectctcaaagtgttgggattacaggcgtgagteactgeacect

ggcctgtctitgtittaaatataacttattitatttaattgtaagtitatat ggtitaattitttggcaatacaaataataatttctttaccee
cagctttattgaggtacagctgacatatataattgtataaatttaagatgtacaatgtgaggatttgatataggtatatattgtgaaa
tgatttccaatttccaattaacacacccatcacctcacatagttgccatttctttgtgtgtggtgagaacatttatgatctattctetta
gcaaatttctagtacacaacacggtattgttcactatagtcatcatgetgtccattagatceccagaacttattcatcttattcattg

atttagttctgaataatggctgtetttaacaaccagctcacaagettcatgagaatttaacgatcagetettgegagetettctga

gctggcetccageatgecactgeecccageaagtgtgaggattccagtgtgagaccetatggtgaaaggtacagggtgaate
acagggagaagagaacctggggctggagcagaaacagaaggcticctggaggaggcaggatccagtgttgagecttgg

agcatcaggaggatitggctgggggaagggagagiggcccaagtgaagagacagitagggiggggggtgggagageg
tgggaageaggaagatcagggteccgtgaatatgtgcttgcaccttacacttgaattatgtttatttccttataggteatttgcca

ccatgttctggagttcttgtttgtatatatcgtgtttttgcttggatttggagttggtaattgatttataaataatagtaactcccacatt
tataaacactttatacagatgtcaaaatggcaaagtgeatggeggccttggcaacaattagaccaactaccagtggggcactt
gccatgcttggcattttccaagceattacctttatatatatacatatatattttattatactttaagttctagggtacatgtgcacaacat
gcaggtttgttacatatgtatacatgtgccatgttggtatgctgcacceattaactcgteatttacattaggtatatctectaatcaa
gcattacctttttacttctctcaacaacttgatcaagtgggaatcatcaccecgatcataaggtaactgaggcttagagacteca
ggattcaaaccaggccagecactcataatccaacttcaccatgtggtatatacetetggettteccattcattgettacgtggec
ctcacgacctaagataggttctgcaagtgttttcageeccattttaacagatgeggaaactaaagtccacagaaactcaactga
tggtctttgcaaagtaggageaaactaataccctgaggtgattteetttggatttcacatcacgttactctcacagtttgctttaga
tacaactgtgagagcetctctggtetectgggaccaggaaggageeccectettaaaatctctecatttacaacagagggaac
agcacgatctggttgtatttctaacctctgeatagagagatatcattttcccccacgtaccagttgettttttttttttettcagtgac
cattgacatttgaaattaagtagctgtttccatctgtctggtaccttttctgggtcacaatttgcttatttatttgctecttcacctgctt
gtttattcatccatctatttactetcteatttaatttgetcatccacctgtetatcegtecatccatccatccatecatccatccatccat
ccatccaatcattcatccatcgatccatceattgatctatccatctatccatccatccatceatccatccatccatctaatcatccat
ccaatcatccatccatccatccatccatccatecatceatccagtcatccatccattcatecatttaatcatccatccatcgatcaa
tcggtecatccatccagetatceatecatccatccatecatctaatcattcatccatcaatccatccatccatccatecatceatee
atccatccatccatctatccatccatccaatcatceatccatceatcgatcaatcagtceatccatccatctaatcatccatctaat
catccatccatccatccatccatceatccagteatceatecattcatecatttaatcatccatccatccatcgatcaattggtceat
ccatccatctatccatccatecatccatccatctaatcacecatceatecatccatccatccaateatctatceatecatceateta
atcatctatccatccatccatccatccatccatccaatcatecatccatccatecatccatceccteeatctaatcatecatcectee
atccatcectccatatccatecatccatccatccatccatccatccaaccattcageagtgaacctctactgtggtgtattggaa
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agaagggaagtgtgagcctggtettgctcacagggaactcaaaacagageattaggaggagactcaggatcttacageett
gagggaggtgacccaggctagaggaagtcaggagetcaaagactagetggggagecagggacacacacatggattata

attagtggctctgcaaggctgcaagtgatcaagggeagactgcggggtaaaggaaggagagaagactctgggctttgttag
gtggaaggectttctgcaggaggccaggecagagaagecagectgatgaggctitgagaggacctgaaactggagatgg
gatttaatggccagagagaaggagecageaggcttgtcatgtaggcaaatacacgeaagettgtagagtaattaccaggea
gagagctgaggagageaccctgttatgttcecttagecttggectegettatcgagaagtgteccaaagacaacaaggactg
cagctectacggeagcttcagegacgeagtgctggaactcttcaagetcaccattggectgggteacctggacatccagea

gaactccaagtatcecattetetttetgttectgeteatcacctatgtcatectcacetttgttctectectcaacatgeteattgetet

tatgggcgagactgtggagaacgtctccaaggagagegaacgeatetggegeetgc

44 TRPV3
construct #2
(minimal v1)
Also referred to
as V1B

ttttatccaagetgtgcttgtgatactgtetgtettcttgtacttgtttgectacaaagagtacctegectgectegtgctggecttg

gccctgggctgggcgaacaagetetactatacgeggggtitccagtccatcggettgtacagegtcatcatccagaaggtec
gttgagagetgegecggegggagegeccteggaggatggccatttttcagatggggaaactgagatctggagaggaaga
ggggtitaccaaggggeagttagggteggegeteggagagggtgggaageaggaagatcagggteccetgaatatgty

cttgcaccttacacttgaattatgtttatttccttataggtcatttgccaccatgttctggagttcttgtttgtatatatcgtgtttttgctt
geatttggagttggtaattgatttataaataatagtaactcccacatttataaacactttatacagatgtcaaaatggcaaagtgca
tggcggccttggcaacaattagaccagaaggaggcageaggcttgtcatgtaggcaaatacacgcaagcettgtagagtaat
taccaggcagagagctgaggagageaccetgttatgttcecttagecttggectegettatcgagaagtgtcccaaagacaa
caaggactgcagctcctacggeagcttcagegacgeagtgctggaactcttcaagetcaccattggectgggtgacctgga
catccagcagaactccaagtatcccattetctttctgttcetgetcatcacctatgteatecteacctttgtteteetectcaacatg

ctcattgctcttatgggcgagactgtggagaacgtctccaaggagagegaacgeatctggegectge

45 TRPV3
construct #3
(minimal v2)
Also referred to
as V2B

tctactatacgcggggtttccagtccatcggettgtacagegteatcatccagaaggtgcgttgagagetgcgeeggeggga
gggeccteggaggatggccattttgtgaatatgtgcttgeaccttacacttgaattatgtttatttecttataggteatttgecacce

atgttctggagttcttgtttgtatatatcgtgtttttgcttggatttggagttgataatt gatttataaataatagtaactcccacatttat
aaacactttatagtaattaccaggcagagagctgaggagagcaccctgttatgttcecttagecttggectegettatcgagaa
gtgtcccaaagacaacaaggactgeagetectacggeagcettcagegacgeagtgctggaactet

46 STK31 construct
#1 (full)

aactctggtggtctecttacaatcagettggaacgagatcttettgaagetgageecttgaaggaacttageageaagegtect
ttggtacgttctgaggttattggecagataattctgttaaaggtaagtctaacttcticttacttgtgggagattcageageataaa
geatagtggtectettacatttcaagaaagaaaaaacctcactgttagttttctaaagtgtataagttgactggcatgataattgt
gcttgtagtttggtteccagaactaattttcacttttaaagtttcectcaattgaacaatgagaacacttggacacagggeggeg
aacatcacccgtggggecctgtcatggegtegeooocaggegoagggatageattaggagaaatacctaatgtaaatgat
gagttaatgggtecagcaaaccaacatggcacatgtatacatatgtaacaaacctgeacgttgtgcacatgtaccctagaact
taaagtataataataaaaataagtatataaaagtcattaaataaagctttgtctcacaagaaaaaaaaataaagtttccctcatttc
cctaaatagaatatgtccttaataggatatactttectttttttttgggtgaacttattatagtcatccaatatctttttaaaattcttgatt
ttcttacatttctecttgaaatctcagetgtgttatcagtacaatcttctactctttaatttettcttcteattgatctgggaaactgttaa
tcatgataataagataattaatttggccttagttgctacacattctagaatgtgtageaggctacaggtagaattgcactttectttt
ccaaattatagcattcaaagaagatagaaaagtacttataaaattanaaaataaaattagatttgatttaacttaaaataatgaatt
atgtttaaattggaatgatgtataattataatgagattttcatcttggaattacgagtgcctetttetttggtacaagggctattctgt
gettgttgacacagaagccaaggtgattgagagageagecacctaccatagagettggagagaagetgaaggagactcag
ggttactgccattgatattcctgccaccatgaaaggtaaagttcttatgetaatctettgecagaaaccattttatcttgcagaaact
attttatttaaaataaattttagctccaggttttagagcageagttcattceccttaacataaaagaaaaattatcccatagaatcaa
tgtatgctaaaaatatgttgaagaagtttttacttggagtcacattctetgttttgcttcttagtctatcctatggettatctgatggte
ccatactaccctagggcaaacctgaatgctgticaagccaacatgectttaaattcagaa

47 STK31 construct
#2 (minimal v1)

aactctggtggtctecttacaatcagettggaacgagatcttettgaagetgageecttgaaggaacttageageaagegtect
ttggtacgttctgaggttattggecagataattctgttaaaggtaagtctaacttcticttacttgtgggagattcageageataaa
geatagtggtectgttacatttcaagaaagaaaaaacctcactgttagttttctaatttaacttaaaataatgaattatgtttaaattg
gaatgatgtataattataatgagattttcatcttggaattacgagtgcctctttctttggtacaagggctattctgtegttgttgacac
agaagccaaggtgattgagagagcagecacctaccatagagettggagagaagetgaaggagactcagggttactgecat
tgatattcctgecaccatgaaaggtaaagttcttatgetaatctettgecagaaaccattttatcttgcagaaactattttatttaaaat
aaattttagctccaggttttagagcageagttcattceccttaacataaaagaaaaattatcccatagaatcaatgtatgctaaaa
atatgttgaagaagtttttacttggagtcacattctetgttttgettcttagtctatcctatggettatctgatggteccatactacect

agggcaaacctgaatgetgttcaagcecaacatgectttaaattcagaa

48 USP25 construct
#1 (full)

gtgtcacaacatattgaaagttgctcaagccaaactggaattgataaaacctgaagaagtaaacttggaggaatatcaggtaa
tgtgctttcttagaggttaaactacagatttagggattctgtaattcactgatattectttcgtttcageccaactgaagttgaatttg
ttatgaatgatgagtaaaaaaattaagtttccaagtcaatgctcaagtaattaataattttatatgtgattttaggattaacatgatat
gatagcatgtagaccaaaaagtttaaaatcaaaaaaggaagatttttggttitttatttcaatactaattctcaagtactttttaaatg
aacttttctagcttaaaaacagaataacaaatgcattgttaattttgaaatcaacttagaaattgctgttacataataccaacaagt
aatatttatcaagaccctactatatgccaggeatttgtctaagecctttacatatattaactgatttaattcagacagtaacactgta
agataggtagtgttcttattcccatttgacacacgagaaaataaggcatagageagtgaagtaacctgectaaggttttcacag
ccacaagtttacagcttggctaatagaacctacattcttaactgttgeactacactgtgcaactgtaccetgtgggcteatattttt




WO 2024/227074

PCT/US2024/026643
-99 .

ccttcactttgattcatcagatatattttggggaagttaattcattttagtccctatatgccatatatgtttgtcatgagacagtgttgt
gtgtgagagagcacttacataggtacttgtacatgtgcttgtgggatttttttgtgcacaaaattattttttgtcaactttggctttaa
aatattctttattttaattgatgaattcatacacctagtatttcttcacatttttaaatttaatcttatgcattgtetttittitaatttataagt
ctagtaaattttaagttgttttcttgggtgcctitgcttaatatttagttccatttacaaacttaattatggtactttagattccctaaata
attagtgtaattcactacacaaacagggaagaggaaagagagagaaaacactcattattgatgaaaaccttagetagtttggc
gtataaggtaactaccttaattcactaaagagtgtctctaaaaacaaaaataggaaataataaaactgcagcaaatatatagaa
ttgtgagcactgaaagcttaaaatttttgttgtcaaaagcaaggeaatgaaaataagegaaaagtaaaatactggaaaagaag
aaacaaagacatcattatttgtagttttttttaccttgaaattcaaataaaatctacaactgatgtattagaactagtaagacagettt
gcagcatgcaaacttgtgtcagacatcaattttattcccttttgccagtaaaaaaagtatgagaaagtataaaagtgagaccatt
tacaatagtatctgaaactatggagtatatagaaataaatttaacaaaaggtgcgtgteactictgtggggaaaattataaaactt
attgggagacattaacaaagacctaaataaatgggcatacatatggtatttggaaaacttgatattattaatatatagatatcactt
ttcecccaaatgctttataaattcagtgcaggctgtatgaaaattccageaagatgttttatcgagettgataagecaactgaaa
aatcttacggaattgccaccatgecagtccaccteccatetctgacaageaagttagtgaacagtataaagactttttaataaat
ggttctgggaaataaataaaatttgatttcttctttattccatatgeaaaaattcatttcaattgtgaaagactcetgtgtaaagetgt
ttagaagtcaacataggtagaagcccaaagacattcatttatccataagaggcactcactgaccagatatttttgaccaggata
tgtaatctagagccagagaaattcaaaatttgttttctcttgacectgaggageaagtcaagtcatcttttagetaataatgactee
aaatctgtgccctecacattgattgagagetcttcecttgtceccaagattegtgttcatggaacttgatttttaattgtgacttgatt
ctgcaatgcttccttcagtttgcttcaacagattggactcattatgttttttttcataaaatcttctcatattctaactgecagggctgtta
aatcatacaagtatttaaatgacttgtttttagattctgcatattcetcctatctttgtcttgetctaagttcagggttcagtaaaccat
agcctgeagaccagcttaccacctgtttttgtaaataaacttttattggaacatggecatttgtatacatattgtctgtggatacttt
cacactgcagttacagagttgagtaactgaagaagatgaggcttgcaaagtctaaaatattatctggecttttacagaaaaagt
ttgcctactcacaacttctaaggtgattctaatgacaacaaggaatgacagtttgaataccttccccagaaaagctaacttcata
cttgcaggacaaattttacctttatttgttatgaagatctactaatagcatgaaaattatgtcttgaaaattaaaattaagactggat
gtggtegctcatgcttataatcccageacttttggaaatcaaggeacagggagttgtttgaggccaggaatttgagaccggec
tggccaacatagcaagaccctgtctatacaaaacagattaagtaattaactggaactgggageatgeacctgtaattcaaget
acttgggagacagaggtaggaggattgctggageccagaaggtcaagtctgcagttagecgtgatcgtgecactgeactg
cagactgggcaactgagtgagaccctgtctccaaaaaaaaaaaaaaaagtttatattcaaggagaatatcgttggctaataac
tatgtttcttatttttgtitataatgtttatataaaagccttaacactittgttatcagtattcactttccaatttatcctacattgaatttcag
ttatttttcttgagtcaattattataaagtaagctaagaaaatcttgactttggtatcaccttagaattatttagtcctattacatgeect
atagttgttttgggeetggegagegocattgaaatgtgaactgeagttattcttitaccatatctcatgtaaataaactattcgect
acacacttaaagtcaaatttaccacatatttgcgaagttaaaaggttaaataaatctaactttttttagtttcttaaaattatgtattaa
gtatgtgtccaagetttgattcatactcagegtaatatttcattttcttccatcagttgatgtagatataataatagttcaataatatga
ttttatactgatgaatttttgagatgacctgattgattatectgectttatatttctgttatctgctagtaaaatetttattgtitaaaacat
ttcatatccatgectaataatttttagatttaatgttgtattaataaatagtctigtgtgccagaaagtaaagtcttgttttagtictgat
gtatcttcattttgaactctttatttctattaattcagatagtagcgaaacagtgcattactttttgtacagtttcatagtactttttaaat
cttactctgaacatttttaatattttctttcacctacaggagtggcatcaggattataggaaattcagggaaacaactatgtatcte
aaaattgggccagaaaattttcaaagagaaa

49

USP25 construct
#2 (minimal v1)

gtgtcacaacatattgaaagttgctcaagccaaactggaattgataaaacctgaagaagtaaacttggaggaatatcaggtaa
tgtgctttcttagaggttaaactacagatttagggattctgtaattcactgatattectttcgtttcageccaactgaagttgaatttg
ttatgaaaacaaagacctaaataaatgggcatacatatggtatttggaaaacttgatattattaatatatagatatcacttttccec
caaatgctttataaattcagtgcaggctgtatgaaaattccageaagatgttttatcgagettgataagecaactgaaaaatctta
cggaattgccaccatgecagtccacctcecatctctgacaageaagttagtgaacagtataaagactttttaataaatggttctg
ggaaataaataaaatttgatttcttctttattccatatgcaaaaattcatttcaattgtgaattcagatagtagcgaaacagtgeatt
actttttgtacagtttcatagtactttttaaatcttactctgaacatttttaatattttctttcacctacaggagtggcatcaggattata
ggaaattcagggaaacaactatgtatctcaaaattgggccagaaaattttcaaagagaaa

50

GTF2B
construct #1
(full)

gatcgaacaaataatttattcaagcaagtataagaacagaagagectgaagggaagagctattgatcetatagettetgcttgt
ctetatattgectgtagacaagaaggggticctaggacatttaaaggtaagtttttagetitgtttttttgtatitgtitgtitgtttgttt
gagatagggtctcactttgtcgeccaggecagagtgcagtggegeaatcttgactcactgeaacctctgectcecaggttca

agctatactcctgectcagectectgagtagetgggattacaggcatgtgecaccacacctggttaacttttgtatttttagtaga
gacagggtttcgccatgttggecaggctggtctcaaacttctgaccteaggtgatctgeccactttggectcccaaagtgcta

gaattaacaggcgtgaggcactgtgcecatcctaaaataacattttctacatcatattaaagaaacagaccaatgtcaggeag
ctttgacacttagaagctaagtcatctttattgtgactacagtaatccacttgageatcatttgecaatgectacttatttcattectt

gacagcaaattcatagcatgttcttttaggctgttttcccatgtagactcattttagtccacgtaageecactatgttcttttctagtg
agatcttttgatggactgttgctttgtgggctttcagaaggcctataatcgtaaaccaaagtaggecgtttatacatttggtttaca
tggaaacagtttccatttctageactggtetctgtagatgagggagtcaagcetttagaaagtatcagtgaaggecaggtatggt
gtctcacacctgtaatcccagaactttgggaggccgaggtegttgggteatgaggccaggagttcaagaccagectggeca
atatggtgaaaccccgtetctactaaaaatacaaaaattagccaggegtggtggtgcgegectgtagtcccagetactcagg

aggctgaggcagaagaatcgettgaaaccgggaggcagaggttgeagtgagecgagatcacgecactacactccagect
ggocgacagagtgagacttcatctcaaaaaaaaaaaaaaaaaagttatcagttaagttttttctcttgaggtetattgtttgcact
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tttacacttcagttaagaactggtatttttcatttagtttgcagttacttgtgaatatctgataatttgttcagtgttgctcactgacttc

cactaccaaagctcagtttagctgaagacgccaccatggectttattcatccagtgagtatttattttttatgttttcttacgtaaaa

gtgaagaggtgatggcctttatcatcatcttttttgttgtttttataactaaaacaacttttgttaaatttcttctgaaagtgtetegteg
ttgcatctgggaatagcagggtcagatattttatctcattgagctacageecataatcgeagggatttcatgeacacatgacatt
gtgttgcctaagaggcatectitagettgagtattttetttcaattecttggtaacactgcttacaacagattaatacataaacatca
aagaatttttcatttaaagaaatttagttgtatgaattaatccttagagcagttaatattttgaaagattaagacctaaatttagccag
gcacgatggctcacaccggtaatctcageactttgtgaggccgaggcaggtagatcacgaggtcaggagttcaagaccag
cctggecaagatggtgaaaccecatctctactaaaaatacaaaaaattagecgggtgtggtggcaggcgectgtaatcccaa
ctactcgggtggcaggagaatcgettgaacccagggggcagaggttgcagtgagecaagatggtgtcactgeactccagt
ctggacgacagagtgaaatttcatctcaaaaaacaaaaaaactctaaattgaaagagtgaagaacattaggccaggcgeag

tggctcatgectgtaatctcageactttgggageccgaggtaggaggatcacctgaggtcaggagttctagacaggectgg
ccaacatggtgaaaccccatctetactaaaaatacaaaagttagecaggtgtegtegtecacgcectgtagtcccagetacte

gggagectgaggcaggagaatcacttgagectaggaggtggaggttecagtgagetgagatcatgecactaccettagtet
gggcgacagagtgagacttcatctcaaaaaaaaaggtgtgatgaacattaaagttaactgagaaatttgcagttaactetgtg

ggaagtatcactgagatgattagggtttcatctttaaggtatgattgaatgttttacaattagaatgtatattatgtttataattagaa

atggtagattttaagatgaactatatggcttaagtgaattgatttatttaattttttttcttttagaaatatgtgccgtatcacgaatttct
aagaaagaaattggtcggtgttttaaacttatttagaaagegcttgaaaccagtgtggattttattacaactggggacttcatgte
caggttctgttccaacctttgtcticctaaacaagtacagatggcagetacacatattgeccgtaaagetgtggaactggacttg
gttcetgggaggagecccatctetgtggeageggeagctatttacatggectcacaggeatcagetgaaaagaggacccaa
aaag

51

GTF2B
construct #2
(minimal v1)

gatcgaacaaataatttattcaagcaagtataagaacagaagagectgaagggaagagctattgatcetatagettetgcttgt
ctetatattgectgtagacaagaaggggticctaggacatttaaaggtaagtttttagetitgtttttttgtatitgtitgtitgtttgttt

gagatagggtctcactttgtcgcccaggecagagtgcagtggegeaatcttgactcaaaaaaaaaaaaaaaaaagttatcag
ttaagttttttctctigaggtetattgtitgeacttttacacttcagttaagaactggtatttitcatttagtitgeagttacttgt gaatat

ctgataatttgttcagtgttgctcactgacttccactaccaaageteagtttagetgaagacgecgecaccatggectttattcat

ccagtgagtatttattttttatgttticttacgtaaaagtgaagaggtgatggcctttatcatcatctitittgttgtttttataactaaaa

caacttttgttaacaattagaatgtatattatgtttataattagaaatggtagattttaagatgaactatatggcttaagtgaattgatt
tatttaattttttttcttttagaaatatgtgccgtatcacgaatttctaagaaagaaattggteggtgttttaaacttatttagaaageg

cttgaaaccagtgtggattttattacaactggggacttcatgtccaggttctgttccaacctttgtettcctaaacaagtacagatg
gcagctacacatattgeccgtaaagetgtggaactggacttggttectgggaggagecccatetetgtggecageggeageta
tttacatggcectcacaggeatcagetgaaaagaggacccaaaaag

52

LYPD3
construct #1
(full)

gaccccgecaggaaageaggtgeccaggecttgatctggactgeaggetggcetgctectgetgcetgcttcgeggaggteg
gletgetgeccggagagetggagggegtagagtgggggcictiagggaggagectectetggeccegtacagagaagg
ctgtgggaaggatccecacataagcagagggeactgtgggcaaagttcceccatectaageaagggaggcagagggaa
geggtcctecaccatgggecgtaggaagggttccccaccacggacaaggggagetgtgggcaaaattttcetatcctgaag
ctgcagaaagaagtccectgttcctaggeegggcgegatgattcatgectgtaatctcageactttgggageccgaggcag
gcggatcatgaggtcaaacgatcgagaccagectggecaacatggtgaaacectgtetctactaaaaatacaaaaattaget
gggcgeggtagegegagectgtagteccagetactcgggaggctgaggcaggagaategtitgaatccaggagggeag
gttgcagtgagecgagattgegecactgeactcecagectggegacagagegagactecgtctcaaaaaaaaaaaaaagaa
aaaaagaaaaaaagaaaaaagtgttccetgtcetgggcagagaagetgtgggtagtgttctcteatttgageagaagggee
ctgtgggaagggatcccetcactgageacagtctactgtgggaaaagttetcccacacactgtgggaaaagttetetcattctg
agcagaaaaccgtgaggaggtatccttectacccegggatgaggggcttcatggeggggategectacagtgggceataca
ggectgtcggaaggatgtecccacagttggcatagtgggtetgaaggaaaagggtccagtgattcecgtgcttceagatttg
tggaaagctittcectactectgecctggaaaagtgtgtgcaataagactgtctaatccegggacagagggeatgggaagga
ctatttctcettgggegtegacgctitagcaaggagggctcaggtctattcggctcegetececcaggagegeaggecetgg
agtgctacagetgegtgcagagecaccatggeggatceetccccgaacaagatcaagacagttaagtgegegecgggegt
ggacgtctgeaccgaggecgtgggeecggtggagaccagtgagtggggaccccecgggecacgeacaccactgeagge
tectceggeccagececgectecttatagtectttctggatctggccacgecectttaacgeggececaceccteectttcage
ctggecgggaccetacgacacagecttgecaggecaggecttetctattaacaattacaagegegaggageagagagttga

gaactgggtggegcggacggegagagetcgggtitggaacgaggtcacgtectatgeactttttctgctecaccaatgaga
ccteeccatecctgectgtcaaccaggetgteteetecgactcagctetttgaggttcegeececgttecgtgacecegetect

cectgetteggtegttctttccgetetgageggcetetttgggggegtecatcegecaatteetgectgteggtectgtggtettg
gcctatttgaggeeccgeccctcccagacectacecaactcetgggecacgecceatetgagaccacgeccacagetaatce
cgeccttgteecteteectagtccacggacaattctegetggeagtecggggttgcggttcgggactccecggeaagaatga
ccgeggectggatettcacgggcttctggcgttcatccagetgeageattgegetcaggategetgeaacgecaageteaac
ctcacctegegggegetcgacccggeag

53

LYPD3
construct #2
(minimal v1)

gaccccgecaggaaageaggtgeccaggecttgatctggactgeaggetggcetgctectgetgcetgcttcgeggaggteg
gictgetgeocggagaggiggagggggtagagigggggcicitagggaggaggciccictggocecgtacagagaagg

(((((
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Also referred to
as V1A

aggagggctcaggtctattcggctcegetececcaggagegeaggecctggagtgctacagetgegtgcagagecaceat
ggcggatectccccgaacaagatcaagacagttaagtgcgegecgggegtggacgtetgeaccgaggecgtggggece
gtggagaccagtgagtggggaccecegggccacgeacaccactgeaggcetectecggeccageccegectecttatagt
cctttctggatetggecacgecectttaacgetatttgaggeecegeccctcecagacectacecaactetgggecacgece
catctgagaccacgcccacagetaatccegeecttgteectetcectagtccacggacaattctegetggeagtgegggett
gcggttcgggactececggeaagaatgacegeggectggatcttcacgggctictggcgttcatccagetgeageattgeg
ctcaggatcgetgcaacgecaagetcaaccteacctegegggegctegacecggeag

54

LYPD3
construct #3
(minimal v2)
Also referred to
as V2A

getgetgetgetgetgettcgeggaggigggicigetgeccggagaggiggagggggtagagiggggacictiaggigga
cgetttagcaaggagggctcaggtetattcggetecgeteccccaggagegeaggcecctggagtgctacagetgegtgca

gagccaccatggeggatcctceccgaacaagatcaagacagttaagtgegegeeggecgtggacgtcetgcaccgaggcc
gtgggoocegtggagaccagtgagtggggaccecegggecacgeacaccactgeaggctectecggeccecatctgag
accacgcccacagctaatccegeccttgtecctetcectagtccacggacaattctegetggeagtgeggggttgcggticg
ggactccccggcaaga

55

IK construct #1
(full)

gtgagecgttctccaaccectttggececegttggecacgatetggaagatecteactcettccaccagtgagtattttgtectag
gaccatggaaatgagttggecaatgaatagaaaagtggtegteatggteaaagaattctgaatgtcttgtcatcaaggatggt
aaaaaattatacccgetggecctttatctctgtgagecttaactggatcaggecaagtgcataagggtattagaagggaaattc
ctgcaggaaaggtettaagtttttttttttttttatacgtgttgtgtaattacacattatataggaattacttcttccaatagcaaattaa
aacataggaaataagggtaaaatcatctttttattttttttgagactgagtttcgetctigttgctcaggetggaatgeagtggtec
gatctcggetcacgecaccatgggectcecgggttcaageaattetectgectcagecttccgagtagetgggattacagge
atgttccactacgcccggctaattttgtatttttagtagagatggggtttctceatgttgatcaggetggtettgaaatcccgactt
caggtgatccaccegeetctgectcccaaagtggtgggagtacaggegtgagecaccgtgectggeececgataaaatca
tetttgataacatceccaattccagtecatticttttittittctittctittetittctitetttttttitttttttgagacggagtcteactgtta
cccaggetggagtecagtgatgeaatettggeteactgeaacctetgectectgagttcaageggttcetectgectcagecte
ccaagtagctgggactacaggeatgtgccaccatgeacgactgatttttttttttgtatttttagtagagacagggtttcactgtgt
tcgtcaggetggtettgaactcetggectgaagtgatecaccegecteagectcctaaagtgctggeattacaggegtgage
caccgtgcccagectcagtecttttcttagaagtaaccacagttaccttttttggeatatcttttcetcecgttgeccaggetgga
gttcaatggcattatttctgetcacageaacctttgectectgggctcaageaattettctgecteagtttccccagtagetggga
ttacaggcatgccccaccatgettggctaatttttgtattagtagagacagggtttcgetatgttggecaggctggtettgaacte
ctgacctcaaatgatctgeecgtetcggeggcccaaagtectgggattacaggegtgagecactgegectggecctectact
cttttttaaatgcatttatacacatacatgcatatctgaggaaaacacaacattgctttgtgatttaaaatatttgagttaaatgatatt
atgctgtatatatcatttttgcaacttgcttctttttaaaccctgctcagtgtttctgagattatetttcagageagtgacaagcattcc
ctecttggetaaactttagtcaggttccccaaagagtcecatttttcageaggactcatecgtggectgetgageacagttttaa
caaagaaatcaaccaccgctccacccccatacctaaccaagttgettttagtaattttctataaattcteacttgtcectgttgtatt
cggaattaagttcagtetctctactctattacaatggtettgactcttgttacagtagtcttcaataaagtcttecttggggagaag
aggaacttgattagatatcaagttggattggatatcaagagtgggaaaactttctgtgaactgacttaggattectttttaaaact
gaggtcagcaggccaaggaagagecctagtcagaagagagctttaaaggagtctgactttaatttgatcaagagaggagtc
tttgttagtgtaccaattaaaataatctettgtaccattagtgctgtetttccetctttgggaaacaccatcatagtttagtcagtcte
cagctaataaacgcttagtctgtttcagactgattctittctittitttatttttttgagacagagtettgctctttttgcccaggetgga
gtgtaatacctagatctcggetcactgeaaactcegectcecaggttcaagegattttcetgectcagecteetgagtagetag
gattacaggcgeecaccacaacgeccagctaatttttttgtatttttagtagagatggeatatcaccatgttggecatgetggtet
tgaactcctgacctcgggtgatecgectgegtcagectcecaaagtgeggegattataggtgtgagecactgeacceggec
agactgattattttcaaggctataactgaattaaatttacaggecttcttatatacatatgtcagtaatggaccaggctaaatataa
ataaatggagttgctggctcataggatatatatacttaaattttaacaaatactgcaaaattgeccttcaaattggttatactggttt
acattctcatcagcattatatgagagagtceccttcecaaattctcactcacacttgatttatcaaactttctggtagttaacactct

gatgcattaaaagtggeatggcatatctggtegggcgtggtggcttacacctataatcccageactttgggagectgagete
ggcagatcacctgaggtcagaagtttgggaccageetggecaacacctctaataaaaatacaaaaattagetgggtetgttg

gcgggcacctgtattcecagetacttgtgaggctgaggcaggagaattacttgaacccaggaggeagaggttgcagtege
ctgagatcatgecactgeactccageecggggcaacagagggagactetgtettaaaaaaaaaaaaaaaaagetgggtece

gtggctcatccctataatcccageactttgggaggecgaggtegetegatcacaaggtcaggagttcaagaccagectggc
caatatgggtgacagtgagactccgtctcaaaaaaaaaaaaacagtgtcatatctttgttitaatttgtatttcectgatttctgtta
atttaatcatgatttttacttgttcctttticatttcttattgagtcctaatatttaaaatctttgecttttctictagatcaaaactcaccatt
gaagacttcaggaaacttctcagacccccagggcetgcacctacctetgeaccaccttcaagtcacgtcaccatta

56

IK construct #2
(minimal v1)

gtgagecgttctccaaccectttggececegttggecacgatetggaagatecteactcettccaccagtgagtattttgtectag
gaccatggaaatgagttgggcaatgaatagaaaagtggtegtgatggteaaagaattctgaatgtcttgtcatcaaggatgg
ataggaattacttcttccaatagcaaattaaaacataggaaataagggtaaaatcatctttttattttttttgagactgagtttcgete
ttgttgctcaggctggaatgeagtggtecgatcteggctcacgecaccatgggectecegggttcaageaattctectgecte
agccttecgagtagetgggattacaggeatgttccactacgeccggctaattttgtatttttagtagagatgggstttctceatgt
tgatcaggctegtcttgaaatcecgacttcaggtgatccacceggtatttccctgatttctgttaatttaatcatgatttttacttgtt
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cctttttcatttcttattgagtcctaatatttaaaatcetttgecttttcttctagatcaaaactcaccattgaagacttcaggaaacttct
cagacccccagggctgeacctacctetgeaccaccttcaagtcacgtcaccatta

57

TEX14 construct
#1 (full)

tggaggtgaaagaaatggcaaagaaageagetactggacagetcacagtacctecttggeatectcagagtagtctgacttt
agagagcgaggctgaaaatgagecegacgccctgctgcagecececattaggageccagaaaacacggattggeageg
agttattgagtatcatagggaaaatgatgagcccagaggaaatggcaagtttgacaagacgggcaacaatgactgtgacag
tgaccagecatggeagacageccaggettggaagettcaccagtaagttcacttgegggaatcaggataggtgaactcaatce

aagtatcagtcgggcgaggtggctcagectgtaattccageactttgggaggteaggcgageggatcacctgageccagg
aatttgggaccagcctggtcaacatgatgaaacctggtetctacaaaaaaaaaaaaaaaaaaaaaaaaaacattagetggg

cgtggtggcacacgectetagttccaggtacccaggaggctgaggteggageatcacttggacctgagaggtggaggtte
cagtgagctgtgatcatgaaactgeactccagettgggteacagtgagacectgtctcaaaataaaaataaaagtaaaaaaa

agttatcagctctcaaaaaagtaaactttccageatattttttttggtttggtectetetectttectactttictggaaaccttgaatte
caggggaagacagtatagcectatatctcattgeatttcccacaggeaaacagatccagacactgatcagtttttatattactga
aacaggtccctttgtccaaaggaagtaaaataatcaaatactgaccetggttttggegaggaatcgatecttgecaccatggg

gatagaggtaggccatcactgectactgeccatgtctetgeattgtattctaagetgaaattaaattctcccagaatttatttagaa
tgtattctaagetggcattaaatttttccagagagtctatgetggaggaacctagagacacatgacatttattgtcatc ggtttata
gatttacaggttaaaaaaaatgaaggctgtatattttcagttgataatttgcttataatcagggcatggatattgtttcacagttgttt
ataagttaaagaaagatacatctaaacttgtcatttgtcttaggcagaaaatctattggettgggtattatttgtatttagaatctgtt

tcttgtcaageatcactetcgaatgggtgggcagatgatccagggctgcattttggggtcaggctaaactaacagtetctacte
tctggactgaacctaacgtatgggacatggecactettggeagaatatgtatacatctettetttcatgecacetttateetettee

atgttgtctgaatatcactgaatgactttgaccetgactgtgttacaatcattaggtatcaggeacccatetcccagacaaaagg
agcaaccagagcagtgaagccttccaageaagttctgacacattggtgoctgtagagaaatcttacagt

58

TEX14 construct
#2 (minimal v1)

tggaggtgaaagaaatggcaaagaaageagetactggacagetcacagtacctecttggeatectcagagtagtctgacttt
agagagcgaggctgaaaatgagecegacgccctgctgcagecececattaggageccagaaaacacggattggeageg
agttattgagtatcatagggaaaatgatgagcccagaggaaatggcaagtttgacaagacgggcaacaatgactgtgacag
tgaccagecatggeagacageccaggettggaagettcaccagtaagttcacttgegggaatcaggataggtgaactcaatce
aagtatcagtcgggcgaggtggctcagectgtaattccageactttgggaggteagecgaccttgaattccaggggaagac
agtatagccctatatctcattgeatttcccacaggeaaacagatccagacactgatcagtttttatattactgaaacaggteecttt
gtccaaaggaagtaaaataatcaaatactgaccetggtittggegaggaategatecttgecaccatggggatagaggtagg
ccatcactgcctactgeecatgtetetgeattgtattctaagetgaaattaaattctcccagaatttatttagaatgtattctaaget
gegcattagaatatgtatacatctcttctttcatgecacctttatcctettceatgttgtctgaatatcactgaatgactttgaccetga
ctgtgttacaatcattaggtatcaggcacccatctcccagacaaaaggageaaccagageagtgaagecttccaageaagtt
ctgacacattggtgectgtagagaaatcttacagt

59

Rep Construct
#1

caattgtcgcgaaataaaatatctttattttcattacatctgtgtettegtittttgt gtgaatcgatagtactaacatacgctetccat
caaaacaaaacgaaacaaaacaaactagcaaaataggctgtceccagtgeaagtgcaggteccagaacatttetctggect
aactggccggtacctgagetcgetagectcgagectgcaggegacatgaagaatctgcttagggttaggcgttttgegetgc
ttcgegttgtacgggccagatatacgegtatctgaggggactagggtetetttaggegaaaageggggcticggttgtacge
ggttaggagtcccctcaggatatagtagtttcgcttttgcatagggagggggattgcgecttttccaaggeagecctgggtttg
cgeagggacgeggctectctgggcgtggticegggaaacgeageggegecgaccetgggtetegeacattcttcacgtec
gttcgeagegtcacccggatcttegecgetacecttgtgggecceceggegacgcttcetgetecgecectaagtegggaa
getteettgeggttcgeggegtgccggacgtgacaaacggaagecgeacgtetcactagtaccetcgeagacggacageg
ccagggagcaatggcagegegeegaccgegatgggctgtggecaatageggctgctcageaggecgegecgagagea
geggecgggaagggeceglgcgggageceggetgtgggecestagtglgggccetgticetgeccgegeggtgttceg
cattctgcaagectceggagegeacgtcggeagteggceteectegttgaccgaatcaccgacetctetecccagggggate
caccggagcttaccgaccecgecaggaaageaggtgcccaggecttgatctggactgcaggetggctgctgctgctgctg
cticgeggaggtgggtetgcigeccggagaggtggagggegtagagtggggecicitagggaggaggctectetggece

cgtacagagaaggctgtgggaaggatccecatgtetaatcecgggacagagggcatgggaaggactatttcteettgggg
gtggacgctttagcaaggagggctcaggtctattcggetcegetececcaggagegeaggecctggagtectacagetgc

gtgcagagccaccatggeggatcctceccgaacaagatcaagacagttaagtgegegeeggecgtggacgtctgeaccg
aggeegtggegocgotgoagaccagtgagtggggacceccgggecacgeacaccactgeaggcetectceggeccage
ccecgectecttatagtectttctggatetggecacgecectttaacgetatttgaggeccegecccteccagaccectacecaac
tetgggecacgeeccatetgagaccacgeccacagetaatcecgeccttgteecteteectagtecacggacaatteteget

ggcagtgcggegttecggttcgggactccecggeaagattgaccgeggectggatcttcacgggcttetggegttcateca
gctgeagcattgegetcaggategetgeaacgecaagetcaacctcacctegegggcgetcgacceggeaggtecegeg
gttttacgagattgteattaaggtceccagegacettgacgageatetgeecggeatttctgacagetttgtgaactgggtegc
cgagaaggaatgggagttgccgccagattctgacatggatctgaatctgattgageaggeacecctgaccgtggecgaga
agctgcagegegactttctgacggaatggegeegtgtgagtaaggececggaggccctittetitgtgcaatttgagaageg
agagagctacttccacatgeacgtgctegtggaaaccaccggggtgaaatctatggtttgggacgtttcctgagtcagatte

gcgaaaaactgattcagagaatttaccgegggatcgagecgactttgecaaactggttcgeggtcacaaagaccagaaatg
gegeeggaggcgegaacaaggtegtegatgagtectacatccccaattacttgetccecaaaacceagectgagetecag
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tgggcgtggactaatatggaacagtatttaagegectgtttgaatctcacggagegtaaacggttggtggcgeageatctgac
gcacgtgtcgcagacgeaggageagaacaaagagaatcagaatcccaattctgatgegecggtgatcagatcaaaaactt

cagccaggtacatggagetggtegggtegctcgtggacaaggggattacctcggagaageagtggattcaggaggacca
gegcctcatacatetccttcaatgeggectccaactegeggteccaaatcaaggetgecttggacaatgegggaaagattatg
agcctgactaaaaccgeececgactacetggtggeccageageccgtggaggacatttccageaatcggatttataaaattt
tggaactaaacgggtacgatccecaatatgeggcttcegtetttctgggatgggccacgaaaaagttcggeaagaggaaca
ccatctggcetgtttgggcctgcaactaccggaaagaccaacatcgeggaggecatageccacactgtgeecttetacgggt
gcgtaaactggaccaatgagaactttcecttcaacgactgtgtegacaagatggtgatctggtgggaggageggaagatga

ccgecaaggtegtggagteggccaaagecattctcggaggaageaaggtgcgegtggaccagaaatgcaagtecteggc
ccagatagacccgactcecgtgatcgteacctccaacaccaacatgtgegecgtgattgacgggaactcaacgaccttcga

acaccagcagccgttgeaagaccggatgttcaaatttgaactcaccegecgtetggatcatgactttgggaaggtcaccaag
caggaagtcaaagactttttccggtggecaaaggatcacgtggttgaggtegageatgagttctacgtcaaaaagggtgga
gccaagaaaagacccgeccecagtgacgeagatataagtgageccaaacgggtgcgegagteagttgegeagecateg
acgtcagacgcggaggcttcgatcaactacgcagacaggtaccaaaacaaatgttctcgtcacgtgggcatgaatctgatg
ctgtttcectgeagacaatgegagagaatgaatcagaattcaaatatctgcttcactcacggacagaaagactgtttagagtgc
tttcccgtgtecagaatetcaaccegtttctgtcgtcaaaaaggegtatcagaaactgtgctacattcatcatatcatgggaaagg
tgccagacgcttgeactgectgegatctggteaatgtggatttggatgactgcatctttgaacaataaaggtaaacttgttaate
aataaaccgtttaattcgtttcagttgaacttttctctgetaactttctttetttctagtitggacttcectccaggtaaceggteggg
gcaacatgactacgtccggegttccatttggeatgacactacgaccaacacgatetcggttgtetcggegeactecgtacagt
agggatcgtctacctectittgagacagaaacccgegetaccatactggaggatcatccgetgetgeccgaatgtaacacttt
gacaatgcacaacgtgagttacgtgcgaggacttcectgeagtgtgggatttacgctgattcaggaatgggttgttccctggg
atatggttctaacgcgggaggagcttgtaatcctgaggaagtgtatgcacgtgtgectgtgttgtgccaacattgacatcatga
cgagcatgatgatccacggttacgagtcctgggctctecactgtcattgttccagteccggttcectgeagtgtatagecgge
gggcaggttitggccagetggtitaggatggtegtegatggcgecatgtitaatcagaggtttatatggtatcgggaggtegt
gaattacaacatgccaaaagaggtaatgtttatgtccagegtgtitatgaggggtcgecacttaatctacetgegettgtggtat
gatggccacgtggettctgtggtccccgecatgagetttggatacagegecttgeactgtgggattttgaacaatattgtggtg
ctgtgetgeagttactgtgctgatttaagtgagatcagggtecgctgctgtgcccggaggacaaggegecttatgetgcggg
cggtgegaatcatcgetgaggagactaccgecatgttgtattcctgcaggacggageggeggeggcageagtttattcgeg
cgetgetgeageaccaccgecctatectgatgeacgattatgactctacccccatgtaggttgtttgaceccteccecgtgect
tecttgaccetggaaggtgccactcccactgtectttcctaataaaatgaggaaattgcatcgeattgtetgagtaggtgtcatt

ctattctgggeeoteggsteggocaggacagcaagggggatecctgcaggegeaggcggtcageatcgecatggagac
caacacccttcecaccgecactececcttectetcagggteectgtecectecagtgaatcecagaaggactctggagagttc

tgagcagggggcggcactetggcctcetgattggtccaaggaaggctggggoocaggacgggaggcgaaaaccetgga
atattcccgacctggeagectcatcgageteggtgattggctcagaagggaaaaggegggtetcegtgacgacttataaaa
gcccaggggeaageggtceggataacggctacctgaggagetgctgegacagtecactacctttttcgaggtgactecegt
tgtcccaaggcttcccagagegaacctgtgeggctgeaggeaccggegegtegagtttccggegtccggaaggaccgag
ctettetegetgatecgtgttecgtttcegeecccaatcetctegttgecgacgeagggaaccggeggcaaccatggecagic
gggaagaggageagegegaaaccacceccgagegeggacgeggtgeggegegacgtcecccaaccatggaggacgt
gtcgtececgtececgtegecgecgectececgggegeccccaaaaaageggatgaggecgecgtatcgagtcegagga
cgaggaggactcatcacaagacgegetggtgccgegeacacccageecgeggecatcgacetcggeggeggatttgec
cattgcgeccaagaagaaaaagaagegecctictcccaageccgagegeccgecatcaccagaggtaatcgtggacage
gaggaagaaagagaagatgtggcgctacaaatggtgggtttcageaaccctecggtgctaatcaageatggeaaaggag
gtaagcgeacagtgcggeggctgaatgaagatgacccagtggegegtggtatgcggacgeaagaggaagaggaagag
cccagegaageggaaagtgaaattacggtgatgaaccegetgagtgtgccgategtetetgcgtggeagaagggcatgg
aggctgegegggcgctgatggacaagtaccacgtggataacgatctaaaggegaacttcaaactactgectgaccaagtg
gaagctctggeagecgtatgcaagacctggctgaacgaggageacegegggttgcagetgaccttcaccageaacaaga
cctttgtgacgatgatgggecgattcetgcaggegtacctgcagtegtttgcagaggteacctacaageatcacgageecac
ggectgcgegtigtggctecaccgetgegetgagatcgaaggegagettaagtgtctacacggaageattatgataaataa
ggagcacgtgattgaaatggatgtgacgagegaatttggecagegegegctgaaggageagtctageaaggecaagate
gtgaagaatcggtgggeccgaaatgtggtecagatttccaacaccgacgeaaggtgctgcgtgcacgacgeggectgtec
ggccaatcagttttccggeaagtettgeggeatgttcttctctgaaggegcaaaggctcaggtggcttttaagcagatcaagg
cttttatgcaggcegetgtatcetaacgeccagaccgggeacggteaccttttgatgecactacggtgegagtgcaactcaaa
gcctgggcacgegecctttitgggaaggcagetaccaaagttgactecgttcgecctgageaacgeggaggacctggacg
cggatctgatctccgacaagagegtgctggecagegtgeaccacceggegetgatagtgttceagtgctgcaaccetgtgt
atcgcaactcgegggegeagggcggaggccccaactgegacttcaagatatcggegeecgacctgctaaacgegttggt
gatggtgcgcagectgtggagtgaaaacttcaccgagetgecgeggatggttgtgcctgagtttaagtggageactaaaca
ccagtatcgeaacgtgtcecctgecagtggegeatagegatgegeggcagaaccectttgatttttaaacggegcagacggc
aagtaaataatcacccgagagtgtacaaataaaagatcttgccacaaaatagttacaggaccaagegagegtgagagteca

aggcgtgcgeagtcgttgacgetctagaccgtgeaaaaggagagectgtaageggecacteticegtggtetggtggataa
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attcgcaagggtatcatggcggacgaccegggttcgaaccceggatcgggccgtecgecgtgatceatgeggttaccgec

cgegtgtcgaacccaggtgtgcgacgtcagacaacgggggagegctectttttggcttecttccaggegeggeggctectg
cgetcttttttcggecgeggecge

60

Rep Construct
#2

caattgagggtegaggtcctgtattagaggtcacgtgagtettttgcgacattttgcgacaccatgtggtcacgetgggtattta
agcccgagtgageacgeagggctctecattitgaagegggaggtttgaacgegeagecgecgacceegecaggaaage

aggtgcccaggcecttgatctggactgcaggctggcetgctgctgctgotgcticgeggaggtegggtetgctgcccggagagg
tggagggegtagagtggegectcttagggaggaggctectctggeccegtacagagaaggctgtgggaaggatececat
gtctaatcccgggacagagggcatgggaaggactatttctecttgggggtggacgctttagcaaggaggectcaggtctatt
cggctecgetcecccaggagegeaggecctggagtgctacagetgegtgcagagecaccatggeggateetcecegaac
aagatcaagacagttaaglgcgegeeggecgtggacgtctgeaccgaggeegtggggecggtggagaccagtgaglag
ggacccecgggecacgeacaccactgeaggeteetceggeccagecccgectecttatagtectttetggatctggccacg
ccectttaacgetatttgaggeccegeecctcecagaccctacccaactctgggecacgecccatctgagaccacgeecac

agctaatcecgeccttgteectetecctagtecacggacaattctegetggcagtgcggggttgcggttcgggactceccgg

caagattgaccgcggectggatcttcacgggcttctggegttcatccagetgeageattgegetcaggatcgetgeaacgee
aagctcaacctcacctcgegggegetegacceggeaggtgecggggttttacgagattgteattaaggtccccagegacct
tgacgagcatctgeceggcatttctgacagetttgtgaactgggtggecgagaaggaatgggagttgccgecagattetgac
atggatctgaatctgattgagcaggcaccectgacegtggecgagaagetgeagegegactttetgacggaatggegeegt
gtgagtaaggceceggaggecctttictttgtgcaatttgagaagggagagagetacttccacatgeacgtgctcgtggaaa

ccaccggggtgaaatctatggttitgggacgtttcctgagtcagattcgcgaaaaactgattcagagaatttaccgegggate

gagcegactttgecaaactggttcgcggtcacaaagaccagaaatggegecggagecgggaacaaggtggtegatgagt
gctacatceccaattacttgetccccaaaacceagectgagetecagtggecgtggactaatatggaacagtatttaagegec
tgtttgaatctcacggagegtaaacggttggtggcgcageatctgacgeacgtgtcgeagacgcaggageagaacaaaga
gaatcagaatcccaattctgatgegecggtgatcagatcaaaaacttcagecaggtacatggagetggtcgggtggctegte
gacaaggggattacctcggagaagcagtggattcaggaggaccaggcectcatacatctecttcaatgeggectccaactcg
cggtcccaaatcaaggetgecttggacaatgegggaaagattatgagectgactaaaaccgeececgactacetggtggg

ccagcagcecgtggaggacatttccagcaatcggatttataaaattttggaactaaacgggtacgatccccaatatgeggett
cegtetttctgggatggeccacgaaaaagttcggeaagaggaacaccatctggetgtttgggcctgeaactaccggaaaga
ccaacatcgeggaggccatageccacactgtgeecttctacgggtgcgtaaactggaccaatgagaactttcecttcaacga
ctgtgtcgacaagatggtgatctggtgggaggaggegaagatgaccgecaaggtegtggagtcggecaaagecattcteg
gaggaagcaaggtgcgegtggaccagaaatgcaagtecteggeccagatagaccegactecegtgategteacctecaa

caccaacatgtgcgeegtgattgacgggaactcaacgaccttcgaacaccageageegttgcaagaccggatgttcaaattt
gaactcacccgecgtctggatcatgactttgggaaggtcaccaageaggaagtcaaagactttttccggtgggcaaaggat

cacgtggttgaggtegagcatgagttctacgtcaaaaagggtggagecaagaaaagacccgeccccagtgacgcagatat
aagtgagcccaaacgggtgcgegagtcagttgegcagecatcgacgtcagacgeggaggcttcgatcaactacgeagac
aggtaccaaaacaaatgttctcgtcacgtgggcatgaatctgatgctgtitccctgcagacaatgegagagaatgaatcagaa
ttcaaatatctgcettcactcacggacagaaagactgtttagagtgctttcccgtgtcagaatctcaaccegtttctgtegtcaaaa
aggcgtatcagaaactgtgctacattcatcatatcatgggaaaggtgccagacgettgeactgectgegatctggteaatgtg
gatttggatgactgcatctttgaacaataaaggtaaacttgttaatcaataaaccgtttaattc gtttcagttgaacttttctctgeta
actttctttctttctagtttggacttccctecaggtaaccggtcgggecaacatgactacgtccggegttecatttggeatgacac
tacgaccaacacgatctcggttgtetcggegeactcegtacagtagggategtctacctecttttgagacagaaaccegeget
accatactggaggatcatccgetgetgcccgaatgtaacactttgacaatgcacaacgtgagttacgtgegaggactteectg
cagtgtgggatttacgctgattcaggaatgggttettcectgggatatggttctaacgegggaggagettgtaatcctgagga

agtgtatgcacgtgtgcctgtgttgtgccaacattgacatcatgacgageatgatgatccacggttacgagtectgggctetee
actgtcattgttccagtcecggttccctgeagtgtatageceggegggeaggttttggecagetggtttaggatggtggtggatg
gcgecatgtttaatcagaggtttatatggtatcgggaggtegteaattacaacatgecaaaagaggtaatgtttatgtccageg
tgtttatgaggggtcgecacttaatctacctgegettgtggtatgatggccacgtgggttctgtggtececgecatgagetttgg
atacagcgccttgeactgtggeattttgaacaatattgtggtectgtectgcagttactgtgctgatttaagtgagatcagggtg

cgetgctgtgeccggaggacaaggegecttatgctgeggecggtgcgaatcatcgctgaggagactaccgecatgttgtat
tcctgcaggacggageggcggeggeageagtitattcgcgegetgetgeageaccaccgecctatcctgatgeacgattat
gactctacccccatgtaggttgtttgaccectececcgtgcctteettgaccetggaaggteccactcccactgtectttcctaa
taaaatgaggaaattgcatcgcattgtctgagtaggtgtcattctattctggggestegooteggecaggacageaaggeg

gatccctgcaggegeaggeggtcageatcgecatggagaccaacaccettcecacegecactcececttectetcagggte
cctgtcecctcecagtgaatcccagaaggactctggagagttctgageagggggcggcactctggectetgattggtecaag

gaaggctgggeoocaggacgggaggcgaaaaccetggaatattcccgacctggeagectcatcgagetcggtgattgec
tcagaagggaaaaggcgggtetcegtgacgacttataaaageccaggggcaageggtecggataacggctacctgagga
gctgetgegacagtecactacctttttcgaggteactecegttgteccaaggcttcccagagegaacctgtgeggetgcagg

caccggegegtegagtttccggegtccggaaggacegagetettctegetgateegtgttecegtttccgeececaateteteg
ttgccgacgeagggaaccggeggeaaccatggecagtegggaagaggageagegegaaaccacceecgagegegga
cgeggtecggcgegacgtececcaaccatggageacgtgtegteecegtececegtegecgeegeetcecegggcgecee
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ccaaaaaagcggatgaggcggcgtatcgagtccgaggacgaggaggactcatcacaagacgegetggteccgegeaca
cccagecegeggecatcgaccteggeggeggatttggecattgegeccaagaagaaaaagaagegeccttcteccaage
ccgagegeccgecatcaccagaggtaatcgtggacagegaggaagaaagagaagatgtggegctacaaatggtggettt
cagcaaccctecggtgctaatcaageatggeaaaggaggtaagegcacagtgeggcggctgaatgaagatgacceagtg
gcgegtggtatgeggacgeaagaggaagaggaagageccagegaageggaaagtgaaattacggtgatgaacecgetg
agtgtgecgatcgtgtetgegtgggagaagggcatggaggctgcgeggecgctgatggacaagtaccacgtggataacg
atctaaaggcgaacttcaaactactgectgaccaagtggaagetetggeagecgtatgeaagacetggetgaacgaggag
caccgegggttgcagetgaccttcaccageaacaagacctttgtgacgatgatggggcgattcctgecaggegtacctgcag
tegtttgcagaggtgacctacaageatcacgageecacgggctgegegttgtegetgcaccgetgegetgagatcgaagg
cgagcttaagtgtctacacggaageattatgataaataaggageacgtgattgaaatggatgtgacgagegaatttgggcag
cgegegetgaaggageagtctageaaggecaagatcgtgaagaatcggtgggeccgaaatgtggtecagatttccaaca
ccgacgeaaggtectgegtgcacgacgeggectgtecggecaateagttttccggeaagtettgeggceatgttettetetga
aggcgeaaaggctcaggtggctittaageagatcaaggcttttatgcaggegetgtatcctaacgeccagaccgggeacgg
tcaccttttgatgccactacggtgcgagtgeaactcaaagectgggeacgegecctttttgggaaggcagetaccaaagttg
actcegttcgecctgageaacgeggaggacctggacgeggatctgatctccgacaagagegtgctggecagegtgeace

acccggegcetgatagtgttccagtgetgeaacectgtgtatcgecaactcgegggegeagggeggaggccccaactgegac
ttcaagatatcggcgeecgacctgctaaacgegttggtgatggtecgcagectgtggagtgaaaacttcaccgagetgecg

cggatggttgtgcctgagtttaagtggageactaaacaccagtatcgcaacgtgtecctgecagtggegeatagegatgege
ggcagaacccctttgatttttaaacggcgeagacggcaagtaaataatcaccegagagtgtacaaataaaagatcttgecac
aaaatagttacaggaccaagcgagegtgagagtccaaggcgtgcgeagtegttgacgctetagacegtgcaaaaggaga
gcctgtaagegggcactcttccgtggtetggtggataaattcgeaagggtatcatggeggacgacecgggttcgaaccecg

gatcgggecgtecgecgtgatccatgeggttaccgeccgegtgtcgaacccaggtgtgegacgtcagacaacggggeag
cgetectttttgecttccticcaggcgeggegectgctecgctettttttcggecggeggecge

61

Rep Construct
#3

caattgtcgcgaaataaaatatctttattttcattacatctgtgtettegtittttgt gtgaatcgatagtactaacatacgctetccat
caaaacaaaacgaaacaaaacaaactagcaaaataggctgtceccagtgeaagtgcaggteccagaacatttetctggect
aactggccggtacctgagetcgetagectcgagectgcaggegacatgaagaatctgcttagggttaggcgttttgegetgc
ttcgegttgtacgggccagatatacgegtatctgaggggactagggtetetttaggegaaaageggggcticggttgtacge
ggttaggagtcccctcaggatatagtagtttcgcttttgcatagggagggggattgcgecttttccaaggeagecctgggtttg
cgeagggacgeggctectctgggcgtggticegggaaacgeageggegecgaccetgggtetegeacattcttcacgtec
gttcgeagegtcacccggatcttegecgetacecttgtgggecceceggegacgcttcetgetecgecectaagtegggaa
getteettgeggttcgeggegtgccggacgtgacaaacggaagecgeacgtetcactagtaccetcgeagacggacageg
ccagggagcaatggcagegegeegaccgegatgggctgtggecaatageggctgctcageaggecgegecgagagea
geggecgggaagggeceglgcgggageceggetgtgggecestagtglgggccetgticetgeccgegeggtgttceg
cattctgcaagectceggagegeacgtcggeagteggceteectegttgaccgaatcaccgacetctetecccagggggate
caccggagcttaccttttatccaagetgtgcttgtgatactgtctgtettcttgtacttgtitgectacaaagagtacctegeetge

ctegtgctggecttggecctggectgggegaacaagetctactatacgeggggtttccagtecatcggettgtacagegteat
catccagaaggtgcgttgagagetgcgecggcgggaggggcctcggaggatggccatttttcagatggggaaactgagat

Clggagaggaagaggggittaccaaggggcagitagegtggggogigggagagagigggaagcaggaagaicagggt
gccgtgaatatgtgcttgeaccttacacttgaattatgtttatttccttataggtcatttgecaccatgttctggagttcttgtttgtat

atatcgtgtttttgcttggatttggagttggtaattgatttataaataatagtaactcccacatttataaacactttatacagatgtcaa
aatggcaaagtgcatggcggccttggcaacaattagaccagaaggaggcageaggcttgtcatgtaggcaaatacacgea
agcttgtagagtaattaccaggcagagagcetgaggagageaccctgttatgtteccttagecttggcctegettatcgagaag
tgtcccaaagacaacaaggactgeagetectacggeagcettcagegacgeagtgctggaactcttcaagetcaccattgge
ctgggtgacctggacatccageagaactccaagtateccattetctttctgttcetgetcatcacetttgtcatecteacctttgtte
tectectcaacaagetcattgetcttatcggegagactgtggagaacgtctccaaggagagegaacgeatctggegeetgcg
tgccggggttttacgagattgtgattaaggtececagegaccttgacgageatctgeceggcatttctgacagetttgtgaact
gggtegccgagaaggaatgggagttgccgccagattctgacatggatetgaatctgattgageaggcaccectgacegtg
gccgagaagetgeagegegactttctgacggaatggcgecgtgtgagtaaggeeceggaggeectttictttgtgcaatttg
agaagggagagagctacttccacatgeacgtgctcgtggaaaccaccggggteaaatetatggttitgggacgtttcctgag
tcagattcgcgaaaaactgattcagagaatttaccgcgggatcgageegactttgecaaactggttcgeggtcacaaagace
agaaatggcgccggaggcgggaacaaggtggteggatgagtgctacatccccaattacttgetceccaaaacccagectga
gctecagtggecgtggactaatatggaacagtatttaagegectgtttgaatctcacggagegtaaacggttggtegcgcag
catctgacgcacgtgtcgeagacgcaggageagaacaaagagaatcagaatcccaattetgatgegeeggteatcagate
aaaaacttcagccaggtacatggagetggtegegtegctcgtggacaaggggattacctcggagaageagtggattcagg
aggaccaggcctcatacatctecttcaatgeggectccaactcgeggtcccaaatcaaggetgecttggacaatgegggaa
agattatgagcctgactaaaaccgecccegactacctggtgggecageagecegtggaggacatttccageaatcggattt
ataaaattttggaactaaacgggtacgatccecaatatgeggcttcegtettictgggatggeccacgaaaaagttcggcaag
aggaacaccatctggctgtttgggcctgcaactaccggaaagaccaacatcgeggaggcecatageccacactgtgeecttc

tacgggtgcgtaaactggaccaatgagaactitcccticaacgactgigtcgacaagatggtgatctggtgggaggageoo
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aagatgaccgccaaggtcgtggagtcggccaaagecattctcggaggaageaaggtecgegtggaccagaaatgeaagt
ccteggeccagatagaccegactcecgtgatcgteacctecaacaccaacatgtgegecgtgattgacgggaactcaacga

ccttcgaacaccageagecgttgcaagaccggatgttcaaatttgaactcaccegeegtcetggatcatgactttgggaaggte

accaagcaggaagtcaaagactttttccggtgggcaaaggatcacgtggttgaggtggageatgagtictacgtcaaaaag
ggtggagecaagaaaagacecgeccceagtgacgeagatataagtgageccaaacgggtgegegagteagttgegeag
ccatcgacgtcagacgeggaggcttcgatcaactacgcagacaggtaccaaaacaaatgttetcgteacgtgggcatgaat
ctgatgctgtttcectgeagacaatgegagagaatgaatcagaattcaaatatctgcttcactcacggacagaaagactgttta
gagtgctttcccgtgtcagaatetcaaccegtttetgtcgtcaaaaagge gtatcagaaactgtgctacattcatcatatcatgg
gaaaggtgccagacgcttgcactgectgegatctggtcaatgteggatttggatgactgcatctttgaacaataaaggtaaactt
gttaatcaataaaccgtttaattcgtttcagttgaacttttctetgctaactttetttetttctagtitggacttcectecaggtaaccgg
tcggggcaacatgactacgtecggegttccatttggeatgacactacgaccaacacgateteggttgtcteggegeacteeg
tacagtagggatcgtctacctecttttgagacagaaaccegegetaccatactggaggatcatecgetgetgecegaatgtaa

cactttgacaatgcacaacgtgagttacgtgcgaggacttcectgeagtgtgggatttacgctgattcaggaatgggttgttcc
ctgggatatggttctaacgcgggaggagettgtaatcctgaggaagtetatgeacgtgtecctgtgttgtgccaacattgacat
catgacgagcatgatgatccacggttacgagtcctgggctctecactgteattgticcagteceggttcectgeagtgtatage

cggegggcaggttttggccagetggtitaggatggtggtegatgecgccatgtttaatcagaggtttatatggtatcgggage
tggtgaattacaacatgccaaaagaggtaatgtttatgtccagegtgtttatgaggggtcgccacttaatctacctgegettgtg
gtatgatggccacgtgggttctgtggtececgecatgagetttggatacagegecttgcactgtgggattttgaacaatattgt

ggtectgtectgcagttactgtgctgatttaagtgagatcagggtgcgctgctgtgcccggaggacaaggegecttatgetg

cgggeggtgegaatcatcgetgaggagactacegecatgttgtattcctgeaggacggageggcggeggcageagtttatt
cgegegcetgctgcageaccaccgecctatectgatgeacgattatgactetacceccatgtaggttgtttgacecetcececg
tgcctteettgaccetggaaggteccactcecactgtectttcctaataaaatgaggaaattgcatcgeattgtetgagtaggtg

tcattctattctgggegoteggstegogcaggacagcaagggggatecetgecaggegeaggcggtcageatcgecatgg
agaccaacacccttcccaccgecactcececttectctcagggteectgteccctccagtgaatcccagaaggactctggag

agttctgagcagggggcggcactctggectctgattggtccaaggaaggctgggggecageacgggagecgaaaacce
tggaatattcccgacctggeagectcatcgageteggtgattggetcagaagggaaaaggegggtetccgtgacgacttata
aaagcccaggggcaageggtecggataacggetacetgaggagetgetgegacagtecactacetttttcgaggteactee
cgttgtcccaaggettcccagagegaacctgtgeggetgecaggeaccggegegtegagtttccggegtecggaaggace
gagctcttetcgetgatccgtgttcegtitccgeececaatetctegttgecgacgeagggaaccggeggeaaccatggeca
gtcgggaagaggageagegegaaaccacccecgagegeggacgeggtgeggegegacgteccccaaccatggagga
cgtgtegtcecegtcecegtegecgeegeetcecegggcgeccecaaaaaageggatgaggegeegtatcgagtecgag
gacgaggaggactcatcacaagacgegetggtgccgegeacacccageecgeggecatcgaccetcggeggcggatttg
gccattgegeccaagaagaaaaagaagegeccttctcccaageecgagegeecgecatcaccagaggtaatcgtggaca
gcgaggaagaaagagaagatgtggcgctacaaatggtggetttcagcaacectccggtectaatcaageatggcaaagga
ggtaagegeacagtgcggegectgaatgaagatgacceagtggegegtggtatgcggacgcaagaggaagaggaaga
gcccagegaageggaaagtgaaattacggtgatgaaccegetgagtgtgccgategtgtetgcgtgggagaaggecatg
gaggctgegcgggegetgatggacaagtaccacgtggataacgatctaaaggegaacttcaaactactgectgaccaagt
ggaagetctggcagecgtatgcaagacctggetgaacgaggageacegegggttgcagetgaccttcaccageaacaag
acctttgtgacgatgatggggcgattcctgeaggegtacetgeagtegtitgcagaggtgacctacaageatcacgagecca
cgggctgegegttgtggctgcacegetgegetgagatcgaaggcgagettaagtgtctacacggaageattatgataaata
aggagcacgtgattgaaatggatgteacgagegaatttgggcagegegegetgaaggageagtctagcaaggecaagat
cgtgaagaatcggtegggccgaaatgtggtgcagatttccaacaccgacgcaaggtgctgcgtgeacgacgeggectgte
cggccaatcagttttccggeaagtcttgeggceatgttetictctgaaggegeaaaggeteaggtggcttitaagcagatcaag
gcttttatgeaggegctgtatcctaacgeccagaccgggeacggteaccttttgatgecactacggtgegagtgcaactcaa
agectgggeacgegecctttitgggaaggcagetaccaaagttgactcegttcgecctgageaacgeggaggacctggac

gcggatctgatctccgacaagagegtgctggecagegtgcaccacceggegetgatagtgttccagtgctgcaacectgtg
tatcgcaactcgegggegeagggeggaggccccaactgegacttcaagatatcggegeecgaccetgctaaacgegttggt

gatggtgcgcagectgtggagtgaaaacttcaccgagetgecgeggatggttgtgcctgagtttaagtggageactaaaca
ccagtatcgeaacgtgtcecctgecagtggegeatagegatgegeggcagaaccectttgatttttaaacggegcagacggc
aagtaaataatcacccgagagtgtacaaataaaagatcttgccacaaaatagttacaggaccaagegagegtgagagteca
aggcgtgcgeagtcgttgacgetctagaccgtgeaaaaggagagectgtaageggecacteticegtggtetggtggataa
attcgcaagggtatcatggcggacgaccegggttcgaaccceggatcgggccgtecgecgtgatceatgeggttaccgec

cgegtgtcgaacccaggtgtgcgacgtcagacaacgggggagegctectttttggcttecttccaggegeggeggctectg
cgetcttttttcggecgeggecge

62

Rep Construct
#4

caattgagggtegaggtcctgtattagaggtcacgtgagtettttgcgacattttgcgacaccatgtggtcacgetgggtattta
agcccgagtgageacgeagggctctecattitgaagegggaggtttgaacgegeagecgecttttatccaagetgtecttgt

gatactgtctgtcttcttgtacttgtttgectacaaagagtacctcgectgectegtgctggecttggecctgggctggecgaac

aagctctactatacgeggggtttccagtecatcggcttgtacagegtcatcatccagaaggtecgttgagagetgegecgge
geoageoocctcggaggatggccatttttcagatggggaaactgagatctggagaggaagaggggtitaccaaggggca
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gttagggtgggegotogoagageetgggaagcaggaagatcagggtgccgtgaatatgtecttgeaccttacacttgaatt
atgtttatttccttataggtcatttgccaccatgttctggagticttgtttgtatatatcgtgtttttgcttggatttggagtiggtaattg
atttataaataatagtaactcccacatttataaacactttatacagatgtcaaaatggcaaagtgeatggeggccttggcaacaa
ttagaccagaaggaggcagcaggcttgtcatgtaggcaaatacacgcaagcttgtagagtaattaccaggcagagagetga
ggagagcaccetgttatgttcecttageettggectegettatcgagaagtgtcccaaagacaacaaggactgcagetectac
ggcagettcagegacgeagtgctggaactcttcaagetcaccattggectgggtgacctggacatccageagaactccaag
tatcccattetctttctgttcetgcteatcacctttgtcatecteacctttgttctectcctcaacaageteattgetettatcgge gag
actgtggagaacgtctccaaggagagegaacgeatetggegectgegteccggggttttacgagattgtgattaaggtece
cagcgaccttgacgagcatctgeccggcatttctgacagetttgtgaactgggteggccgagaaggaatgggagttgccgec
agattctgacatggatctgaatctgattgagcaggcaccectgaccgtggecgagaagetgeagegegactttctgacgga
atggcgccgtgtgagtaaggccccggaggecctttictttgtgcaatttgagaagggagagagcetacttccacatgeacgtg
ctegtggaaaccaccggggtgaaatctatggtttgggacgtttcctgagtcagattcgegaaaaactgattcagagaatttac
cgegggatcgageegactttgccaaactggticgeggtcacaaagaccagaaatggegecggaggegggaacaaggete
gtggatgagtectacatccccaattacttgetccccaaaacceagectgagetecagtgggcgtggactaatatggaacagt
atttaagcgcctgtttgaatctcacggagegtaaacggttggtggcgeageatctgacgeacgtgtcgcagacgeaggage
agaacaaagagaatcagaatcccaattctgatgegecggtgatcagatcaaaaacttcagecaggtacatggagetggteg
ggtggctegtggacaaggggattacctcggagaageagtggattcaggaggaccaggectcatacatctecttcaatgegg
cctccaactegeggtcecaaatcaaggetgecttggacaatgegggaaagattatgagectgactaaaaccgeececgact
acctggtgggccageageecgtggaggacatttccageaatcggatttataaaattttggaactaaacgggtacgatcceca
atatgcggcttcegtetttctgggatggeccacgaaaaagttc ggcaagaggaacaccatctggetgtttgggectgcaact
accggaaagaccaacatcgeggaggccatageccacactgtgeecttctacgggtgcgtaaactggaccaatgagaacttt
cccttcaacgactgtgtcgacaagatggtgatctggtgggaggagggeaagatgaccgecaaggtegtggagteggeca
aagccattctcggaggaageaaggtgcgegtggaccagaaatgeaagteeteggeccagatagaccegacteecgtgate
gtcacctccaacaccaacatgtgegeegtgattgacgggaactcaacgaccttcgaacaccageagecegttgcaagaccg
gatgttcaaatttgaactcacccgecgtetggatcatgactitgggaaggtcaccaagcaggaagtcaaagactttttceggte
ggcaaaggatcacgtggttgaggtegageatgagttctacgtcaaaaagggtggagecaagaaaagacccgececcagt
gacgcagatataagtgagcecaaacgggtgcgegagteagttgegeagecatcgacgtcagacgeggaggcttcgatca
actacgcagacaggtaccaaaacaaatgttctcgtcacgtgggcatgaatctgatgetgtttcectgeagacaatgegagag
aatgaatcagaattcaaatatctgcttcactcacggacagaaagactgtttagagtgctttccegtgtcagaatctcaaccegtt
tctgtegtcaaaaaggegtatcagaaactgtgctacattcatcatatcatgggaaaggtgccagacgcettgeactgectgega
tctggtcaatgtggatttggatgactgeatctttgaacaataaaggtaaacttgttaatcaataaaccgtttaattcgtttcagttga
acttttctctgctaactttctttctttctagtttggacttecetccaggtaaccggtegggecaacatgactacgtceggegtteca
tttggcatgacactacgaccaacacgatctcggttgtetcggegeacteegtacagtagggategtctacctecttttgagaca
gaaacccgegetaccatactggaggatcatccgetgctgecegaatgtaacactttgacaatgeacaacgtgagttacgtec

gaggacttccctgcagtgtgggatttacgetgattcaggaatgggttgttcectgggatatggttctaacgegggaggagett
gtaatcctgaggaagtgtatgcacgtgtgectgtgttgtgccaacattgacatcatgacgageatgatgatccacggttacga
gtcetgggctetceactgteattgttccagtcecggttecctgeagtgtatagecggegggcaggttttggecagetggtttag
gatggteggtegatggcgccatgtttaatcagaggtttatatggtatcgggaggtggtgaattacaacatgccaaaagaggtaa
tgtttatgtccagegtgtitatgaggggtcgecacttaatctacctgegettgtggtatgatggccacgtgggttctgtggtecee
gccatgagctttggatacagegecttgcactgtgggattttgaacaatattgtggtectgtgctgcagttactgtectgatttaag
tgagatcagggtgcgctgctgtgcccggaggacaaggegecttatgetgecgggeggtecgaatcatcgetgaggagacta
ccgecatgttgtattcctgecaggacggageggeggcggcageagtttattcgegegetgetgeageaccaccgecctatee
tgatgcacgattatgactctacccecatgtaggttgtttgaccectececegtgectteettgaccetggaaggteccactece
actgtcctttcctaataaaatgaggaaattgcatcgeattgtctgagtaggteteattctattctgggegoteggsteggocag
gacagcaagggggatccetgecaggegeaggeggteageategecatggagaccaacaccectteccaccgecactecce
cttectetcagggteectgteccctccagtgaatcccagaaggactctggagagttctgageaggggecggcactetggect
ctgattggtccaaggaaggctgggegecaggacgggaggcgaaaaccetggaatattcecgacctggeagecteatega
gcteggteattggctcagaagggaaaaggegggtetcegtgacgacttataaaageccaggggcaageggtecggataa
cggctacctgaggagetgctgegacagtecactacctttticgaggtgactcecgttgteccaaggetteccagagegaace
tgtgcggctgcaggeaceggegegtegagtttceggegtecggaaggaccgagetcttctegetgateegtgttecgtttee
gcccccaatctetegttgccgacgeagggaaccggeggeaaccatggecagtegggaagaggageagegegaaacca
cccecgagegeggacgeggtgeggegegacgteccccaaccatggaggacgtgtegtceccgteccegtegeegeege
ctececgggegeccccaaaaaageggatgagecgecgtatcgagtccgaggacgaggaggactcatcacaagacgcg
ctggtgccgegeacaccecageccgeggccatcgaccteggeggcggatttggccattgegecccaagaagaaaaagaag
cgeccttcteccaageccgagegeccgecatcaccagaggtaategtggacagegaggaagaaagagaagatgtegcg
ctacaaatggtgggtttcagcaaccetceggtectaatcaageatggcaaaggaggtaagegeacagtgcggegectgaa
tgaagatgacccagtggegegtggtatgcggacgcaagaggaagaggaagageccagegaageggaaagtgaaattac
ggtgatgaacccgetgagtgteccgategtgtetgegtgggagaagggcatggagectgcgegggcgctgatggacaag
taccacgtggataacgatctaaaggcgaacttcaaactactgectgaccaagtggaagetctggeagecgtatgcaagacct
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gectgaacgaggageaccgegggttgcagetgaccttcaccageaacaagacctttgtgacgatgatggggcgattectg
caggegtacctgeagtegtttgcagaggteacctacaageatcacgageccacgggctgegcgttgtggctgcaccgctg
cgetgagatcgaaggegagcettaagtgtetacacggaageattatgataaataaggageacgtgattgaaatggatgtgacg
agcgaatttgggcagegegegctgaaggageagtctageaaggecaagatcgtgaagaatcggtgggeccgaaatgteg
tgcagatttccaacaccgacgcaaggtgctgegtgcacgacgeggectgtecggecaatcagttttceggeaagtettgeg
gcatgttcttctctgaaggcgeaaaggctcaggtggcttttaagecagatcaaggcttttatgcaggegetgtatcetaacgece
agaccgggcacggtcaccttttgatgecactacggtgegagtgcaactcaaagectgggcacgegecctitttgggaaggc
agctaccaaagttgactcegttcgecctgageaacgeggaggacctggacgeggatctgatctccgacaagagegtectg
gccagegtgcaccacccggegetgatagtgttccagtgctgcaaccctgtgtatcgeaactegegggegeagggeggag
gccccaactgegacttcaagatatcggegeecgacctgctaaacgegttggteatggtececagectgtggagtgaaaact
tcaccgagetgecgeggatggttgtecctgagtttaagtggageactaaacaccagtatcgeaacgtgtccctgecagtgge
gcatagcgatgegeggcagaaccectttgatttttaaacggegeagacggcaagtaaataatcacccgagagtgtacaaat
aaaagatcttgccacaaaatagttacaggaccaagcgagegtgagagtccaaggegtgegcagtegttgacgetctagac
cgtgcaaaaggagagcectgtaagegggeactcttcegtggtetggtggataaattcgcaagggtatcatggeggacgacec
gggttcgaaccceggategggccgteccgecgtgatccatgeggttaccgeccgegtgtcgaacceaggtgtgegacgtca

(((((

63

iRFP Construct
#1

tcgegaaataaaatatctttattttcattacatctgtgtgttggtttittetgtgaatc gatagtactaacatacgetctccatcaaaa
caaaacgaaacaaaacaaactagcaaaataggetgtccccagtgeaagtgcaggtgecagaacatttctctggectaactg
gccggtacctgagetegetagectegagectgeaggegacaattgeatgaagaatctgettagggttagecgtittgcgctg
cttegegttgtacgggccagatatacgegtatctgaggggactagggtetgtitagecgaaaageggggctteggttgtacg
cggttaggagtccectcaggatatagtagtttegcttttgcatagggagegegaaatgtagtettatgcaatacacttgtagtct
tgcaacatggtaacgatgagttagcaacatgecttacaaggagagaaaaageaccgtgeatgecgattggtegaagtaagg
tggtacgatcgtgccttattaggaaggcaacagacaggtctgacatggattggacgaaccactgaattgegeattgeagaga
taattgtatttaagtgcctagetcgatacaataaacgccatttgaccattcaccacattggtgtgcacctccaaggecacagatce
cgtttaaacaagcttggcaatccggtactgttggtaaagecaccatggeggatcctceccgaacaagatcaagacagttaag
tgcgegecgggegtggacgtetgecaccgaggeegtgggggcggtggagaccatccacggacaattctegetggeagtg

cggggttgcggttcgggactceccggeaagageggaaggatcegtcgecaggeagectgacctettgacetgegacgat
gagcegatccatatccccggtgccatccaaccgeatggactgetgetegeectegeecgeegacatgacgategttgecggc

agcgacaaccttcccgaactcaccggactggegatcggegecctgatcggeegetetgeggecgatgtettcgactcgga
gacgcacaaccgtctgacgatcgecttggecgageceggggcggecgtcggageaccgatcactgteggcttcacgatg
cgaaaggacgceaggcttcatcggetectggeatcgecatgatcageteatcttcctcgagetcgagectceccagegggac
gtcgecgagecgeaggegttcttecgecgeaccaacagegecatcegecgectgeaggeegecgaaaccttggaaage
gcctgegeegeegeggegcaagaggtgcggaagattaccggcttcgatcgggtgatgatctatcgettcgectecgactte
agcggcgaagtgatcgcagaggatcggtgcgecgaggtegagtcaaaactaggectgeactatcetgectcaaccgtgec
ggcgeaggcccgteggctetataccatcaacceggtacggatcattcecgatatcaattatcggeeggteccggteaccee
agacctcaatccggtcaccggecggecgattgatettagettcgecatectgegeagegtetcgeecgtecatctggaattca
tgcgcaacataggeatgcacggeacgatgtegatctegattttgcgeggc gagegactgtgggeattgatcgtttgccatca
ccgaacgeegtactacgtcgatctegatggecgecaagectgegagetagtcgeccaggttctggectggcagatcggcg
tgatggaagagteageecce

64

iRFP Construct
#2

gacggatcgggagatctcecgatcecctatggtegactctcagtacaatetgetctgatgeegeatagttaagecagtatctg
ctecetgcttgtgtgttggaggtegctgagtagtgcgcgageaaaatttaagcetacaacaaggcaaggcettgaccgacaatt
gcatgaagaatctgcttagggttaggcgttttgcgetecttcgcgaaataaaatatctttattttcattacatctgtgtgttggtttttt
gtgtgaatcgatagtactaacatacgetctccatcaaaacaaaacgaaacaaaacaaactagcaaaataggctgtececagt
gcaagtgcaggtgccagaacatttctctggectaactggecggtacctgagetegetagectcgagectgeaggegacaat
tgcatgaagaatctgcttagggttaggcgttttgcgetecttcgegttgtacgggccagatatacgegtatctgaggggacta
gegtetgtttaggcgaaaageggggcttcggttgtacgeggttaggagteccctcaggatatagtagtttcgettttgcatagg
gagggggaaatgtagtcttatgcaatacacttgtagtcttgcaacatggtaacgatgagttagcaacatgecttacaaggaga

gaaaaagcaccgtgcatgecgattggteggaagtaaggtggtacgatcgtgccttattaggaaggcaacagacaggtetgac
atggattggacgaaccactgaattgcgeattgcagagataattgtatttaagtgectagetegatacaataaac gecatttgac

cattcaccacattggtgtgcacctccaaggecacagatcegtitaaacaagettggcaatecggtactgttggtaaagetget
getgetgetgeticgeggaggtgggictgetgeecggagaggiggagggagtagagiggggocicitaggiggacgcettt
agcaaggagggctcaggtctattcggctecgetcecccaggagegeaggecctggagtgctacagetgegtgcagagee

accatggcggatcctccecgaacaagatcaagacagttaagtgcgegecgggcgtggacgtetgeaccgaggecgtegg
ggcggtggagaccagtgagtggggaccccecgggecacgeacaccactgeaggetecteeggececcatetgagaceac

gcccacagetaatcccgeccttgtecctetecetagtecacggacaattetcgetggeagtgcggggttgcgettcgggact
ccccggeaagagtggeggaaggatccgtcgecaggeagectgacctettgacetgegacgatgageegatecatatcece
ggtgccatccaaccgeatggactgetgctcgecctegecgecgacatgacgategttgccggeagegacaaccttcecga
actcaccggactggcgatcggegecctgatcggccgetctgcggccgatgtettcgactcggagacgeacaaccgtetga
cgatcgecttggecgageccgggecgeccgicggageaccgatcactgteggettcacgatgegaaaggacgcaggctt
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catcggcteetggeatcgecatgatcagetcatettcctcgagetcgageetceccagegggacgtcgecgageegeagg
cgttettecgeegeaccaacagegecatccgecgectgeaggeegecgaaaccttggaaagegectgegeegeegegec
gcaagaggtgcggaagattaccggcttcgatcggateatgatctatcgettcgectecgacttcageggegaagtgatege
agaggatcggtecgccgaggtcgagtcaaaactaggectgeactatcctgectcaacegtgceggegeaggeecgtegg
ctetataccatcaacccggtacggatcattcccgatatcaattatcggecggtgecggteaccccagacctcaatecggteac
cgggeggecgattgatettagettcgecatectgegeagegtetegeecgtecatctggaattcatgegeaacataggeatg
cacggcacgatgtcgatctegattttgcgeggegagegactgtgggeattgatcgtitgccatcaccgaacgecgtactacg
tcgatctcgatggecgecaagectgeaagagggtegecgagaggctggecactcagatcggegtgatggaagagteagg
gcccgtttaaacccgetgatcagectegactgtgecttctagttgecagecatctgttgtttgecectececegtgecttecttga
ccctggaaggtgccactcecactgtectttcetaataaaatgaggaaattgeatcgeattgtetgagtaggteteattctattctg
geeggtegegiggggcaggacagcaagggggaggaligggaagacaatageaggeatgctggggatgcggtegactc
tatggcttctgaggeggaaagaaccagetgggectctagggggtatceccacgegeectgtageggegeattaagegegg
cgggtgtggtesttacgcgcagegtgaccgetacacttgeccagegecctagegeecgetectttegetttettecettectttet
cgecacgttcgecggctttccccgtcaagetctaaatcggggcatecctttagggttcegatttagtgctttacggeacctega
ccccaaaaaacttgattagggteatggttcacgtagtggeccatcgecctgatagacggtttttcgeectttgacgttggagte
cacgttctttaatagtggactcttgttccaaactggaacaacactcaaccctatetcggtetattettttgatttataagggattttg
gggatttcggcctattggttaaaaaatgagetgatttaacaaaaatttaacgcgaattaattctgtggaatgtgtgtcagttaggg
tgtggaaagtceccaggetceccaggeaggcagaagtatgeaaageatgeatctcaattagtcagcaaccaggtgtggaa
agtccecaggetceccageaggeagaagtatgecaaageatgeatetcaattagtcageaaccatagtcccgeecctaacte
cgeccatcccgecectaactcegeecagttcegeecattctcegecccatggetgactaattttttttatttatgecagaggecga
ggccgectetgectetgagetattccagaagtagtgaggaggcttttttggagecctaggcttttgcaaaaagetcccgggag
cttgtatatccattttcggatctgatcageacgtgatgaaaaagectgaactcaccgegacgtetgtegagaagtttctgatcga
aaagttcgacagcgtctecgacctgatgeagetetcggagggcgaagaatctegtgctticagettcgatgtaggagggegt
geatatgtcctgegggtaaatagetgegecgatggtttctacaaagategttatgtttatcggeactttgeatcggecgegete
ccgattccggaagtgcttgacattggggaattcagegagagectgacctattgeatctcccgecgtgcacagggtgtcacgt
tgcaagacctgectgaaaccgaactgeecgetgtictgcagecggtegeggaggecatggatgegategetgeggecgat
cttagccagacgagegggttcggeccattcggaccgeaaggaatcggtcaatacactacatggegtgatttcatatgegeg
attgctgatccecatgtgtatcactggeaaactgtgatggacgacaccgteagtgegteegtegegeaggctetcgatgaget
gatgctttgggccgaggactgeeccgaagtceggeacctegtgeacgeggatttcggetecaacaatgtectgacggacaa
tggccgeataacageggteattgactggagegaggegatgticggggattcccaatacgaggtegecaacatcttettetgg
aggcegtgettegcttgtatggageageagacgegetacttcgageggaggcatceggagettgcaggatcgecgeggct
ccgggcgtatatgetcegeattggtettgaccaactetatcagagettggttgacggcaatttcgatgatgeagettgggegea
gggtcgatgcgacgeaatcgtcegatecggagecgggactgtegggegtacacaaatcgeecgeagaagegeggecgt
ctggaccgatggctgtgtagaagtactcgccgatagtggaaaccgacgecccageactegtccgagggcaaaggaatag
cacgtgctacgagatttcgattccaccgecgecttctatgaaaggttgggcticggaategttttccgggacgecggetggat
gatcctecagegeggggatcteatgetggagttcttcgeccaccecaacttgtttattgeagettataatggttacaaataaage
aatagcatcacaaatttcacaaataaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatcttatcatgt
ctgtataccgtcgacctetagetagagettggegtaatcatggtcatagetgtttcctgtgtgaaattgttatccgetcacaattee
acacaacatacgagccggaagcataaagtgtaaagectggggtecctaatgagtgagetaactcacattaattgegttgege
tcactgeccgetttccagtcgggaaacctgtegtgecagetgeattaatgaatcggecaacgegeggggagaggeggtitg
cgtattgggcgctcttccgettectegetcactgactegetgegeteggtegttcggetgeggegageggtatcageteacte
aaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgageaaaaggecageaaaagec
caggaaccgtaaaaaggccgegttgctggegtitttccataggctecgeececctgacgageatcacaaaaatcgacgetc
aagtcagaggtggcgaaacccgacaggactataaagataccaggegtitcceectggaageteectegtgegetetectgtt
ccgaccctgecgettaccggatacctgtecgectttctecettcgggaage gtggcgctttctcaatgetcacgetgtaggtat
ctcagttcggtgtaggtegttcgctccaagetgggctgtgtgcacgaaccececgttcageccgacegetgegecttatceg
gtaactatcgtcttgagtccaacccggtaagacacgacttatcgecactggeageagecactggtaacaggattageagag
cgaggtatgtaggcggtgctacagagttcttgaagtggtggcctaactacggctacactagaaggacagtatttggtatctgc
gctetgetgaagecagttaccttcggaaaaagagttggtagetcttgatccggeaaacaaaccaccgetggtageggtggttt
ttttgtttgcaagcageagattacgegeagaaaaaaaggatctcaagaagatectttgatettttctacggggtctgacgetca
gtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaatga
agttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgettaatcagtgaggcacctatctcagegat
ctgtetatttcgttcatccatagttgeetgactcecegte gtgtagataactacgatacgggagggcttaccatctggeeccagt
gctgeaatgataccgcgagacccacgetcaccggetceagatttatcagcaataaaccagecagecggaagggecgage
gcagaagtggtcctgcaactttatccgectecatccagtctattaattgttgecgggaagetagagtaagtagttcgecagtta
atagtttgcgcaacgttgttgccattgetacaggceatcgtggtgtcacgetegtegtitggtatgecttcattcagetccggttcc
caacgatcaaggcgagttacatgatcceccatgttgtgcaaaaaageggttagetecttcggtectecgategttgtcagaag
taagttggccgeagtgttatcactcatggttatggcageactgeataattetcttactgtcatgecatccgtaagatgcttttetgt
gactggteagtactcaaccaagtcattctgagaatagtgtatgcggegaccgagttgctettgcccggegtcaatacgggat
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aataccgcgccacatagcagaactttaaaagtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttace
gctgttgagatccagttcgatgtaacccactcgtgeacccaactgatcettcageatcttttactttcaccagegtttctgggtgag
caaaaacaggaaggcaaaatgecgeaaaaaagggaataagggcgacacggaaatgttgaatactcatactcttectttttca
atattattgaagcatttatcagggttattgtctcatgageggatacatatttgaatgtatttagaaaaataaacaaatagggettce
gcgeacatttccecgaaaagtgecacctgacgtc

65

iRFP Construct
#3

tcgegaaataaaatatctttattttcattacatctgtgtgttggtttittetgtgaatc gatagtactaacatacgetctccatcaaaa
caaaacgaaacaaaacaaactagcaaaataggetgtccccagtgeaagtgcaggtgecagaacatttctctggectaactg
gccggtacctgagetegetagectegagectgeaggegacaattgeatgaagaatctgettagggttagecgtittgcgctg
cttegegttgtacgggccagatatacgegtatctgaggggactagggtetgtitagecgaaaageggggctteggttgtacg
cggttaggagtccectcaggatatagtagtttegcttttgcatagggagegegaaatgtagtettatgcaatacacttgtagtct
tgcaacatggtaacgatgagttagcaacatgecttacaaggagagaaaaageaccgtgeatgecgattggtegaagtaagg
tggtacgatcgtgccttattaggaaggcaacagacaggtctgacatggattggacgaaccactgaattgegeattgeagaga
taattgtatttaagtgcctagetcgatacaataaacgccatttgaccattcaccacattggtgtgcacctccaaggecacagatce
cgtttaaacaagcttggeaatccggtactgttggtaaagecaccatggeggaaggatccgtegecaggeagectgacctett
gacctgegacgatgagecgatccatatceceggtgccatccaaccgeatggactgetgcetcgecetegecgecgacatga
cgatcgttgecggeagegacaaccttecegaactcaccggactggegatcggegecctgateggecgetetgeggecgat
gtcttcgactcggagacgeacaacegtctgacgatcgecttggecgageccggggcggeegtcggageaccgatcactgt
cggcttcacgatgcgaaaggacgeaggcttcatcggetectggeatcgeeatgatcageteatcttectcgagetcgagect
ccccagegggacgtegecgagecgeaggegttcttcegecgeaccaacagegecatccgeegectgecaggecgecgaa
accttggaaagegectgegecgecgeggegcaagaggtgcggaagattaccggcttcgatcgggteatgatctatcgette
gcctcegacttcageggegaagtgatcgeagaggatcggtecgccgaggtegagtcaaaactaggectgeactatectge
ctcaaccgtgccggegeaggecegteggetctataccatcaacceggtacggateattccegatatcaattatcggecggte
ccggtcaccecagaccteaatceggtcaccgggeggccgattgatcttagettcgecatcetgegeagegtetegecegte
catctggaattcatgcgeaacataggcatgeacggeacgatgtcgatctcgattitgcgeggcgagegactgtgggeattga
tegtttgecatcaccgaacgeegtactacgtegatctcgatggccgecaagectgeaagagggtegecgagaggctggcc
actcagatcggcgtgatggaagagteaggecce

66

iRFP Construct
#4

tcgegaaataaaatatctttattttcattacatctgtgtgttggtttittetgtgaatc gatagtactaacatacgetctccatcaaaa
caaaacgaaacaaaacaaactagcaaaataggetgtccccagtgeaagtgcaggtgecagaacatttctctggectaactg
gccggtacctgagetegetagectegagectgeaggegacaattgeatgaagaatctgettagggttagecgtittgcgctg
cttegegttgtacgggccagatatacgegtatctgaggggactagggtetgtitagecgaaaageggggctteggttgtacg
cggttaggagtccectcaggatatagtagtttegcttttgcatagggagegegaaatgtagtettatgcaatacacttgtagtct
tgcaacatggtaacgatgagttagcaacatgecttacaaggagagaaaaageaccgtgeatgecgattggtegaagtaagg
tggtacgatcgtgccttattaggaaggcaacagacaggtctgacatggattggacgaaccactgaattgegeattgeagaga
taattgtatttaagtgcctagetcgatacaataaacgccatttgaccattcaccacattggtgtgcacctccaaggecacagatce
cgtttaaacaagcttggeaatccggtactgttggtaaatctactatacgeggggtttccagtccatcggettgtacagegteate
atccagaaggtgcgttgagagetgcgccggcgggagggecctcggaggatggccattitgtgaatatgtecttgeacctta
cacttgaattatgtttatttccttataggtcatttgccaccatgtictggagticttgtitgtatatategtgtitttgcttggattiggag
ttggtaattgatttataaataatagtaactcccacatttataaacactttatagtaattaccaggcagagagetgaggagageac
cctgttatgttcecttagecttggectegettatcgagaagtgtcecaaagacaacaaggactgcagetectacggeagettca
gcgacgeagtgctggaactetgtggeggaaggatcegtegecaggeagectgacetettgacctgegacgatgagecgat
ccatatccceggtgccatccaaccgeatggactgetgctegecetegecgecgacatgacgategttgccggeagegaca
accttccegaactcaccggactggegatcggegecctgatcggeegetetgeggecgatgtettcgactcggagacgeac
aaccgtctgacgatcgecttggecgageccggggcggecgteggageaccgatcactgteggcttcacgatgegaaagg
acgcaggcttcatcggetcctggeatcgecatgatcageteatcttcetcgagetegagectecccagegggacgtegecg
agecgeaggcegttettccgecgeaccaacagegeeatecgecgectgeaggecgecgaaaccttggaaagegectgegc
cgecgeggegeaagaggtgcggaagattaccggettcgatcgggteatgatctatcgettcgectecgacttcageggega
agtgatcgeagaggatcggtgcgccgaggtcgagtcaaaactaggectgeactatectgectcaacegtgecggegeagg
ccecgteggctctataccatcaacccggtacggatcattcecgatatcaattatcggeeggtgccggtcacceccagaccteaat
ccggtcaccgggeggccgattgatcttagettcgecatectgegeagegtetcgecegtecatetggaattcatgegeaaca
taggcatgcacggceacgatgtcgatctegattttgcgegecgagegactgtggegattgatcgtttgccatcaccgaacgec
gtactacgtcgatctegatggecgecaagectgegagetagtegeccaggttctggectggcagateggegtgatggaaga
glgaggecce
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WHAT IS CLAIMED IS:

1. An expression cassette comprising from 5' to 3": (1) promoter, (ii) an upstream exon, (iii)
an upstream intron, (iv) an alternatively spliced exon comprising a translation initiation
sequence, (v) a downstream intron, (vi) a downstream exon, and (vii) a heterologous
nucleic acid sequence; wherein the upstream intron, the alternatively spliced exon, and
the downstream intron each comprise a portion of a gene selected from the group
consisting of a Transient Receptor Potential Cation Channel Subfamily V Member 3
(TRPV3) gene, a Serine/Threonine Kinase 31 (STK31) gene, an Ubiquitin Specific
Peptidase 25 (USP25) gene, a IK gene, a Testis Expressed 14, Intercellular Bridge
Forming Factor (TEX14) gene, a General Transcription Factor [IB (GTF2B) gene, and a
LY6/PLAUR Domain Containing 3 (LYPD3) gene.

2. The expression cassette of claim 1, wherein the upstream exon and the downstream exon
each comprise a portion of a gene selected from the group consisting of a Transient
Receptor Potential Cation Channel Subfamily V Member 3 (TRPV3) gene, a
Serine/Threonine Kinase 31 (STK31) gene, an Ubiquitin Specific Peptidase 25 (USP25)
gene, a IK gene, a Testis Expressed 14, Intercellular Bridge Forming Factor (TEX14)
gene, a General Transcription Factor IIB (GTF2B) gene, and a LY6/PLAUR Domain
Containing 3 (LYPD3) gene.

3. The expression cassette of claim 1, wherein the upstream exon and the downstream exon
each comprise a portion of a gene, which is different from the gene for the portion of the
upstream intron, the alternatively spliced exon, and the downstream intron.

4. The expression cassette of claim 1, wherein the upstream exon and the downstream exon
comprise synthetic exons.

5. The expression cassette of any one of claims 1-4, wherein the alternatively spliced exon is
regulatable by a splicing modulator.

6. The expression cassette of claim 5, wherein the splicing modulator is Kinetin or
Homocarbonyltopsentin.

7. The expression cassette of any one of claims 1-6, wherein the gene is TRPV3, STK31, or
USP25; and the splicing modulator is Kinetin.

8. The expression cassette of any one of claims 1-6, wherein the gene is GTF2B, LYPD3,
IK, or TEX14; and the splicing modulator is Homocarbonyltopsentin.
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The expression cassette of any one of claims 5-8, wherein the splicing modulator
promotes inclusion of the alternatively spliced exon thereby driving expression of the
heterologous nucleic acid sequence.

The expression cassette of any one of claims 1-9, wherein the alternatively spliced exon
further comprises a kozak sequence.

The expression cassette of any one of claims 1-9, wherein the promoter is selected from
the group consisting of a CBA promoter, a smCBA promoter, a CMV promoter, an EF-1a
(Elongation Factor 1a) promoter, a RSV (Rous Sarcoma Virus) promoter, an Ubiquitin
(UbC) promoter, a CAG promoter, a SV40 (simian vacuolating virus 40) promoter, a
PGK (phosphoglycerate kinase) promoter, a human beta actin promoter, a H1 (human
polymerase III RNA) promoter, a human U6 small nuclear promoter, tetracycline
responsive element, and any combination thereof.

The expression cassette of any one of the previous claims, further comprising an
enhancer.

The expression cassette of claim 12, wherein the enhancer is selected from the group
consisting of a CMYV enhancer, a SV40 enhancer, and any combination thereof.

The expression cassette of any one of claims 1-13, which further comprises a cleavage
site between the downstream exon and the heterologous nucleic acid sequence.

The expression cassette of claim 14, wherein the cleavage site is selected from the group
consisting of a furin cleavage site, a foot-and-mouth disease virus 18 2A peptide (F2A),
an equine rhinitis A virus 2A peptide (E2A), a porcine teschovirus-1 2A peptide (P2A), a
thosea asigna virus 2A peptide (T2A), and any combination thereof.

The expression cassette of any one of the claims 1-15, which further comprises a leader
sequence between the downstream exon and the heterologous nucleic acid sequence.

The expression cassette of claim 16, wherein the leader sequence is selected from the
group consisting of a human opticin (hOPT) leader sequence, an interleukin-2 (IL-2)
leader sequence, an interleukin-12 (IL-12) leader sequence, an interleukin-6 (IL-6) leader
sequence, a human insulin leader sequence, a human serum albumin (HSA) leader
sequence, and any combination thereof.

The expression cassette of any one of the previous claims, wherein the combined length
of the upstream exon, the upstream intron, the alternatively spliced exon, the downstream

intron, and the downstream exon is between about 300 basepairs to about 2100 basepairs.
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The expression cassette of any one of the previous claims, wherein the length of the
heterologous nucleic acid sequence is less than about 4100 basepairs, less than about
4000 basepairs, or less than about 3900 basepairs.

The expression cassette of any one of the previous claims, wherein the heterologous
nucleic acid sequence encodes a protein.

The expression cassette of claim 20, wherein the protein is a therapeutic protein.

The expression cassette of any one of the previous claims, wherein the upstream exon
comprises a sequence selected from the group consisting of SEQ ID NO: 8, 13, 18, 23,
28, 33, and 38.

The expression cassette of any one of the previous claims, wherein the alternatively
spliced exon comprises a sequence selected from the group consisting of SEQ ID NO: 10,
15, 20, 25, 30, 35, and 40.

The expression cassette of any one of the previous claims, wherein the downstream exon
comprises a sequence selected from the group consisting of SEQ ID NO: 12, 17, 22, 27,
32,37, and 42.

The expression cassette of any one of the previous claims, comprising a sequence selected
from the group consisting of SEQ ID NO: 8-42.

The expression cassette of any one of the previous claims, comprising a sequence selected
from the group consisting of SEQ ID NO: 1-8 or 43-66.

The expression cassette of any one of the previous claims, further comprising an
untranslated region (UTR), a microRNA binding site, a polyA (pA) sequence, an intron
sequence, or any combination thereof.

The expression cassette any one of the previous claims, wherein the expression cassette
comprises a poly(A) (pA) sequence.

The expression cassette of claim 27 or claim 28, wherein the pA sequence is a synthetic pA
sequence, a bovine growth hormone (bGH) pA sequence, or a human growth hormone
(hGH) pA sequence.

A delivery vector comprising the expression cassette of any one of claims 1-26.

The delivery vector of claim 30, wherein the expression cassette is flanked by inverted
terminal repeat (ITR) sequences.

The delivery vector of claim 31, wherein the delivery vector is selected from the group
consisting of a viral vector, a plasmid, a lipid, a protein particle, a bacterial vector, a

lysosome, a virus-like particle, a polymeric particle, an exosome, and a vault particle.
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The delivery vector of claim 31 or claim 32, wherein the delivery vector is a viral vector.
The delivery vector of claim 33, wherein the viral vector is a lentiviral vector, an
adenoviral vector, an adeno-associated viral (AAV) vector, or a retroviral vector.

The delivery vector of any one of claims 32-34, wherein the viral vector is an adeno-
associated viral (AAV) vector.

The delivery vector of any one of claims 31-35, which is a recombinant AAV (rAAYV)
vector comprising an AAV serotype selected from the group consisting of AAV1, AAV2,
AAV3, AAV4, AAVS5, AAV6, AAV7, AAVS, AAVrhS, AAV9, AAV10, AAVrh10,
AAV11, and AAVI12,

A cell comprising the expression cassette of any one of claims 1-30, or the delivery vector
of any one of claims 31-36.

A pharmaceutical composition comprising the expression cassette of any one of claims 1-
30, the delivery vector of any one of claims 31-36, or the cell of claim 37.

The pharmaceutical composition of claim 38, further comprising a pharmaceutically
acceptable excipient.

A kit comprising 1) the expression cassette of any one of claims 1-30, the delivery vector
of any one of claims 31-36, or the pharmaceutical composition of claim 38 or claim 39;
and (i) optionally instructions for use.

The kit of claim 40, further comprising (iii) a splicing modulator molecule that promotes
the inclusion of the alternatively spliced exon.

The kit of claim 41, wherein the splicing modulator molecule is kinetin.

The kit of claim 42, wherein the splicing modulator molecule is homocarbonyltopsentin.
A method of regulating expression of a protein in a mammalian cell comprising
administering to the cell the expression cassette of any one of claims 1-30, the delivery
vector of any one of claims 31-36, or the pharmaceutical composition of claim 38 or
claim 39, followed by administering the splicing modulator molecule that promotes the
inclusion of the alternatively spliced exon.

A method of expressing a protein in a subject comprising administering to the subject the
expression cassette of any one of claims 1-30, the delivery vector of any one of claims
31-36, the cell of claim 37, or the pharmaceutical composition of claim 38 or claim 39,
followed by administering the splicing modulator molecule that promotes the inclusion of

the alternatively spliced exon.
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A method of treating a disease in a mammal comprising administering to a subject the
expression cassette of any one of claims 1-30, the delivery vector of any one of claims
31-36, the cell of claim 37, or the pharmaceutical composition of claim 38 or claim 39,
followed by administering the splicing modulator molecule that promotes the inclusion of
the alternatively spliced exon.

The methods of any one of claims 44-46, wherein the administration of the expression
cassette, delivery vector, or cell is systemic or tissue specific.

The methods of any one of claims 44-47, wherein the administration of the molecule that
promotes the inclusion of the alternatively spliced exon is systemic.

The method of any one of claims 44-48, wherein the molecule that promotes the inclusion
of the alternatively spliced exon is administered at least 1 day after administration of the
expression cassette.

The method of any one of claims 44-49, further comprising administering a second dose
of the molecule that promotes the inclusion of the alternatively spliced exon.

A method of regulating transgene expression post-transcriptionally, comprising
administering to a cell or subject (a) a nucleic acid construct comprising (i) an upstream
exon, (i1) an upstream intron, (ii1) an alternatively spliced exon comprising a translation
initiation sequence, (iv) a downstream intron, (v) a downstream exon, and (vi) a
heterologous nucleic acid sequence; wherein the upstream intron, the alternatively spliced
exon, and the downstream intron each comprise a portion of a gene selected from the
group consisting of a Transient Receptor Potential Cation Channel Subfamily V Member
3 (TRPV3) gene, a Serine/Threonine Kinase 31 (STK31) gene, an Ubiquitin Specific
Peptidase 25 (USP25) gene, a IK gene, a Testis Expressed 14, Intercellular Bridge
Forming Factor (TEX14) gene, a General Transcription Factor [IB (GTF2B) gene, and a
LY6/PLAUR Domain Containing 3 (LYPD3) gene; and (b) a splicing modulator, wherein
the splicing modulator is Kinetin or Homocarbonyltopsentin.

A method of producing an adeno-associated viral (AAV) vector comprising:

(a) introducing a first plasmid comprising an adenovirus helper gene and a second
plasmid comprising a heterologous nucleic acid sequence into a host cell, wherein the
host cell comprises an AAV capsid (Cap) gene and a nucleic acid construct comprising (i)
an upstream exon, (ii) an upstream intron, (iii) an alternatively spliced exon comprising a
translation initiation sequence, (iv) a downstream intron, (v) a downstream exon, and (vi)

an AAYV replication (Rep) gene; wherein the upstream intron, the alternatively spliced
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exon, and the downstream intron each comprise a portion of a gene selected from the
group consisting of a Transient Receptor Potential Cation Channel Subfamily V Member
3 (TRPV3) gene, a Serine/Threonine Kinase 31 (STK31) gene, an Ubiquitin Specific
Peptidase 25 (USP25) gene, a IK gene, a Testis Expressed 14, Intercellular Bridge
Forming Factor (TEX14) gene, a General Transcription Factor [IB (GTF2B) gene, and a
LY6/PLAUR Domain Containing 3 (LYPD3) gene; and

(b) culturing the host cell in the presence of a splicing modulator to produce AAV
particles.

A method of producing an adeno-associated viral (AAV) vector comprising:

(a) introducing a first plasmid comprising an adenovirus helper gene and a second
plasmid comprising a heterologous nucleic acid sequence into a host cell, wherein the
host cell comprises an AAYV replication (Rep) gene and a nucleic acid construct
comprising (1) an upstream exon, (ii) an upstream intron, (iii) an alternatively spliced
exon comprising a translation initiation sequence, (iv) a downstream intron, (v) a
downstream exon, and (vi) an AAV capsid (Cap) gene; wherein the upstream intron, the
alternatively spliced exon, and the downstream intron each comprise a portion of a gene
selected from the group consisting of a Transient Receptor Potential Cation Channel
Subfamily V Member 3 (TRPV3) gene, a Serine/Threonine Kinase 31 (STK31) gene, an
Ubiquitin Specific Peptidase 25 (USP25) gene, a IK gene, a Testis Expressed 14,
Intercellular Bridge Forming Factor (TEX14) gene, a General Transcription Factor IIB
(GTF2B) gene, and a LY6/PLAUR Domain Containing 3 (LYPD?3) gene; and

(b) culturing the host cell in the presence of a splicing modulator to produce AAV
particles.

The method of claim 52 or 53, further comprising (c) harvesting the AAV particles from
the cultured host cell.

The method of claim 54, further comprising (d) purifying the harvested AAV particles.
The method of claim 52 or 53, wherein the host cell is a HEK293 cell.

The method of any one of claims 52 to 56, wherein the splicing modulator is Kinetin or
Homocarbonyltopsentin.

The method of any one of claims 52 to 57, wherein the adenovirus helper gene is selected
from the group consisting of an Early 4 (E4) gene, an Early 2A (E2A) gene, and a viral
associated (VA) gene.
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The method of any one of claims 52 to 58, wherein the nucleic acid construct is stably
integrated into the host cell genome.

The method of any one of claims 52 to 58, wherein the nucleic acid construct comprises a
sequence selected from the group consisting of SEQ ID NO: 59-62.

A method of producing an AAYV particle comprising contacting a host cell comprising rep
genes, cap genes, and adenoviral helper genes with a topsentin alkaloid or derivative
thereof.

The method of claim 61, wherein topsentin alkaloid or derivative thereof is selected from
the group consisting of Homocarbonyltopsentin, Topsentin, Bromotopsentin,
Bromodeoxytopsentin, Deoxytopsentin, and any combination thereof.

The method of claim 62, wherein the method: 1) reduces one or more viral response genes,
i1) increases one or more immediate early genes, iii) increases a NF-kB signaling pathway,
iv) increases a TNF signaling pathway, v) increases a IL-17 signaling pathway, vi) inhibits
apoptosis, vii) inhibits viral defense and/or vii) increases histone levels.

The method of any one of claims 61-63, wherein the apoptosis is inhibited by altering a
signaling pathway selected from the group consisting of a NF-kB signaling pathway, a TNF
signaling pathway, a IL-17 signaling pathway, a JAK/STAT signaling pathway, a P38
MAPK signaling pathway, a PI3K-Akt signaling pathway, or any combination thereof.
The method of any one of claims 61-65, wherein the increased histone levels result in
increased metabolic activity.

The method of any one of claims 61-65, wherein the increased histone levels result in
increased host cell replication.

The method of any one of claims 61-66, wherein the host cell comprises an AAV capsid
(Cap) gene.

The method of any one of claims 61-67, wherein the host cell comprises an AAV replication
(Rep) gene.

The method of any one of claims 61-68, wherein the host cell is a HEK293 cell.

The method of any one of claims 61 to 69, wherein the topsentin alkaloid or derivative
thereof is Homocarbonyltopsentin.

The method of claim 70, wherein the host cell is contacted with about 5 uM to about 40
uM of Homocarbonyltopsentin.

The method of any one of claims 61 to 71, wherein the host cell is contacted with the

topsentin alkaloid or derivative thereof for at least about 24 hours, 48 hours, or 72 hours.
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73. The method of any one of claims 61 to 72, further comprising harvesting the AAYV particle.
74. The method of claim 73, further comprising purifying the harvested AAV particle.
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International application No
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A. CLASSIFICATION OF SUBJECT MATTER
INV. A61K31/41 C12N15/861 A61K31/52 A61K48/00 C12N15/113

Cl2N15/63
ADD.
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
A61K CO7K CIl2N

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X BANNING ANTJE ET AL: "Towards Splicing 1-10,14,
Therapy for Lysosomal Storage Disorders: 18,20,
Methylxanthines and Luteolin Ameliorate 30,
Splicing Defects in Aspartylglucosaminuria 37-42,
and Classic Late Infantile Neuronal Ceroid 44,49,51
Lipofuscinosisg®,
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1 January 2021 (2021-01-01), page 2813,
XP055953121,
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page 3, paragraph 3 - page 4, paragraph 2;
figures 4, 11

_/__

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : ) ) ) - o
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international "X document of particular relevance;; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other " document of . . - - -
. bt particular relevance;; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
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Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
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1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was

carried out on the basis of a sequence listing:

a. forming part of the international application as filed.

b. D furnished subsequent to the international filing date for the purposes of international search (Rule 13ier1(a}).
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2. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this report has been
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