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ADENO-ASSOCIATED VIRUS (AAV) PRODUCER CELL LINES

FIELD OF THE INVENTION

[0001] The present disclosure provides mammalian cell lines for producing adeno-associated
virus (AAV). The cells suitably include isolated nucleic acids encoding helper genes and AAV
genes, under the control of inducible promoters. The disclosure also relates to methods of

producing AAVs using the mammalian cells and nucleic acids described herein.
BACKGROUND

[0002] Recombinant adeno-associated virus (rAAV) has emerged as an important gene therapy
vector for broad clinical application due to its high safety profile and strong potency for
delivering functional genes into a variety of tissues with long-term therapeutic benefits. Multiple
AAV-based gene therapies have been approved by the US Food and Drug Administration (FDA)
and FEuropean Medicines Agency (EMA). With 25 viral-vector therapeutics in late-stage
development and approximately 120 in Phase II trials as of February 2022, the number of

approved therapies is only expected to grow.

[0003] However, the challenges of current AAV manufacturing processes include low
productivity and scalability, low batch-to-batch reproducibility, high cost and complex supply
chain issues, which significantly limit the access to the gene delivery platform for the treatment
of a variety of human diseases. Additionally, constitutive expression of both helper and Rep
genes required for AAV production can be cytotoxic. AAV stable producer cell lines (PCLs) and
vectors that are designed to tightly control the expression of helper and Rep genes can overcome
these limitations and bolster large-scale current good manufacturing practice (cGMP)

manufacturing for AAV gene therapy.
SUMMARY OF THE INVENTION

[0004] In some embodiments, the present disclosure is directed to an isolated nucleic acid
molecule operably comprising a first inducible promoter with two tetracycline operator

sequences (a TetOz sequence), an E2A gene under control of the first inducible promoter, a viral



WO 2025/096295 PCT/US2024/052959

associated (VA) non-coding RNA under control of a second inducible promoter, a third inducible
promoter with a TetO:2 sequence, an E4 gene under control of the third inducible promoter, and

an antibiotic resistance gene.

[0005] In further embodiments, the disclosure provides an isolated nucleic acid molecule
operably comprising, a first inducible promoter with a TetO: sequence, an E2A gene under
control of the first inducible promoter, a viral associated (VA) non-coding RNA under control of
a second inducible promoter, a third inducible promoter with a TetO: sequence, an E4 gene
under control of the third inducible promoter, an expression cassette encoding a protein ortholog
of the VA RNA and a peptide protein tag under the control of a depressible promoter comprising
a human Cytomegalovirus (CMV) promoter and a TetO2 sequence, a termination sequence, and

an antibiotic resistance gene.

[0006] In still further embodiments, the present disclosure is directed to an isolated nucleic
acid molecule operably comprising a plasmid encoding a first inducible promoter with a TetO»
sequence, a Rep78 gene, including a silenced p19 promoter located within the Rep78 gene
coding region, wherein the silenced p19 promoter comprises mutations in SP1, TATA-1, and/or
TATA-2 sites, a second inducible promoter and a TetOz sequence, a Rep52 gene under control of

the second inducible promoter, termination sequence and an antibiotic resistance gene.

[0007] In still further embodiments, the present disclosure is directed to a mammalian cell for
producing an adeno-associated virus (AAV), comprising any of isolated nucleic acid molecules
disclosed herein integrated into its genome. In some embodiments, the mammalian cell further
comprises a nucleic acid encoding a transcriptional repression domain in frame with a nucleic
acid encoding a tetracycline repressor protein. In some embodiments, the mammalian cell

comprises a nucleic acid molecule encoding a gene of interest.

[0008] In still further embodiments, the disclosure provides a method for producing an adeno-
associated virus (AAV), comprising inducing production of the genomically integrated nucleic
acid sequence of any of the mammalian cells disclosed herein, culturing the mammalian cell, and

harvesting the AAV.
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BRIEF DESCRIPTION OF THE FIGURES

[0009] FIG. 1 shows a schematic of the use of the Tet-On inducible system utilizing the

tetracycline repressor protein to repress and activate expression of a protein.
[0010] FIGS. 2A and 2B show an exemplary TetR and TetR-KRAB fusion system.

[0011] FIGS. 3A-31 show exemplary nucleic acid molecules for production of helper genes in

accordance with embodiments hereof.

[0012] FIGS. 4A and 4B show exemplary nucleic acid molecules for production of helper

genes in accordance with embodiments hereof.

[0013] FIGS. SA-5P show exemplary nucleic acid molecules for production of Rep genes in

accordance with embodiments hereof.

[0014] FIGS. 6A-6E show exemplary nucleic acid molecules for production of Cap genes and

genes of interest in accordance with embodiments hereof.

[0015] FIG. 7 shows the results of AAYV titers using the Helper, Rep and Cap-GOI vectors, in

accordance with embodiments hereof.

[0016] FIG. 8 shows a Western Blot image of the expression of helper, Rep and Cap proteins

in accordance with embodiments hereof.

[0017] FIG. 9 shows the results of AAV production in 3 Liter single-use bioreactors in

accordance with embodiments hereof.
[0018] FIG. 10 shows comparative results of AAV production of PCL clones.

[0019] FIG. 11 shows the results of cell-based infectivity and potency assay of AAVs

produced in accordance with embodiments hereof.
DETAILED DESCRIPTION OF THE INVENTION

[0020] Unless otherwise defined herein, scientific and technical terms used in the present

disclosure shall have the meanings that are commonly understood by one of ordinary skill in the
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art. Further, unless otherwise required by context, singular terms shall include pluralities and
plural terms shall include the singular. The use of the word “a” or “an” when used in conjunction
with the term “comprising” in the claims and/or the specification may mean “one,” but it is also

EEIN3

consistent with the meaning of “one or more,” “at least one,” and “one or more than one.”

[0021] Throughout this application, the term “about” is used to indicate that a value includes
the inherent variation of error for the method/device being employed to determine the value.
Typically, the term is meant to encompass approximately or less than 1%, 2%, 3%, 4%, 5%, 6%,
7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19% or 20% variability

depending on the situation.

[0022] The use of the term “or” in the claims is used to mean “and/or” unless explicitly
indicated to refer only to alternatives or the alternatives are mutually exclusive, although the

disclosure supports a definition that refers to only alternatives and “and/or.”

[0023] As used in this specification and claim(s), the words “comprising” (and any form of
comprising, such as “comprise” and “comprises”), “having” (and any form of having, such as
“have” and “has”), “including” (and any form of including, such as “includes” and “include™) or
“containing” (and any form of containing, such as “contains” and “contain”) are inclusive or
open-ended and do not exclude additional, unrecited, elements or method steps. It is
contemplated that any embodiment discussed in this specification can be implemented with
respect to any method, system, host cells, expression vectors, and/or composition of the
invention. Furthermore, compositions, systems, cells, and/or nucleic acids of the invention can

be used to achieve any of the methods as described herein.

[0024] The use of the term “for example” and its corresponding abbreviation “e.g.” (whether
italicized or not) means that the specific terms recited are representative examples and
embodiments of the disclosure that are not intended to be limited to the specific examples

referenced or cited unless explicitly stated otherwise.

[0025] As used herein, “between” is a range inclusive of the ends of the range. For example, a
number between x and y explicitly includes the numbers x and y, and any numbers that fall

within x and y.
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[0026] As used herein, the term “adeno-associated virus (AAV)” refers to a small sized,
replicative-defective nonenveloped virus containing a single stranded DNA of the family
Parvoviridae and the genus Dependoparvovirus. Over 10 adeno-associated virus serotypes have
been identified so far, with serotype AAV2 being the best characterized. Other non-limiting
examples of AAV serotypes are ANC80, AAV1, AAV3, AAV4, AAVS, AAV6, AAV7, AAVS,
AAV9, AAVI10, and AAVI11. In addition to these serotypes, AAV pseudotypes have been
developed. An AAV pseudotype contains the capsid of a first serotype and the genome of a
second serotype (e.g., the pseudotype AAV2/5 would correspond to an AAV with the genome of
serotype AAV2 and the capsid of AAVS).

[0027] As referred to herein, the term “adenovirus” refers to a nonenveloped virus with an
icosahedral nucleocapsid containing a double stranded DNA of the family Adenoviridae. Over
50 adenoviral subtypes have been isolated from humans and many additional subtypes have been
isolated from other mammals and birds. Birds. See, e.g., Ishibashi et al, “Adenoviruses of
animals,” In The Adenoviruses, Ginsberg, ed., Plenum Press, New York, N.Y., pp. 497-562
(1984); Strauss, “Adenovirus infections in humans,” In The Adenoviruses, Ginsberg, ed.,
Plenum Press, New York, N.Y., pp. 451-596 (1984). These subtypes belong to the family
Adenoviridae, which is currently divided into two genera, namely Mastadenovirus and
Aviadenovirus. All adenoviruses are morphologically and structurally similar. In humans,
however, adenoviruses show diverging immunological properties and are, therefore, divided into
serotypes. Two human serotypes of adenovirus, namely AV2 and AVS5, have been studied

intensively and have provided the majority of general information about adenoviruses.

[0028] Adeno-associated virus (AAV) has emerged as the vector of choice for gene therapy
in over 120 clinical trials worldwide. The fast-growing demand of recombinant AAV requires
highly efficient and robust manufacturing platforms. However, current methods for AAV
production, including transient transfection and helper virus systems, are extremely costly and
lab-intensive. Thus, described herein are isolated nucleic acid molecules for producing an adeno-
associated virus (AAYV) and plasmid/helper virus-free AAV producer cell lines, and methods of
use thereof, that provide efficient AAV manufacturing for a long-term solution at significantly
reduced cost. The AAV producer cell line described herein represents a next generation platform

for both clinical and commercial AAV manufacturing.
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[0029] As used herein, a “vector” or “expression vector” refers to a nucleic acid replicon, such
as a plasmid, phage, virus, or cosmid, to which another nucleic acid segment may be attached to
bring about the replication and/or expression of the attached nucleic acid segment in a host cell.

3

The term “vector” includes episomal (e.g., plasmids) and non episomal vectors. The term
“vector” may also include synthetic vectors. Non-limiting examples of vectors include
baculovirus vectors, bacteriophage vectors, plasmids, phagemids, cosmids, fosmids, bacterial
artificial chromosomes, viral vectors (e.g. viral vectors based on vaccinia virus, poliovirus,
adenovirus, adeno-associated virus, SV40, herpes simplex virus, and the like), P1-based artificial
chromosomes, yeast plasmids, yeast artificial chromosomes, and any other vectors specific for
specific hosts of interest (e.g., mammalian cells such as the E1 complementary producer cells
described herein, including but not limited to HEK293 cells, PER.C6 cells, CAP® cells, and
derivatives thereof). Vectors may be introduced into the desired host cells, e.g., HEK293 cells,
PER.C6 cells, CAP® cells, or derivatives thereof, by well-known methods, including, but not
limited to, transfection, transduction, cell fusion, and lipofection. Vectors can comprise various
regulatory elements including, e.g., constitutive and inducible promoters, transcription

enhancers, transcription terminators, and the like.

[0030] As used herein an “isolated nucleic acid molecule” includes vectors and plasmids that
can contain the isolated nucleic acid molecule, as well as similar structures where the isolated
nucleic acid molecule can be manipulated, stored, shipped, and ultimately utilized in various cell
transfection systems. The isolated nucleic acid molecules described herein can be used for
production of AAVs as described herein, but can also be utilized in various non-AAYV producing
cell lines (including transient transfection systems). The isolated nucleic acid molecules
described herein suitably further include various additional elements and sequences as required

to allow for use in the cellular systems, including mammalian cells, described herein.

[0031] A “nucleic acid,” “nucleic acid molecule,” or “oligonucleotide” means a polymeric
compound comprising covalently linked nucleotides. The term “nucleic acid” includes
polyribonucleic acid (RNA) and polydeoxyribonucleic acid (DNA), both of which may be
single- or double-stranded. DNA includes, but is not limited to, complimentary DNA (cDNA),
genomic DNA | plasmid or vector DNA, and synthetic DNA. RNA includes, but is not limited to,
mRNA, tRNA, rRNA, snRNA, microRNA, miRNA, or MIRNA.
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[0032] A “gene” refers to an assembly of nucleotides that encode a polypeptide, and includes
cDNA and genomic DNA nucleic acid molecules. “Gene” also refers to a nucleic acid fragment
that can act as a regulatory sequence preceding (5' non-coding sequences) and following (3' non-
coding sequences) the coding sequence. In some embodiments, genes are integrated with

multiple copies. In some embodiments, genes are integrated at predefined copy numbers.

[0033] As referred to herein, the term “heterologous gene” or “HG” as it relates to nucleic acid
sequences such as a coding sequence or a control sequence, denotes a nucleic acid sequence, e.g.,
a gene, that is not normally joined together, and/or are not normally associated with a particular
cell. In some embodiments, a heterologous gene is a construct where the coding sequence itself
is not found in nature (e.g., synthetic sequences having codons different from the native gene).
Allelic variation or naturally occurring mutational events do not give rise to heterologous DNA,

as used herein.

[0034] In the various embodiments described herein, the nucleic acid molecules are capable
of encoding the various genes. That is the nucleic acid molecules, when transcribed, produce
mRNA for the genes described herein, which is then translated to the desired or required

proteins.

[0035] The various nucleic acid molecules encoding the various genes described herein are
suitably under control of a promoter. As used herein “under control” refers to a gene being

RERNTS

regulated by a “promoter,” “promoter sequence,” or “promoter region,” which refers to a DNA
regulatory region/sequence capable of binding RNA polymerase and initiating transcription of a
downstream coding or non-coding gene sequence. In other words, the promoter and the gene are
in operable combination or operably linked. As referred to herein, the terms “in operable
combination”, “in operable order”, “operably linked” and “operably” refer to the linkage of
nucleic acid sequences in such a manner that a promoter capable of directing the transcription of

a given gene and/or the synthesis of a desired protein molecule is produced.

[0036] In some examples of the present disclosure, the promoter sequence includes the
transcription initiation site and extends upstream to include the minimum number of bases or
elements necessary to initiate transcription at levels detectable above background. In some

embodiments, the promoter sequence includes a transcription initiation site, as well as protein
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binding domains responsible for the binding of RNA polymerase. Eukaryotic promoters will
often, but not always, contain “TATA” boxes and “CAT” boxes. Various promoters, including
inducible promoters, may be used to drive the gene expression, e.g., in the host cell or vectors of
the present disclosure. In some embodiments, the promoter is not a leaky promoter, i.e., the
promoter is not constitutively expressing any of the gene products as described herein. In other
embodiments as described herein, the promoter is a constitutive promoter, which initiates mRNA

synthesis independent of the influence of an external regulation.

[0037] Suitably, the promoters used to control the transcription of the various genes for
producing the AAVs described herein are derepressible promoters. As used herein, a
“derepressible promoter” refers to a structure that includes an inducible or a functional promoter
and additional elements or sequences capable of binding to a repressor element to cause
repression of the inducible or functional promoter. “Repression” refers to the decrease or
inhibition of the initiation of transcription of a downstream coding or non-coding gene sequence
by a promoter. A “repressor element” refers to a protein or polypeptide that is capable of
binding to a promoter (or near a promoter) so as to decrease or inhibit the activity of the
promoter. A repressor element can interact with a substrate or binding partner of the repressor
element, such that the repressor element undergoes a conformation change. This conformation
change in the repressor element takes away the ability of the repressor element to decrease or
inhibit the promoter, resulting in the “derepression” of the promoter, thereby allowing the

promoter to proceed with the initiation of transcription.

[0038] In some embodiments, the derepressible promoter comprises an inducible or functional
promoter and one or more tetracycline operator sequences (TetOz). An “inducible promoter”
regulates (e.g., activates or inactivates) transcriptional activity of a nucleic acid to which it is
operably linked when the promoter is influenced by or contacted by a corresponding regulatory
protein or other external stimuli such as chemicals, stress, or biotic stimuli. A “functional
promoter” refers to a promoter, that absent the action of the repressor element, would be capable
of initiation transcription. Various inducible and functional promoters that can be used in the
practice of the present invention are known in the art, and include for example, PCMV, PHI,
P19, P5, P40 and promoters of Adenovirus helper genes (e.g., E1A, E1B, E2A, E40rf6, and
VA).
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[0039] The term “Tet operator sequence”, “Tet operator sequence motif”, “Tet operator”,
“TetO2” or “TetO” as used herein is intended to encompass all classes of Tet operator sequences,
e.g., TetO(A), TetO(B), TetO(C), TetO(D), TetO(E), TetO(G), TetO(H), TetO(J) and TetO(Z).
The nucleotide sequences of Tet repressors of members of the A, B, C, D, E, G, H, J and Z
classes, and their corresponding Tet operator sequences are well known in the art, see, for
example, Waters 1983, Null. Acids Res 11:6089-6105, Hillen 1983, Nucl. Acids Res. 11:525-
539, Postle 1984, Nucl. Acids Res. 12:4849-4863, Unger 1984, Gene 31: 103-108, Unger 1984,
Nucl Acids Res. 12:7693-7703 and Tovar 1988, Mol. Gen. Genet. 215:76-80, which are
incorporated herewith by reference with respect to the specifically disclosed Tet operator
sequences and in their entireties. Tet operator sequences are also disclosed in U.S. Pat. No.

5,464,758.

[0040] Exemplary repressor elements and their corresponding binding partners that can be
used as derepressible promoters are known in the art, and include systems such as the cumate
gene-switch system (CuO operator, CymR repressor and cumate binding partner) (see, e.g.,
Mullick ef al., “The cumate gene-switch: a system for regulated expression in mammalian cells,”
BMC Biotechnology 6:43 (1-18) (2006), the disclosure of which is incorporated by reference
herein in its entirety, including the disclosure of the derepressible promoter system described
therein) and the TetO/TetR system described herein (see, e.g, Yao et al, “Tetracycline
Repressor, tetR, rather than the tetR-Mammalian Cell Transcription Factor Fusion Derivatives,
Regulates Inducible Gene Expression in Mammalian Cells,” Human Gene Therapy 9:1939-1950

(1998), the disclosure of which is incorporated by reference herein in its entirety).

[0041] VA (virus-associated) RNA is a non-coding type found in adenoviruses. It plays a role
in the regulation of translation. There are two copies of this RNA called VAI or RNA I VA and
VAII or RNA II VA. The two RNA VA genes are distinct genes in the adenovirus genome. RNA
I VA is the main species with RNA II VA expressed at a lower level. Neither transcript is
polyadenylated and both are transcribed by PolIll.

[0042] As described herein, the nucleic acid molecules suitably encode viral helper gene.
Viral helper genes include various adenoviral virus genes, herpes virus genes and bocavirus

genes (see, €.g., Guido et al., “Human bocavirus: Current knowledge and future challenges,”
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World J. Gateroenterol 22:8684-8697, the disclosure of which is incorporated by reference
herein in its entirety). In exemplary embodiments, the viral helper gene is an adenovirus helper
gene. As referred to herein, the term “adenovirus helper gene” or “AV helper gene” refers to a
gene that is composed of one or more nucleic acid sequences derived from one or more
adenovirus subtypes or serotypes that contributes to Adeno-associated virus replication and
packaging. In some embodiments, the Adenovirus helper gene is E1A, E1B, E2A, E4 (including
E40rf6), VA, or a combination thereof or any other adenovirus helper gene. In exemplary

embodiments, the adenovirus helper gene comprises both E2A and E4Orf6 genes.

[0043] 1In still further embodiments, provided herein is an isolated nucleic acid molecule
operably comprising a first inducible promoter and two tetracycline operator sequences (a TetO2
sequence), an E2A gene under control of the first inducible promoter, a viral associated (VA)
non-coding RNA under control of a second inducible promoter, a third inducible promoter and a
TetO2 sequence, an E4 gene under control of the third inducible promoter, and an antibiotic

resistance gene.

[0044] In other embodiments, the present disclosure provides an isolated nucleic acid molecule
operably comprising, a first inducible promoter and a TetO; sequence, an E2A gene under
control of the first inducible promoter, a viral associated (VA) non-coding RNA under control of
a second inducible promoter, a third inducible promoter and a TetO» sequence, an E4 gene under
control of the third inducible promoter, an expression cassette encoding a protein ortholog of the
VA RNA and a peptide protein tag under the control of a depressible promoter comprising a
human Cytomegalovirus (CMV) promoter and a TetO» sequence, a termination sequence, and an

antibiotic resistance gene.

[0045] As described herein, in exemplary embodiments, the E2A gene that is encoded by the
nucleic acid molecules is suitably under the control of a first inducible promoter that is native to
the E2A gene. In some embodiments, the VA non-coding RNA that is encoded by the nucleic
acid molecules is suitably under the control of a second inducible promoter that is native to the
VA non-coding RNA. In some embodiments, the second inducible promoter is an H1 promoter.
In some embodiments, the E4 gene that is encoded by the nucleic acid molecules is suitably

under the control of a third inducible promoter that is native to the E4 gene.
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[0046] As used herein, protein orthologs refer to proteins that have the same specificity in
different organisms, e.g., bind the same ligand and similar DNA sites in related genomes. Hence,
orthologous proteins carry the same or similar specificity determining residues. In some
embodiments, the isolated nucleic acid molecule described herein comprises a protein ortholog
of the of the VA RNA. In some embodiments, the protein ortholog is an influenza non-structural
1 protein (NS1), Ebola viral protein 35 (VP35), orthoreovirus sigma 3 protein (c3), group C
rotavirus non-structural protein 3 (NSP3), vaccinia virus E3L protein (E3L), herpes simplex
virus type 1 US11 protein (US11), Epstein-Barr virus SM protein (SM), baculovirus PK2 protein
(PK?2), hepatitis C virus non-structural protein 5A protein (NS5A), human herpes virus-8 protein
vIRF-2 (vIRF-2), human immunodeficiency virus protein Tat, vaccinia virus K3L protein (K3L),
Herpes Simplex virus protein y134.5/ICP34.5, or human papilloma virus-18 E6 protein (E6). In
some embodiments, the protein ortholog is VP35. In some embodiments, the protein ortholog is

SM.

[0047] Alternatively, or in addition, the protein ortholog of the VA RNA of any isolated
nucleic acid molecule of the present invention may be operably linked to a peptide tag to assist in
its isolation and detection, or to assist in the identification and expression of the encoded protein.
A variety of peptide tags can be used in the context of the present invention, including PK tags,
FLAG tags, MYC tags, hemagglutinin (HA) tags and polyhistidine tags. Peptide tags can be
diagnosed by immunodetection tests, which use anti-tag antibodies. In some embodiments, the
peptide tag is located individually at the N-terminus of the protein ortholog of the VA RNA. In
some embodiments, the isolated nucleic acid molecule comprises a peptide protein tag. In some
embodiments, the peptide protein tag is an HA tag. In some embodiments, the peptide protein tag

is a FLAG-tag. In some embodiments, the FLAG-tag is an N-terminal flag tag.

[0048] As used herein, the role of the termination sequence is to define the end of a
transcriptional unit (such as a gene) and initiate the process of releasing the newly synthesized
RNA from the transcription machinery. Terminators are found downstream of the gene to be
transcribed, and typically occur directly after any 3’ regulatory elements, such as the
polyadenylation or poly(A) signal. In some embodiments, any of the nucleic acid molecules
disclosed herein comprise a termination sequence. In some embodiments, the termination

sequence is a bovine growth hormone polyadenylation (bgh-PolyA) signal.

11
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[0049] As referred to herein, a “reporter gene” is a gene whose expression confers a phenotype
upon a cell that can be easily identified and measured. In some embodiments, the reporter gene
comprises a fluorescent protein gene. In some embodiments, the reporter gene comprises a

selection gene.

[0050] In some embodiments, the isolated nucleic acid molecules comprise a selection gene.
As referred to herein, the term “selection gene” refers to the use of a gene which encodes an
enzymatic activity that confers the ability to grow in medium lacking what would otherwise be
an essential nutrient; in addition, a selection gene may confer resistance to an antibiotic or drug
upon the cell in which the selection gene is expressed. A selection gene may be used to confer a
particular phenotype upon a host cell. When a host cell must express a selection gene to grow in
selective medium, the gene is said to be a positive selection gene. A selection gene can also be
used to select against host cells containing a particular gene; a selection gene used in this manner
is referred to as a negative selection gene. In some embodiments, the selection gene is an
antibiotic resistance gene. In some embodiments, the antibiotic resistance gene is a puromycin
resistance gene. In some embodiments, the antibiotic resistance gene is a blasticidin resistance
gene. In some embodiments, the antibiotic resistance gene is a hygromycin resistance gene. In

some embodiments, the antibiotic resistance gene is a zeocin resistance gene.

[0051] In exemplary embodiments, the nucleic acid molecules include two inverted terminal
repeat (ITR) sequences. As known in the art, these ITR sequences (i.e., AAV2 ITR) are single
stranded sequence of nucleotides, followed downstream by its reverse compliment. ITR
sequences represent the minimal sequence required for replication, rescue, packaging and
integration of the AAV genome. Suitably, these ITR sequences flank a gene of interest. Thus, in
embodiments, the nucleic acid molecules further encode a gene of interest. This gene of interest
can be, for example, a reporter gene, a selection gene, or a gene of therapeutic interest, for
example. In some embodiments, the nucleic acid sequence is flanked on both the 5" and 3’ ends

by transposon-specific inverted terminal repeats (ITR).

[0052] As used herein, "core insulator" refers to a gene boundary element that blocks the
interaction between an enhancer and a promoter. The presence of the core insulator between the

enhancer and the promoter allows the insulator to block subsequent interactions. The core

12
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insulator can determine the set of genes that the enhancer can influence. Insulators are required
when two adjacent genes on a chromosome have very different transcriptional patterns and it is
necessary to induce or suppress one mechanism without inhibiting the adjacent genes. In some
embodiments, any of the nucleic acid sequences disclosed herein comprise a core insulator
sequence inserted downstream of the ITR on the 3’ end and upstream of the ITR on the 5’ end. In
some embodiments, the nucleic acid molecule comprises a core insulator sequence inserted

between the termination sequence and the antibiotic resistance gene.

[0053] As referred to herein, the term “Rep” gene refers to the art-recognized region of the
AAYV genome which encodes the replication proteins of the virus which are collectively required
for replicating the viral genome, or functional homologues thereof such as the human herpesvirus
6 (HHV-6) rep gene which is also known to mediate AAV2 DNA replication. Thus, the Rep
coding region can include the genes encoding for AAV Rep78 and Rep68 (the “long forms of
Rep”), and Rep52 and Rep40 (the “short forms of Rep”), or functional homologues thereof. The
Rep coding region, as used herein, can be derived from any viral serotype, such as the AAV
serotypes described herein. The region need not include all wild-type genes but may be altered,
(e.g., by insertion, deletion or substitution of nucleotides), so long as the Rep genes present
provide for sufficient integration functions when expressed in a suitable target cell. See, e.g.,
Muzyczka, N., Current Topics in Microbiol. and Immunol. 158:97-129 (1992); and Kotin, R. M.,
Human Gene Therapy 5:793-801 (1994).

[0054] In still further embodiments, provided herein is an isolated nucleic acid molecule
comprising a plasmid encoding a first inducible promoter and a TetO: sequence, a Rep78 gene,
including a silenced p19 promoter located within the Rep78 gene coding region, wherein the
silenced p19 promoter comprises mutations in SP1, TATA-1, and/or TATA-2 sites, a second
inducible promoter and a TetO2 sequence, a Rep52 gene under control of the second inducible

promoter, termination sequence and an antibiotic resistance gene.

[0055] The terms “sequence identity” or “% identity” in the context of nucleic acid sequences
described herein refer to the percentage of residues in the compared sequences that are the same
when the sequences are aligned over a specified comparison window. A comparison window can

be a segment of at least 10 to over 1000 residues in which the sequences can be aligned and
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compared. Methods of alignment for determination of sequence identity are well-known and can
be performed using publicly available databases such as BLAST (blast.ncbi.nlm.nih.gov/Blast.
CGL).

[0056] The Kozak consensus sequence, Kozak consensus or Kozak sequence, is known as a
sequence which occurs on eukaryotic mRNA and has the consensus (gcc)gccReccAUGG, where
R is a purine (adenine or guanine) three bases upstream of the start codon (AUG), which is
followed by another "G." In some embodiments, the isolated nucleic acid molecules disclosed
herein comprise a Kozak consensus sequence. In some embodiments, the nucleic acid molecules
comprise a consensus sequence that has at least about 70%, at least about 80%, at least about
90% sequence identity, or more identity to the Kozak consensus sequence. In some
embodiments, the isolated nucleic acid molecule includes a Kozak consensus sequence after the
gene cassette encoding one or more proteins of interest is inserted into the vector, e.g., at the
restriction site downstream of the promoter. For example, the isolated nucleic acid molecule can
include a nucleotide sequence of GCCGCCATG, where the ATG is the start codon of the protein
of interest. In some embodiments, the isolated nucleic acid molecule comprises a nucleotide
sequence of GCGGCCGCCATG, where the ATG is the start codon of the protein of interest. In
some embodiments, the Rep78 gene of the isolated nucleic acid molecule further comprises a
Kozak consensus sequence. In some embodiments, the Rep52 gene of the isolated nucleic acid

molecule further comprises a Kozak consensus sequence.

[0057] To control the production of Rep proteins more effectively, non-canonical start codons
or non-canonical translational initiation codons can be used. In some embodiments, the Rep78
gene of the isolated nucleic acid molecules further comprises a non-canonical start codon. In
some embodiments, the Rep52 gene of the isolated nucleic acid molecule further comprises a
non-canonical start codon. In some embodiments, the non-canonical translation initiation codon
is GTG, CTG, ACG or TTG. In some embodiments, the non-canonical translation initiation
codon is CTG.

[0058] Non-limiting examples of gene modifications that can be used in the present invention
include codon optimization aimed at, for example, modifying a non-CTG leucine codon to CTG,

or modifying a non-AAG lysine codon to AAG. Another example of a nucleic acid codon-
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optimizing modification is to increase GC content. To increase the vector stability and Rep52
expression, the DNA sequence of coding region of Rep52 was optimized for human cell codon
usage while retaining the same protein sequence, which significantly reduced the DNA sequence
identity of the Rep52 coding sequence to the Rep78 coding sequence, from 100% sequence
identity to 80.1% sequence identity. In some embodiments, the Rep52 of any of the nucleic acid
molecules disclosed herein is codon optimized. In some embodiments, the VP1 gene of any of
the nucleic acid molecules disclosed herein, excluding the first 439 bp of the coding region, is

optimized.

[0059] In further embodiments, the first inducible promoter of the nucleic acid molecules
disclosed herein is a human cytomegalovirus (CMV) immediate early enhancer-promoter, CMV
immediate early enhancer fused chicken B-actin promoter (CAG), human ubiquitin C (UbC)
promoter or Rous sarcoma virus (RSV) promoter. In some embodiments, the first inducible
promoter is an RSV promoter. In some embodiments, the first inducible promoter is an UbC
promoter. As described herein, the use of an artificial intron allows for removal of an inducible
promoter following induction of the promoter and prior to the producing the AAV. In some
embodiments, the nucleic acid molecule further comprises an intron of the UbC promoter

inserted upstream of the UbC promoter.

[0060] In some embodiments, the second inducible promoter of the nucleic acid molecules
disclosed herein is human CMV immediate early enhancer-promoter, CMV immediate early
enhancer fused chicken B-actin promoter (CAG), human ubiquitin C (UbC) promoter or Rous
sarcoma virus (RSV) promoter. In some embodiments, the second inducible promoter is a CAG

promoter. In some embodiments, the second inducible promoter is a CMV promoter.

[0061] As referred to herein, the term “Cap” gene refers to the art-recognized region of the
AAV genome which encodes the capsid proteins of the virus. Illustrative (non-limiting)
examples of these capsid proteins are the AAV capsid proteins VP1, VP2, and VP3. Cap genes

used in this disclosure can come from any AAV serotype or a combination of AAV serotypes.

[0062] In still further embodiments, the present disclosure provides an isolated nucleic acid
molecule operably comprising a first inducible promoter and a TetO; sequence, a VP1 gene, a

second inducible promoter and a TetO2 sequence, a VP2 gene and a VP3 gene, and an antibiotic
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resistance gene. In some embodiments, the nucleic acid sequence comprises a core insulator
sequence inserted between the 1) VP1 gene and 2) the second inducible promoter and TetO;
sequence. In some embodiments, the nucleic acid sequence comprises a core insulator sequence

inserted between 1) the VP2 and VP3 gene and 2) the antibiotic resistance gene.

[0063] As referred to herein, the term “gene of interest”, or “gene of therapeutic interest” or
“GOI” is used to describe a heterologous gene. The GOI of the present disclosure can comprise
any desired gene that encodes a protein that is defective or missing from a target cell genome or
that encodes a non-native protein having a desired biological or therapeutic effect (e.g., an
antiviral function), or the sequence can correspond to a molecule having an antisense or
ribozyme function. Representative (non-limiting) examples of suitable genes of therapeutic
interest include those used for the treatment of inflammatory diseases, autoimmune, chronic and
infectious diseases, including such disorders as AIDS, cancer, neurological diseases,
cardiovascular disease, hypercholestemia; various blood disorders including various anemias,
thalassemias and hemophilia; genetic defects such as cystic fibrosis, Gaucher's Disease,
adenosine deaminase (ADA) deficiency, emphysema, etc. Several antisense oligonucleotides
(e.g., short oligonucleotides complementary to sequences around the translational initiation site
(AUG codon) of an mRNA) that are useful in antisense therapy for cancer and for viral diseases

have been described in the art and are also examples of suitable genes of therapeutic interest.

[0064] In further embodiments, the nucleic acid molecule comprises a gene of interest (GOI)
downstream of the VP2 and VP3 gene and upstream of the antibiotic resistance gene. In some
embodiments, the nucleic acid molecule comprises a core insulator sequence inserted between
the VP3 gene and the GOL In some embodiments, the nucleic acid molecule comprises a core
insulator sequence inserted between the GOI and the antibiotic resistance gene. In some
embodiments, the nucleic acid molecule comprises a core insulator sequence inserted between
the VP3 gene and the GOI, and between the GOI and the antibiotic resistance gene. In some

embodiments, the GOI is a therapeutic gene.

[0065] In some embodiments, the present disclosure provides a mammalian cell for producing
an adeno-associated virus (AAV), comprising any of the isolated nucleic acid molecules

disclosed herein integrated into its genome. In some embodiments, the mammalian cell further
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comprises a nucleic acid encoding a transcriptional repression domain in frame with a nucleic
acid encoding a tetracycline repressor protein. In some embodiments, the mammalian cell

disclosed herein further comprises a nucleic acid molecule encoding a gene of interest.

[0066] The AAV producer cells described herein provide a long-term and cost-effective
solution for large scale AAV manufacturing. As constitutive expression of either helper or Rep
proteins can be cytotoxic, the strategies described herein allow for control of their expression by

engineered, derepressible promoters.

[0067] As used herein, the term “mammalian cell” includes cells from any member of the
order Mammalia, such as, for example, human cells, mouse cells, rat cells, monkey cells,
hamster cells, and the like. In some embodiments, the cell is a mouse cell, a human cell, a
Chinese hamster ovary (CHO) cell, a CHOKI1 cell, a CHO-DXBI11 cell, a CHO-DG44 cell, a
CHOKI1SV cell including all variants (e.g, POTELLIGENT®, Lonza, Slough, UK), a
CHOK 1SV GS-KO (glutamine synthetase knockout) cell including all variants (e.g., XCEED™
Lonza, Slough, UK). In some embodiments, the mammalian cell is a Chinese hamster ovary

(CHO) cell. In some embodiments, the mammalian cell is a human cell.

[0068] Exemplary human cells include human embryonic kidney (HEK) cells, such as
HEK?293, a HelLa cell, or a HT 1080 cell. As used herein, the term “human embryonic kidney 293
(HEK?293) cell” refers to a cell line originally derived from human embryonic kidney cells and
containing approximately 4.5 kb of Ad5 genome. Variants of HEK293 cells have been developed
and include, e.g., HEK293S, HEK293T, HEK293F, HEK293FT, HEK293FTM, HEK293SG,
HEK293SGGD, HEK293H, HEK293E, HEK293MSR, and HEK293A. The term “HEK293 cell”
as used herein encompasses all HEK293 cell variants and derivatives, including but not limited
to the variants described herein. See, e.g., Yuan et al, “The Scattered Twelve Tribes of
HEK?293,” Biomed Pharmacol J 2018; 11(2). In some embodiments, the human cell is an HEK
cell. In some embodiments, the HEK cell is an HEK293 cell.

[0069] As described herein, suitably the mammalian cells are mammalian cell cultures, and
in embodiments, can be suspension cultures. As described herein, the use of suspension cell
cultures allows for increased scalability and production of AAV. Adherent cultures refer to cells

that are grown on a substrate surface, for example a plastic plate, dish or other suitable cell
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culture growth platform, and may be anchorage dependent. Suspension cultures refer to cells
that can be maintained in, for example, culture flasks or large suspension vats, which allows for a
large surface area for gas and nutrient exchange. Suspension cell cultures often utilize a stirring
or agitation mechanism to provide appropriate mixing. Media and conditions for maintaining
cells in suspension are generally known in the art. An exemplary suspension cell culture

includes human HEK?293 clonal cells.

[0070] “Transfection” as used herein means the introduction of an exogenous nucleic acid
molecule, including a vector, into a cell. A “transfected” cell comprises an exogenous nucleic
acid molecule inside the cell and a “transformed” cell is one in which the exogenous nucleic acid
molecule within the cell induces a phenotypic change in the cell. The transfected nucleic acid
molecule can be integrated into the host cell's genomic DNA and/or can be maintained by the
cell, temporarily or for a prolonged period of time, extra-chromosomally. Host cells or organisms
that express exogenous nucleic acid molecules or fragments are referred to as “recombinant,”
“transformed,” or “transgenic” organisms. A number of transfection techniques are generally
known in the art. See, e.g., Graham et al., Virology, 52:456 (1973); Sambrook et al., Molecular
Cloning, a laboratory manual, Cold Spring Harbor Laboratories, New York (1989); Davis et al .,
Basic Methods in Molecular Biology, Elsevier (1986); and Chu et al., Gene 13:197 (1981). Such
techniques can be used to introduce one or more exogenous DNA moieties, such as an AAV

vector cassette, AAV helper constructs, and other nucleic acid molecules, into suitable host cells.

[0071] Various methods of transfecting the mammalian cells with the isolated nucleic acid
molecules described herein (i.e., vectors), are known in the art and include various chemical and
physical methods, for example, electroporation, cell injection, calcium phosphate exposure,

liposome or polymer-based carrier systems, etc.

[0072]  In still further embodiments, the present disclosure provides a method for producing
an adeno-associated virus (AAV), comprising inducing production of the genomically integrated
nucleic acid sequence of any of the mammalian cells disclosed herein, culturing the mammalian

cell, and harvesting the AAV.

[0073] As discussed herein, the methods of producing and the mammalian cells of the present

disclosure advantageously provide a high titer of the AAV produced by the mammalian cells. In
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some embodiments, the amount of the AAV produced is about 10 to about 10! viral genomes
per mL (vg/mL). In some embodiments, the amount of the AAV produced is at least about 10
viral genomes per mL (vg/mL). In some embodiments, the amount of the AAV produced is at

least about 10! viral genomes per mL (vg/mL).

[0074] In some embodiments, the mammalian cells provided herein are substantially free of
helper virus. As referred to herein, a “helper virus” is any non-AAYV virus that is added to enable
the replication and packaging of adeno-associated virus. Representative (non-limiting) examples
of helper viruses are adenovirus and herpes virus. In some embodiments, the term substantially
free of helper virus refers to a cell that has fewer than 100, fewer than 10, or fewer than 1 helper
virus per cell. In some embodiments, the term substantially free of helper virus refers to a cell in
which no helper viruses are present or to a population of cells in which no helper viruses are
present using detection methods known to those skilled in the art. In some embodiments, no
wild-type helper virus is in the cell. In some embodiments, the term wild-type virus refers to any

complete-non-A AV virus that can replicate in the cell independently of any other virus.

[0075] The methods of producing the AAVs can be used in a continuous manufacturing
system. In exemplary embodiments, the use of a suspension cell culture allows for the
production of large volumes of AAV, with high productivity and prolonged culture conditions to

allow for multiple harvests of AAV for each batch of starting cells.

[0076] Production methods can utilize any suitable reactor(s) including but not limited to
stirred tank, airlift, fiber, microfiber, hollow fiber, ceramic matrix, fluidized bed, fixed bed,
and/or spouted bed bioreactors. As used herein, “reactor” can include a fermenter or
fermentation unit, or any other reaction vessel and the term “reactor” is used interchangeably
with “fermenter.” The term fermenter or fermentation refers to both microbial and mammalian
cultures. For example, in some aspects, an example bioreactor unit can perform one or more, or
all, of the following: feeding of nutrients and/or carbon sources, injection of suitable gas (e.g.,
oxygen), inlet and outlet flow of fermentation or cell culture medium, separation of gas and
liquid phases, maintenance of temperature, maintenance of oxygen and COz levels, maintenance
of pH level, agitation (e.g., stirring), and/or cleaning/sterilizing. Example reactor units, such as a

fermentation unit, may contain multiple reactors within the unit, for example the unit can have 1,
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2,3, 4,5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, or 100, or more bioreactors in each
unit and/or a facility may contain multiple units having a single or multiple reactors within the
facility. In various embodiments, the bioreactor can be suitable for batch, semi fed-batch, fed-
batch, perfusion, and/or a continuous fermentation processes. Any suitable reactor diameter can
be used. In embodiments, the bioreactor can have a volume between about 100 mL and about
50,000 L. Non-limiting examples include a volume of 100 mL, 250 mL, 500 mL, 750 mL, 1 liter,
2 liters, 3 liters, 4 liters, 5 liters, 6 liters, 7 liters, 8 liters, 9 liters, 10 liters, 15 liters, 20 liters, 25
liters, 30 liters, 40 liters, 50 liters, 60 liters, 70 liters, 80 liters, 90 liters, 100 liters, 150 liters, 200
liters, 250 liters, 300 liters, 350 liters, 400 liters, 450 liters, 500 liters, 550 liters, 600 liters, 650
liters, 700 liters, 750 liters, 800 liters, 850 liters, 900 liters, 950 liters, 1000 liters, 1500 liters,
2000 liters, 2500 liters, 3000 liters, 3500 liters, 4000 liters, 4500 liters, 5000 liters, 6000 liters,
7000 liters, 8000 liters, 9000 liters, 10,000 liters, 15,000 liters, 20,000 liters, and/or 50,000 liters.
Additionally, suitable reactors can be multi-use, single-use, disposable, or non-disposable and
can be formed of any suitable material including metal alloys such as stainless steel (e.g., 316L

or any other suitable stainless steel) and Inconel, plastics, and/or glass.
Additional Exemplary Embodiments

[0077] Embodiment 1 is an isolated nucleic acid molecule operably comprising a first
inducible promoter and two tetracycline operator sequences (a TetO2 sequence), an E2A gene
under control of the first inducible promoter, a viral associated (VA) non-coding RNA under
control of a second inducible promoter, a third inducible promoter and a TetO; sequence, an E4

gene under control of the third inducible promoter, and an antibiotic resistance gene.

[0078] Embodiment 2 includes the nucleic acid molecule of embodiment 1, wherein the first

inducible promoter is native to the E2A gene.

[0079] Embodiment 3 includes the nucleic acid molecule of embodiment 1 or 2, wherein the

second inducible promoter is a promoter native to the VA non-coding RNA.

[0080] Embodiment 4 includes the nucleic acid molecule of any one of embodiments 1 to 3,

wherein the second inducible promoter is an H1 promoter.
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[0081] Embodiment 5 includes the nucleic acid molecule of any one of embodiments 1 to 4,

wherein the third inducible promoter is native to the E4 gene.

[0082] Embodiment 6 includes the nucleic acid molecule of any one of embodiments 1 to 5,

wherein the antibiotic resistance gene is a puromycin resistance gene.

[0083] Embodiment 7 includes the nucleic acid molecule of any one of embodiments 1 to 6,
wherein the nucleic acid sequence comprises a core insulator sequence inserted between the E4

gene and the antibiotic resistance gene.

[0084] Embodiment 8 includes the nucleic acid molecule of any one of embodiments 1 to 7,
wherein the nucleic acid sequence is flanked on both the 5" and 3’ ends by transposon-specific

inverted terminal repeats (ITR).

[0085] Embodiment 9 includes the nucleic acid molecule of embodiment 8, wherein the
nucleic acid sequence comprises a core insulator sequence inserted downstream of the ITR on

the 3° end and upstream of the ITR on the 5° end.

[0086] Embodiment 10 includes the nucleic acid molecule of any one of embodiments 1 to 9,

further comprising multiple copies of VA non-coding RNA.

[0087] Embodiment 11 is an isolated nucleic acid molecule operably comprising a first
inducible promoter and a TetO: sequence, an E2A gene under control of the first inducible
promoter, a viral associated (VA) non-coding RNA under control of a second inducible
promoter, a third inducible promoter and a TetO2 sequence, an E4 gene under control of the third
inducible promoter, an expression cassette encoding a protein ortholog of the VA RNA and a
peptide protein tag under the control of a depressible promoter comprising a human
Cytomegalovirus (CMV) promoter and a TetO2 sequence, a termination sequence, and an

antibiotic resistance gene.

[0088] Embodiment 12 includes the nucleic acid molecule of embodiment 11, wherein the first

inducible promoter is native to the E2A gene.

[0089] Embodiment 13 includes the nucleic acid molecule of embodiment 11 or 12, wherein
the second inducible promoter is a promoter native to the VA non-coding RNA.
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[0090] Embodiment 14 includes the nucleic acid molecule of any one of embodiments 11 to

13, wherein the second inducible promoter is an H1 promoter.

[0091] Embodiment 15 includes the isolated nucleic acid molecule of any one of embodiments

12 to 14, wherein the third inducible promoter is native to the E4 gene.

[0092] Embodiment 16 includes the isolated nucleic acid molecule of any one of embodiments
11 to 15, wherein the protein ortholog is an influenza non-structural 1 protein (NS1), Ebola viral
protein 35 (VP35), orthoreovirus sigma 3 protein (63), group C rotavirus non-structural protein 3
(NSP3), vaccinia virus E3L protein (E3L), herpes simplex virus type 1 US11 protein (US11),
Epstein-Barr virus SM protein (SM), baculovirus PK2 protein (PK2), hepatitis C virus non-
structural protein 5A protein (NS5A), human herpes virus-8 protein vIRF-2 (vIRF-2), human
immunodeficiency virus protein Tat, vaccinia virus K3L protein (K3L), Herpes Simplex virus

protein y134.5/ICP34.5, and human papilloma virus-18 E6 protein (E6).

[0093] Embodiment 17 includes the isolated nucleic acid molecule of embodiment 16, wherein

the protein ortholog is VP35.

[0094] Embodiment 18 includes the isolated nucleic acid molecule of embodiment 16, wherein

the protein ortholog is SM.

[0095] Embodiment 19 includes the isolated nucleic acid molecule of any one of embodiments

11 to 18, wherein the peptide protein tag is a FLAG-tag.

[0096] Embodiment 20 includes the isolated nucleic acid molecule of embodiment 19, wherein

the FLAG-tag is a N-terminal Flag tag.

[0097] Embodiment 21 includes the isolated nucleic acid molecule of any one of embodiments
11 to 20, wherein the termination sequence is a bovine growth hormone polyadenylation (bgh-

PolyA) signal.

[0098] Embodiment 22 includes the nucleic acid molecule of any one of embodiments 11 to

21, wherein the antibiotic resistance gene is a puromycin resistance gene.
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[0099] Embodiment 23 includes the nucleic acid molecule of any one of embodiments 11 to
22, wherein the nucleic acid sequence comprises a core insulator sequence inserted between the

E4 gene and the expression cassette.

[00100] Embodiment 24 includes the nucleic acid molecule of any one of embodiments 11 to
23, wherein the nucleic acid sequence is flanked on both the 5’ and 3’ ends by transposon-

specific inverted terminal repeats (ITR).

[00101] Embodiment 25 includes the nucleic acid molecule of embodiment 24, wherein the
nucleic acid sequence comprises a core insulator sequence inserted downstream of the ITR on

the 3’ end and upstream of the ITR on the 5” end.

[00102] Embodiment 26 is an isolated nucleic acid molecule operably comprising a plasmid
encoding a first inducible promoter and a TetO2 sequence, a Rep78 gene, including a silenced
p19 promoter located within the Rep78 gene coding region, wherein the silenced p19 promoter
comprises mutations in SP1, TATA-1, and/or TATA-2 sites, a second inducible promoter and a
TetO2 sequence, a Rep52 gene under control of the second inducible promoter, termination

sequence and, an antibiotic resistance gene.

[00103] Embodiment 27 includes the isolated nucleic acid molecule of embodiment 26, wherein

the Rep78 gene further comprises a Kozak consensus sequence or a non-canonical start codon.

[00104] Embodiment 28 includes the nucleic acid molecule of embodiment 26, wherein the

Rep52 gene further comprises a Kozak consensus sequence or a non-canonical start codon.

[00105] Embodiment 29 includes the isolated nucleic acid molecule of any one of embodiments
26 to 28, wherein the first inducible promoter is human cytomegalovirus (CMV) immediate early
enhancer-promoter, CMV immediate early enhancer fused chicken B-actin promoter (CAG),

human ubiquitin C (UbC) promoter or Rous sarcoma virus (RSV) promoter.

[00106] Embodiment 30 includes the isolated nucleic acid molecule of embodiment 29, wherein

the first inducible promoter is an RSV promoter.

[00107] Embodiment 31 includes the isolated nucleic acid molecule of any one of embodiments
26 to 30, wherein the second inducible promoter is human CMV immediate early enhancer-
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promoter, CMV immediate early enhancer fused chicken B-actin promoter (CAG), human

ubiquitin C (UbC) promoter or Rous sarcoma virus (RSV) promoter.

[00108] Embodiment 32 includes the isolated nucleic acid molecule of embodiment 31, wherein

the second inducible promoter is a CAG promoter.

[00109] Embodiment 33 includes the isolated nucleic acid molecule of any one of embodiments
26 to 32, wherein the termination sequence is a bovine growth hormone polyadenylation (bgh-

PolyA) signal.

[00110] Embodiment 34 includes the nucleic acid molecule of any one of embodiments 26 to

33, wherein the antibiotic resistance gene is a blasticidin resistance gene.

[00111] Embodiment 35 includes the nucleic acid molecule of any one of embodiments 26 to
34, wherein the nucleic acid sequence comprises a core insulator sequence inserted between the

termination sequence and the antibiotic resistance gene.

[00112] Embodiment 36 includes the nucleic acid molecule of any one of embodiments 26 to

335, wherein the Rep52 is codon optimized.

[00113] Embodiment 37 includes the nucleic acid molecule of any one of embodiments 26 to
36, wherein the nucleic acid sequence is flanked on both the 5’ and 3’ ends by transposon-

specific inverted terminal repeats (ITR).

[00114] Embodiment 38 includes the nucleic acid molecule of embodiment 37, wherein the
nucleic acid sequence comprises a core insulator sequence inserted downstream of the ITR on

the 3” end and upstream of the ITR on the 5" end.

[00115] Embodiment 39 is an isolated nucleic acid molecule operably comprising a first
inducible promoter and a TetO; sequence, a VP1 gene, a second inducible promoter and a TetO»

sequence, a VP2 gene and a VP3 gene, and an antibiotic resistance gene.

[00116] Embodiment 40 includes the isolated nucleic acid molecule of embodiment 39,

wherein the VP1 gene, excluding the first 439 bp of the coding region, is optimized.
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[00117] Embodiment 41 includes the isolated nucleic acid molecule of embodiment 39 or 40,
wherein the first inducible promoter is human cytomegalovirus (CMV) immediate early
enhancer-promoter, CMV immediate early enhancer fused chicken B-actin promoter (CAG),

human ubiquitin C (UbC) promoter or Rous sarcoma virus (RSV) promoter.

[00118] Embodiment 42 includes the isolated nucleic acid molecule of embodiment 41, wherein

the first inducible promoter is an UbC promoter.

[00119] Embodiment 43 includes the isolated nucleic acid molecule of embodiment 42, further

comprising an intron of the UbC promoter inserted upstream of the UbC promoter.

[00120] Embodiment 44 includes the isolated nucleic acid molecule of any one of embodiments
37 to 43, wherein the second inducible promoter is human CMV immediate early enhancer-
promoter, CMV immediate early enhancer fused chicken B-actin promoter (CAG), human

ubiquitin C (UbC) promoter or Rous sarcoma virus (RSV) promoter.

[00121] Embodiment 45 includes the isolated nucleic acid molecule of embodiment 44, wherein

the second inducible promoter is a CMV promoter.

[00122] Embodiment 46 includes the isolated nucleic acid molecule of any one of embodiments
39 to 45, further comprising a gene of interest (GOI) downstream of the VP3 gene and upstream

of the antibiotic resistance gene.

[00123] Embodiment 47 includes the isolated nucleic acid molecule of embodiment 46, wherein
the nucleic acid molecule comprises a core insulator sequence inserted between the VP3 gene

and the GOI and between the GOI and the antibiotic resistance gene.

[00124] Embodiment 48 includes the isolated nucleic acid molecule of embodiment 47, wherein

the GOl is a therapeutic gene.

[00125] Embodiment 49 includes the nucleic acid molecule of any one of embodiments 39 to
48, wherein the nucleic acid sequence comprises a core insulator sequence inserted between the

VP1 gene and the second inducible promoter and TetO2 sequence.
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[00126] Embodiment 50 includes the nucleic acid molecule of any one of embodiments 39 to
49, wherein the nucleic acid sequence comprises a core insulator sequence inserted between the

VP2 and VP3 gene of d) and the antibiotic resistance gene of ¢).

[00127] Embodiment 51 includes the nucleic acid molecule of any one of embodiments 39 to
50, wherein the nucleic acid sequence is flanked on both the 5" and 3’ ends by transposon-

specific inverted terminal repeats (ITR).

[00128] Embodiment 52 includes the nucleic acid molecule of embodiment 51, wherein the
nucleic acid sequence comprises a core insulator sequence inserted downstream of the ITR on

the 3’ end and upstream of the ITR on the 5” end.

[00129] Embodiment 53 includes the mammalian cell for producing an adeno-associated virus
(AAYV), comprising the isolated nucleic acid molecule of any one of embodiments 1 to 52

integrated into its genome.

[00130] Embodiment 54 includes the mammalian cell of embodiment 53, further comprising a
nucleic acid encoding a transcriptional repression domain in frame with a nucleic acid encoding

a tetracycline repressor protein.

[00131] Embodiment 55 includes the mammalian cell of embodiment 53 or 54, wherein the

mammalian cell is a mammalian cell culture.

[00132] Embodiment 56 includes the mammalian cell any one of embodiments 53 to 55,

wherein the mammalian cell is a Chinese hamster ovary (CHO) cell.

[00133] Embodiment 57 includes the mammalian cell of any one of embodiments 53 to 55,

wherein the mammalian cell is a human cell.

[00134] Embodiment 58 includes the mammalian of embodiment 57, wherein the human cell is

a human embryonic kidney (HEK) cell.

[00135] Embodiment 59 includes the mammalian cell of embodiment 58, wherein the HEK cell
is an HEK293 cell.
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[00136] Embodiment 60 includes the mammalian cell of any one of embodiments 53 to 59,

further comprising a nucleic acid molecule encoding a gene of interest.

[00137] Embodiment 61 includes a method for producing an adeno-associated virus (AAV),
comprising inducing production of the genomically integrated nucleic acid sequence of any of
the mammalian cells of embodiments 53 to 60, culturing the mammalian cell, and harvesting the

AAV.

[00138] Embodiment 62 includes the method of embodiment 61, wherein an amount of the

AAYV produced is about 10" to about 10'! viral genomes per mL (vg/mL).

[00139] Embodiment 63 includes the method of embodiment 62, wherein an amount of the

AAV produced is at least about 10! viral genomes per mL (vg/mL).
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EXAMPLES

Example 1: Preparation of HEK293 stable clonal cells for TetR-KRAB expression

[00140] One of the original Tet-On inducible systems utilizes the tetracycline repressor protein
(TetR) to silence the human cytomegalovirus (CMV) promoter with an insertion of two
tetracycline operator sequences (TetO2) between the TATA box and transcriptional start site
(TSS) (Yao et al, “Tetracycline repressor, tetR, rather than the tetR-mammalian cell
transcription factor fusion derivatives, regulates inducible gene expression in mammalian cells,”
Hum Gene Ther. 9(13):1939-50 (1998)). In the absence of doxycycline, transcription initiation is
blocked by the binding of TetR on the TetO; sites. When doxycycline is added into the medium,
it competitively binds to TetR and changes its conformation. This leads to the release of TetR
and derepression/activation of the CMV promoter and results in induced gene expression (See
FIG. 1). However, the high level of leaky expression of toxic proteins before induction in the
original system poses a major challenge for the stability of the generated inducible cell lines and

limits its application for an AAV producer cell line.

[00141] Improvements of the Tet-On inducible system were implemented to minimize the
leakiness level. First, an enhanced version of TetR was applied as described in Suzlc et al., “A
versatile tool for conditional gene expression and knockdown,” Nat Methods 3(2):109-16 (2006).
Briefly, a strong repressive domain of KRAB was fused in-frame to the C-terminus of original
TetR, which dramatically improved its repressive activity and minimized basal gene expression
before induction. An SV40 nuclear localization signal (NLS) was inserted as well to facilitate the
nuclear entry of the larger TetR-KRAB fusion protein (See FIG. 2A and 2B). Second, the
expression cassette was optimized for high level expression of TetR-KRAB protein, including
the strong human CMV promoter to drive a high level of mRNA expression, the consensus
Kozak sequence to boost the initiation of the protein translation, and the rabbit beta-globin intron
to increase mRNA level. The expression cassette was further protected on both ends by two
chicken hypersensitive site-4 (cHS4) extended core chromatin insulators, which can prevent
undesired silencing of the CMV promoter from the spreading of neighboring heterochromatin.
An SV40 promoter driven Zeocin antibiotic resistance gene was included for stable selection.

Third, a stable TetR-KRAB overexpression clonal HEK293 cell line, C20, was established using
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this optimized construct by plasmid random integration. When compared to a commercially
available TetR stable HEK293 cell line in a transient transfection test, the C20 cell line reduced
the leaky production of AAV by approximately 200-fold.

Sequence Listings

[00142] Any nucleic acid and amino acid sequences listed herein or in the accompanying
sequence listing are shown using standard letter abbreviations for nucleotide bases and amino
acids, as defined in 37 C.F.R. § 1.822. In at least some cases, only one strand of each nucleic
acid sequence is shown, but the complementary strand is understood as included by any

reference to the displayed strand.
[00143] The sequence of the pcDNA-TetR-Ins vector is provided below:

[00144] pcDNA-TetR-Ins (7147 bp) (SEQ ID NO: 1)

[00145] gacggatcgggagatctgagetcacggggacageccccccccaaageccccagggatgtaattacgteectecceegeta
gggggacagcagegagecgeccggggcteegeteeggtecggegeteccceegeatececcgagecggeagegtgeggggacagecee
gggcacggggaaggtggcacgggategctticetetgaacgettctegetgetetttgagectgeagacacctggggggatacggggaaa
aagctttaggctgaaagagagatttagaatgacagaatcatagaacggcectgggtigcaaaggageacagtgetcatccagatccaaccee
ctgctatgtgcagggtcatcaaccagecageccaggetgeccagagecacatccagectggecttgaatgectgecaggeccgatecectat
ggtcgactctcagtacaatctgetctgatgecgeatagttaagecagtatctgetecctgettgtgtattggaggtegetgagtagtgcgegag
caaaatttaagctacaacaaggcaaggcttgaccgacaattgcatgaagaatctgettaggattaggegttttgegetgettcgegatgtacg
ggccagatatacgegttgacattgattattgactagttattaatagtaatcaattacggggtcattagttcatageccatatatggagttcegegtt
acataacttacggtaaatggcccgectggctgaccgeccaacgacccccgeccattgacgteaataatgacgtatgttcccatagtaacgee
aatagggactttccattgacgtcaatgggtggactatttacggtaaactgeccacttggeagtacatcaagtgtatcatatgccaagtacgece
cctattgacgtcaatgacggtaaatggeccgectggeattatgeccagtacatgaccttatgggactttcctacttggeagtacatctacgtatt
agtcatcgctattaccatggtgatgcggttttggcagtacatcaatgggcgtegatageggtttgactcacggggatttccaagtctccaccee
attgacgtcaatgggagtttgttttggcaccaaaatcaacgggactttccaaaatgtcgtaacaactccgecccattgacgcaaatgggeggt
aggcgtgtacggtogoagotctatataagcagagetetetggetaactagagaacccactgcettactggettatcgaaattaatacgactcac
tatagggagacccaagctggctagegtitaaacttaagetttetgtgagtitggogacccttgattgttctttctitttcgetattgtaaaattcatgtt
atatggagoooocaaagttttcagggtgttetttagaatggoaagatgtcecttgtatcaccatggaccctcatgataattttgtttctttcactttc
tactctgttgacaaccattgtctectcttattttcttttcattttctgtaactttttcgttaaactttagettgeatttgtaacgaatttttaaattcacttttgtt
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tatttgtcagattgtaagtactttctctaatcacttttttttcaaggcaatcagggtatattatatigtacttcagcacagttttagagaacaattgttata
attaaatgataaggtagaatatttctgcatataaattctggctggegteogaaatattcettattggtagaaacaactacatcctggtcatcatectge
ctttctctttatggttacaatgatatacactgtttgagatgaggataaaatactctgagtccaaaccgggeccctctgetaaccatgttcatgectt
cttctttttcctacagetectgggcaacgtgctggttattgtgetgteteatcattttggcaaagaattgtaatacgactcactatagggegageca
ccatggctagattagataaaagtaaagtgattaacagegeattagagetgcttaatgaggtcggaatcgaaggtitaacaaccegtaaacteg
cccagaagcetaggtgtagageagcectacattgtattggeatgtaaaaaataagegggcetttgctcgacgecttagecattgagatgttagata

ggcaccatactcacttttgecctttagaaggggaaagetggcaagattttttacgtaataacgctaaaagttttagatgtgctttactaagtcate

gcgatggagcaaaagtacatttaggtacacggectacagaaaaacagtatgaaactctcgaaaatcaattagectttttatgocaacaaggttt
ttcactagagaatgccttatatgcactcagegecgtggggcattttactttaggttgcgtattggaagatcaagagceatcaagtcgetaaagaa

gaaagggaaacacctactactgatagtatgccgecattattacgacaagcetatcgaattatttgatcaccaaggtgcagagecagcecttcttat
tcggecttgaattgatcatatgeggattagaaaaacaacttaaatgtgaaagtgggtecccaaaaaagaagagaaaggtegacggcggtag
ttcagtttaagcgtacagcgggatccactagtccagtgtggtggaattctgcagatatccageacagtggeggecgetcgagtetagaggge
ccgtttaaacccgctgatcagectegactgtgecttctagttgecagecatetgttgtitgecectececccegtgecttecttgaccetggaaggt

gccacteccactgtectticctaataaaatgaggaaattgcategceattgtctgagtaggtgtcattctatictggggggotgggstesoocagg
acagcaagggggaggattgggaagacaatagcaggeatgetggggatgcggtgggctctatggettctgaggcggaaagaaccagcetg
ggeoctctagggggatatccccacgegecctgtageggegceattaagegeggegggtatggteettacgegcagegtgaccgcetacacttg

ccagcegecctagegeecgcetectttecgetttettcecttectttctegecacgttcgecggetttccecgtcaagetctaaatcggggeatecctt
tagggttccgatttagtgctttacggeacctcgacceccaaaaaacttgattagggtgatggttcacgtagtgggccategecctgatagacgg
tttttcgecectttgacgttggagtccacgttctttaatagtggactcttgttccaaactggaacaacactcaaccctatcteggtetattettitgattt
ataagggattttggggatttcggcectattggttaaaaaatgagetgatttaacaaaaatttaacgcgaattaattctgtggaatgtgtgtcagttag
ggtgtggaaagtceccaggcetecccaggcaggeagaagtatgcaaageatgeatctcaattagtcagcaaccaggtgtggaaagteccea
ggctceccageaggeagaagtatgcaaageatgeatctcaattagtcageaaccatagteccgecectaactecgeccatccegeccctaa
ctccgeccagttcegeccatteteccgecccatggctgactaattttttttatttatgcagaggecgaggecgectetgectetgagetattcecag

aagtagtgaggaggcttttttggaggcctaggcttttgcaaaaagctcccgggagettgtatatecattttcggatetgatcageacgtgttgac
aattaatcatcggcatagtatatcggcatagtataatacgacaaggtgaggaactaaaccatggecaagttgaccagtgecgtteceggtacte
accgcgegegacgtcgecggageggtegagttctggaccgaccggetegggttetccecgggacttegtggaggacgacttecgecggtgt
ggtccgggacgacgtgaccetgttcatcagegeggtccaggaccaggtggtgccggacaacaccetggectgggtgtagatecgegge
ctggacgagcetgtacgeecgagtggteggaggtegtgteccacgaactteccgggacgectecgggecggecatgaccgagatcggegage
agecgtgggegcgggagttcgecctgecgegacceggecggcaactgegtgcacttegtggecgaggageaggactgacacgtgctac

gagatttcgattccaccgecgcecttctatgaaaggttgggcttcggaategttttcecgggacgecggetggatgatectecagegeggggat

ctcatgctggagttcttcgeccaccecaacttgtttattgecagettataatggttacaaataaagcaatagcatcacaaatttcacaaataaagea
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tttttttcactgcattctagttgtggtttatccaaactcatcaatgtatettatcatgtetgtataccgtegacctetagetagagettggegtaatceat

ggtcatagcetgtttcotgtgtgaaattgttatccgetcacaattccacacaacatacgagecggaagcataaagtgtaaagectggggtgecta
atgagtgagctaactcacattaattgcgttgecgcetecactgeecgetttccagtcgggaaacctgtegtgecagetgcattaatgaatcggecaa
cgegeggggagaggeggtttacgtattggacgctettecegettcetegeteactgactegetgegeteggtegttcggetgcggegagegg
tatcagctcactcaaaggeggtaatacggttatccacagaatcaggggataacgecaggaaagagagetcacggggacageccocceeca
aagcccccagggatgtaattacgteccteccccgetagggggeageagegagecgeecggggcetecgeteecggtecggegeteeceee

gcatccecgageeggeagegtgeggggacagecegggeacggggaaggtggcacgggategctttectetgaacgcttetegetgetet
ttgagcectgecagacacctggggggatacggggaaaaagetitagactgaaagagagatttagaatgacagaatcatagaacggectgggt
tgcaaaggagcacagtgctcatccagatccaaccecctgcetatgtgeagggteatcaaccageageccaggetgeccagagecacatceca
gcetggecttgaatgectgcaggacatgtgageaaaaggecageaaaaggecaggaaccgtaaaaaggecgegttgetggegtttttcea
taggctccgeeccectgacgageatcacaaaaatcgacgetcaagtcagaggtggegaaaccegacaggactataaagataccaggegt

ttcceectggaageteectegtgegetetectgtticcgaceetgeecgcettaccggatacetgtecgectttctcecttcgggaagegtegeget
ttctcaatgetcacgetgtaggtatctcagttcggtgtaggtegttcgetccaagetgggetgtgtgcacgaacceceegttcageecgaceg

ctgegecttatccggtaactategtettgagtccaacceggtaagacacgacttatcgecactggeageagecactggtaacaggattagea

gagcgaggtatgtaggcggtoctacagagttcttgaagtggtogcctaactacggctacactagaaggacagtatttggtatctgegetcetge
tgaagccagttaccttcggaaaaagagttggtagcetcttgatccggcaaacaaaccaccgetggtageggtggtttttttgtttgcaagcagea
gattacgcgcagaaaaaaaggatctcaagaagatcctttgatctttictacggggtctgacgctcagtggaacgaaaactcacgttaagggat
tttggtcatgagattatcaaaaaggatcttcacctagatecttttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggte
tgacagttaccaatgcttaatcagtgaggcacctatctcagegatetgtctatttcgttcatccatagttgectgactececgtegtgtagataact
acgatacgggagggcttaccatctggecccagtgetgcaatgatacecgegagacccacgetcaceggetecagatttatcagcaataaace
agccagecggaagggecgagegeagaagtggtectgeaactttatcegectecatccagtctattaattgttgccgggaagetagagtaagt
agttcgccagttaatagtttgegeaacgttgttgccattgctacaggeategtggtatecacgetegtegtttggtatggettcattcageteceggt
tcccaacgatcaaggegagttacatgatcceecatgttgtecaaaaaageggttageteettcggtectecgategttgtcagaagtaagttg

gccgceagtgttatcactcatggttatggcageactgceataattctcttactgtcatgeccatcegtaagatgctttictgtgactggtgagtactcaa
ccaagtcattctgagaatagtgtatgeggcgaccgagttgetettgeccggegtecaatacgggataataccgegecacatagecagaacttta

aaagtgctcatcattggaaaacgttcttcggggegaaaactctcaaggatettacegetgttgagatccagttcgatgtaacccactegtgeac
ccaactgatcttcagcatcttttactttcaccagegtttctgggtgagcaaaaacaggaaggcaaaatgecgcaaaaaagggaataagggcg
acacggaaatgttgaatactcatactcttcctttttcaatattattgaagcatttatcagggttattgtctcatgageggatacatatttgaatgtattt

agaaaaataaacaaataggggttccgcgcacatttccccgaaaagtgecacctgacgtc

[00146] The sequence of the pcDNA-TetR-KRAB-Ins vector is provided below:
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[00147] pcDNA-TetR-KRAB-Ins (7493 bp) (SEQ ID NO: 2)

gacggatcgggagatctgagcetcacggggacageccecceccaaageccecagggatgtaattacgteecteecccgetagggggcag
cagcgagecgeecggggcetecgetecggteceggegceteceeccgeatceceegagecggcagegtecggggacageecgggcacgs
ggaaggtgacacgggatcgctttcctetgaacgcttctegetgetetttgagectgecagacacctggggggatacggggaaaaagcetttag
gctgaaagagagatttagaatgacagaatcatagaacggectgggtigcaaaggagcacagtgctcatccagatccaaccecctgetatgt
gcagggtcatcaaccagcageccaggetgeccagagecacateccagectggecttgaatgectgeaggeecgatecectatggtegacte
tcagtacaatctgetctgatgecgeatagttaagecagtatetgeteectgettgtatgttggaggtcgetgagtagtgcgegageaaaatttaa
gctacaacaaggceaaggcttgaccgacaattgeatgaagaatetgettagggttaggegttttecgetgettcgegatgtacgggecagatat
acgcgttgacattgattattgactagttattaatagtaatcaattacggggtcattagttcatagcccatatatggagttccgegttacataacttac
ggtaaatggcccgectggetgaccgeccaacgacceccgeccattgacgtcaataatgacgtatgttcccatagtaacgecaatagggact
ttccattgacgtcaatgggtgoactatttacggtaaactgeccacttggeagtacatcaagtgtatcatatgccaagtacgececctattgacgt
caatgacggtaaatggceccgectggcattatgeccagtacatgaccttatgggactttectacttggeagtacatctacgtattagtcatcgeta
ttaccatggtgatgcggtittggcagtacatcaatgggcgtggatageggtitgactcacggggatticcaagtctccaccccattgacgtcaa
tgggagtttgttttagcaccaaaatcaacgggactttccaaaatgtcgtaacaactccgecccattgacgeaaatgggeggtaggcgtgtac
gotgooagotctatataagcagagetctctggctaactagagaacccactgcettactggcttatcgaaattaatacgactcactatagggaga
cccaagcetggetagegtitaaacttaagetttctgtgagtttegogacccttgattgtictttctttttcgetattgtaaaattcatgttatatggagg
gggcaaagttttcagggtgottgtttagaatgggaagatgtcccttgtatcaccatggacccteatgataattttgtttctttcactttctactetgttg
acaaccattgtctectcttattttcttttcattttctgtaactttttcgttaaactttagettgeatttgtaacgaatttttaaattcacttttgtitatttgtcag
attgtaagtactttctctaatcacttttttttcaaggcaatcagggtatattatattgtacttcagcacagttttagagaacaattgttataattaaatga
taaggtagaatatttctgcatataaattctggetggegtggaaatattcttattggtagaaacaactacatcctggteatcatectgectttetcttta
tggttacaatgatatacactgtttgagatgaggataaaatactctgagtccaaaccgggeccctetgetaaccatgttcatgecttettetttttect
acagctcctgggeaacgtgetggttattgtgctgtetcatcattttggcaaagaattgtaatacgactcactatagggegagecaccatggcta
gattagataaaagtaaagtgattaacagcgcattagagctgcttaatgaggtcggaatcgaaggtttaacaacccgtaaactcgeecagaag
ctaggtgtagagcagcctacattgtattggcatgtaaaaaataagcgggctttgctcgacgecttagecattgagatgttagataggcaccata
ctcacttttgcectttagaaggggaaagetggeaagattttttacgtaataacgctaaaagttttagatgtgctttactaagtcatcgegatggag
caaaagtacatttaggtacacggcectacagaaaaacagtatgaaactctcgaaaatcaattagcectttttatgeccaacaaggtttttcactagag
aatgccttatatgcactcagegeegtggggceattttactttaggttgegtattggaagatcaagageatcaagtcgctaaagaagaaagggaa
acacctactactgatagtatgccgccattattacgacaagctatcgaattatttgatcaccaaggtgcagagecagecttcttattcggecttga
attgatcatatgcggattagaaaaacaacttaaatgtgaaagtgggtccccaaaaaagaagagaaaggtegacggeggtggtgctttgtete
ctcagcactctgetgtcactcaaggaagtatcatcaagaacaaggagggecatggatgctaagtcactaactgectggtececeggacactggt

gaccttcaaggatgtatttgtggacttcaccagggaggagtggaagetgetggacactgetcagcagategtgtacagaaatgtgatgeteg
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agaactataagaacctggtttccttgggttatcagettactaagecagatgtgatecteceggttggagaagggagaagagecctggetggtg
gagagagaaattcaccaagagacccatcctgattcagagactgeatttgaaatcaaatcatcagtttaagegtacageggggatccactagt
ccagtgtggtegaattctgcagatatccageacagtggeggecgetcgagtctagagggeccgtttaaacccgcetgatcagectegactgt
gccttetagttgecagecatetgttgtttgecccteececcgtgecttecttgacectggaaggtgecacteecactgtectttectaataaaatga
ggaaattgcatcgeattgtetgagtaggtateattctattctggggggtgggotgggacaggacagcaagggggaggattgggaagacaa
tagcaggcatgctggggatgeggtgggctctatggcettctgaggeggaaagaaccagetggggctetagggggatatceecacgegecect
gtagcggegceattaagegeggegggtatggtagttacgegeagegtgaccgetacacttgecagegecctagegeeegetectttegettt
cttcecttoctttctegecacgttegecggcettteceegtecaagetctaaatcggggeateectttagggttcegatttagtgctttacggeacctce
gaccccaaaaaacttgattagggtgatggttcacgtagtgggccatcgecctgatagacggtttttcgecctttgacgttggagtecacgttett
taatagtggactcttgttccaaactggaacaacactcaaccctatctcggtctattcttttgatttataagggattttggggatttcggectattggtt
aaaaaatgagctgatttaacaaaaatttaacgcgaattaattctgtggaatgtgtgtcagttagggtgtggaaagtecccaggetecccagge
aggcagaagtatgcaaagcatgeatctcaattagtcagcaaccaggtgtggaaagtceccaggetccccageaggeagaagtatgcaaag
catgcatctcaattagtcagcaaccatagtcccgeccctaactccgeccatcccgeccctaactccgeccagtteccgeccattctecgeccca
tggctgactaattttttttatttatgcagaggcegaggecgectetgectetgagetattccagaagtagtgaggaggcttttttggaggcectag
gcttttgcaaaaagcetcccgggagcttgtatatccattttcggatctgatcagecacgtgttgacaattaatcatcggeatagtatatcggceatagt
ataatacgacaaggtgaggaactaaaccatggccaagttgaccagtgecgttccggtgctcaccgegegegacgtcgecggageggteg
agttctggaccgaccggctegggttctcecgggacticgtggaggacgacticgecggtgtggtccgggacgacgtgacectgttcatcag
cgeggtecaggaccaggtggtgecggacaacaccectggectgggatategotacgcggectggacgagetgtacgcegagtggtegga
ggtegtgtecacgaacttcegggacgectecgggecggecatgaccgagatcggegageagecgtggggocgggagttcgeectgeg
cgacccggecggeaactgegtgcacttegtggecgaggageaggactgacacgtgetacgagatttcgattccaccgecgecttctatga
aaggttgggcttcggaategttttccgggacgecggcetggatgatceteccagegeggggatcetecatgetggagttettcgeccaccccaact
tgtttattgcagcttataatggttacaaataaagcaatagcatcacaaatttcacaaataaagceatttttttcactgcattctagttgtggtttgteca
aactcatcaatgtatcttatcatgtctgtataccgtcgacctctagetagagcettggegtaatcatggteatagetgtttectgtgtgaaattgttat
ccgctcacaattccacacaacatacgagecggaageataaagtgtaaagectggggtacctaatgagtgagetaactcacattaattgegtt
gegceteactgecegctttccagtcgggaaacctgtegtgccagetgeattaatgaatcggecaacgegeggggagaggeggtttacgtatt
gggcgctettcegcttcetegeteactgactegetgegeteggtegtteggetgcggegageggtatcagetcactcaaaggeggtaatacg
gttatccacagaatcaggggataacgcaggaaagagagctcacggggacageccccccccaaageccccagggatgtaattacgteoct
cceecgetagggggcageagegagecgeocggggctecgetecggteeggegetececccgeatcceegagecggeagegtecgeg
gacagcccgggceacggggaaggtggcacgggatcgcetttectetgaacgettctegetgetetttgagectgeagacacctgggggogoata
cggggoaaaaagctttaggctgaaagagagatttagaatgacagaatcatagaacggectgggttgcaaaggagcacagtgetcatccaga

tccaaccecctgetatgtgcagggtcatcaaccagecageccaggetgeccagagecacatccagectggecttgaatgectgecaggacat
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gtgagcaaaaggccagcaaaaggecaggaaccgtaaaaaggecgegttgetggegtttttccataggetecgeeecectgacgageate
acaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaagataccaggegtttccecctggaagetecctegtgeget
ctectgttccgacccetgecgcettaccggatacctgtecgecttteteecttcgggaagegtggcgcttictcaatgetcacgetgtaggtatete
agttcggtgtaggtegttcgetccaagetgggcetgtgtgcacgaaccececgticagecegacegetgegecttatccggtaactategtett
gagtccaacccggtaagacacgacttatcgecactggeageagecactggtaacaggattagcagagegaggtatgtaggeggtgcetaca
gagttcttgaagtggtggcctaactacggcetacactagaaggacagtatttggtatetgegetetgetgaagecagttaccttcggaaaaaga
gttggtagcetcttgatccggeaaacaaaccaccgetggtageggtagttttittatttacaagcageagattacgegeagaaaaaaaggatet
caagaagatcctttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattitggtcatgagattatcaaaaaggat
cttcacctagatccttttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgettaatcagtg
aggcacctatctcagcgatctgtctatttcgttcatccatagttgectgactcceegtegtgtagataactacgatacgggagggcttaccatet
ggccccagtgetgeaatgataccgegagacccacgcetcaccggetecagatttatcagcaataaaccagecagecggaagggecgage
gcagaagtggtcctgeaactttatccgectecatccagtctattaattgttgccgggaagctagagtaagtagttcgecagttaatagtttgege
aacgttgttgccattgctacaggceatcgtggtgtcacgetcgtegtttggtatggcttecattcagetcecggttcccaacgatcaaggegagttac
atgatcccccatgttgtgcaaaaaageggttagetecttcggtectecgategttgtcagaagtaagttggecgeagtgttatcactcatggtta
tggcagcactgcataattctcttactgtcatgecatccgtaagatgcttttctgtgactggtgagtactcaaccaagtcattctgagaatagtgtat
gcggcegaccgagttgetettgeccggegtcaatacgggataataccgegecacatagecagaactttaaaagtgctcatcattggaaaacgtt
cttcggggcgaaaactctcaaggatcttaccgetgttgagatccagticgatgtaacceactcgtgeacccaactgatcttcageatcttttactt
tcaccagcgtttctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgttgaatactcatac
tettectttttcaatattattgaageatttatcagggttattgtctcatgageggatacatatttgaatgtatttagaaaaataaacaaataggggttc

cgcgeacatttceccgaaaagtgecacctgacgte

Example 2: Design and Validation of Derepressible Helper Genes

pPBBG-iHelper2.0-HA vector

[00148] To drive the expression of Adenovirus Helper Genes E2A and E4Orf6, two tetracycline
operator sequences (TetOz) were inserted between the TATA box and transcriptional start site
(TSS) in the native promoters of the E2A and E4 genes. Expression of the VA RNA is driven by
its native promoter or HI promoter with or without TetO; insertion. The VA gene promoter is
embedded in the gene body of the non-coding RNA, and the TetO» sequences were added
upstream of the VA gene. To facilitate the detection of E4orf6 protein expression, an HA tag was

fused in frame to the N-terminus of E4orf6 coding sequence. The expression cassettes of
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inducible E2A, E4 and VA as one gene block was flanked by core insulator sequences, long-
range regulatory sequences to prevent the activation or silencing of the gene promoters from
neighboring distal enhancers or spreading heterochromatin, respectively. The sequence was fully
synthesized and subcloned into a piggyBac transposon vector between the transposon-specific
ITRs on 5 and 3’ ends. To allow the antibiotic selection of the recombinant transposon in cells,
the puromycin antibiotic resistance gene driven by a CMV promoter was also included and
flanked by core insulators inside the ITRs, which resulted in the pPBBG-iHelper2.0-HA vector
(See Figure 3A).

[00149] To enhance the VA RNA expression of the pPBBG-iHelper2.0-HA vector design, a
series of modifications were applied to the VA cassettes in the pPBBG-iHelper2.0-HA vector

design.

[00150] In the iHelper2.1 vector, both the TetO2 and VAII regions originally in the pPBBG-
iHelper2.0-HA vector design were removed (see Figure 3B). In the iHelper2.2 vector, the VAI
cassette in iHelper2.1 was relocated between E2A and E4 cassettes to achieve inducibility from
neighboring TetO; sequences (See Figure 3C). In the iHelper2.3 vector, the constitutive H1
promoter was added upstream of VAI cassette in the iHelper2.1 to increase the VA expression
(see Figure 3D). In iHelper2.4 vector, the VAI and H1 promoter in iHelper2.3 was relocated
between E2A and E4 cassettes (see Figure 3E). To further augment the VA expression, the VA
cassette was increased from a single copy in the iHelper 2.1, 2.2, 2.3 and 2.4 vectors to four
tandem repeats in the iHelper 2.5, 2.6, 2.7 and 2.8, accordingly. The addition of further

promoters (H1) in various locations was also investigated. (See Figures 3F — 31).

[00151] To further enhance the helper function, functional protein orthologs to VA RNA were
screened to enhance AAV production. These protein-encoding genes are derived from different
viruses with reported function as inhibitors of protein kinase R (PKR), a key function of VA
RNA (Langland et al., “Inhibition of PKR by RNA and DNA viruses,” Virus Res. 119(1):100-10
(2006) and Feng et al., “The VP35 protein of Ebola virus inhibits the antiviral effect mediated by
double-stranded RNA-dependent protein kinase PKR,” J Virol. 81(1):182-92 (2007). Two
candidates boosted AAV production, VP35 from Ebola virus and SM from Epstein-Barr virus.

To incorporate the protein orthologs into the iHelper2.2 vector, a VP35 or SM gene was fused in
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frame to an N-terminal Flag tag, and placed under an inducible human CMV promoter with an
insertion of TetO», followed by a BGH Poly(A) signal. The expression cassette was then inserted
into the region between E4 and puromycin resistance gene in the iHelper2.2, flanked by core
insulators. The iHelper3.1 vector with a VP35 gene is shown in Figure 4A and the iHelper3.2

vector with a SM gene is shown in Figure 4B.
Sequence Listings
[00152] The sequence of the pPBBG-iHelper2.0-HA vector is provided below:

[00153] pPBBG-iHelper2.0-HA (16,549 bp) (SEQ ID NO: 3)

[00154] ACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGA
GCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACA
TTTCCCCGAAAAGTGCCACCTAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTT
AAATTTTTGTTAAATCAGCTCATTTTITTAACCAATAGGCCGAAATCGGCAAAATCCC
TTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACA
AGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTAT
CAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGAGG
TGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACG
GGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGG
CGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCG
CGCTTAATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAACTGTT
GGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGA
TGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGT
AAAACGACGGCCAGTGAGCGCGCCTCGTTCATTCACGTTTTITGAACCCGTGGAGGAC
GGGCAGACTCGCGGTGCAAATGTGTTTTACAGCGTGATGGAGCAGATGAAGATGCT
CGACACGCTGCAGAACACGCAGCTAGATTAACCCTAGAAAGATAATCATATTGTGA
CGTACGTTAAAGATAATCATGCGTAAAATTGACGCATGTGTTTITATCGGTCTGTATA
TCGAGGTTTATTTATTAATTTGAATAGATATTAAGTTTTATTATATTTACACTTACAT
ACTAATAATAAATTCAACAAACAATTTATTTATGTTTATTTATTTATTAAAAAAAAA
CAAAAACTCAAAATTTCTTCTATAAAGTAACAAAACTTTTATCGAATTCCTGCAGCC
CGGGGGATCCACTAGTTCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTA

36



WO 2025/096295 PCT/US2024/052959

ATTACGTCCCTCCCCCGCTAGGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGAGT
CCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCACGG
GGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGC
AGACACCTGGGGGGATACGGGGAAAAGGCCTCCAAGGCCAGCTTCCCACAATAAGT
TGGGTGAATTTTGGCTCATTCCTCCTTTCTATAGGATTGAGGTCAGAGCTTTGTGATG
GGAATTCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCgcGATCgcTAGCGTTT
AAACTTAAGCTTGGTACCGAGCTCGGATCCACTAGTCCAGTGTGGTGGAATTCCTGC
TTCGCGATGTACGGGCCCggtacccaactccatgcttaacagtccccaggtacageccaccetgegtcgcaaccaggaaca
getetacagettectggagegecactegecctactticcgeagecacagtgegeagattaggagegecacttctttttgtcacttgaaaaacat
gtaaaaataatgtactaggagacactttcaataaaggcaaatgtttttatttgtacactctcgggtgattatttaccecccacccttgeegtetgeg
ccgtttaaaaatcaaaggggttctgcecgegeategetatgegecactggecagggacacgttgegatactggtgtttagtgctecacttaaact
caggcacaaccatccgeggeagetcggtgaagttttcactccacaggetgegeaccatcaccaacgegtttageaggtecgggegecgata
tcttgaagtcgeagttggggcectecgeectgegegegegagttgcgatacacagggttgcageactggaacactatcagegecgggtegt
geacgctggccageacgetcettgtcggagatcagatccgegtecaggtectecegegtigetcagggegaacggagteaactttggtagetg
ccttcccaaaaagggtgcatgeccaggctttgagttgeactcgeaccgtagtggcatcagaaggtgaccgtgeccggtetgggegttagga
tacagcgcctgcatgaaagcecttgatctgettaaaagecacctgagectttgegecttcagagaagaacatgecgeaagacttgecggaaa
actgattggecggacaggecgegteatgeacgeageaccttgegteggtgtiggagatctgeaccacatttcggeeccacceggttettcacg
atcttggecttgetagactgetecttcagegegegetgeccgttticgetegtcacatecatttcaatcacgtgetecttatttatcataatgeteec
gtgtagacacttaagctcgecttcgatctcagegeageggtgcagecacaacgegeageccgtgggctegtggtectigtaggttacetetg
caaacgactgcaggtacgcctgcaggaatcgecccatcatcgtcacaaaggtettgttgctggtgaaggtcagetgeaaccegeggtgcte
ctcgtttageccaggtettgeatacggecgecagagettecacttggtcaggeagtagettgaagtttgectttagatcgttatccacgtggtactt
gtccatcaacgegegegeagcectecatgeccttctcccacgeagacacgatcggeaggetcagegggtttatcacegtgetttcactttecg
cttcactggactcttecttttcetettgegtecgeatacecegegecactgggtegtctteattcageegecgeacegtgegettaceteccttge
cgtgcttgattagcaccggtgggttgctgaaacccaccatttgtagegecacatcttetctttcttectecgetgtccacgatcacctetggggat
ggcgggcegctegggcttgggagaggggacgcttcttttictttttggacgcaatggecaaatccgecgtcgaggtegatggecgegggctgg
gtgtgcgeggeaccagegeatettgtgacgagtettettegtccteggactegagacgecgectcageegcettttttgggggcgegegggg
aggcggeggegacggegacggggacgacacgteetecatggtiggtggacgtegegecgeacegegteegegetegggggtggttte
gegetgetectettcecgactggecatttecttctectataggeagaaaaagatcatggagtcagtcgagaaggaggacagectaaccgeec
cctttgagttcgecaccaccgecetecaccgatgeecgecaacgegectacecaccttceccgtegaggeacceecgettgaggaggaggaa
gtgattatcgagcaggacccaggttttgtaagcgaagacgacgaggatcgetcagtaccaacagaggataaaaagcaagaccaggacga

cgcagaggcaaacgaggaacaagtcgggcggggggaccaaaggeatggegactacctagatgtgggagacgacgtgctgttgaagea
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tctgecagegecagtgegecattatctgegacgegttgcaagagegeagegatgtgeecctegecatageggatgteagecttgectacgaa
cgccacctgttctcaccgegegtaccecccaaacgccaagaaaacggeacatgegageccaaccegegectcaacttetacceegtatttg
ccgtgecagaggtgettgeccacctatcacatctttttccaaaactgcaagataccectatcetgecgtgccaaccgeagecgageggacaag
cagctggecttgeggeagggegcetgtcatacctgatatcgectcgetcgacgaagtgecaaaaatetitgagggtettggacgegacgaga
aacgcgcggeaaacgcetctgcaacaagaaaacagegaaaatgaaagteactgtggagtgctggtggaacttgagggtgacaacgcegeg
cctagecgtgetgaaacgeagceatcgaggteacceactttgectacecggeacttaacctaccccccaaggttatgageacagtcatgage
gagctgatcgtgegeegtgeacgaccectggagagggatgeaaacttgcaagaacaaaccgaggagggectaccegeagttggegatg
agcagctggegegetggcettgagacgegegagectgeegacttggaggagegacgeaagetaatgatggeegeagtgcettgttacegtg
gagcttgagtgeatgcageggttctttgctgacceggagatgeagegeaagetagaggaaacgttgcactacacctttcgecagggcetacg
tgegecaggectgeaaaatttccaacgtggagcetetgeaacctggtetectaccttggaattttgecacgaaaaccgectcgggeaaaacgtg
cttcattccacgctcaagggcegaggegegeegegactacgtecgegactgegtttacttatttctgtgctacacctggeaaacggecatggg
cgtgtggcageaatgectggaggagegeaacctaaaggagetgeagaagetgctaaageaaaacttgaaggacctatggacggcecttea
acgagcgctcegtggecgegeacctggeggacattatcttccccgaacgectgettaaaaccetgcaacagggtetgecagacttcaccag
tcaaagcatgttgcaaaactttaggaactttatcctagagegttcaggaattctgecegecacctgetgtgegettcetagegactttgtgecca
ttaagtaccgtgaatgcecctecgecegctttggggteactgetaccttetgecagetagecaactaccttgectaccactccgacatcatggaaga
cgtgagcggtgacggcctactggagtgtcactgtcgetgeaacctatgecaccccgeaccgetcectggtetgeaattcgeaactgettageg
aaagtcaaattatcggtacctttgagetgeagggteectegectgacgaaaagtcegeggetccggggttgaaactcacteceggggctgtg
gacgtcCGATCTCTATCACTGATAGGGAGATCTCTATCACTGATAGGGAGAGggcttacctteg
caaatttgtacctgaggactaccacgcecacgagattaggttctacgaagaccaatceccgeccgecaaatgeggagettaccgectgegte
attacccagggccacatccttggecaattgcaagecatcaacaaageccgecaagagtttctgetacgaaagggacggggggtttacetgg
acccccagtecggegaggagcetcaacccaatceeccegeecgecgeagecctatcageageegegggeccttgettceccaggatggeac
ccaaaaagaagctgeagetgecgeecgecgecaccecacggacgaggaggaatactgggacagtcaggeagaggaggttitggacgagg
aggaggagatgatggaagactgggeacagectagacgaagettccgaggecgaagaggtgtcagacgaaacaccgtecacectcggtege
attcccctegecggegecccagaaattggeaaccgttcecageatcgetacaaccteegetectcaggegeegeeggeactgectgttege
cgacccaaccgtagatgggacaccactggaaccagggecggtaagtctaagecagecgecgeegttageecaagageaacaacagege
caaggctaccgetegtggegegggeacaagaacgecatagttgettgettgecaagactgtgggggcaacatetecttcgeecgecgcetttet
tetctaccatcacggegtggecttcceccgtaacateetgeattactaccgteatctetacageecctactgeaccggeggeageggeageg
gcagcaacagcageggtcacacagaagcaaaggegaccggatagcaagactctgacaaageccaagaaatccacageggeggcage
agcaggaggaggagcgctgegtetggegeccaacgaacccgtatcgacccgegagcettagaaataggatttttcccactctgtatgetatat
ttcaacaaagcaggggccaagaacaagagcetgaaaataaaaaacaggtctctgegeteectcacccgeagetgectgtatcacaaaageg
aagatcagcttcggcgcacgctggaagacgeggaggctctettcagcaaCGATCTCTATCACTGATAGGGAGATC
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TCTATCACTGATAGGGAGAGatactgcgegcetgactcttaaggactagtttcgegecctttctcaaatttaagegcgaaaa
ctacgtcatctccageggecacacceggegecageacctgtegtcagegecattatgagcaaggaaattcccacgeectacatgtggagtt
accagccacaaatgggacttgeggctggagetgeccaagactactcaacccgaataaactacatgagegegggaccecacatgatatcee
gggtcaacggaatccgegeccaccgaaaccgaattetectcgaacaggeggcetattaccaccacacctegtaataaccttaatccccgtagt
tggeeegetgeectggtgtaccaggaaagtccecgeteccaccactgtggtacttcccagagacgeccaggecgaagttcagatgactaact
caggggcegceagettgegggcggctttcgtcacagggtgeggtegeccgggcegttttagggcggagtaacttgeatgtattgggaattgtag
tttttttaaaatgggaagtgacgtatcgtgggaaaacggaagtgaagatttgaggaagttgtggettttttgactttegtitctgggegtaggtte
gcgtgcggttitetgggtatititigtggactitaaccgttacgteattttttagtectatatatactcgetctgtaCTCTCCCTATCAGT
GATAGAGATCTCCCTATCAGTGATAGAGATCGcttggcecctttttacactgtgactgattgagetggtgccgtgt
cgagtggtgttttttaataggtttttttactggtaaggctgactgttatggetgccgetgtggaagegetgtatgttgttctggagegggaggate
ctattttgcctaggcaggagggtttttcaggtgtitatgtgtttttctctectattaattttgttatacctectatgggggctgtaatgttgtetctacge
ctgcgggtatgtattcceceecgggcetatttecggtegcetttttagcactgaccgatgttaaccaacctgatgtgtttaccgagtcttacattatgacte
cggacatgaccgaggaactgtcggtggtgctttttaatcacggtgaccagtttttttacggtcacgecggceatggecgtagteegtcttatgett
ataagggttgtttttectgttgtaagacaggcettctaatgtttaaatgtttttttttttgttattttattttgtgtttaatgcaggaacccgcagacatgttt
gagagaaaaatggtgtctttttctgtggtgottccggaacttacctgectttatctgecatgageatgactacgatgtgettgetttittgcgegagg
ctttgectgattttttgagcagceaccttgeattttatatcgeccgeccatgecaacaagcettacataggggctacgetggttagcatagetccgagta
tgcgtgteataatcagtgtgggttcttttgtcatggttcctggeggggaagtggecgegetggtecgtgeagacctgeacgattatgticaget
ggccctgegaagggacctacgggatcgeggtatttttgttaatgttcegettttgaatcttatacaggtetgtgaggaacctgaatttttgcaate
atgattcgctgcetigaggetgaaggtggagggcgetctggageagatttttacaatggcecggacttaatattcgggatttgettagagacatatt
gataaggtggcgagatgaaaattatttgggcatggttgaaggtectggaatgtttatagaggagattcaccctgaagggtttagectttacgte
cacttggacgtgagggcagtttgccttttggaagecattgtgcaacatcttacaaatgecattatctgttetttggetgtagagtttgaccacgec
accggaggggagcgegttcacttaatagatcttcattttgaggttttggataatcttttggaataaaaaaaaaaaaacatggttcttccagetctt
ccegetecteecgtgtgtgactcgcagaacgaatgtgtaggttggctggatgategcttattetgeggtagtggatgttatcagggcageggc
gcatgaaggagtttacatagaacccgaagecagggggcgectggatgetttgagagagtggatatactacaactactacacagagegage
taagcgacgagaccggagacgceagatctgtttgtcacgeccgeacctggttttgcttcaggaaatatgTACCCATACGATGTT
CCAGATTACGCTGGAGGAGGCGGAGGCactacgtccggegttccatttggcatgacactacgaccaacacgatct
cggttgtcteggegeacteegtacagtagggategectacctectittgagacagagaccegegetaccatactggaggatcatecgetget
geccgaatgtaacactttgacaatgeacaacgtgagttacgtgegaggtcttcectgeagtgtgggatttacgetgattcaggaatgggttgtt
ccctgggatatggtictgacgegggaggagcttgtaatcctgaggaagtgtatgeacgtgtgectgtgttgtgccaacattgatatcatgacg
agcatgatgatccatggttacgagtcctgggctetecactgteattgttccagtcceggticectgeagtgcatageceggegggeaggttttag
ccagcetggtttaggatggtogotooatgocgecatgtttaatcagaggtttatatggtaccgggaggtogtogaattacaacatgccaaaagag
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gtaatgtttatgtccagegtgtttatgaggggtegecacttaatctacctgegettgtggtatgatggecacgtgggttetgtggteccegecat
gagctttggatacagegecttgeactgtgggattttgaacaatattgtggtgctgtgctgcagttactgtgctgatttaagtgagatcagggtac
getgetgtgececggaggacaaggegteteatgetgegggcggtgcgaatcategetgaggagaccactgecatgttgtaticetgcaggac
ggagcggcggcggcageagtttattcgegegcetgetgeageaccaccgecctatectgatgeacgattatgactctacceccatgtaggeg
tggacttccecttegecgeccgttgagcaaccgeaagttggacageagectgtggcetcageagetggacagegacatgaacttaagegag
ctgcceggggagtttattaatatcactgatgagegtttggctcgacaggaaaccgtgtggaatataacacctaagaatatgtctgttacecatg
atatgatgctttttaaggccagecggggagaaaggactgtgtactetgtgtettgggagggaggtggcaggttgaatactagggttetgtgag
tttgattaaggtacggtgatcaatataagcetatgtggtggtgagactatactactgaatgaaaaatgacttgaaattttctgeaattgaaaaataa
acacgttgaaacataacatgcaacaggttcacgattctttattcctgggcaatgtaggagaaggtgtaagagttggtagcaaaagtttcagtgg
tgtattttccactttcccaggaccatgtaaaagacatagagtaagtgcettacctegetagtttctgtggattcactagaatcgatgtaggatgttgce
ccetectgacgeggtaggagaaggggagggtgccctgeatgtetgecgetgetettgetettgecgetgetgaggaggggagcgeatetg
ccgeageaccggatgeatctgggaaaageaaaaaaggggctegtecetgtitccggaggaatttgcaageggggtettgcatgacgggg
aggcaaaccccecgttcgecgeagtecggecggeccgagactcgaaccgggggtectgegactcaacccttggaaaataacceteecgget
acagggagcgagecacttaatgetttcgetitccagectaaccgcettacgecgegegeggecagtggecaaaaaagetagegeagcagec
gccgegectggaaggaagecaaaaggagegeteeceegtigtetgacgtcgeacacctgggticgacacgegggeggtaaccgeatgg
atcacggcggacggcecggatccggggttcgaacceeggtegtecgecatgatacccttgegaatttatccaccagaccacggaagagtge
ccgcttacaCGATCTCTATCACTGATAGGGAGATCTCTATCACTGATAGGGAGAGggctetectt
ttgcacggtctagagegtcaacgactgegeacgectcaccggecagagegteccgaccatggageactttttgecegetgegeaacatetgg
aaccgegtecgegactticcgegegectecaccaccgecgecggeatcacctggatgtccaggtacatctacggattacgtegacgtttaa
accatatgatcagctcactcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggecag
caaaaggccaggaaccgtaaaaaggecgegttgctegegtttecactttggecgeggetcgagTGAGCTATTCCAGAAGT
AGTGAAGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTCCGGATCGATGCCC
GGGGGATCCACTAGTTCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTAA
TTACGTCCCTCCCCCGCTAGGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGTC
CGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCACGGG
GAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGCA
GACACCTGGGGGGATACGGGGAAAAGGCCTCCAAGGCCAGCTTCCCACAATAAGTT
GGGTGAATTTTGGCTGAGCTATTCCAGAAGTAGTGAAGAGGCTTTTTTGGAGGCCTA
GGCTTTTGCAAAAAGCTCCGGATCGATCATATATGGCAGATATACGCGTTGACATTG
ATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATAT
ATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAAC
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GACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGG
ACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTA
CATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGG
CCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTAC
ATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAAT
GGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTC
AATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAAC
TCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAG
CAGAGCTCTCTGGCTAACTATCGTCGACGAGCTCGTTTAGTGAACCGTCAGATCGCC
TGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAG
CCTCCGGACTCTAGCGTTTAAACTTAAGCTTGCCACCatgaccgagtacaagcccacggtgcgectege
caccecgegacgacgtecccagggecgtacgeaccctegecgecgegttcgecgactaceeccgeecacgegecacaccgtcgatccggac
cgccacatcgagegggtcaccgagcetgcaagaactcttcctcacgegegtecgggetcgacatcggeaaggtgtgggotegeggacgacg
gegeegeggtggeggtetggaccacgecggagagegtcgaagegggggcggtgticgecgagatcggeccgegeatggecgagttga
gcggticceggetggecgegeageaacagatggaaggectectggegecgeaccggeccaaggageccgegtggticetggecacegt
cggcegtctecgeecgaccaccagggcaagggtctgggcagegecgtegtgeteccceggagtggaggeggecgagegegecggggtac
ccgecttectggagaccteecgegeeccgeaaccteecctictacgageggeteggcttcaccgtcaccgecgacgtcgaggtgeccgaag
gaccgcegceacctggtgeatgacccgeaageecggtecctgaAGCGCGGGGATCTCATGCTGGAGTTCTTCG
CCCACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCA
CAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACT
CATCAATGTATCTTATCATGTCTGTAGCtGATgtATAcCTAggATCCGGCCGGecTGCAgg
TGTCCTCACAGGAACGAAGTCCCTAAAGAAACAGTGGCAGCCAGGTTTAGCCCCGG
AATTGACTGGATTCCTTTTTTAGGGCCCATTGGTATGGCTTTTTCCCCGTATCCCCCC
AGGTGTCTGCAGGCTCAAAGAGCAGCGAGAAGCGTTCAGAGGAAAGCGATCCCGTG
CCACCTTCCCCGTGCCCGGGCTGTCCCCGCACGCTGCCGGCTCGGGGATGCGGGGGG
AGCGCCGGACCGGAGCGGAGCCCCGGGCGGCTCGCTGCTGCCCCCTAGCGGGGGAG
GGACGTAATTACATCCCTGGGGGCTTTGGGGGGGGGCTGTCCCTCTAGAGCGGCCGC
CACCGCGGTGGAGCTCCAGCTTTTGTTCCCTTTAGTGAGGGTTAATTAGATCTTAATA
CGACTCACTATAGGGCGAATTGGGTACCGGGCCCCCCCTCGAGGTCGACGGTATCG
ATAAGCTTGATATCTATAACAAGAAAATATATATATAATAAGTTATCACGTAAGTAG
AACATGAAATAACAATATAATTATCGTATGAGTTAAATCTTAAAAGTCACGTAAAA

41



WO 2025/096295 PCT/US2024/052959

GATAATCATGCGTCATTTTGACTCACGCGGTCGTTATAGTTCAAAATCAGTGACACT
TACCGCATTGACAAGCACGCCTCACGGGAGCTCCAAGCGGCGACTGAGATGTCCTA
AATGCACAGCGACGGATTCGCGCTATTTAGAAAGAGAGAGCAATATTTCAAGAATG
CATGCGTCAATTTTACGCAGACTATCTTTCTAGGGTTAATCTAGCTGCATCAGGATC
ATATCGTCGGGTCTTTTTTCCGGCTCAGTCATCGCCCAAGCTGGCGCTATCTGGGCAT
CGGGGAGGAAGAAGCCCGTGCCTTTTCCCGCGAGGTTGAAGCGGCATGGAAAGAGT
TTGCCGAGGATGACTGCTGCTGCATTGACGTTGAGCGAAAACGCACGTTTACCATGA
TGATTCGGGAAGGTGTGGCCATGCACGCCTTTAACGGTGAACTGTTCGTTCAGGCCA
CCTGGGATACCAGTTCGTCGCGGCTTTTCCGGACACAGTTCCGGATGGTCAGCCCGA
AGCGCATCAGCAACCCGAACAATACCGGCGACAGCCGGAACTGCCGTGCCGGTAGTG
CAGATTAATGACAGCGGTGCGGCGCTGGGATATTACGTCAGCGAGGACGGGTATCC
TGGCTGGATGCCGCAGAAATGGACATGGATACCCCGTGAGTTACCCGGCGGGCGCG
CTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATT
CCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGT
GAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCT
GTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTITTGCGTA
TTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCG
GCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGG
ATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAA
AAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAA
AAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGG
CGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGG
ATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGT
AGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCC
CCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCG
GTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGC
GAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACAC
TAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAG
AGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGT
TTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCT
TTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCA
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TGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTA
AATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCA
GTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCC
CGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAAT
GATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAG
CCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTA
TTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACG
TTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATT
CAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAA
AGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTT
ATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAG
ATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCG
GCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCA
GAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGA
TCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTC
AGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGC
CGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCAT

[00155] The sequence of the pPBBG-iHelper2.1-HA vector is provided below:

[00156] pPBBG-iHelper2.1-HA (15.878 bp) (SEQ ID NO: 4)

[00157] ACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGA
GCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACA
TTTCCCCGAAAAGTGCCACCTAAATTGTAAGCGTTAATATTITTIGTTAAAATTCGCGTT
AAATTTTTGTTAAATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATCCC
TTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTITTGGAACA
AGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTAT
CAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGAGG
TGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACG
GGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGG
CGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCG
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CGCTTAATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAACTGTT
GGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGA
TGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGT
AAAACGACGGCCAGTGAGCGCGCCTCGTTCATTCACGTTTTTGAACCCGTGGAGGAC
GGGCAGACTCGCGGTGCAAATGTGTTTTACAGCGTGATGGAGCAGATGAAGATGCT
CGACACGCTGCAGAACACGCAGCTAGATTAACCCTAGAAAGATAATCATATTGTGA
CGTACGTTAAAGATAATCATGCGTAAAATTGACGCATGTGTTTTATCGGTCTGTATA
TCGAGGTTTATTTATTAATTTGAATAGATATTAAGTTTTATTATATTTACACTTACAT
ACTAATAATAAATTCAACAAACAATTTATTTATGTTTATTTATTTATTAAAAAAAAA
CAAAAACTCAAAATTTCTTCTATAAAGTAACAAAACTTTTATCGAATTCCTGCAGCC
CGGGGGATCCACTAGTTCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTA
ATTACGTCCCTCCCCCGCTAGGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGT
CCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCAGTGCGGGGACAGCCCGGGCACGG
GGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGC
AGACACCTGGGGGGATACGGGGAAAAGGCCTCCAAGGCCAGCTTCCCACAATAAGT
TGGGTGAATTTTGGCTCATTCCTCCTTTCTATAGGATTGAGGTCAGAGCTTTGTGATG
GGAATTCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCgcGATCgcTAGeGTTT
AAACTTAAGCTTGGTACCGAGCTCGGATCCACTAGTCCAGTGTGGTGGAATTCCTGC
TTCGCGATGTACGGGCCCggtacccaactccatgcettaacagtccccaggtacageeccaccctgegtecgeaaccaggaaca
gctetacagettcctggagegecactegecctacttccgeagecacagtgegeagattaggagegecacttctttttgtcacttgaaaaacat
gtaaaaataatgtactaggagacactttcaataaaggcaaatgtttttatttgtacactctcgggtgattatttaccecccacccttgeegtetgeg
ccgtttaaaaatcaaaggggtictgccgegeatcgetatgegecactggcagggacacgttgegatactggtgtttagtgctccacttaaact
caggcacaaccatccgcggeagetcggtgaagttttcactccacaggetgegeaccatcaccaacgegtttageaggtcgggcgecgata
tcttgaagtcgeagttggggcctecgeectgegegegegagttgegatacacagggttgecageactggaacactatcagegecgggtgst
geacgctggecageacgetettgtcggagatcagatecgegtecaggtecteegegttgetcagggegaacggagteaactttggtagetg
ccttcccaaaaagggtgcatgeccaggcetttgagttgcactcgeaccgtagtggeatcagaaggtgaccgtgeecggtetgggcgttagga
tacagcgcctgeatgaaagecttgatetgettaaaagecacctgagectttgegecttcagagaagaacatgecgeaagacttgecggaaa
actgattggcecggacaggecgegteatgeacgeageaccttgegteggtgtiggagatctgeaccacatttcggeeccaccggttettcacg
atcttggccttgctagactgetecttcagegegegcetgeccgttttcgetegtcacatecatttcaatcacgtgetecttatttatcataatgeteee
gtgtagacacttaagctcgecttcgatctcagegeageggtgcagecacaacgegeageccgtgggetegtggtacttgtaggttacetetg

caaacgactgcaggtacgcctgcaggaatcgecccatcatcgtcacaaaggtcttgttgetggtgaaggtcagetgecaacccgeggtgcte
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ctegtttagccaggtcttgecatacggeecgecagagcettecacttggtcaggeagtagettgaagtttgectttagategttatccacgtggtactt
gtccatcaacgegegegeagecteeatgeccttctcecacgeagacacgatcggeaggetcagegggtttatcacegtgcttteacttteeg
cttcactggactcttccttttcctettgegtecgeatacceegegecactgggtegtcettcattcagecgecgeaccgtgegcettaccteecttge
cgtgcttgattagcaccggtgggttoctgaaacccaccatttgtagegecacatcttetetttettcctegetgtecacgatcacctetggggat
ggegggegctegggctigggagaggagcgcettetttttetitttggacgcaatggecaaatccgecgtegaggtegatggeecgegggctgg
gtgtgcgeggeaccagegeatcettgtgacgagtettcticgtectcggactegagacgecgectcagecgcettttitgggggcgegeggeg
aggceggeggegacggegacggggacgacacgtectecatggtiggtggacgtegegecgeacegegtecgegetegggggtagttte
gegctgetectettccegactggecatttecttctectataggeagaaaaagatcatggagtcagtcgagaaggaggacagectaaccgece
cctttgagttcgecaccaccgectecaccgatgecgecaacgegectaceaccttccecgtcgaggeacceccgettgaggaggaggaa
gtgattatcgagcaggacccaggttttgtaagcgaagacgacgaggategetcagtaccaacagaggataaaaagcaagaccaggacga
cgcagaggcaaacgaggaacaagtcgggcegggggoaccaaaggeatggcgactacctagatgtgggagacgacgtgctgtigaagea
tctgcagegecagtgcgecattatctgecgacgegttgecaagagegcagegatgtgeccetegecatageggatgtcagecttgectacgaa
cgccacctgttctcaccgegegtacceccccaaacgecaagaaaacggeacatgegageccaaccegegectcaacttctacceegtatttg
ccgtgecagaggtgcttgecacctatcacatctttttccaaaactgcaagataccectatectgecgtgecaaccgeagecgageggacaag
cagctggecttgeggcagggegcetgtecatacctgatatcgectecgetcgacgaagtgecaaaaatctttgagggtcttggacgegacgaga
aacgcgceggcaaacgcetctgcaacaagaaaacagcgaaaatgaaagtcactgtggagtgctggteggaacttgagggtgacaacgegeg
cctagecgtgetgaaacgcagceatcgaggtceacccactttgectacceggeacttaacctaccccccaaggttatgageacagtcatgage
gagctgatcgtgegecgtgeacgaceectggagagggatgeaaacttgcaagaacaaaccgaggagggectaccegeagttggegatg
agcagctggegegcetggctigagacgegegagectgecgacttggaggagegacgeaagetaatgatggecgeagtgctigttacegtg
gagcttgagtgeatgecageggttctttgctgaccecggagatgcagegeaagetagaggaaacgttgcactacacctttcgecagggcetacg
tgcgecaggcectgcaaaatttccaacgtggagetctgcaacctggtetectaccttggaattttgcacgaaaaccgectegggeaaaacgts
cttcattccacgcetcaagggegaggegegecgegactacgtecgegactgegtttacttatttctgtgetacacctggeaaacggecatggg
cgtgtggcageaatgectggaggagegcaacctaaaggagetgcagaagetgctaaagcaaaacttgaaggacctatggacggecttca
acgagcgctecegtggecgegeacctggeggacattatcttcceccgaacgcectgcttaaaaccetgecaacagggtetgecagacttcaccag
tcaaagcatgttgcaaaactttaggaactttatcctagagegttcaggaattctgeccgecacctgetgtgegettectagegactttgtgecca
ttaagtaccgtgaatgccectcegeegetttggggteactgetaccettctgecagetagecaactaccttgectaccactcegacatcatggaaga
cgtgageggtgacggcectactggagtgtcactgtegetgcaacctatgecacccegeaccgcetcoctggtetgcaattcgeaactgettageg
aaagtcaaattatcggtacctttgagctgcagggtcecctegectgacgaaaagtecgeggetecggggttgaaactecactecggggctgtg
8acgtcCGATCTCTATCACTGATAGGGAGATCTCTATCACTGATAGGGAGAGggcttacctteg
caaatttgtacctgaggactaccacgeccacgagattaggttctacgaagaccaatecccgeccgecaaatgeggagcettacegectgegte

attacccagggccacatccttggecaattgcaagecatcaacaaageccgecaagagtitctgetacgaaagggacggggggstttacetgg
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acccccagtecggegaggagcetcaacceaatceecccegecgecgeageectatcagcageecgegggeccttgettcccaggatggeac
ccaaaaagaagctgcagetgecgeegeegecaccecacggacgaggaggaatactgggacagtcaggeagaggaggtittggacgagg
aggaggagatgatggaagactgggacagectagacgaagettccgaggecgaagaggtgtcagacgaaacaccgteacecteggtege
attcccctcgecggegecccagaaattggeaacegttcecageatcgetacaaccteegetectcaggegeegeeggeactgectgttcge
cgacccaaccgtagatgggacaccactggaaccagggecggtaagtctaagecagecgeecgeegttageccaagageaacaacagege
caaggctaccgetegtggegegggeacaagaacgecatagttgettgettgecaagactgtgggggcaacatctecttcgeccgecgetttet
tctctaccatcacggegtggecttceeccgtaacateetgeattactacegteatctetacagecectactgeaccggeggeageggeageg
gcagcaacageageggteacacagaageaaaggegaccggatageaagactctgacaaageccaagaaatccacageggeggcage
agcaggaggaggagcgcetgegtetggegeeccaacgaaccegtatcgaccegegagcettagaaataggatttttcccactctgtatgetatat
ttcaacaaagcaggggccaagaacaagagcetgaaaataaaaaacaggtctetgegeteectcaccegeagetgectgtatcacaaaageg
aagatcagcttcggcgcacgctggaagacgcggaggctetettcagcaaCGATCTCTATCACTGATAGGGAGATC
TCTATCACTGATAGGGAGAGatactgcgegetgactcttaaggactagtttcgegecctttctcaaatttaagcgegaaaa
ctacgtcatctccageggecacaccecggegcecageacctgtegtcagegecattatgagecaaggaaattcccacgecctacatgtggagtt
accagccacaaatgggacttgeggctggagetgeccaagactactcaacccgaataaactacatgagegegggaccecacatgatatcee
gggtcaacggaatccgegeccaccgaaaccgaattctecctcgaacaggeggctattaccaccacacctegtaataaccttaatccecgtagt
tggeecgcetgecctggtgtaccaggaaagteccgetcccaccactgtggtacttcccagagacgeccaggecgaagttcagatgactaact
caggggcegceagcttgegggeggctticgtcacagggtgeggtegeecgggegttttagggcggagtaactigeatgtattgggaattgtag
tttttttaaaatgggaagtgacgtatcgtgggaaaacggaagtgaagatttgaggaagttgtgggttttttgactticgtitctgggegtaggtic
gegtgcggttttctgggteattttttgtggactttaaccgttacgtcattttttagtectatatatactcgetctgtaCTCTCCCTATCAGT
GATAGAGATCTCCCTATCAGTGATAGAGATCGcttggecctttttacactgtgactgattgagetggteccgtgt
cgagtggtgttttttaataggttttittactggtaaggctgactgttatggetgecgetgtggaagegetgtatgttgttctggagegggaggste
ctattttgcctaggcaggagggtitttcaggtgtttatgtgtttttctctectattaattttgttatacctectatgggggctgtaatgttgtetctacgc
ctgcgggtatgtattcccecgggctattteggtegcetttttageactgaccgatgttaaccaacctgatgtgtttaccgagtcttacattatgacte
cggacatgaccgaggaactgtcggtggtgctttttaatcacggtgaccagtttttttacggtcacgeeggeatggecgtagtecgtettatgett
ataagggttgtttttectgttgtaagacaggcettctaatgtttaaatgtittittttttgttattttattttgtgtttaatgcaggaacccgeagacatgttt
gagagaaaaatggtgtctttttctgtagtggttccggaacttacctgectttatctgeatgageatgactacgatgtgettgcttttttgegegagg
ctttgectgattttttgagcageaccttgceatittatatcgeegeccatgcaacaagettacataggggcetacgetggttageatagetcegagta
tgcgtgtcataatcagtgtgggttcttitgtcatggttcctggeggggaagtggecgegetggtecgtgeagacctgeacgattatgttcaget
ggccctgegaagggacctacgggatcgeggtatttttgttaatgttccgcettttgaatcttatacaggtetgtgaggaacctgaatttttgeaate
atgattcgctgcetigaggetgaaggtggagggegetetggageagatttttacaatggecggacttaatattcgggatttgettagagacatatt
gataaggtoggocgagatgaaaattatttgggcatggttgaaggtectggaatgtttatagaggagattcaccctgaagggtttagectttacgte
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cacttggacgtgagggcagtttgccttttggaagecattgtgcaacatcttacaaatgecattatetgttetttggetgtagagtttgaccacgec
accggaggggagcgegttcacttaatagatctteattttgaggttttggataatcttttggaataaaaaaaaaaaaacatggttcttccagetett
ccegetecteecgtgtgtgactcgcagaacgaatgtgtaggttgactggatatogcttattectgeggtagtggatgttatcagggcageggc
gcatgaaggagtttacatagaacccgaagecagggggcgectggatgetttgagagagtggatatactacaactactacacagagegage
taagcgacgagaccggagacgeagatctgtitgtcacgeccgeacctggttttgettcaggaaatatgTACCCATACGATGTT
CCAGATTACGCTGGAGGAGGCGGAGGCactacgtceggcegttccatttggcatgacactacgaccaacacgatct
cggttgtcteggegeactcegtacagtagggategectacctecttttgagacagagaccegegetaccatactggaggatcatecgetget
geccgaatgtaacactttgacaatgeacaacgtgagttacgtgegaggtcttcectgeagtgtgggatitacgetgattcaggaatgggttgtt
ccctgggatatggttctgacgegggaggagetigtaatcctgaggaagtgtatgeacgtgtgectgtgttgtgccaacattgatatcatgacg
agcatgatgatccatggttacgagtectgggctetccactgteattgttccagtcecggttecectgeagtgeatageeggegggeaggttttag
ccagctggtttaggatggtggtggatgacgccatgtttaatcagaggtitatatagtaccgggaggtegtgaattacaacatgccaaaagag
gtaatgtttatgtccagegtgtttatgaggggetegecacttaatctacctgegettgtggtatgatggccacgtgggttetgtggteecegeceat
gagctttggatacagegccttgcactgtgggattttgaacaatattgtggtgctgtgctgeagttactgtgctgatitaagtgagatcagggtac
getgetgtgececggaggacaaggegteteatgetgegggeggtgcgaatcatcgetgaggagaccactgecatgttgtattcectgeaggac
ggagcggcggeggceagceagtttattcgegegetgctgeageaccaccgecctatcctgatgeacgattatgactctacccecatgtaggeg
tggacttccccttcgecgeccgttgagcaaccgeaagttggacageagectgtggcetcageagetggacagegacatgaacttaagegag
ctgceeggggagtttattaatatcactgatgagegtttggctcgacaggaaaccgtgtggaatataacacctaagaatatgtetgttacccatg
atatgatgctttttaaggccagccggggagaaaggactgtgtactetgtgtgtigggagggaggtggcaggttgaatactagggtictgtgag
tttgattaaggtacggtgatcaatataagetatgtggtagtgggactatactactgaatgaaaaatgacttgaaattttctgcaattgaaaaataa
acacgttgaaacataacatgcaacaggttcacgattctttattcctgggcaatgtaggagaaggtgtaagagttggtagcaaaagtttcagtgg
tgtattttccactttcccaggaccatgtaaaagacatagagtaagtgcttacctegetagtttetgtggattcactagaaccagtggecaaaaaa
gctagegeageagecgecgegectggaaggaagecaaaaggagegcetecceecgttgtetgacgtegeacacctgggttcgacacgegg
gcggtaaccgeatggatcacggeggacggecggatccggggticgaaccecggtegtecgecatgatacecttgegaatttatccaccag
accacggaagagtgcccgcettacaggctetecttttgecacggtctagagegtcaacgactgegeacgtecactttggecgeggetegagT
GAGCTATTCCAGAAGTAGTGAAGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAG
CTCCGGATCGATGCCCGGGGGATCCACTAGTTCTAGAGGGACAGCCCCCCCCCAAA
GCCCCCAGGGATGTAATTACGTCCCTCCCCCGCTAGGGGGCAGCAGCGAGCCGCCC
GGGGCTCCGCTCCGGTCCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGG
GACAGCCCGGGCACGGGGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCG
CTGCTCTTTGAGCCTGCAGACACCTGGGGGGATACGGGGAAAAGGCCTCCAAGGCC
AGCTTCCCACAATAAGTTGGGTGAATTTTGGCTGAGCTATTCCAGAAGTAGTGAAGA
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GGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTCCGGATCGATCATATATGGCAG
ATATACGCGTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTC
ATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCC
GCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCC
CATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTA
AACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGA
CGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGA
CTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGG
TTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGT
CTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTT
CCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACG
GTGGGAGGTCTATATAAGCAGAGCTCTCTGGCTAACTATCGTCGACGAGCTCGTTTA
GTGAACCGTCAGATCGCCTGGAGACGCCATCCACGCTGTTITTGACCTCCATAGAAGA
CACCGGGACCGATCCAGCCTCCGGACTCTAGCGTTTAAACTTAAGCTTGCCACCatgac
cgagtacaagcccacggtgcgectcgecacccgegacgacgtececccagggecgtacgeaccectegecgecgegttcgecgactaceec
gccacgegcecacaccgtcgatccggaccgecacatcgagegggtcaccgagetgcaagaactcttectcacgegegtegggcetcgacat
cggcaaggtgtgggtegcggacgacggegecgeggiggeggtctggaccacgecggagagegtcgaagegggggcggtgticgecg
agatcggeccgegeatggeegagttgageggttcecggetggecgegeageaacagatggaaggectectggegecgeaceggeeca
aggagcecgegtggticetggecaccgteggegictcgeccgaccaccagggeaagggtetgggeagegeegtegtgctececggagt
ggaggcggccgagegegecggggtgcccgecttcctggagacctecgegecccgeaacctecectictacgageggeteggetteace
gtcaccgecgacgtegaggtgcccgaaggaccgegeacctggtecatgaccegeaageccggtgectgaAGCGCGGGGATC
TCATGCTGGAGTTCTTCGCCCACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAA
ATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAG
TTGTGGTTTGTCCAAACTCATCAATGTATCTTATCATGTCTGTAGCtGATgtATAcCTAg
gATCCGGCCGGecTGCAgeTGTCCTCACAGGAACGAAGTCCCTAAAGAAACAGTGGCA
GCCAGGTTTAGCCCCGGAATTGACTGGATTCCTTTTTTAGGGCCCATTGGTATGGCTT
TTTCCCCGTATCCCCCCAGGTGTCTGCAGGCTCAAAGAGCAGCGAGAAGCGTTCAGA
GGAAAGCGATCCCGTGCCACCTTCCCCGTGCCCGGGCTGTCCCCGCACGCTGCCGGC
TCGGGGATGCGGGGGGAGCGCCGGACCGGAGCGGAGCCCCGGGCGGCTCGCTGCTG
CCCCCTAGCGGGGGAGGGACGTAATTACATCCCTGGGGGCTTTGGGGGGGGGCTGT
CCCTCTAGAGCGGCCGCCACCGCGGTGGAGCTCCAGCTTTTGTTCCCTTTAGTGAGG

48



WO 2025/096295 PCT/US2024/052959

GTTAATTAGATCTTAATACGACTCACTATAGGGCGAATTGGGTACCGGGCCCCCCCT
CGAGGTCGACGGTATCGATAAGCTTGATATCTATAACAAGAAAATATATATATAATA
AGTTATCACGTAAGTAGAACATGAAATAACAATATAATTATCGTATGAGTTAAATCT
TAAAAGTCACGTAAAAGATAATCATGCGTCATTTTGACTCACGCGGTCGTTATAGTT
CAAAATCAGTGACACTTACCGCATTGACAAGCACGCCTCACGGGAGCTCCAAGCGG
CGACTGAGATGTCCTAAATGCACAGCGACGGATTCGCGCTATTTAGAAAGAGAGAG
CAATATTTCAAGAATGCATGCGTCAATTTTACGCAGACTATCTTTCTAGGGTTAATCT
AGCTGCATCAGGATCATATCGTCGGGTCTTTTITCCGGCTCAGTCATCGCCCAAGCT
GGCGCTATCTGGGCATCGGGGAGGAAGAAGCCCGTGCCTTTTCCCGCGAGGTTGAA
GCGGCATGGAAAGAGTTTGCCGAGGATGACTGCTGCTGCATTGACGTTGAGCGAAA
ACGCACGTTTACCATGATGATTCGGGAAGGTGTGGCCATGCACGCCTTTAACGGTGA
ACTGTTCGTTCAGGCCACCTGGGATACCAGTTCGTCGCGGCTTTTCCGGACACAGTT
CCGGATGGTCAGCCCGAAGCGCATCAGCAACCCGAACAATACCGGCGACAGCCGGA
ACTGCCGTGCCGGTGTGCAGATTAATGACAGCGGTGCGGCGCTGGGATATTACGTCA
GCGAGGACGGGTATCCTGGCTGGATGCCGCAGAAATGGACATGGATACCCCGTGAG
TTACCCGGCGGGCGCGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATT
GTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCC
TGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCT
TTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGG
GAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCG
CTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTT
ATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAA
AAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCC
CCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGG
ACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCC
GACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCT
TTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTG
GGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTAT
CGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGT
AACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTG
GCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCC
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AGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTG
GTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTC
AAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCAC
GTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAA
ATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACA
GTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATC
CATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATC
TGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATC
AGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTAT
CCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAG
TTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTC
GTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATC
CCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAG
TAAGTTGGCCGCAGTGTITATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACT
GTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCT
GAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAAT
ACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGG
CGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGT
GCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAA
ACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAA
TACTCAT

[00158] The sequence of the pPBBG-iHelper2.2-HA vector is provided below:

[00159] pPBBG-iHelper2.2-HA (15,878 bp) (SEQ ID NO: 5)

[00160] ACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGA
GCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACA
TTTCCCCGAAAAGTGCCACCTAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTT
AAATTTTTGTTAAATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATCCC
TTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACA
AGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTAT
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CAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGAGG
TGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACG
GGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGG
CGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCG
CGCTTAATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAACTGTT
GGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGA
TGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGT
AAAACGACGGCCAGTGAGCGCGCCTCGTTCATTCACGTTTTTGAACCCGTGGAGGAC
GGGCAGACTCGCGGTGCAAATGTGTTTTACAGCGTGATGGAGCAGATGAAGATGCT
CGACACGCTGCAGAACACGCAGCTAGATTAACCCTAGAAAGATAATCATATTGTGA
CGTACGTTAAAGATAATCATGCGTAAAATTGACGCATGTGTTTITATCGGTCTGTATA
TCGAGGTTTATTTATTAATTTGAATAGATATTAAGTTTTATTATATTTACACTTACAT
ACTAATAATAAATTCAACAAACAATTTATTTATGTTTATTITATTITATTAAAAAAAAA
CAAAAACTCAAAATTTCTTCTATAAAGTAACAAAACTTTTATCGAATTCCTGCAGCC
CGGGGGATCCACTAGTTCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTA
ATTACGTCCCTCCCCCGCTAGGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGT
CCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCACGG
GGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGC
AGACACCTGGGGGGATACGGGGAAAAGGCCTCCAAGGCCAGCTTCCCACAATAAGT
TGGGTGAATTTTGGCTCATTCCTCCTTTCTATAGGATTGAGGTCAGAGCTTTGTGATG
GGAATTCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCgcGATCgcTAGeGTTT
AAACTTAAGCTTGGTACCGAGCTCGGATCCACTAGTCCAGTGTGGTGGAATTCCTGC

TTCGCGATGTACGGGCCCggtacccaactccatgcttaacagtcccecaggtacageccaccetgegtcgcaaccaggaaca
getctacagettectggagegecactegecctacttccgeagecacagtgegeagattaggagegecacttetttttgtcacttgaaaaacat

gtaaaaataatgtactaggagacactttcaataaaggcaaatgtttttatttgtacactctcgggtgattatttaccecccaccettgeegtetgeg
ccgtttaaaaatcaaaggggttctgecgegeategetatgegecactggeagggacacgttgegatactggtgtttagtgctecacttaaact

caggcacaaccatccgecggeageteggtgaagttttcactccacaggetgegeaccatcaccaacgegtitageaggtegggegeegata
tcttgaagtcgeagttggggccteegeectgegegegegagttgegatacacagggttgecageactggaacactatcagegeegggtggt
gcacgcetggcecagceacgcetcttgtcggagatcagatccgegtecaggtectcegegttgetcagggcgaacggagtcaactttggtagetg
ccttcccaaaaagggtgcatgeccaggcetttgagttgeactcgeaccgtagtggeatcagaaggtgaccgtgeecggtetgggegttagga

tacagcgcctgeatgaaagecttgatetgcttaaaagecacctgagectttgegecttcagagaagaacatgecgeaagacttgecggaaa
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actgattggccggacaggecgegtcatgeacgeageaccttgegteggtgttggagatetgeaccacatttcggeccecaccggttcttcacg
atcttggcecttgctagactgetccttcagegegegcetgeccgttttcgetegteacatecatttcaatcacgtgcetecttatttatcataatgetece
gtgtagacacttaagctcgecttcgatctcagegeageggtgcagecacaacgegeageccgtgggctegtggtgcttgtaggttacctetg
caaacgactgcaggtacgcctgeaggaatcgecccatcategtcacaaaggtettgttactggtgaaggtcagetgeaaccegeggtgcte
ctegtttagccaggtcttgecatacggecgecagagcettecacttggtcaggeagtagettgaagtttgcctttagategttatccacgtggtactt
gtceatcaacgegegegeagectecatgeccttctecccacgeagacacgateggeaggcetcagegggtttatcacegtgettteactttceg
cttcactggactcttccttttcctettgegtecgeatacceegegecactgggtegtetteattcagecgecgeaccgtgegcettaccteecttge
cgtgcttgattagcaccggtgggttactgaaacccaccatttgtagegecacatcttctetttcttcetegetgtecacgatcacctetggggat
ggegggegctegggctigggagaggogcgcettetttttctttttggacgcaatggecaaatcecgecgtegaggtegatggeegegggctgg
gtgtecgeggcaccagegcatettgtgacgagtcttcttcgtectecggactcgagacgecgectcageegcttttttggggacgcgegggg
aggcggeggegacggegacggggacgacacgtectecatggtiggtggacgtegegecgeaccgegteegegetcgggggtggttte
gcgctgetectettccegactggecatttecttctectataggecagaaaaagatcatggagtcagtcgagaaggaggacagectaaccgece
cctttgagttcgecaccaccgectecaccgatgecgecaacgegectaccaccttcceegtegaggeacceecgettgaggaggaggaa
gtgattatcgagcaggacccaggtttigtaagcgaagacgacgaggatcgetcagtaccaacagaggataaaaagcaagaccaggacga
cgcagaggcaaacgaggaacaagtcgggcggggggaccaaaggeatggcgactacctagatgtgggagacgacgtgetgtigaagea
tctgcagegcecagtgegecattatctgegacgegttgcaagagegcagegatgtgeccctcgecatageggatgtcagecttgectacgaa
cgecacctgttetcaccgegegtaccccccaaacgecaagaaaacggeacatgegageccaacccgegectcaacttctaceecgtatttg
ccgtgecagaggtgcttgecacctatcacatctttttccaaaactgecaagataccectatectgecgtgecaaccgeageegageggacaag
cagcetggcecttgeggcagggcgctgteataccetgatatcgectegetegacgaagtgccaaaaatetttgagggtettggacgegacgaga
aacgcgceggcaaacgetctgcaacaagaaaacagcgaaaatgaaagtcactgtggagtectggtggaacttgagggteacaacgegeg
cctageegtgctgaaacgcagceatcgaggtcacccactttgectacceggeacttaacctaccccccaaggttatgageacagtecatgage
gagctgatcgtgegecegtgcacgaceectggagagggatgcaaacttgcaagaacaaaccgaggagggectacecgeagttggegatg
agcagctggcgegetggcettgagacgegegagectgecgacttggaggagegacgcaagetaatgatggccgeagtecttgttaccgtg
gagcttgagtgeatgeageggttetttgetgacceggagatgecagegeaagetagaggaaacgttgcactacacctttcgecagggctacg
tgcgecaggectgeaaaatttccaacgtggagetcetgecaacctggtctectaccttggaattttgeacgaaaacegectegggcaaaacgtg
cttcattccacgctcaagggegaggegegeegegactacgtecgegactgegtttacttatttctgtgctacacctggeaaacggecatggg
cgtgtggcagcaatgectggaggagegeaacctaaaggagetgcagaagetgetaaagcaaaacttgaaggacctatggacggecttca
acgagcgctecegtggeegegeacctggeggacattatettccecgaacgectgcttaaaaccctgeaacagggtctgecagacttcaccag
tcaaagcatgttgcaaaactttaggaactttatcctagagegttcaggaattctgececcgecacctgetgtgegettectagegactttgtgceca
ttaagtaccgtgaatgecctccgecgetttggggteactgetacctictgeagetagecaactaccttgectaccactcegacatcatggaaga

cgtgagcggtgacggcectactggagtgtcactgtcgetgcaacctatgecacecccgeaccgetcectggtetgcaattcgeaactgettageg
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aaagtcaaattatcggtacctttgagctgeagggteectegectgacgaaaagtcegeggeteccggggttgaaactcactecggggctgts
gacgtcCGATCTCTATCACTGATAGGGAGATCTCTATCACTGATAGGGAGAGggcttaccttcg
caaatttgtacctgaggactaccacgcccacgagattaggttctacgaagaccaatcecgeccgecaaatgeggagettaccgectgegte
attacccagggccacatccttggecaattgcaagecatcaacaaageecgecaagagtitctgetacgaaagggacggggggtttacetgg
acccccagtecggegaggagcetcaacccaatceecccgecgecgeagecctatcageageegegggeccttgettceccaggatggeac
ccaaaaagaagctgeagetgecgeegecgecacccacggacgaggaggaatactgggacagtcaggeagaggaggttttggacgagg
aggaggagatgatggaagactgggacagectagacgaagettccgaggecgaagaggtgtcagacgaaacaccgtcacccteggtege
attccecctegecggegecccagaaattggeaaccgttcecageatcgetacaaccteecgetectcaggegeegeeggeactgectgttege
cgacccaaccgtagatgggacaccactggaaccagggecggtaagtctaagcagecgecgeegttageecaagageaacaacagege
caaggctaccgetegtggegegggeacaagaacgecatagttgcttgettgecaagactgtgggggcaacatctecttcgecegeegcetttct
tetctaccatcacggegtggecttcceccgtaacatcetgeattactaccgteatctetacageecctactgeaccggeggeageggeageg
gcagcaacagcagcggteacacagaageaaaggegaccggatagcaagactctgacaaageccaagaaatccacageggeggecage
agcaggaggaggagcgctgegtetggegeccaacgaacccgtatcgacccgegagcettagaaataggatttttcccactetgtatgcetatat
ttcaacaaagcaggggccaagaacaagagcetgaaaataaaaaacaggtetctgegeteectcacccgeagetgectgtatcacaaaageg
aagatcagcttcggcgcacgctggaagacgeggaggctetettcagcaaCGATCTCTATCACTGATAGGGAGATC
TCTATCACTGATAGGGAGAGatactgegegetgactcttaaggactagtttcgegecctttctcaaatttaagcgegaaaa
ctacgtcatctccageggecacacccggegecageacctgtegtecagegecattatgagcaaggaaattcecacgeectacatgtggagtt
accagccacaaatgggacttgcggetggagetgeccaagactactcaacccgaataaactacatgagegegggaccecacatgatateee
gggtcaacggaatccgegeccaccgaaaccgaattctectcgaacaggeggcetattaccaccacacctegtaataaccttaatceecgtagt
tggeecgetgecctggtgtaccaggaaagtecegeteccaccactgtggtacttcccagagacgeccaggecgaagttcagatgactaact
caggggcgceagettgegggcggctttcgtecacagggtgeggtegecccecagtggecaaaaaagetagegeageageegecgegectg
gaaggaagccaaaaggagcegcetececegtigtctgacgtcgeacacctgggticgacacgegggeggtaaccgeatggatcacggegg
acggccggatccggggttcgaaccccggtegtecgecatgataceettgegaatttatccaccagaccacggaagagtgeccgcettacag
getetecttttgeacggtetagagegtcaacgactgegeacggggcgtittagggcggagtaacttgeatgtattgggaattgtagtttttttaa
aatgggaagtgacgtatcgtgggaaaacggaagtgaagattitgaggaagttgtaggttttttggctttcgtitctgggegtaggticgegtgcg
gtittctgggtettttttgtggactttaaccgttacgtcattttttagtcctatatatactcgetctgtaCTCTCCCTATCAGTGATAG
AGATCTCCCTATCAGTGATAGAGATCGcttggceectttttacactgtgactgattgagetggtgccgtetcgagtggt
gttttttaataggtttttttactggtaaggctgactgttatggetgecgetgtggaagegcetgtatgttgtictggagegggagggtactattttgee
taggcaggagggtttttcaggtgtttatgtatttttctctectattaattttgttatacctectatgggggctgtaatgtigtctctacgectgegggta
tgtattccceecgggctattteggtegctttttagcactgaccgatgttaaccaacctgatgtgtttaccgagtcttacattatgactccggacatga
ccgaggaactgtcggtogtoctttttaatcacggtgaccagtttttttacggtcacgecggeatggecgtagteegtettatgettataagggott
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gtttttcctgttgtaagacaggcettctaatgtttaaatgtitttttttitgttattttattttgtgtitaatgcaggaaccegeagacatgtitgagagaaa
aatggtgtctttttctgtggtggttccggaacttacctgectttatctgeatgageatgactacgatgtgcettgcttttttgegegaggcetttgectg
attttttgagcagcaccttgcattttatatcgecgeccatgcaacaagcettacataggggctacgetggttageatagetecgagtatgegtgte
ataatcagtgtgggttcttttgtcatggttectggcggggaagtggecgegetggtecgtgcagacctgeacgattatgttcagetggeectge
gaagggacctacgggatcgeggtatttttgttaatgttcegettttgaatcttatacaggtetgtgaggaacctgaatttttgcaatcatgattcge
tgcttgaggctgaaggtggagggcgetetggageagattittacaatggecggacttaatattcgggatttgettagagacatattgataaggt
ggcgagatgaaaattatttgggcatggttgaaggtoctggaatgtttatagaggagattcaccctgaagggtttagectttacgtecacttgga
cgtgagggcagtttgecttitggaagecattgtgeaacatcttacaaatgecattatetgttetitggetgtagagtttgaccacgecaccggag
gggagcgegttcacttaatagatcttcattttgaggttttggataatcttttggaataaaaaaaaaaaaacatggttcttccagetettcecgetec
tccegtgtgtgactcgecagaacgaatgtgtaggttggctgggtatagcttattetgeggtegtggatgttatcagggcageggegcatgaag
gagtttacatagaacccgaagccagggggegectggatgetitgagagagtggatatactacaactactacacagagegagcetaagegac
gagaccggagacgcagatctgtttgtcacgccegeacctggttttgcttcaggaaatatgTACCCATACGATGTTCCAGA
TTACGCTGGAGGAGGCGGAGGCactacgtccggcegttecatttggcatgacactacgaccaacacgatcteggttgtet
cggcgeactcegtacagtagggatcgectacctecttttgagacagagacecgegetaccatactggaggatcatcegetgetgecegaat
gtaacactttgacaatgcacaacgtgagttacgtgcgaggtcttccctgecagtgtgggatttacgetgattcaggaatgggttgttccctggga
tatggttctgacgcgggaggagcetigtaatcctgaggaagtgtatgcacgtgtgcctgtgttgtgccaacattgatatcatgacgagceatgatg
atccatggttacgagtcctgggctctecactgteattgttccagtcceggttccetgeagtgcatagecggegggeaggttttggecagetggt
ttaggatggtggtggatggcgecatgtttaatcagaggtttatatggtaccgggaggtegtgaattacaacatgccaaaagaggtaatgtttat
gtccagegtgtttatgaggggtegecacttaatctacctgegettgtggtatgatggcecacgtgggtictgtggtceccgecatgagetttgga
tacagcgccttgcactgtgggattttgaacaatattgtegtgctgtectgcagttactgtgctgatttaagtgagatcagggtgcgetgetgtgc
ccggaggacaaggegtetcatgetgegggeggtgcgaatcatcgetgaggagaccactgecatgttgtattcetgecaggacggageggc
ggcggcageagtttattcgegegcetgetgeageaccaccgecctatectgatgeacgattatgactctacceccatgtaggegtggacttee
ccttegecgeccgttgagcaaccgeaagttggacageagectgtggetcageagetggacagegacatgaacttaagegagetgeecgg
ggagtttattaatatcactgatgagegtttggcetcgacaggaaaccgtgtggaatataacacctaagaatatgtctgttacccatgatatgatge
tttttaaggccagecggggagaaaggactgtgtactetgtgtgttgggagggaggatggcaggttgaatactagggttctgtgagtitgattaa
ggtacggtgatcaatataagcetatgtggtegteggoctatactactgaatgaaaaatgacttgaaattttctgcaattgaaaaataaacacgttg
aaacataacatgcaacaggttcacgattctttattcctgggceaatgtaggagaaggtgtaagagttggtageaaaagtttcagtggtgtattttc
cactttcccaggaccatgtaaaagacatagagtaagtgcettacctcgetagtttctgtggattcactagaatccactttggeegeggetegag T
GAGCTATTCCAGAAGTAGTGAAGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAG
CTCCGGATCGATGCCCGGGGGATCCACTAGTTCTAGAGGGACAGCCCCCCCCCAAA
GCCCCCAGGGATGTAATTACGTCCCTCCCCCGCTAGGGGGCAGCAGCGAGCCGCCC
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GGGGCTCCGCTCCGGTCCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGG
GACAGCCCGGGCACGGGGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCG
CTGCTCTTTGAGCCTGCAGACACCTGGGGGGATACGGGGAAAAGGCCTCCAAGGCC
AGCTTCCCACAATAAGTTGGGTGAATTTTGGCTGAGCTATTCCAGAAGTAGTGAAGA
GGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTCCGGATCGATCATATATGGCAG
ATATACGCGTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTC
ATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCC
GCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCC
CATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTA
AACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGA
CGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGA
CTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGG
TTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGT
CTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTT
CCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACG
GTGGGAGGTCTATATAAGCAGAGCTCTCTGGCTAACTATCGTCGACGAGCTCGTTTA
GTGAACCGTCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGA
CACCGGGACCGATCCAGCCTCCGGACTCTAGCGTTTAAACTTAAGCTTGCCACCatgac
cgagtacaageccacggtgegecetegeecaccegegacgacgtececcagggeegtacgeaccetegecgecgegttcgeegactaceee
geecacgegeceacaccgtegatccggaccgecacatcgagegggteaccgagetgeaagaactettectcacgegegtegggctegacat
cggcaaggtgteggtecgcggacgacggcgecgeggtggeggtetggaccacgecggagagegtegaagegggggcggtettegecg
agatcggeccgegeatggecgagttgageggtteceggetggecgegeageaacagatggaaggectectggegeegeacecggecca
aggagcececgegtggttcctggecaccgtcggegtetcgeccgaccaccagggeaagggtetggecagegecgtegtectececggagt
ggaggcggccgagegegecggggteccegecttectggagacctecgegecccgeaacctecccttctacgageggeteggcetteace
gtcaccgecgacgtegaggteccegaaggaccgegeacctggtgcatgaceegeaageecggtgcctgaAGCGCGGGGATC
TCATGCTGGAGTTCTTCGCCCACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAA
ATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAG
TTGTGGTTTGTCCAAACTCATCAATGTATCTTATCATGTCTGTAGCtGATgtATAcCTAg
gATCCGGCCGGecTGCAggTGTCCTCACAGGAACGAAGTCCCTAAAGAAACAGTGGCA
GCCAGGTTTAGCCCCGGAATTGACTGGATTCCTTTTTTAGGGCCCATTGGTATGGCTT
TTTCCCCGTATCCCCCCAGGTGTCTGCAGGCTCAAAGAGCAGCGAGAAGCGTTCAGA
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GGAAAGCGATCCCGTGCCACCTTCCCCGTGCCCGGGCTGTCCCCGCACGCTGCCGGC
TCGGGGATGCGGGGGGAGCGCCGGACCGGAGCGGAGCCCCGGGCGGCTCGCTGCTG
CCCCCTAGCGGGGGAGGGACGTAATTACATCCCTGGGGGCTTTGGGGGGGGGCTGT
CCCTCTAGAGCGGCCGCCACCGCGGTGGAGCTCCAGCTTTTGTTCCCTTTAGTGAGG
GTTAATTAGATCTTAATACGACTCACTATAGGGCGAATTGGGTACCGGGCCCCCCCT
CGAGGTCGACGGTATCGATAAGCTTGATATCTATAACAAGAAAATATATATATAATA
AGTTATCACGTAAGTAGAACATGAAATAACAATATAATTATCGTATGAGTTAAATCT
TAAAAGTCACGTAAAAGATAATCATGCGTCATTTTGACTCACGCGGTCGTTATAGTT
CAAAATCAGTGACACTTACCGCATTGACAAGCACGCCTCACGGGAGCTCCAAGCGG
CGACTGAGATGTCCTAAATGCACAGCGACGGATTCGCGCTATTTAGAAAGAGAGAG
CAATATTTCAAGAATGCATGCGTCAATTTTACGCAGACTATCTTTCTAGGGTTAATCT
AGCTGCATCAGGATCATATCGTCGGGTCTTTTTITCCGGCTCAGTCATCGCCCAAGCT
GGCGCTATCTGGGCATCGGGGAGGAAGAAGCCCGTGCCTTTTCCCGCGAGGTTGAA
GCGGCATGGAAAGAGTTTGCCGAGGATGACTGCTGCTGCATTGACGTTGAGCGAAA
ACGCACGTTTACCATGATGATTCGGGAAGGTGTGGCCATGCACGCCTTTAACGGTGA
ACTGTTCGTTCAGGCCACCTGGGATACCAGTTCGTCGCGGCTTTTCCGGACACAGTT
CCGGATGGTCAGCCCGAAGCGCATCAGCAACCCGAACAATACCGGCGACAGCCGGA
ACTGCCGTGCCGGTGTGCAGATTAATGACAGCGGTGCGGCGCTGGGATATTACGTCA
GCGAGGACGGGTATCCTGGCTGGATGCCGCAGAAATGGACATGGATACCCCGTGAG
TTACCCGGCGGGCGCGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATT
GTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCC
TGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCT
TTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGG
GAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCG
CTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTT
ATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAA
AAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCC
CCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGG
ACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCC
GACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCT
TTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTG
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GGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTAT
CGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGT
AACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTG
GCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCC
AGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTG
GTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTC
AAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCAC
GTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAA
ATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACA
GTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATC
CATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATC
TGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATC
AGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTAT
CCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAG
TTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTC
GTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATC
CCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAG
TAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACT
GTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCT
GAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAAT
ACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGG
CGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGT
GCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAA
ACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAA
TACTCAT

[00161] The sequence of the pPBBG-iHelper2.3-HA vector is provided below:

[00162] pPBBG-iHelper2.3-HA (15,992 bp) (SEQ ID NO: 6)

[00163] ACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGA
GCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACA
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TTTCCCCGAAAAGTGCCACCTAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTT
AAATTTTTGTTAAATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATCCC
TTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACA
AGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTAT
CAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGAGG
TGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACG
GGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGG
CGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCG
CGCTTAATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAACTGTT
GGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGA
TGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGT
AAAACGACGGCCAGTGAGCGCGCCTCGTTCATTCACGTTTTTGAACCCGTGGAGGAC
GGGCAGACTCGCGGTGCAAATGTGTTTTACAGCGTGATGGAGCAGATGAAGATGCT
CGACACGCTGCAGAACACGCAGCTAGATTAACCCTAGAAAGATAATCATATTGTGA
CGTACGTTAAAGATAATCATGCGTAAAATTGACGCATGTGTTTTATCGGTCTGTATA
TCGAGGTTTATTTATTAATTTGAATAGATATTAAGTTTTATTATATTTACACTTACAT
ACTAATAATAAATTCAACAAACAATTTATTTATGTTTATTTATTTATTAAAAAAAAA
CAAAAACTCAAAATTTCTTCTATAAAGTAACAAAACTTTTATCGAATTCCTGCAGCC
CGGGGGATCCACTAGTTCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTA
ATTACGTCCCTCCCCCGCTAGGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGT
CCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCACGG
GGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGC
AGACACCTGGGGGGATACGGGGAAAAGGCCTCCAAGGCCAGCTTCCCACAATAAGT
TGGGTGAATTTTGGCTCATTCCTCCTTTCTATAGGATTGAGGTCAGAGCTTTGTGATG
GGAATTCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCgcGATCgcTAGeGTTT
AAACTTAAGCTTGGTACCGAGCTCGGATCCACTAGTCCAGTGTGGTGGAATTCCTGC
TTCGCGATGTACGGGCCCggtacccaactccatgcttaacagtccccaggtacageccaccctgegicgcaaccaggaaca
getetacagettectggagegecactegecctacttccgeagecacagtgegeagattaggagegecacttctttttgtcacttgaaaaacat
gtaaaaataatgtactaggagacactttcaataaaggcaaatgtttttatttgtacactctcgggtgattatttaccccccacccttgecgtetgeg
ccgtttaaaaatcaaaggggtictgcecgegceategetatgegecactggecagggacacgttgegatactggtgtttagtgctecacttaaact

caggcacaaccatccgceggeagcetcggtgaagttttcactccacaggetgegeaccatcaccaacgegtttagcaggtecgggcgecgata
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tettgaagtcgeagttggggectecgecctgegegegegagttgcgatacacagggttgcageactggaacactatcagegecgggtagt
gcacgctggecageacgcetcttgtcggagatcagatcegegtecaggtecteegegttgctecagggegaacggagtcaactttggtagete
ccttcccaaaaagggtgcatgeccaggetitgagttgeactcgeaccgtagtggcatcagaaggtgaccgtgeccggtetgggcgttagga
tacagcgcectgcatgaaagecttgatetgettaaaagecacctgagectttgegecttcagagaagaacatgecgcaagacttgeceggaaa
actgattggccggacaggecgegtcatgcacgeagceaccttgegteggtattggagatetgeaccacatttcggeccecaccggttcttcacg
atcttggcecttgctagactgetecttcagegegegetgeccgttttcgetegtcacatecatttcaatcacgtgetecttatttatcataatgetcee
gtgtagacacttaagetcgecttcgatctcagegeageggtgcagecacaacgegeageeegtgggctegtggtgcttgtaggttacctetg
caaacgactgcaggtacgcectgcaggaatcgecccatcatcgtcacaaaggtetigttgctggtgaaggtcagetgeaaccegeggtgete
ctegtttagecaggtcttgcatacggeecgecagagcettecacttggtcaggeagtagettgaagtttgectttagategttatccacgtggtactt
gtccatcaacgegegegeagectceatgeccttctcccacgeagacacgatcggeaggetcagegggtttatcaccgtgcttteactttceg
cttcactggactcttccttttcetettgegtecgeatacccegegecactgggtegtettcattcagecgecgeaccgtgegettaccteecttge
cgtecttgattagcaccggtgggttectgaaacccaccatttgtagegecacatcttctctttettcctegetgteccacgatcacctetggggat
ggcggocgctcgggcttggoagagegocgcttctttttctititggacgcaatggecaaatccgeegtcgaggtegatggecgegggctgg
gtgtgcgeggeaccagegcatcetigtgacgagtceticticgtectcggactegagacgecgectcagecgcttttttggggocgcgegggg
aggceggcggcgacggcgacggggacgacacgtcectecatggttggtggacgtegegecgeaccgegtecgegetecgggggtagttic
gegctgetectcttccegactggecatttccttctcctataggcagaaaaagatcatggagtcagtcgagaaggaggacagectaaccgece
cctttgagttcgecaccaccgectecaccgatgecgecaacgegectaccaccttcceecgtegaggeacceccgettgaggaggaggaa
gtgattatcgagcaggacccaggtittgtaagcgaagacgacgaggatcgetcagtaccaacagaggataaaaagcaagaccaggacga
cgcagaggceaaacgaggaacaagtcgggcggggooaccaaaggeatggcgactacctagatgtgggagacgacgtgctgttgaagea
tctgcagegecagtgegecattatetgegacgegttgeaagagegeagegatgtgeecetegecatageggatgtcagecttgectacgaa
cgecacctgttctcaccgegegtaccccccaaacgccaagaaaacggeacatgecgageccaaccegegectcaacttctacceegtatttg
ccgtgecagaggtgcttgecacctatcacatcetttttccaaaactgcaagataccectatectgecgtgecaaccgeagecgageggacaag
cagctggcecttgeggcagggcgcetgtecatacctgatatcgectegetcgacgaagtgccaaaaatetttgagggtettggacgegacgaga
aacgcgceggeaaacgetctgcaacaagaaaacagegaaaatgaaagtcactgtggagtgctggtggaacttgagggteacaacgegeg
cctagecgtgctgaaacgcageatcgaggteaccecactttgectacceggeacttaacctaccceccaaggttatgageacagtecatgage
gagctgatcgtgegecgtgecacgaccectggagagggatgcaaacttgcaagaacaaaccgaggagggectaceegeagttggegatg
agcagctggegegcetggcttgagacgegegagectgecgacttggaggagegacgeaagcetaatgatggecgeagtgcttgttacegtg
gagcttgagtgcatgcageggttctttgctgacceggagatgecagegeaagetagaggaaacgttgeactacacctttcgecagggctacg
tgcgecaggcectgcaaaatttccaacgtggagetctgecaacctggtetectaccttggaattttgecacgaaaaccgectcgggeaaaacgtg
cttcattccacgcetcaagggcgaggegegecgegactacgtecgegactgegtttacttatttctgtgctacacctggcaaacggecatggg

cgtgtggcageaatgectggaggagegeaacctaaaggagetgecagaagetgctaaageaaaacttgaaggacctatggacggcecttea
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acgagcgctccgtggeecgegeacctggeggacattatettcecccgaacgectgcttaaaaccetgeaacagggtetgecagacttcaccag
tcaaagcatgttgcaaaactttaggaactttatcctagagegttcaggaattctgecegecacctgetgtgegcettectagegactttgtgceca
ttaagtaccgtgaatgecctecgecgctitggggteactgetacetictgcagetagecaactaccttgectaccactecgacatcatggaaga
cgtgagcggtgacggcctactggagtgteactgtecgetgeaacctatgecacceegeaccgeteectggtetgeaattcgeaactgettageg
aaagtcaaattatcggtacctttgagctgeagggtecctegectgacgaaaagtcegeggeteeggggttgaaactcacteeggggcetgtg
gacgtcCGATCTCTATCACTGATAGGGAGATCTCTATCACTGATAGGGAGAGggcttacctteg
caaatttgtacctgaggactaccacgcccacgagattaggttctacgaagaccaatcecgeccgecaaatgeggagettaccgeetgegte
attacccagggccacatccttggecaattgcaagecatcaacaaageccgecaagagtitctgetacgaaagggacggggggtitacetgg
acccccagtecggegaggagcetcaacccaatceeccegecgecgeagecctatcagecageecgegggeccttgettcccaggatggeac
ccaaaaagaagctgeagctgecgeecgeecgeeaccecacggacgaggaggaatactgggacagtcaggeagaggaggttttggacgagg
aggaggagatgatggaagactgggacagectagacgaagettccgaggecgaagaggtgtcagacgaaacaccgteacecteggtege
attcccetcgecggegecccagaaattggeaaccgttcecageategetacaaccteegetectcaggegecgecggeactgecetgttege
cgacccaaccgtagatgggacaccactggaaccagggcecggtaagtctaagcagecgecgecgttageccaagagcaacaacagege
caaggctaccgetcgtggegegggcacaagaacgecatagttgettgettgecaagactgtgggggcaacatctecttecgecegecgetttct
tetctaccatcacggegtggcecttccceccgtaacatectgeattactaccgteatctctacageccctactgecaccggeggcageggcageg
gcagcaacagcagcggtcacacagaagcaaaggcegaccggatagcaagactctgacaaagceccaagaaatccacageggeggeage
agcaggaggaggagcgetgegtetggegeeccaacgaaccegtatcgacccgegagcettagaaataggatttttcccactctgtatgetatat
ttcaacaaagcaggggccaagaacaagagctgaaaataaaaaacaggtctctgegeteectcaccegeagetgectgtatcacaaaageg
aagatcagcttcggcgcacgctggaagacgeggaggctctettcagcaaCGATCTCTATCACTGATAGGGAGATC
TCTATCACTGATAGGGAGAGatactgcgegcetgactcttaaggactagtttcgegecctttctcaaatttaagegcgaaaa
ctacgtcatctccageggecacacceggegecageacctgtegtecagegecattatgagcaaggaaattcccacgeectacatgtggagtt
accagccacaaatgggacttgecggctggagetgeccaagactactcaacccgaataaactacatgagegegggaccccacatgatatcee
gggtcaacggaatccgegeccaccgaaaccgaattetectcgaacaggeggcetattaccaccacacctegtaataaccettaatcccegtagt
tggeeegetgeectggtgtaccaggaaagtccecgeteccaccactgtggtacttcccagagacgeccaggecgaagttcagatgactaact
caggggcegceagettgegggcggctttcgtcacagggtgeggtegeeccgggegttttagggeggagtaacttgeatgtattgggaattgtag
tttttttaaaatgggaagtgacgtatcgtgggaaaacggaagtgaagatttgaggaagttgtggsttttttggctttcgtitctgggcgtaggtte
gegtgcggttitetgggtatttitigtggactitaaccgttacgteattttttagtectatatatactcgetctgtaCTCTCCCTATCAGT
GATAGAGATCTCCCTATCAGTGATAGAGATCGcttggecctttttacactgtgactgattgagetggteccgtgt
cgagtggtgttttitaataggtttttttactggtaaggctgactgttatggctgecgetgtggaagegetgtatgttgttctggagcgggagggte
ctattttgcctaggcaggagggtttttcaggtgtttatgtgtttttctctectattaattttgttatacctectatgggggctgtaatgttgtetctacge

ctgcgggatatgtattccccecgggcetatttecggtegetttttagecactgaccgatgttaaccaacctgatgtgtttaccgagtcettacattatgacte
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cggacatgaccgaggaactgtcggtggtgctttttaatcacggtgaccagtttttttacggtcacgeeggeatggecgtagtecgtettatgett
ataagggttgtttttcctgttgtaagacaggcttctaatgtttaaatgtttttttttttgttatittattttgtgtttaatgcaggaacccgeagacatgttt
gagagaaaaatggtgtettittctgtggtgoticcggaacttacctgectttatctgeatgageatgactacgatgtgcttgcttttttgegegagg
ctttgectgattttttgagcagceaccttgceattttatatcgecegeccatgcaacaagettacataggggctacgetggttagcatagetccgagta
tgcgtgtcataatcagtgtgggttcttttgtcatggttcctggeggggaagtggecgegetggtecgtgeagacctgeacgattatgttcaget
ggccctgegaagggacctacgggatcgeggtatttttgttaatgttcegettttgaatcttatacaggtetgtgaggaacctgaatttttgcaate
atgattcgctgcettgaggctgaaggtggagggcgetetggageagatttttacaatggecggacttaatattcgggatttgettagagacatatt
gataaggtggegagatgaaaattatttgggcatggttgaaggtgctggaatgtttatagaggagattcaccctgaagggtttagectttacgte
cacttggacgtgagggcagtttgccttttggaagecattgtgcaacatcttacaaatgecattatctgttctttggetgtagagtitgaccacgee
accggaggggagcgegttcacttaatagatctteattttgaggttttggataatcttttggaataaaaaaaaaaaaacatggttcttccagetett
ccegetecteecgtgtgtgactcgcagaacgaatgtgtaggttggctgggtatggcettattectgeggtegtaggatgttatcagggcagegge
gcatgaaggagtttacatagaacccgaagecagggggcgectggatgetttgagagagtggatatactacaactactacacagagegage
taagcgacgagaccggagacgeagatctgtttgtcacgeccgeacctggttttgettcaggaaatatgTACCCATACGATGTT
CCAGATTACGCTGGAGGAGGCGGAGGCactacgtceggcegttccatttggeatgacactacgaccaacacgatct
cggttgtctcggegeactccgtacagtagggategectacetecttttgagacagagacccgegcetaccatactggaggatcatccgetget
gcccgaatgtaacactttgacaatgcacaacgtgagttacgtgegaggtcttccctgeagtgtgggatttacgetgattcaggaatgggttgtt
ccctgggatatggtictgacgegggaggagettgtaatcctgaggaagtgtatgeacgtgtgectgtgtigtgccaacattgatatcatgacg
agcatgatgatccatggttacgagtectgggctctccactgteattgttccagtceeggttcectgeagtgcatageceggegggcaggttttag
ccagctggtttaggatggtggtggatggcgccatgtttaatcagaggtitatatggtaccgggaggtggtgaattacaacatgccaaaagag
gtaatgtttatgtccagegtgtttatgaggggtegecacttaatctacctgegettgtggtatgatggecacgtgggttetgtggteccegecat
gagctttggatacagegecttgeactgtgggattttgaacaatattgtggtactgtgctgeagttactgtgetgatttaagtgagatcagggtec
getgetgtgeccggaggacaaggegteteatgetgegggcggtgcgaatcatcgetgaggagaccactgecatgttgtattectgeaggac
ggagcggcggcggcageagtttattcgegegetgetgeageaccaccgecctatectgatgeacgattatgactctaceccceatgtaggeg
tggacttccecttegecgecegttgagcaaccgeaagttggacageagectgtggctcageagetggacagegacatgaacttaagegag
ctgceeggggagtttattaatatcactgatgagegtttggctcgacaggaaaccgtgtggaatataacacctaagaatatgtetgttacecatg
atatgatgctttttaaggccagecggggagaaaggactgtgtactetgtgtettgggagggagatgacaggttgaatactagggttetgtgag
tttgattaaggtacggtgatcaatataagetatgtggtegtgagectatactactgaatgaaaaatgacttgaaattitctgcaattgaaaaataa
acacgttgaaacataacatgcaacaggttcacgattctttattcctgggeaatgtaggagaaggtgtaagagttggtagcaaaagtttcagteg
tgtattttccactttcccaggaccatgtaaaagacatagagtaagtgcttacctcgetagtttctgtggattcactagaaccagtggecaaaaaa
gctagegeageagecgecgegectggaaggaagecaaaaggagegetecececgttgtetgacgtegeacacctgggttcgacacgegg

gcggtaaccgeatggatcacggeggacggecggatccggggttcgaaccecggtegtecgecatgatacecttgegaatttatccaccag
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accacggaagagtgcccecttacagGTGGTCTCATACAGAACTTATAAGATTCCCAAATCCAAAGA
CATTTCACGTTTATGGTGATTTCCCAGAACACATAGCGACATGCAAATATTGCAGGG
CGCCACTCCCCTGTCCgctctecttttgecacggtctagagegtcaacgactgegeacgtecactttggecgeggetegag TG
AGCTATTCCAGAAGTAGTGAAGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGC
TCCGGATCGATGCCCGGGGGATCCACTAGTTCTAGAGGGACAGCCCCCCCCCAAAG
CCCCCAGGGATGTAATTACGTCCCTCCCCCGCTAGGGGGCAGCAGCGAGCCGCCCG
GGGCTCCGCTCCGGTCCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGG
ACAGCCCGGGCACGGGGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCT
GCTCTTTGAGCCTGCAGACACCTGGGGGGATACGGGGAAAAGGCCTCCAAGGCCAG
CTTCCCACAATAAGTTGGGTGAATTTTGGCTGAGCTATTCCAGAAGTAGTGAAGAGG
CTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTCCGGATCGATCATATATGGCAGAT
ATACGCGTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCAT
TAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGC
CTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCA
TAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAA
CTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACG
TCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACT
TTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTT
TTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCT
CCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCC
AAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGT
GGGAGGTCTATATAAGCAGAGCTCTCTGGCTAACTATCGTCGACGAGCTCGTTTAGT
GAACCGTCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACA
CCGGGACCGATCCAGCCTCCGGACTCTAGCGTTTAAACTTAAGCTTGCCACC Catgaccga
gtacaagcccacggtgegectcgecaccegegacgacgteecccagggecgtacgeacectcgecgecgegttegecgactacecegee
acgcgecacaccgtegatecggaccgecacatcgagegggteaccgagetgeaagaactcttectcacgegegtegggctegacategg
caaggtstegstcgcggacgacggcgeecgeggtggcggtctggaccacgeeggagagegtcgaagegggggcggtaticgccgaga
tcggeccgegeatggeecgagttgageggtteceggetggeecgegeageaacagatggaaggectectggegeecgeaccggeccaagg
agcecgcegtggttectggecaccgteggegtetegeccgaccaccagggeaagggtetgggeagegeegtegtgetececggagtgga
ggcggccgagegegeeggggtgccegecttcctggagacctecgegeccegeaaccteceettctacgageggeteggettcaccgtea
ccgecgacgtegaggtgcccgaaggaccgegcacctggtgcatgaccegeaageeeggtgectgaAGCGCGGGGATCTC
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ATGCTGGAGTTCTTCGCCCACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAAAT
AAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTT
GTGGTTTGTCCAAACTCATCAATGTATCTTATCATGTCTGTAGCIGATgtATACCTAggA
TCCGGCCGGecTGCAgegTGTCCTCACAGGAACGAAGTCCCTAAAGAAACAGTGGCAG
CCAGGTTTAGCCCCGGAATTGACTGGATTCCTTTTTTAGGGCCCATTGGTATGGCTTT
TTCCCCGTATCCCCCCAGGTGTCTGCAGGCTCAAAGAGCAGCGAGAAGCGTTCAGA
GGAAAGCGATCCCGTGCCACCTTCCCCGTGCCCGGGCTGTCCCCGCACGCTGCCGGC
TCGGGGATGCGGGGGGAGCGCCGGACCGGAGCGGAGCCCCGGGCGGCTCGCTGCTG
CCCCCTAGCGGGGGAGGGACGTAATTACATCCCTGGGGGCTTTGGGGGGGGGCTGT
CCCTCTAGAGCGGCCGCCACCGCGGTGGAGCTCCAGCTTTTGTTCCCTTTAGTGAGG
GTTAATTAGATCTTAATACGACTCACTATAGGGCGAATTGGGTACCGGGCCCCCCCT
CGAGGTCGACGGTATCGATAAGCTTGATATCTATAACAAGAAAATATATATATAATA
AGTTATCACGTAAGTAGAACATGAAATAACAATATAATTATCGTATGAGTTAAATCT
TAAAAGTCACGTAAAAGATAATCATGCGTCATTTTGACTCACGCGGTCGTTATAGTT
CAAAATCAGTGACACTTACCGCATTGACAAGCACGCCTCACGGGAGCTCCAAGCGG
CGACTGAGATGTCCTAAATGCACAGCGACGGATTCGCGCTATTTAGAAAGAGAGAG
CAATATTTCAAGAATGCATGCGTCAATTTTACGCAGACTATCTTTCTAGGGTTAATCT
AGCTGCATCAGGATCATATCGTCGGGTCTTTTTITCCGGCTCAGTCATCGCCCAAGCT
GGCGCTATCTGGGCATCGGGGAGGAAGAAGCCCGTGCCTTTTCCCGCGAGGTTGAA
GCGGCATGGAAAGAGTTTGCCGAGGATGACTGCTGCTGCATTGACGTTGAGCGAAA
ACGCACGTTTACCATGATGATTCGGGAAGGTGTGGCCATGCACGCCTTTAACGGTGA
ACTGTTCGTTCAGGCCACCTGGGATACCAGTTCGTCGCGGCTTTTCCGGACACAGTT
CCGGATGGTCAGCCCGAAGCGCATCAGCAACCCGAACAATACCGGCGACAGCCGGA
ACTGCCGTGCCGGTGTGCAGATTAATGACAGCGGTGCGGCGCTGGGATATTACGTCA
GCGAGGACGGGTATCCTGGCTGGATGCCGCAGAAATGGACATGGATACCCCGTGAG
TTACCCGGCGGGCGCGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATT
GTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCC
TGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCT
TTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGG
GAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCG
CTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTT
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ATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAA
AAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCC
CCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGG
ACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCC
GACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCT
TTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTG
GGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTAT
CGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGT
AACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTG
GCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCC
AGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTG
GTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTC
AAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCAC
GTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAA
ATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACA
GTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATC
CATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATC
TGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATC
AGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTAT
CCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAG
TTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTC
GTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATC
CCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAG
TAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACT
GTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCT
GAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAAT
ACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGG
CGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGT
GCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAA
ACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAA
TACTCAT
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[00164] The sequence of the pPBBG-iHelper2.4-HA vector is provided below:

[00165] pPBBG-iHelper2.4-HA (15, 992 bp) (SEQ ID NO: 7)

[00166] ACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGA
GCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACA
TTTCCCCGAAAAGTGCCACCTAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTT
AAATTTTTGTTAAATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATCCC
TTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACA
AGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTAT
CAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGAGG
TGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACG
GGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGG
CGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCG
CGCTTAATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAACTGTT
GGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGA
TGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGT
AAAACGACGGCCAGTGAGCGCGCCTCGTTCATTCACGTTTTTGAACCCGTGGAGGAC
GGGCAGACTCGCGGTGCAAATGTGTTTTACAGCGTGATGGAGCAGATGAAGATGCT
CGACACGCTGCAGAACACGCAGCTAGATTAACCCTAGAAAGATAATCATATTGTGA
CGTACGTTAAAGATAATCATGCGTAAAATTGACGCATGTGTTTITATCGGTCTGTATA
TCGAGGTTTATTTATTAATTTGAATAGATATTAAGTTTTATTATATTTACACTTACAT
ACTAATAATAAATTCAACAAACAATTTATTTATGTTTATTITATTTATTAAAAAAAAA
CAAAAACTCAAAATTTCTTCTATAAAGTAACAAAACTTTTATCGAATTCCTGCAGCC
CGGGGGATCCACTAGTTCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTA
ATTACGTCCCTCCCCCGCTAGGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGT
CCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCACGG
GGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGC
AGACACCTGGGGGGATACGGGGAAAAGGCCTCCAAGGCCAGCTTCCCACAATAAGT
TGGGTGAATTTTGGCTCATTCCTCCTTTCTATAGGATTGAGGTCAGAGCTTTGTGATG
GGAATTCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCgcGATCgcTAGeGTTT
AAACTTAAGCTTGGTACCGAGCTCGGATCCACTAGTCCAGTGTGGTGGAATTCCTGC
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TTCGCGATGTACGGGCCggtacccaactccatgettaacagtccccaggtacageccaccctgegtecgeaaccaggaaca
gctetacagettectggagegcecactecgecctacttccgeagecacagtgegeagattaggagegecacttetttttgtcacttgaaaaacat
gtaaaaataatgtactaggagacactttcaataaaggcaaatgtttttatttgtacactctcgggtgattatttaccecccacccttgecgtctgeg
ccgtttaaaaatcaaaggggttctgecgegeategetatgegecactggeagggacacgtigegatactggtgtttagtgetecacttaaact
caggcacaaccatccgeggeageteggtgaagttttcactccacaggcetgegeaccatcaccaacgegtttageaggtegggegecgata
tcttgaagtegeagttggggectecgecctgegegegegagttgcgatacacagggttgcageactggaacactatcagegecgggtggt
gcacgctggecageacgcetettgtcggagatcagatcegegtecaggtecteegegttectcagggegaacggagtcaactttggtagete
ccttcccaaaaagggtgeatgeccaggctitgagtigeactcgeacegtagtggeatcagaaggtgaccgtgeceggtetgggcgttagga
tacagcgcectgcatgaaagecttgatetgettaaaagecacctgagectttgegecttcagagaagaacatgecgeaagacttgeeggaaa
actgattggccggacaggccgegtcatgcacgeageaccttgegteggtgttggagatcetgeaccacatttcggeccecaccggttcttcacg
atcttggcecttgctagactgetecttcagegegegetgeccgttttcgetegtcacatecatttcaatcacgtgetecttatttatcataatgetece
gtgtagacacttaagctcgecttcgatctcagegeageggtgcagecacaacgegeageccgtgggctegtggtgcttataggttacctetg
caaacgactgcaggtacgcctgcaggaatcgecccatcatcgtcacaaaggtcttgttgctggtgaaggtcagetgecaacccgeggtgcte
ctegtttagccaggtcttgecatacggeegecagagcettecacttggtcaggeagtagettgaagtttgectttagatcegttatccacgtggtactt
gtccatcaacgegegegceagectecatgecctictcccacgcagacacgatcggeaggetcagegggtttatcaccgtgetttcactttecg
cttcactggactcttccttttcctettgegtecgeatacccecgegecactgggtegtcttcattcagecgecgeaccgtgegcettaccteccttge
cgtgcttgattagcaccggtgggttgctgaaacccaccatitgtagegecacatcttetetttettcctegetgtecacgatcacctetggggat
ggegggcgcteggectigggagaggogcgcettctttttctttitggacgcaatggccaaatccgecgtegaggtegatggecgegggctgg
gtgtgcgeggcaccagegceatcettgtgacgagteticticgtectcggactegagacgecgectcagecgcttttitggggocgcgegggg
aggcggeggegacggegacggggacgacacgtectccatggtiggteggacgtegegecgeacegegteegegetecgggggtgagttte
gegetgetectettcecegactggecatttecttctectataggecagaaaaagatcatggagtcagtcgagaaggaggacagectaacegece
cctttgagttcgecaccaccgectecaccgatgecgecaacgegectaceaccticeceegtcgaggeacceccgettgaggaggaggaa
gtgattatcgagcaggacccaggtittgtaagcgaagacgacgaggategetcagtaccaacagaggataaaaagcaagaccaggacga
cgcagaggeaaacgaggaacaagtcgggcggggggaccaaaggeatggegactacctagatgtgggagacgacgtgcetgtigaagea
tctgcagegecagtgegecattatetgegacgegttgcaagagegeagegatgtgeccctegecatageggatgtcagecttgectacgaa
cgecacctgttctcaccgegegtaccccccaaacgecaagaaaacggeacatgcgageccaaccegegectcaacttetaceecgtatttg
ccgtgeccagaggtgcttgecacctatcacatctttttccaaaactgcaagataccectatectgeogtgecaaccgcagecgageggacaag
cagctggcecttgeggeagggcgetgtcatacctgatatcgectegetegacgaagtgecaaaaatetttgagggtettggacgegacgaga
aacgcgcggcaaacgetctgcaacaagaaaacagegaaaatgaaagtcactgtggagtectggtggaacttgagggtgacaacgegeg
cctagecgtgctgaaacgcageatcgaggtcacccactttgectacceggeacttaacctaccccccaaggttatgageacagtecatgage

gagctgatcgtgegeegtgeacgaccectggagagggatgeaaacttgcaagaacaaaccgaggagggectaccegeagttggegatg

66



WO 2025/096295 PCT/US2024/052959

agcagctggegcgetggcttgagacgegcegagectgecgacttggaggagegacgeaagetaatgatggeegeagtgcttgttacegtg

gagcttgagtgeatgecageggttctttgctgacceggagatgcagegeaagcetagaggaaacgttgcactacacctttcgecagggcetacg
tgcgecaggectgcaaaatttccaacgtggagetetgcaacctggtetectaccttggaattttgeacgaaaaccgectegggcaaaacgtg
cttcattccacgctcaagggegaggegcgecgegactacgtecgegactgegtttacttatttctgtgctacacctggeaaacggecatggg
cgtgtggcagceaatgectggaggagegeaacctaaaggagetgcagaagetgetaaagcaaaacttgaaggacctatggacggecttca
acgagcgcteegtggeegegeacctggeggacattatettccecgaacgectgcttaaaacectgeaacagggtetgecagacttcaccag
tcaaagcatgttgcaaaactttaggaactttatcctagagegttcaggaattctgeccgecacctgetgtgegettectagegactttgtgecca
ttaagtaccgtgaatgecoctccgecgetttggggteactgetacctictgeagetagecaactaccttgectaccactcegacatcatggaaga
cgtgageggtgacggcctactggagtgteactgtegetgcaacctatgeacccegeacegcetcectggtetgcaattcgeaactgettageg
aaagtcaaattatcggtacctttgagctgcagggtcectegectgacgaaaagtcecgeggceteceggggttgaaactcactcecggggetgtg

2acgtcCGATCTCTATCACTGATAGGGAGATCTCTATCACTGATAGGGAGAGggcttaccttcg
caaatttgtacctgaggactaccacgcccacgagattaggttctacgaagaccaatcccgeccgecaaatgeggagcettacegectgegte

attacccagggccacatccttggecaattgcaagecatcaacaaageccgecaagagtttetgetacgaaagggacggggootitacctgg
acccccagteceggegaggagetcaacccaatccececgecgecgeagecctatcageagecgegggeccttgettcecaggatggeac

ccaaaaagaagctgcagctgecgecgecgecacccacggacgaggaggaatactgggacagtcaggcagaggaggtittggacgagg
aggaggagatgatggaagactggeacagcectagacgaagcettccgaggecgaagaggtgtcagacgaaacaccgtcacccteggtege
attcccctegecggegecccagaaattggeaaccgttcecageatcgetacaacctecgetectcaggegecgecggeactgectgttcge
cgacccaaccgtagatgggacaccactggaaccagggccggtaagtctaagcageecgecgecgttageccaagageaacaacagege

caaggctaccgetegtggegegggcacaagaacgecatagttgettgettgecaagactgtgggggcaacatctecttcgecegecgctttet
tctetaccatcacggegtggecttecceegtaacatectgeattactacegteatetetacageccectactgeaccggeggeageggeageg
gcagcaacagcageggteacacagaagcaaaggegaccggatageaagactctgacaaagcccaagaaatccacageggeggeage

agcaggaggaggagcegetgegtetggegeeccaacgaaccegtatcgaccegegagcettagaaataggattttteccactetgtatgetatat
ttcaacaaagcaggggccaagaacaagagcetgaaaataaaaaacaggtetetgegetecctcacecgeagetgectgtatcacaaaageg
aagatcagcttcggegcacgctggaagacgeggaggctctettcagcaaCGATCTCTATCACTGATAGGGAGATC
TCTATCACTGATAGGGAGAGatactgcgegetgactettaaggactagtttecgegecctttctcaaatttaagegcgaaaa

ctacgtcatctccageggecacacceggegecageacctgtegtcagegecattatgageaaggaaatteccacgecctacatgtggagtt

accagccacaaatgggacttgeggetggagetgcccaagactactcaacccgaataaactacatgagegegggaccccacatgatatece
gggtcaacggaatccgegeccaccgaaaccgaattetectcgaacaggeggetattaccaccacacctegtaataaccttaatceecgtagt
tggeecgetgecctggtgtaccaggaaagteccgeteccaccactgtggtacttcccagagacgeccaggecgaagttcagatgactaact
caggggcegcagcetigegggcggcetitcgtcacagggtgcggtcgeccccagtggccaaaaaagetagegeageagecgecgegoctg

gaaggaagccaaaaggagegetececegtigtetgacgtegeacacctgggttcgacacgegggeggtaaccgeatggatcacggegg
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acggccggatccggggttcgaaccccggtegtecgecatgataceettgegaatttatccaccagaccacggaagagtgccegcettacag
GTGGTCTCATACAGAACTTATAAGATTCCCAAATCCAAAGACATTTCACGTTTATGG
TGATTTCCCAGAACACATAGCGACATGCAAATATTGCAGGGCGCCACTCCCCTGTCC
gctetecttttgeacggtctagagegtcaacgactgegeacggggegtittagggcggagtaacttgeatgtattgggaattgtagtttttttaa
aatgggaagtgacgtatcgtgggaaaacggaagtgaagatttgaggaagttgtegattttttggctttegtttectgggegtaggttcgegtgceg
gttttctgggotettttttgtogactttaaccgttacgtcattttttagtectatatatactcgetctgtaCTCTCCCTATCAGTGATAG
AGATCTCCCTATCAGTGATAGAGATCGcttggcecctttttacactgtgactgattgagctggtgccgtgtcgagtggt
gttttttaataggtttttttactggtaaggctgactgttatggctgecgetgtggaagegetgtatgttgtictggagegggagggtgctattttgee
taggcaggagggtitttcaggtgtttatgtgttttictctectattaattttgttatacctectatgggggctgtaatgtigtetctacgectgegggta
tgtattccceegggctattteggtegctttttageactgaccgatgttaaccaacctgatgtgtttaccgagtcttacattatgactccggacatga
ccgaggaactgtcggtggtgctttttaatcacggtgaccagtttttttacggtcacgecggeatggeegtagteegtettatgettataagggtt
gtttttcctgttgtaagacaggcttctaatgtttaaatgtittttittitgttattttattttgtgtttaatgcaggaaceccgeagacatgtttgagagaaa
aatggtetctttttctgtggtogttccggaacttacctgectttatctgeatgageatgactacgatgtgettgetittttgegegaggctttgectg
attttttgagcagcaccttgcattttatatcgecgeccatgcaacaagcettacataggggctacgetggttageatagetccgagtatgegtgte
ataatcagtgtgggttcttttgtcatggttcctggecggggaagtggccgegetggtecgtgcagacctgcacgattatgttcagetggecctge
gaagggacctacgggatcgcggtatttttgttaatgttccgcttttgaatcttatacaggtctgtgaggaacctgaatttttgcaatcatgattcge
tgcttgaggetgaaggtggagggcgetetggageagattittacaatggecggacttaatattcgggatttgettagagacatattgataaggt
ggcgagatgaaaattatttgggcatggttgaaggtoctggaatgtttatagaggagattcaccctgaagggtttagectttacgtccacttgga
cgtgagggcagtttgecttttggaagecattgtgeaacatcttacaaatgecattatetgttetttggctgtagagtttgaccacgecaccggag
gggagcgcgttcacttaatagatcttcattttgaggttttggataatcttttggaataaaaaaaaaaaaacatggttcttccagetettcecgetec
tccegtgtgtgactcgecagaacgaatgtgtaggttggctgggtgataacttattetgeggtggtggatgttatcagggcageggegeatgaag
gagtttacatagaacccgaagecagggggegectggatgetitgagagagtggatatactacaactactacacagagegagetaagegac
gagaccggagacgcagatctgtttgtcacgcccgeacctggttitocttcaggaaatatgTACCCATACGATGTTCCAGA
TTACGCTGGAGGAGGCGGAGGCactacgtccggegttecatttggcatgacactacgaccaacacgatcteggttgtct
cggcgeactccgtacagtagggatcgectacctecttttgagacagagacccgegetaccatactggaggatcatcegetgetgeeccgaat
gtaacactttgacaatgcacaacgtgagttacgtgegaggtcettecctgeagtgtgggatttacgetgattcaggaatgggttgttecctggga
tatggttctgacgegggaggagetigtaatcctgaggaagtgtatgeacgtgtgectgtgttgtgccaacattgatatcatgacgageatgatg
atccatggttacgagtcctgggctctecactgteattgttccagteceggtteectgeagtgeatageeggegggcaggttttggccagetggt
ttaggatggtgotogatgecgccatgtttaatcagaggtttatatggtaccgggaggtegtgaattacaacatgccaaaagaggtaatgtttat
gtccagegtgtttatgaggggtegecacttaatctacctgegettgtggtatgatggecacgtgggtictgtggtececcgecatgagetttgga
tacagcgcecttgcactgtgggattttgaacaatattgtggtoctgtgetgcagttactgtgctgatttaagtgagatcagggtocgctgetgtge
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ccggaggacaaggcegtetcatgetgegggcggtacgaatcatcgetgaggagaccactgecatgttgtattectgecaggacggagegge
ggcggeagceagtttattcgegegetgetgecageaccacegecctatcetgatgeacgattatgactctaceeccatgtaggegtggacttee
cettcgeegeecgttgageaaccgeaagtiggacageagectgtggeteageagetggacagegacatgaacttaagegagetgeccgg
ggagtttattaatatcactgatgagegtttegctcgacaggaaaccgtgtggaatataacacctaagaatatgtetgttacecatgatatgatge
tttttaaggccagecggggagaaaggactgtgtactctgtgtattegeagesagsotegcaggttgaatactagggttctgtgagtitgattaa
ggotacggtoatcaatataagetatgtggtegtegoactatactactgaatgaaaaatgacttgaaattttctgcaattgaaaaataaacacgttg
aaacataacatgcaacaggttcacgattctttattcctgggcaatgtaggagaaggtotaagagttagtagcaaaagtttcagtggtgtatttte
cactttcccaggaccatgtaaaagacatagagtaagtgcttacctegetagtttetgtggattcactagaatecactttggecgeggetegag T
GAGCTATTCCAGAAGTAGTGAAGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAG
CTCCGGATCGATGCCCGGGGGATCCACTAGTTCTAGAGGGACAGCCCCCCCCCAAA
GCCCCCAGGGATGTAATTACGTCCCTCCCCCGCTAGGGGGCAGCAGCGAGCCGCCC
GGGGCTCCGCTCCGGTCCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGG
GACAGCCCGGGCACGGGGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCG
CTGCTCTTTGAGCCTGCAGACACCTGGGGGGATACGGGGAAAAGGCCTCCAAGGCC
AGCTTCCCACAATAAGTTGGGTGAATTTTGGCTGAGCTATTCCAGAAGTAGTGAAGA
GGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTCCGGATCGATCATATATGGCAG
ATATACGCGTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTC
ATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCC
GCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCC
CATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTA
AACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGA
CGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGA
CTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGG
TTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGT
CTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTT
CCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACG
GTGGGAGGTCTATATAAGCAGAGCTCTCTGGCTAACTATCGTCGACGAGCTCGTTTA
GTGAACCGTCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGA
CACCGGGACCGATCCAGCCTCCGGACTCTAGCGTTTAAACTTAAGCTTGCCACC Catgac
cgagtacaageccacggtgegecetcgecaccecgegacgacgtececagggeegtacgeacectegecgecgegttecgeegactaceee

gccacgegecacaccgtegatccggaccgecacatcgagegggteaccgagetgeaagaactcttectcacgegegtegggctegacat

69



WO 2025/096295 PCT/US2024/052959

cggcaaggtgteggtecgcggacgacggcgecgeggtggcggtctggaccacgecggagagegtegaageggggecggtattegecg
agatcggeccgegeatggeegagttgageggtteeccggetggeecgegeageaacagatggaaggectectggegeegeaceggeeca
aggagccecgegtggttectggecacegteggegtetcgeccgaccaccagggeaagggtetgggeagegecgtegtgetececggagt
ggaggcggccgagegcgecggggteccegecttcetggagacctecgegeececgeaacctececttctacgageggeteggetteace
gtcaccgecgacgtcgaggtgcccgaaggaccgegeacctggtgeatgaccegeaageceggtgectgaAGCGCGGGGATC
TCATGCTGGAGTTCTTCGCCCACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAA
ATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAG
TTGTGGTTTGTCCAAACTCATCAATGTATCTTATCATGTCTGTAGCIGATgtATAcCTAg
gATCCGGCCGGecTGCAggTGTCCTCACAGGAACGAAGTCCCTAAAGAAACAGTGGCA
GCCAGGTTTAGCCCCGGAATTGACTGGATTCCTTTTTTAGGGCCCATTGGTATGGCTT
TTTCCCCGTATCCCCCCAGGTGTCTGCAGGCTCAAAGAGCAGCGAGAAGCGTTCAGA
GGAAAGCGATCCCGTGCCACCTTCCCCGTGCCCGGGCTGTCCCCGCACGCTGCCGGC
TCGGGGATGCGGGGGGAGCGCCGGACCGGAGCGGAGCCCCGGGCGGCTCGCTGCTG
CCCCCTAGCGGGGGAGGGACGTAATTACATCCCTGGGGGCTTTGGGGGGGGGCTGT
CCCTCTAGAGCGGCCGCCACCGCGGTGGAGCTCCAGCTTTTGTTCCCTTTAGTGAGG
GTTAATTAGATCTTAATACGACTCACTATAGGGCGAATTGGGTACCGGGCCCCCCCT
CGAGGTCGACGGTATCGATAAGCTTGATATCTATAACAAGAAAATATATATATAATA
AGTTATCACGTAAGTAGAACATGAAATAACAATATAATTATCGTATGAGTTAAATCT
TAAAAGTCACGTAAAAGATAATCATGCGTCATTTTGACTCACGCGGTCGTTATAGTT
CAAAATCAGTGACACTTACCGCATTGACAAGCACGCCTCACGGGAGCTCCAAGCGG
CGACTGAGATGTCCTAAATGCACAGCGACGGATTCGCGCTATTTAGAAAGAGAGAG
CAATATTTCAAGAATGCATGCGTCAATTTTACGCAGACTATCTTTCTAGGGTTAATCT
AGCTGCATCAGGATCATATCGTCGGGTCTTTTTTCCGGCTCAGTCATCGCCCAAGCT
GGCGCTATCTGGGCATCGGGGAGGAAGAAGCCCGTGCCTTTTCCCGCGAGGTTGAA
GCGGCATGGAAAGAGTTTGCCGAGGATGACTGCTGCTGCATTGACGTTGAGCGAAA
ACGCACGTTTACCATGATGATTCGGGAAGGTGTGGCCATGCACGCCTTTAACGGTGA
ACTGTTCGTTCAGGCCACCTGGGATACCAGTTCGTCGCGGCTTTTCCGGACACAGTT
CCGGATGGTCAGCCCGAAGCGCATCAGCAACCCGAACAATACCGGCGACAGCCGGA
ACTGCCGTGCCGGTGTGCAGATTAATGACAGCGGTGCGGCGCTGGGATATTACGTCA
GCGAGGACGGGTATCCTGGCTGGATGCCGCAGAAATGGACATGGATACCCCGTGAG
TTACCCGGCGGGCGCGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATT
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GTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCC
TGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCT
TTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGG
GAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCG
CTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTT
ATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAA
AAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCC
CCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGG
ACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCC
GACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCT
TTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTG
GGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTAT
CGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGT
AACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTG
GCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCC
AGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTG
GTAGCGGTGGTITTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTC
AAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCAC
GTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAA
ATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACA
GTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATC
CATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATC
TGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATC
AGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTAT
CCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAG
TTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTC
GTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATC
CCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAG
TAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACT
GTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCT
GAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAAT
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ACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGG
CGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGT
GCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAA
ACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAA
TACTCAT

[00167] The sequence of the pPBBG-iHelper2.5-HA vector is provided below:

[00168] pPBBG-iHelper2.5-HA (16, 658 bp) (SEQ ID NO: 8)

[00169] ACTCTTCCTTTITCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGA
GCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACA
TTTCCCCGAAAAGTGCCACCTAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTT
AAATTTTTGTTAAATCAGCTCATTITITTAACCAATAGGCCGAAATCGGCAAAATCCC
TTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACA
AGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTAT
CAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGAGG
TGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACG
GGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGG
CGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCG
CGCTTAATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAACTGTT
GGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGA
TGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGT
AAAACGACGGCCAGTGAGCGCGCCTCGTTCATTCACGTTTTTGAACCCGTGGAGGAC
GGGCAGACTCGCGGTGCAAATGTGTTTTACAGCGTGATGGAGCAGATGAAGATGCT
CGACACGCTGCAGAACACGCAGCTAGATTAACCCTAGAAAGATAATCATATTGTGA
CGTACGTTAAAGATAATCATGCGTAAAATTGACGCATGTGTTTITATCGGTCTGTATA
TCGAGGTTTATTTATTAATTTGAATAGATATTAAGTTTTATTATATTTACACTTACAT
ACTAATAATAAATTCAACAAACAATTTATTTATGTTTATTTATTTATTAAAAAAAAA
CAAAAACTCAAAATTTCTTCTATAAAGTAACAAAACTTTTATCGAATTCCTGCAGCC
CGGGGGATCCACTAGTTCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTA
ATTACGTCCCTCCCCCGCTAGGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGT
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CCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCACGG
GGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGC
AGACACCTGGGGGGATACGGGGAAAAGGCCTCCAAGGCCAGCTTCCCACAATAAGT
TGGGTGAATTTTGGCTCATTCCTCCTTTCTATAGGATTGAGGTCAGAGCTTTGTGATG
GGAATTCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCgcGATCgcTAGCGTTT
AAACTTAAGCTTGGTACCGAGCTCGGATCCACTAGTCCAGTGTGGTGGAATTCCTGC
TTCGCGATGTACGGGCCCggtacccaactccatgcttaacagtccccaggtacageccaccctgegtcgcaaccaggaaca
getctacagettectggagegecactegecctacttccgeagecacagtgegeagattaggagegecacttetttttgtcacttgaaaaacat
gtaaaaataatgtactaggagacactttcaataaaggcaaatgtttttatttgtacactctcgggtgattatttaccecccacccttgeegtetgeg
ccgtttaaaaatcaaaggggttctgecgegeatcgetatgegecactggeagggacacgttgegatactggtgtttagtgctecacttaaact
caggcacaaccatccgecggeagetcggtgaagttttcactccacaggetgegeaccatcaccaacgegtttagecaggtecgggegecgata
tettgaagtcgeagttggggacctecgecctgegegegegagttgegatacacagggttgcageactggaacactatcagegeegggtggt
gcacgcetggccagceacgcetcttgtcggagatcagatccgegtecaggtecteecgegttgetcagggcgaacggagtcaactttggtagetg
ccttcccaaaaagggtgeatgeccaggcetitgagttgeactcgeaccgtagtggeatcagaaggtgacegtgeceggtetgggegttagga
tacagcgcctgcatgaaagcecttgatctgettaaaagecacctgagectttgegecttcagagaagaacatgecgcaagacttgecggaaa
actgattggccggacaggcecgcegtcatgecacgeagceaccttgegteggtgttggagatctgecaccacatttcggecccaccggttcttcacg
atcttggecttgctagactgetecttcagegegegetgccecgttttegetecgteacatecatttcaatcacgtgetecttatttatcataatgeteec
gtgtagacacttaagctcgecttcgatctcagegeageggtgeagecacaacgegeagecegtgggctegtggtacttgtaggttacetetg
caaacgactgcaggtacgcctgeaggaatcgecccatcatcgtcacaaaggtetigttgetggtgaaggtcagetgcaaccegeggtgcte
ctcgtttagccaggtettgecatacggecgecagagettecacttggtcaggeagtagettgaagtttgcctttagategttatccacgtggtactt
gtccatcaacgegegegeagcectecatgecctteteccacgeagacacgatcggeaggetcagegggtttatcaccgtgetttcactttecg
cttcactggactcttecttitcetettgegtecgeataceccgegecactgggtegtetteattcageegecgeaccgtgegettaccteccttge
cgtgcttgattagcaccggtgggttgctgaaacccaccatttgtagecgecacatcttetetttettectegetgtecacgatcaccetetggggat
ggegggcegctegggcttgggagaggggacgcttctttttctttttggacgeaatggecaaatccgecgtcgaggtegatggeegegggcteg
gtgtgcgeggeaccagegeatettgtgacgagtettcttcgtectcggactcgagacgecgectcagecgcettttttgggggcgcgegegg
aggcggeggegacggegacggggacgacacgtectecatggttggtggacgtegegecgeacegegteegegetegggggtggttte
gegetgetectettcecgactggecatttecttctectataggeagaaaaagatcatggagtcagtcgagaaggaggacagectaaccgece
cctttgagttcgecaccaccgectccaccgatgecgecaacgegectaccaccttceccgtcgaggeacceecgettgaggaggaggaa
gtgattatcgagcaggacccaggttttgtaagcgaagacgacgaggategetcagtaccaacagaggataaaaagcaagaccaggacga
cgcagaggceaaacgaggaacaagtcgggeggggggaccaaaggeatggegactacctagatgtgggagacgacgtgcetgttgaagea

tctgeagegecagtgegecattatctgegacgegttgcaagagegeagegatgtgeccctegecatageggatgteagecttgectacgaa
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cgceacctgttetcaccgegegtaccecccaaacgecaagaaaacggeacatgegageecaacccgegectcaacttetacceegtatttg
ccgtgecagaggtgcttgccacctatcacatctttttccaaaactgeaagataccectatcctgecgtgccaaccgecagecgageggacaag
cagctggectigeggeagggcgcetgteatacctgatatcgectcgetcgacgaagtgecaaaaatetitgagggtettggacgegacgaga
aacgcgcggeaaacgcetctgcaacaagaaaacagegaaaatgaaagteactgtggagtgctgstggaacttgagggtgacaacgegeg
cctagecgtgetgaaacgeageatcgaggteacceactttgectacecggeacttaacctaccceccaaggttatgageacagteatgage
gagctgategtgegeegtgeacgaccectggagagggatgeaaacttgcaagaacaaaccgaggagggectacecgeagttggegatg
agcagctggegegetggcettgagacgegegagectgeegacttggaggagegacgeaagetaatgatggeegeagtgcettgttacegtg
gagcttgagtgeatgeageggtictttgctgacceggagatgeagegeaagetagaggaaacgttgeactacacctttcgecagggetacg
tgcgecaggectgeaaaatttccaacgtggagcetetgeaacctggtetectaccttggaattttgecacgaaaaccgectcgggcaaaacgtg
cttcattccacgctcaagggegaggegegeegegactacgtecgegactgegtttacttatttctgtectacacctggeaaacggecatggg
cgtgtggcagceaatgectggaggagegeaacctaaaggagetgecagaagcetgctaaageaaaacttgaaggacctatggacggecttea
acgagcegctccgtggecgegeacctggeggacattatcttcecccgaacgectgcettaaaaccetgeaacagggtetgecagacttcaccag
tcaaagcatgttgcaaaactttaggaactttatcctagagegttcaggaattctgeecegecacctgetgtgegettectagegactttgtgecca
ttaagtaccgtgaatgecctecgeegctitggggteactgetacctictgcagetagecaactacettgectaccactccgacatcatggaaga
cgtgagcggtgacggcctactggagtgtcactgtegetgcaacctatgecaccccgeaccgeteectggtetgeaattcgeaactgettageg
aaagtcaaattatcggtacctttgagctgcagggtcectcgectgacgaaaagtccgeggetecggggttgaaactcactececggggcetgtg
gacgtcCGATCTCTATCACTGATAGGGAGATCTCTATCACTGATAGGGAGAGggcttaccttcg
caaatttgtacctgaggactaccacgcccacgagattaggttctacgaagaccaatccegeecgecaaatgeggagettaccgectgegte
attacccagggccacatccttggecaattgcaagecatcaacaaageccgecaagagtttctgctacgaaagggacggggggtitacctgg
acccccagtecggegaggagcetcaacceaatceeccccgecgecgeageectatcagecageecgegggeccttgettcccaggatggeac
ccaaaaagaagctgcagetgecgeecgecgeeaccecacggacgaggaggaatactgggacagtcaggeagaggaggttttggacgagg
aggaggagatgatggaagactgggacagectagacgaagettccgaggecgaagaggtgtcagacgaaacaccgtecacccteggtege
attcccctegecggegeeccagaaattggecaaccgttcecageategetacaaccteegetectcaggegecgeecggeactgectgttege
cgacccaaccgtagatgggacaccactggaaccagggecggtaagtctaageagecgeecgecgttageccaagageaacaacagege
caaggctaccgetegtggegegggcacaagaacgecatagttgettgettgecaagactgtgggggcaacatctecttegeeegecgetttct
tetctaccatcacggegtggecttceeccgtaacatcetgeattactacegteatctetacagecectactgeaceggeggeageggeageg
gcagcaacageageggteacacagaagcaaaggegaccggatageaagactctgacaaageccaagaaatccacageggeggcage
agcaggaggaggagcgetgegtetggegeeccaacgaaccegtatcgaccegegagcettagaaataggatttttcccactctgtatgetatat
ttcaacaaagcaggggccaagaacaagagctgaaaataaaaaacaggtctctgegetcectcaccegeagetgectgtatcacaaaageg
aagatcagcttcggcgcacgctggaagacgcggaggctetettcagcaaCGATCTCTATCACTGATAGGGAGATC
TCTATCACTGATAGGGAGAGatactgcgegetgactcttaaggactagtttcgegecctttctcaaatttaagcgegaaaa
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ctacgtcatctccagcggecacacceggegecageacctgtegtcagegecattatgagcaaggaaattcccacgeectacatgtggagtt
accagccacaaatgggacttgcggetggagetgeccaagactactcaacccgaataaactacatgagegegggaccecacatgatatcee
gggtcaacggaatccgegeccaccgaaaccgaattetectcgaacaggeggcetattaccaccacacctegtaataaccttaatceccgtagt
tggeeegetgecctggtgtaccaggaaagtecegeteccaccactgtggtacttcccagagacgeccaggecgaagttcagatgactaact
caggggcegceagettgegggeggctttcgtcacagggtgeggtegeccgggegtittagggeggagtaacttgeatgtattgggaattgtag
tttttttaaaatgggaagtgacgtatcgtgggaaaacggaagtgaagatttgaggaagttgtagattttttggctttcgtitctgggegtaggttc
gcgtgcggttttetgggtgttttttgtggactttaaccgttacgtcattttttagtectatatatactcgetctgtaCTCTCCCTATCAGT
GATAGAGATCTCCCTATCAGTGATAGAGATCGcttggecctttttacactgtgactgattgagetggtgccgtgt
cgagtggtgttttttaataggtttttttactggtaaggctgactgttatggetgeccgetgtggaagegetgtatgttgtictggagegggagggtg
ctattttgcctaggcaggagggtttttcaggtgtttatgtgtttttctctectattaattttgttatacctectatgggggcetgtaatgttgtetctacge
ctgegggtatgtattccceecgggctatttcggtegcttittageactgaccgatgttaaccaacctgatgtgtitaccgagtcttacattatgacte
cggacatgaccgaggaactgtcggtegtgctttttaatcacggtgaccagtttttttacggtcacgecggeatggecgtagtecgtcttatgett
ataagggttgtttttcctgttgtaagacaggcttctaatgtttaaatgtttttttttttgttattttattttgtotttaatgcaggaaccecgeagacatgttt
gagagaaaaatggtgtctttttctgtagtggticcggaacttacctgectttatctgeatgageatgactacgatgtgcettgcttttttgegegagg
ctttgectgattttttgagcagceaccttgceattttatatcgecgeccatgecaacaagcettacataggggctacgetggttageatagetccgagta
tgcgtgtcataatcagtgtgggttcttttgtcatggttcctggeggggaagtggccgegetggtecgtgcagacctgeacgattatgttcaget
ggccectgegaagggacctacgggatcgeggtatttttgttaatgttcegetittgaatcttatacaggtetgtgaggaacctgaatttttgcaate
atgattcgcetgcettgaggetgaaggtggagggcgetetggageagatttttacaatggecggacttaatattcgggatttgettagagacatatt
gataaggtggcgagatgaaaattatttgggcatggtigaaggtectggaatgtttatagaggagattcaccctgaagggtttagectttacgte
cacttggacgtgagggcagtttgccttttggaagecattgtgcaacatcttacaaatgecattatetgttetttggetgtagagtttgaccacgec
accggaggggagcgegttcacttaatagatcttcattttgaggttttggataatcttttggaataaaaaaaaaaaaacatggttcttccagetctt
ccegetecteecgtgtgtgactcgcagaacgaatgtgtaggttggctgggtatggcttattctgcggteggtggatgttatcagggcagegge
gcatgaaggagtttacatagaacccgaagecagggggcgectggatgctttgagagagtggatatactacaactactacacagagegage
taagcgacgagaccggagacgcagatctgtitgtcacgeccgeacctggttttgettcaggaaatatgTACCCATACGATGTT
CCAGATTACGCTGGAGGAGGCGGAGGCactacgtceggcegttccatttggcatgacactacgaccaacacgatct
cggttgtcteggegeactcegtacagtagggategectacctecttttgagacagagaccegegetaccatactggaggatcatecgetget
geecgaatgtaacactttgacaatgeacaacgtgagttacgtgegaggtcttcectgeagtgtgggatitacgetgattcaggaatgggttgtt
ccctgggatatggttctgacgegggaggagcettgtaatcetgaggaagtgtatgeacgtgtgectgtgttgtgccaacattgatatcatgacg
agcatgatgatccatggttacgagtcctgggctctccactgteattgttccagtecceggttecectgeagtgcatagecggegggeaggttttgg
ccagctggtttaggatggtggtggatggcgcecatgtttaatcagaggtitatatagtaccgggaggtggtgaattacaacatgccaaaagag
gtaatgtttatgtccagegtgtttatgagggogtcgecacttaatctacctgegettgtggtatgatggecacgtgggttetgtgateccecgeceat
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gagctttggatacagegecttgeactgtgggattttgaacaatattgtggtactgtgctgeagttactgtgetgatttaagtgagatcagggtec
gctgetgtgececggaggacaaggegtetcatgetgegggeggtgcgaatcatcgetgaggagaccactgecatgttgtattectgeaggac
ggagcggcggcggcageagtttattcgegegetgetgeageaccacegecctatectgatgeacgattatgactctacecccatgtaggeg
tggacttceecttcgecgeccgttgagecaaccgeaagtiggacageagectgtggctcageagetggacagegacatgaacttaagegag
ctgceecggggagtttattaatatcactgatgagegtttggctcgacaggaaaccgtgtggaatataacacctaagaatatgtetgttacecatg
atatgatgctttttaaggccagecggggagaaaggactgtgtactetgtgtgttgggagggaggtggcaggttgaatactagggttetgtgag
tttgattaaggtacggtgatcaatataagcetatgtggtagtgegactatactactgaatgaaaaatgacttgaaattttctgeaattgaaaaataa
acacgttgaaacataacatgcaacaggttcacgattctttattcctgggeaatgtaggagaaggtgtaagagttggtagcaaaagtttcagtgg
tgtattttccactttcccaggaccatgtaaaagacatagagtaagtgcettacctcgetagtttctgtggattcactagaaccagtggecaaaaaa
gctagegeageageegeegegectggaaggaagecaaaaggagegeteceecgttgtetgacgtegeacacctgggttcgacacgegg
geggtaaccgeatggatcacggeggacggecggatccggggticgaaccecggtegtecgecatgatacecttgegaatttatccaccag
accacggaagagtgcccgcettacaggetetecttttgcacggtctagagegtcaacgactgegeacgecagtggecaaaaaagetagege
agcagcecgcecgegectggaaggaagecaaaaggagegeteecceegttgtetgacgtcgeacacctgggticgacacgegggceggtaac
cgcatggatcacggcggacggecggatccggggticgaacceeggtegtecegecatgatacecttgegaatttatccaccagaccacgga
agagtgcccgcttacaggctctcettttgcacggtctagagegtcaacgactgegeacgecagtggcecaaaaaagetagegeageagecg
ccgcegcectggaaggaagecaaaaggagegetcccccgttgtetgacgtegeacacctgggttcgacacgegggceggtaaccgeatggat
cacggcggacggecggatcecggggttcgaaccecggtegteecgecatgatacectigegaatttatccaccagaccacggaagagtgec
cgcttacaggctctecttttgeacggtctagagegtcaacgactgegeacgecagtggecaaaaaagetagegeageagecgecgegcect
ggaaggaagccaaaaggagegeteececcgttgtetgacgtegeacacctgggticgacacgegggeggtaaccgcatggatcacggeg
gacggccggatccggggttcgaaccecggtcgteccgecatgatacecttgegaatttatccaccagaccacggaagagtgeccgettaca
ggctctecttttgecacggtctagagegtcaacgactgegeacgtcecactttggecgeggetcgag TGAGCTATTCCAGAAGT
AGTGAAGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTCCGGATCGATGCCC
GGGGGATCCACTAGTTCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTAA
TTACGTCCCTCCCCCGCTAGGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGTC
CGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCACGGG
GAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGCA
GACACCTGGGGGGATACGGGGAAAAGGCCTCCAAGGCCAGCTTCCCACAATAAGTT
GGGTGAATTTTGGCTGAGCTATTCCAGAAGTAGTGAAGAGGCTTTTTTGGAGGCCTA
GGCTTTTGCAAAAAGCTCCGGATCGATCATATATGGCAGATATACGCGTTGACATTG
ATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATAT
ATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAAC
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GACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGG
ACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTA
CATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGG
CCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTAC
ATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAAT
GGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTC
AATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAAC
TCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAG
CAGAGCTCTCTGGCTAACTATCGTCGACGAGCTCGTTTAGTGAACCGTCAGATCGCC
TGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAG
CCTCCGGACTCTAGCGTTTAAACTTAAGCTTGCCACCatgaccgagtacaagcccacggtgcgectege
caccecgegacgacgtecccagggecgtacgeaccctegecgecgegttcgecgactaceeccgeecacgegecacaccgtcgatccggac
cgccacatcgagegggtcaccgagcetgcaagaactcttcctcacgegegtecgggetcgacatcggeaaggtgtgggotegeggacgacg
gegeegeggtggeggtetggaccacgecggagagegtcgaagegggggcggtgticgecgagatcggeccgegeatggecgagttga
gcggticceggetggecgegeageaacagatggaaggectectggegecgeaccggeccaaggageccgegtggticetggecacegt
cggcegtctecgeecgaccaccagggcaagggtctgggcagegecgtegtgeteccceggagtggaggeggecgagegegecggggtac
ccgecttectggagaccteecgegeeccgeaaccteecctictacgageggeteggcttcaccgtcaccgecgacgtcgaggtgeccgaag
gaccgcegceacctggtgeatgacccgeaageecggtecctgaAGCGCGGGGATCTCATGCTGGAGTTCTTCG
CCCACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCA
CAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACT
CATCAATGTATCTTATCATGTCTGTAGCtGATgtATAcCTAggATCCGGCCGGecTGCAgg
TGTCCTCACAGGAACGAAGTCCCTAAAGAAACAGTGGCAGCCAGGTTTAGCCCCGG
AATTGACTGGATTCCTTTTTTAGGGCCCATTGGTATGGCTTTTTCCCCGTATCCCCCC
AGGTGTCTGCAGGCTCAAAGAGCAGCGAGAAGCGTTCAGAGGAAAGCGATCCCGTG
CCACCTTCCCCGTGCCCGGGCTGTCCCCGCACGCTGCCGGCTCGGGGATGCGGGGGG
AGCGCCGGACCGGAGCGGAGCCCCGGGCGGCTCGCTGCTGCCCCCTAGCGGGGGAG
GGACGTAATTACATCCCTGGGGGCTTTGGGGGGGGGCTGTCCCTCTAGAGCGGCCGC
CACCGCGGTGGAGCTCCAGCTTTTGTTCCCTTTAGTGAGGGTTAATTAGATCTTAATA
CGACTCACTATAGGGCGAATTGGGTACCGGGCCCCCCCTCGAGGTCGACGGTATCG
ATAAGCTTGATATCTATAACAAGAAAATATATATATAATAAGTTATCACGTAAGTAG
AACATGAAATAACAATATAATTATCGTATGAGTTAAATCTTAAAAGTCACGTAAAA
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GATAATCATGCGTCATTTTGACTCACGCGGTCGTTATAGTTCAAAATCAGTGACACT
TACCGCATTGACAAGCACGCCTCACGGGAGCTCCAAGCGGCGACTGAGATGTCCTA
AATGCACAGCGACGGATTCGCGCTATTTAGAAAGAGAGAGCAATATTTCAAGAATG
CATGCGTCAATTTTACGCAGACTATCTTTCTAGGGTTAATCTAGCTGCATCAGGATC
ATATCGTCGGGTCTTTTTTCCGGCTCAGTCATCGCCCAAGCTGGCGCTATCTGGGCAT
CGGGGAGGAAGAAGCCCGTGCCTTTTCCCGCGAGGTTGAAGCGGCATGGAAAGAGT
TTGCCGAGGATGACTGCTGCTGCATTGACGTTGAGCGAAAACGCACGTTTACCATGA
TGATTCGGGAAGGTGTGGCCATGCACGCCTTTAACGGTGAACTGTTCGTTCAGGCCA
CCTGGGATACCAGTTCGTCGCGGCTTTTCCGGACACAGTTCCGGATGGTCAGCCCGA
AGCGCATCAGCAACCCGAACAATACCGGCGACAGCCGGAACTGCCGTGCCGGTAGTG
CAGATTAATGACAGCGGTGCGGCGCTGGGATATTACGTCAGCGAGGACGGGTATCC
TGGCTGGATGCCGCAGAAATGGACATGGATACCCCGTGAGTTACCCGGCGGGCGCG
CTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATT
CCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGT
GAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCT
GTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTITTGCGTA
TTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCG
GCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGG
ATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAA
AAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAA
AAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGG
CGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGG
ATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGT
AGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCC
CCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCG
GTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGC
GAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACAC
TAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAG
AGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGT
TTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCT
TTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCA
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TGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTA
AATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCA
GTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCC
CGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAAT
GATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAG
CCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTA
TTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACG
TTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATT
CAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAA
AGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTT
ATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAG
ATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCG
GCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCA
GAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGA
TCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTC
AGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGC
CGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCAT

[00170] The sequence of the pPBBG-iHelper2.6-HA vector is provided below:

[00171] pPBBG-iHelper2.6-HA (16,658 bp) (SEQ ID NO: 9)

[00172] ACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGA
GCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACA
TTTCCCCGAAAAGTGCCACCTAAATTGTAAGCGTTAATATTITTIGTTAAAATTCGCGTT
AAATTTTTGTTAAATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATCCC
TTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTITTGGAACA
AGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTAT
CAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGAGG
TGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACG
GGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGG
CGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCG

79



WO 2025/096295 PCT/US2024/052959

CGCTTAATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAACTGTT
GGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGA
TGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGT
AAAACGACGGCCAGTGAGCGCGCCTCGTTCATTCACGTTTTTGAACCCGTGGAGGAC
GGGCAGACTCGCGGTGCAAATGTGTTTTACAGCGTGATGGAGCAGATGAAGATGCT
CGACACGCTGCAGAACACGCAGCTAGATTAACCCTAGAAAGATAATCATATTGTGA
CGTACGTTAAAGATAATCATGCGTAAAATTGACGCATGTGTTTTATCGGTCTGTATA
TCGAGGTTTATTTATTAATTTGAATAGATATTAAGTTTTATTATATTTACACTTACAT
ACTAATAATAAATTCAACAAACAATTTATTTATGTTTATTTATTTATTAAAAAAAAA
CAAAAACTCAAAATTTCTTCTATAAAGTAACAAAACTTTTATCGAATTCCTGCAGCC
CGGGGGATCCACTAGTTCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTA
ATTACGTCCCTCCCCCGCTAGGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGT
CCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCAGTGCGGGGACAGCCCGGGCACGG
GGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGC
AGACACCTGGGGGGATACGGGGAAAAGGCCTCCAAGGCCAGCTTCCCACAATAAGT
TGGGTGAATTTTGGCTCATTCCTCCTTTCTATAGGATTGAGGTCAGAGCTTTGTGATG
GGAATTCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCgcGATCgcTAGeGTTT
AAACTTAAGCTTGGTACCGAGCTCGGATCCACTAGTCCAGTGTGGTGGAATTCCTGC
TTCGCGATGTACGGGCCCggtacccaactccatgcettaacagtccccaggtacageeccaccctgegtecgeaaccaggaaca
gctetacagettcctggagegecactegecctacttccgeagecacagtgegeagattaggagegecacttctttttgtcacttgaaaaacat
gtaaaaataatgtactaggagacactttcaataaaggcaaatgtttttatttgtacactctcgggtgattatttaccecccacccttgeegtetgeg
ccgtttaaaaatcaaaggggtictgccgegeatcgetatgegecactggcagggacacgttgegatactggtgtttagtgctccacttaaact
caggcacaaccatccgcggeagetcggtgaagttttcactccacaggetgegeaccatcaccaacgegtttageaggtcgggcgecgata
tcttgaagtcgeagttggggcctecgeectgegegegegagttgegatacacagggttgecageactggaacactatcagegecgggtgst
geacgctggecageacgetettgtcggagatcagatecgegtecaggtecteegegttgetcagggegaacggagteaactttggtagetg
ccttcccaaaaagggtgcatgeccaggcetttgagttgcactcgeaccgtagtggeatcagaaggtgaccgtgeecggtetgggcgttagga
tacagcgcctgeatgaaagecttgatetgettaaaagecacctgagectttgegecttcagagaagaacatgecgeaagacttgecggaaa
actgattggcecggacaggecgegteatgeacgeageaccttgegteggtgtiggagatctgeaccacatttcggeeccaccggttettcacg
atcttggccttgctagactgetecttcagegegegcetgeccgttttcgetegtcacatecatttcaatcacgtgetecttatttatcataatgeteee
gtgtagacacttaagctcgecttcgatctcagegeageggtgcagecacaacgegeageccgtgggetegtggtacttgtaggttacetetg

caaacgactgcaggtacgcctgcaggaatcgecccatcatcgtcacaaaggtcttgttgetggtgaaggtcagetgecaacccgeggtgcte
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ctegtttagccaggtcttgecatacggeecgecagagcettecacttggtcaggeagtagettgaagtttgectttagategttatccacgtggtactt
gtccatcaacgegegegeagecteeatgeccttctcecacgeagacacgatcggeaggetcagegggtttatcacegtgcttteacttteeg
cttcactggactcttccttttcctettgegtecgeatacceegegecactgggtegtcettcattcagecgecgeaccgtgegcettaccteecttge
cgtgcttgattagcaccggtgggttoctgaaacccaccatttgtagegecacatcttetetttettcctegetgtecacgatcacctetggggat
ggegggegctegggctigggagaggagcgcettetttttetitttggacgcaatggecaaatccgecgtegaggtegatggeecgegggctgg
gtgtgcgeggeaccagegeatcettgtgacgagtettcticgtectcggactegagacgecgectcagecgcettttitgggggcgegeggeg
aggceggeggegacggegacggggacgacacgtectecatggtiggtggacgtegegecgeacegegtecgegetegggggtagttte
gegctgetectettccegactggecatttecttctectataggeagaaaaagatcatggagtcagtcgagaaggaggacagectaaccgece
cctttgagttcgecaccaccgectecaccgatgecgecaacgegectaceaccttccecgtcgaggeacceccgettgaggaggaggaa
gtgattatcgagcaggacccaggttttgtaagcgaagacgacgaggategetcagtaccaacagaggataaaaagcaagaccaggacga
cgcagaggcaaacgaggaacaagtcgggcegggggoaccaaaggeatggcgactacctagatgtgggagacgacgtgctgtigaagea
tctgcagegecagtgcgecattatctgecgacgegttgecaagagegcagegatgtgeccetegecatageggatgtcagecttgectacgaa
cgccacctgttctcaccgegegtacceccccaaacgecaagaaaacggeacatgegageccaaccegegectcaacttctacceegtatttg
ccgtgecagaggtgcttgecacctatcacatctttttccaaaactgcaagataccectatectgecgtgecaaccgeagecgageggacaag
cagctggecttgeggcagggegcetgtecatacctgatatcgectecgetcgacgaagtgecaaaaatctttgagggtcttggacgegacgaga
aacgcgceggcaaacgcetctgcaacaagaaaacagcgaaaatgaaagtcactgtggagtgctggteggaacttgagggtgacaacgegeg
cctagecgtgetgaaacgcagceatcgaggtceacccactttgectacceggeacttaacctaccccccaaggttatgageacagtcatgage
gagctgatcgtgegecgtgeacgaceectggagagggatgeaaacttgcaagaacaaaccgaggagggectaccegeagttggegatg
agcagctggegegcetggctigagacgegegagectgecgacttggaggagegacgeaagetaatgatggecgeagtgctigttacegtg
gagcttgagtgeatgecageggttctttgctgaccecggagatgcagegeaagetagaggaaacgttgcactacacctttcgecagggcetacg
tgcgecaggcectgcaaaatttccaacgtggagetctgcaacctggtetectaccttggaattttgcacgaaaaccgectegggeaaaacgts
cttcattccacgcetcaagggegaggegegecgegactacgtecgegactgegtttacttatttctgtgetacacctggeaaacggecatggg
cgtgtggcageaatgectggaggagegcaacctaaaggagetgcagaagetgctaaagcaaaacttgaaggacctatggacggecttca
acgagcgctecegtggecgegeacctggeggacattatcttcceccgaacgcectgcttaaaaccetgecaacagggtetgecagacttcaccag
tcaaagcatgttgcaaaactttaggaactttatcctagagegttcaggaattctgeccgecacctgetgtgegettectagegactttgtgecca
ttaagtaccgtgaatgccectcegeegetttggggteactgetaccettctgecagetagecaactaccttgectaccactcegacatcatggaaga
cgtgageggtgacggcectactggagtgtcactgtegetgcaacctatgecacccegeaccgcetcoctggtetgcaattcgeaactgettageg
aaagtcaaattatcggtacctttgagctgcagggtcecctegectgacgaaaagtecgeggetecggggttgaaactecactecggggctgtg
8acgtcCGATCTCTATCACTGATAGGGAGATCTCTATCACTGATAGGGAGAGggcttacctteg
caaatttgtacctgaggactaccacgeccacgagattaggttctacgaagaccaatecccgeccgecaaatgeggagcettacegectgegte

attacccagggccacatccttggecaattgcaagecatcaacaaageccgecaagagtitctgetacgaaagggacggggggstttacetgg
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acccccagtecggegaggagcetcaacceaatceecccegecgecgeageectatcagcageecgegggeccttgettcccaggatggeac
ccaaaaagaagctgcagetgecgeegeegecaccecacggacgaggaggaatactgggacagtcaggeagaggaggtittggacgagg
aggaggagatgatggaagactgggacagectagacgaagettccgaggecgaagaggtgtcagacgaaacaccgteacecteggtege
attcccctcgecggegecccagaaattggeaacegttcecageatcgetacaaccteegetectcaggegeegeeggeactgectgttcge
cgacccaaccgtagatgggacaccactggaaccagggecggtaagtctaagecagecgeecgeegttageccaagageaacaacagege
caaggctaccgetegtggegegggeacaagaacgecatagttgettgettgecaagactgtgggggcaacatctecttcgeccgecgetttet
tctctaccatcacggegtggecttceeccgtaacateetgeattactacegteatctetacagecectactgeaccggeggeageggeageg
gcagcaacageageggteacacagaageaaaggegaccggatageaagactctgacaaageccaagaaatccacageggeggcage
agcaggaggaggagcgcetgegtetggegeeccaacgaaccegtatcgaccegegagcettagaaataggatttttcccactctgtatgetatat
ttcaacaaagcaggggccaagaacaagagcetgaaaataaaaaacaggtctetgegeteectcaccegeagetgectgtatcacaaaageg
aagatcagcttcggcgcacgctggaagacgcggaggctetettcagcaaCGATCTCTATCACTGATAGGGAGATC
TCTATCACTGATAGGGAGAGatactgcgegetgactcttaaggactagtttcgegecctttctcaaatttaagcgegaaaa
ctacgtcatctccageggecacaccecggegcecageacctgtegtcagegecattatgagecaaggaaattcccacgecctacatgtggagtt
accagccacaaatgggacttgeggctggagetgeccaagactactcaacccgaataaactacatgagegegggaccecacatgatatcee
gggtcaacggaatccgegeccaccgaaaccgaattctecctcgaacaggeggctattaccaccacacctegtaataaccttaatccecgtagt
tggeecgcetgecctggtgtaccaggaaagteccgetcccaccactgtggtacttcccagagacgeccaggecgaagttcagatgactaact
caggggcegceagcttgegggeggctttcgtcacagggtgeggicgeccccagtggecaaaaaagetagegeageageegeegegectg
gaaggaagccaaaaggagcegceteeccegtigtetgacgtegeacacctgggticgacacgegggeggtaaccgeatggatcacggegg
acggecggatccggggttcgaaccecggtegtecgecatgataceettgegaatttatccaccagaccacggaagagtgeccgcettacag
gctetecttttgeacggtctagagegtcaacgactgegeacgecagtggecaaaaaagetagegeageagecgecgegectggaaggaa
gccaaaaggagegetecccegttgtetgacgtegeacacctgggttcgacacgegggeggtaaccgeatggatcacggeggacggecg
gatccggggticgaaccceggtegtecgecatgataceettgegaatttatccaccagaccacggaagagtgeccgettacaggeteteott
ttgcacggtctagagegtcaacgactgegeacgecagtggecaaaaaagetagegeageagecgecgegectggaaggaagecaaaa
ggagcgcetececccgttgtctgacgtcgeacacctgggttcgacacgegggeggtaaccgeatggatcacggeggacggeeggatcegg
ggttcgaacceeggtegtecgecatgataceettgegaatttatccaccagaccacggaagagtgcccgcettacaggetetecttitgeacg
gtctagagegtcaacgactgegeacgecagtggecaaaaaagetagegeageagecgecgegectggaaggaagecaaaaggages
ctcccecegttgtetgacgtegeacacctgggttegacacgegggeggtaaccgeatggatcacggeggacggeeggatecggggttcga
accccggtegtecgecatgataccettgegaatttatccaccagaccacggaagagtgeccgcettacaggetetecttttgecacggtctagag
cgtcaacgactgcgeacggggcgttitaggocggagtaacttgcatgtattgggaattgtagtttttttaaaatgggaagtgacgtatcgtggg
aaaacggaagtgaagatttgaggaagtigtgggttttitgactttegttictgggcgtaggttcgegtgcggttttctgggtgattttttgtggacttt
aaccgttacgtcattttttagtcctatatatactcgetctgtaCTCTCCCTATCAGTGATAGAGATCTCCCTATCA
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GTGATAGAGATCGcttggccctttttacactgtgactgattgagetggtgccgtgtegagtggatgttttttaataggotttttttactggt

aaggctgactgttatggctgccgetgtggaagegcetgtatgttgttctggagegggagggtactattttgectaggcaggagggtttticaggt
gtttatgtgtitttctetectattaattttgttatacctectatgggggctgtaatgttgtetctacgectgegggtatgtattceccegggetatttcgg
tcgcetttttagcactgaccgatgttaaccaacctgatgtgtttaccgagtcttacattatgactccggacatgaccgaggaactgteggtegtac
tttttaatcacggtgaccagtttttttacggtcacgeecggeatggecgtagteegtettatgettataagggttgtttttcetgttgtaagacaggcett
ctaatgtttaaatgtttttttttttgttattttattttgtgtttaatgcaggaacccgcagacatgtitgagagaaaaatggtgtetttttctgtggtagtte
cggaacttacctgcectttatctgeatgageatgactacgatgtgcttgcttttttgegegaggctttgectgattttttgageageaccttgeatttt

atatcgccgeccatgecaacaagettacataggggctacgetggttageatagetcegagtatgegtgtcataatcagtgtggattetttgteat
ggttcetggeggggaagtggecgegetggtecgtgeagacctgeacgattatgttcagetggecctgegaagggacctacgggatcgeg

gtatttttgttaatgttccgcettttgaatcttatacaggtetgtgaggaacctgaatttttgcaatcatgattcgetgcttgaggctgaaggtegagg
gegetetggagcagatttttacaatggeeggacttaatattcgggatttgcttagagacatattgataaggtggcgagatgaaaattatttggge
atggttgaaggtgctggaatgtttatagaggagattcaccctgaagggtitagectttacgtccacttggacgtgagggcagtttgecttttgga
agccattgtgcaacatcttacaaatgccattatctgttctttggetgtagagtttgaccacgecaccggaggggagegegttcacttaatagate
ttcattttgaggttitggataatcttttggaataaaaaaaaaaaaacatggticticcagetctteccgetectecegtgtgtgactcgeagaacga
atgtgtaggttgectgggtetgocttattctgecggtggtggatgttatcagggcageggegcatgaaggagtttacatagaacccgaageca
gggeoocgcctggatgctttgagagagtggatatactacaactactacacagagegagcetaagegacgagaccggagacgceagatctgttt
gtcacgeccgceacctggttttecttcaggaaatatg TACCCATACGATGTTCCAGATTACGCTGGAGGAGG
CGGAGGCactacgtceggegttceatttggeatgacactacgaccaacacgateteggttgtetcggegeacteccgtacagtagggat
cgectacctecttttgagacagagaccegegetaccatactggaggatcatecgetgetgeccgaatgtaacactttgacaatgeacaacgt

gagttacgtgcgaggtcttcectgecagtgtgggatttacgetgattcaggaatgggttgttcectgggatatggttctgacgegggaggagett
gtaatcctgaggaagtgtatgcacgtgtgectgtgttgtgccaacattgatatcatgacgageatgatgatceatggttacgagtectgggete
tccactgteattgttccagteeeggttecctgeagtgeatageeggegggeaggttttggecagetggtitaggatggtgetggatggcgeca
tgtttaatcagaggtttatatggtaccgggaggtggtgaattacaacatgecaaaagaggtaatgtttatgtccagegtgtttatgagggegteec
cacttaatctacctgegcttgtggtatgatggecacgtgggttetgtggtececgecatgagcetttggatacagegecttgeactgtgggatttt
gaacaatattgtggtgctgtactgecagttactgtgctgatttaagtgagatcagggtgcgetgctgtgececggaggacaaggegteteatget
gegggeggtgegaatcatcgetgaggagaccactgecatgttgtattectgcaggacggageggeggeggeageagtttattcgegeget
getgecageaccaccgecectatcetgatgeacgattatgactctacceecatgtaggegtggacttececticgecgeccgttgageaaccge
aagttggacagcagcectgtggetcageagetggacagegacatgaacttaagegagetgeccggggagtttattaatatcactgatgageg
tttggctcgacaggaaaccgtgtggaatataacacctaagaatatgtetgttacccatgatatgatgctttttaaggccagecggggagaaag

gactgtgtactctgtgtgttgggagggaggtagcaggttgaatactagggtictgtgagtttgattaaggtacggtgatcaatataagetatgtg

gtggtggooctatactactgaatgaaaaatgacttgaaattttctgcaattgaaaaataaacacgttgaaacataacatgcaacaggttcacga
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ttctttattcctgggcaatgtaggagaaggtotaagagttggtagcaaaagtttcagtggtgtattttccactttcccaggaccatgtaaaagaca
tagagtaagtgcttacctcgctagtttetgtggattcactagaatecactttggccgeggetcgagTGAGCTATTCCAGAAGT
AGTGAAGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTCCGGATCGATGCCC
GGGGGATCCACTAGTTCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTAA
TTACGTCCCTCCCCCGCTAGGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGTC
CGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCACGGG
GAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGCA
GACACCTGGGGGGATACGGGGAAAAGGCCTCCAAGGCCAGCTTCCCACAATAAGTT
GGGTGAATTTTGGCTGAGCTATTCCAGAAGTAGTGAAGAGGCTTTTTTGGAGGCCTA
GGCTTTTGCAAAAAGCTCCGGATCGATCATATATGGCAGATATACGCGTTGACATTG
ATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATAT
ATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAAC
GACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGG
ACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTA
CATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGG
CCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTAC
ATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAAT
GGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTC
AATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAAC
TCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAG
CAGAGCTCTCTGGCTAACTATCGTCGACGAGCTCGTTTAGTGAACCGTCAGATCGCC
TGGAGACGCCATCCACGCTGTTTITGACCTCCATAGAAGACACCGGGACCGATCCAG
CCTCCGGACTCTAGCGTTTAAACTTAAGCTTGCCACCatgaccgagtacaagcccacggtecgectege
cacccgegacgacgtceeccagggecgtacgeaccetegecgeegegttcgecgactaccecgecacgegecacaccgtegatccggac
cgccacatcgagegggteaccgagetgcaagaactettcetcacgegegtegggcetcgacatcggeaaggtgtggetegeggacgacg
gcgcegeggtageggtetggaccacgecggagagegtcgaagegggggeggtaticgecgagateggeccgegeatggecgagttga
geggttcceggetggecgegeageaacagatggaaggectectggegecgeaccggeccaaggageecgegtegticetggecacegt
cggcegtetegeccgaccaccagggeaagggtetgggcagegeegtegtgctecccggagtggagecggecgagegegeeegggatec
ccgecttectggagacctcegegececgeaacctececttctacgageggeteggettcaccgtcaccgecgacgtegaggtgeccgaag
gaccgcegceacctggtgcatgaccegecaageecggtgectgaAGCGCGGGGATCTCATGCTGGAGTTCTTCG
CCCACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCA
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CAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACT
CATCAATGTATCTTATCATGTCTGTAGCtGATgtATACCTAggATCCGGCCGGecTGCAgg
TGTCCTCACAGGAACGAAGTCCCTAAAGAAACAGTGGCAGCCAGGTTTAGCCCCGG
AATTGACTGGATTCCTTTTTTAGGGCCCATTGGTATGGCTTTTTCCCCGTATCCCCCC
AGGTGTCTGCAGGCTCAAAGAGCAGCGAGAAGCGTTCAGAGGAAAGCGATCCCGTG
CCACCTTCCCCGTGCCCGGGCTGTCCCCGCACGCTGCCGGCTCGGGGATGCGGGGGG
AGCGCCGGACCGGAGCGGAGCCCCGGGCGGCTCGCTGCTGCCCCCTAGCGGGGGAG
GGACGTAATTACATCCCTGGGGGCTTTGGGGGGGGGCTGTCCCTCTAGAGCGGCCGC
CACCGCGGTGGAGCTCCAGCTTTTGTTCCCTTTAGTGAGGGTTAATTAGATCTTAATA
CGACTCACTATAGGGCGAATTGGGTACCGGGCCCCCCCTCGAGGTCGACGGTATCG
ATAAGCTTGATATCTATAACAAGAAAATATATATATAATAAGTTATCACGTAAGTAG
AACATGAAATAACAATATAATTATCGTATGAGTTAAATCTTAAAAGTCACGTAAAA
GATAATCATGCGTCATTTTGACTCACGCGGTCGTTATAGTTCAAAATCAGTGACACT
TACCGCATTGACAAGCACGCCTCACGGGAGCTCCAAGCGGCGACTGAGATGTCCTA
AATGCACAGCGACGGATTCGCGCTATTTAGAAAGAGAGAGCAATATTTCAAGAATG
CATGCGTCAATTTTACGCAGACTATCTTTCTAGGGTTAATCTAGCTGCATCAGGATC
ATATCGTCGGGTCTTTTTTCCGGCTCAGTCATCGCCCAAGCTGGCGCTATCTGGGCAT
CGGGGAGGAAGAAGCCCGTGCCTTTTCCCGCGAGGTTGAAGCGGCATGGAAAGAGT
TTGCCGAGGATGACTGCTGCTGCATTGACGTTGAGCGAAAACGCACGTTTACCATGA
TGATTCGGGAAGGTGTGGCCATGCACGCCTTTAACGGTGAACTGTTCGTTCAGGCCA
CCTGGGATACCAGTTCGTCGCGGCTTTTCCGGACACAGTTCCGGATGGTCAGCCCGA
AGCGCATCAGCAACCCGAACAATACCGGCGACAGCCGGAACTGCCGTGCCGGTGTG
CAGATTAATGACAGCGGTGCGGCGCTGGGATATTACGTCAGCGAGGACGGGTATCC
TGGCTGGATGCCGCAGAAATGGACATGGATACCCCGTGAGTTACCCGGCGGGCGCG
CTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATT
CCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGT
GAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCT
GTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTA
TTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCG
GCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGG
ATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAA
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AAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAA
AAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGG
CGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGG
ATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGT
AGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCC
CCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCG
GTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGC
GAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACAC
TAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAG
AGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGT
TTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCT
TTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCA
TGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTA
AATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCA
GTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCC
CGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAAT
GATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAG
CCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTA
TTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACG
TTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATT
CAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAA
AGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTT
ATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAG
ATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCG
GCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCA
GAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGA
TCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTC
AGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGC
CGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCAT

[00173] The sequence of the pPBBG-iHelper2.7-HA vector is provided below:
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[00174] pPBBG-iHelper2.7-HA (17,114 bp) (SEQ ID NO: 10)

[00175] ACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGA
GCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACA
TTTCCCCGAAAAGTGCCACCTAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTT
AAATTTTTGTTAAATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATCCC
TTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACA
AGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTAT
CAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGAGG
TGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACG
GGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGG
CGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCG
CGCTTAATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAACTGTT
GGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGA
TGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGT
AAAACGACGGCCAGTGAGCGCGCCTCGTTCATTCACGTTTTTGAACCCGTGGAGGAC
GGGCAGACTCGCGGTGCAAATGTGTTTTACAGCGTGATGGAGCAGATGAAGATGCT
CGACACGCTGCAGAACACGCAGCTAGATTAACCCTAGAAAGATAATCATATTGTGA
CGTACGTTAAAGATAATCATGCGTAAAATTGACGCATGTGTTTTATCGGTCTGTATA
TCGAGGTTTATTTATTAATTTGAATAGATATTAAGTTTTATTATATTTACACTTACAT
ACTAATAATAAATTCAACAAACAATTTATTTATGTTTATTTATTTATTAAAAAAAAA
CAAAAACTCAAAATTTCTTCTATAAAGTAACAAAACTTTTATCGAATTCCTGCAGCC
CGGGGGATCCACTAGTTCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTA
ATTACGTCCCTCCCCCGCTAGGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGAT
CCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCACGG
GGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGC
AGACACCTGGGGGGATACGGGGAAAAGGCCTCCAAGGCCAGCTTCCCACAATAAGT
TGGGTGAATTTTGGCTCATTCCTCCTTTCTATAGGATTGAGGTCAGAGCTTTGTGATG
GGAATTCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCgcGATCgcTAGeGTTT
AAACTTAAGCTTGGTACCGAGCTCGGATCCACTAGTCCAGTGTGGTGGAATTCCTGC
TTCGCGATGTACGGGCCCggtacccaactccatgcttaacagtccccaggtacageccaccetgegtcgcaaccaggaaca

getctacagettectggagegecactegecctacttccgeagecacagtgegeagattaggagegecacttetttttgtcacttgaaaaacat

87



WO 2025/096295 PCT/US2024/052959

gtaaaaataatgtactaggagacactttcaataaaggcaaatgtttttatttgtacactctcgggtgattatttaccecccacecttgecgtetgeg
ccgtttaaaaatcaaaggggttctgecgegeategetatgegecactggeagggacacgtigegatactggtgtttagtgetecacttaaact
caggcacaaccatccgeggeagceteggtgaagttttcactccacaggetgegeaccatcaccaacgegtttagcaggtegggegecgata
tcttgaagtcgeagttggggecteccgecctgegegegegagttgcgatacacagggttgcageactggaacactatcagegeegggtagt
geacgctggecageacgetettgtcggagatcagatcegegtecaggtecteecgegttactecagggegaacggagteaactttggtagete
ccttcccaaaaagggtgeatgeccaggctttgagttgeactcgeacegtagtggeatcagaaggtgaccegtgeeceggtetgggcgttagga
tacagcgcectgeatgaaagcecttgatetgettaaaagecacetgagectttgegecttcagagaagaacatgecgeaagacttgeeggaaa
actgattggccggacaggecgegtcatgeacgcagceaccttgegteggtgttggagatetgeaccacatttcggecccaccggttcttcacg
atcttggcecttgctagactgetecttcagegegegcetgeccgttttcgetegtcacatecatttcaatcacgtgetecttatttatcataatgetece
gtgtagacacttaagctcgecttcgatctcagegeageggtgcagecacaacgegeageeegtgggctegtggtgcttataggttacctetg
caaacgactgcaggtacgectgcaggaatcgecccatcategtcacaaaggtettgttgctggtgaaggtcagetgeaaccegeggtgcte
ctcgtttagccaggtcttgecatacggecgecagagcettecacttggtcaggeagtagettgaagtttgcctttagategttatccacgtggtactt
gtccatcaacgegegcegceagectecatgecctictcccacgeagacacgatcggecaggetcagegggtttatcaccgtgetttcacttteeg
cttcactggactcttccttttcetettgegtecgeatacccegegecactgggtegtettcattcagecgecgeaccgtgegettaccteecttge
cgtgcttgattagcaccggtgggttgctgaaacccaccatttgtagegcecacatcttctcetttcttcctcgetgtccacgatcacctetggggat
ggcggocgctcggacttggoagageoocgcttctttttctititggacgcaatggecaaatccgecgtcgaggtegatggecgegggctgg
gtgtgcgeggeaccagegcatcettgtgacgagtcttcticgtectcggactegagacgecgectcagecgcttttitgggggcgcgegggg
aggcggeggegacggcgacggggacgacacgtectecatggtiggteggacgtegegecgeaccgegteegegetegggggtgagttte
gegcetgetectettccegactggecatttecttctectataggeagaaaaagatcatggagtcagtcgagaaggaggacagectaaccgece
cctttgagttcgeecaccaccgectecaccgatgecgecaacgegectaceacctteceeecgtcgaggeacceccgettgaggaggaggaa
gtgattatcgagcaggacccaggtittgtaagcgaagacgacgaggatcgetcagtaccaacagaggataaaaagcaagaccaggacga
cgcagaggcaaacgaggaacaagtcgggcgggggoaccaaaggeatggcgactacctagatgtgggagacgacgtgctgttgaagea
tctgcagegecagtgcgcecattatetgecgacgegttgcaagagegeagegatgtgeccetegecatageggatgtcagecttgectacgaa
cgecacctgttctcaccgegegtaccccccaaacgecaagaaaacggeacatgcgageccaaccegegectcaacttctaccecgtatttg
ccgtgecagaggtgcttgecacctateacatctttttccaaaactgeaagataccectatectgecgtgecaaccgeagecgageggacaag
cagctggecttgeggeagggcegcetgtcatacctgatatcgectcgetcgacgaagtgccaaaaatetttgagggtcttggacgegacgaga
aacgcgcggcaaacgcetotgcaacaagaaaacagegaaaatgaaagtcactgtggagtgctggtggaacttgagggteacaacgegeg
cctageegtgetgaaacgcagceatcgaggtcacccactttgectacceggeacttaacctaccccccaaggttatgageacagtcatgage
gagctgatcgtgcgecgtgecacgaccectggagagggatgcaaacttgcaagaacaaaccgaggagggcectacccgeagttggegatg
agcagctggegegcetggctigagacgegegagectgecgacttggaggagegacgeaagetaatgatggecgeagtgcttgttacegtg

gagcttgagtgcatgcageggttctttgctgacccggagatgecagegcaagetagaggaaacgttgcactacacetttcgecagggcetacg
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tgcgecaggcectgcaaaatttccaacgtggagcetetgeaacctggtetectaccttggaattttgcacgaaaaccgectcgggcaaaacgtg
cttcattccacgctcaagggegaggegegecgegactacgtecgegactgegtttacttatttctgtgctacacctggeaaacggecatggg
cgtgtggcagcaatgectggaggagegeaacctaaaggagetgcagaagetgctaaageaaaactigaaggacctatggacggecttea
acgagcgctccgtggecgegeacctggeggacattatcttccccgaacgectgcttaaaaccetgeaacagggtetgecagacttcaccag
tcaaagcatgttgcaaaactttaggaactttatcctagagegttcaggaattctgecegecacctgetgtgegettectagegactttgtgccca
ttaagtaccgtgaatgecctcegeegetttggggteactgctacctictgeagetagecaactaccttgectaccactccgacatcatggaaga
cgtgagcggtgacggectactggagtgteactgtegetgeaacctatgeacceegeaccgeteectggtetgeaattcgeaactgettageg
aaagtcaaattatcggtacctttgagetgeagggtecctegectgacgaaaagteegeggeteeggggttgaaactcacteeggggetgtg

2acgtcCGATCTCTATCACTGATAGGGAGATCTCTATCACTGATAGGGAGAGggcttacctteg
caaatttgtacctgaggactaccacgecccacgagattaggttctacgaagaccaatceegeccgecaaatgeggagettaccgeetgegte

attacccagggccacatccttggecaattgcaagecatcaacaaageccgecaagagtitctgetacgaaagggacggggggtttacctgg
acccccagtecggegaggagcetcaacccaatceecccgecgecgeagecctatcageageegegggeccttgettcccaggatggeac

ccaaaaagaagctgcagctgecgeegeegeeaccecacggacgaggaggaatactgggacagtcaggeagaggaggtittggacgagg
aggaggagatgatggaagactgggacagectagacgaagettccgaggecgaagaggtgtcagacgaaacaccgteacectcggtege
attcccctcgecggegecccagaaattggecaaccgttcccageatcgctacaacctecgetectcaggegecgecggceactgectgttege
cgacccaaccgtagatgggacaccactggaaccagggecggtaagtctaagcagecgecgecgttagecccaagagcaacaacagege

caaggctaccgetegtggegegggcacaagaacgecatagttgetigettgecaagactgtgggggcaacatctecttcgecegecgetttet
tetctaccatcacggegtggecttcceccgtaacatectgeattactaccgteatctetacageecctactgeaccggeggeageggeageg
gcagcaacagcageggtcacacagaageaaaggegaccggatagcaagactctgacaaageccaagaaatccacageggeggcage

agcaggaggaggagcgcetgegtetggegeecaacgaaccegtatcgaccegegagcettagaaataggatttttccecactetgtatgetatat
ttcaacaaagcaggggccaagaacaagagctgaaaataaaaaacaggtctetgegetecctecaccegeagetgectgtatcacaaaageg
aagatcagcttcggegcacgctggaagacgeggaggetctettcagcaaCGATCTCTATCACTGATAGGGAGATC
TCTATCACTGATAGGGAGAGatactgegegetgactcttaaggactagtttcgegecctttctcaaatttaagcgegaaaa

ctacgtcatctccageggecacacceggegecageacctgtegtcagegecattatgageaaggaaattcccacgecctacatgtggagtt

accagccacaaatgggacttgecggetggagetgeccaagactactcaacccgaataaactacatgagegegggaccecacatgatatcee
gggtcaacggaatccgegececaccgaaaccgaattetectcgaacaggeggcetattaccaccacacctegtaataaccttaatcecegtagt
tggeeegetgeectggtgtaccaggaaagtececgeteccaccactgtggtacticccagagacgeccaggecgaagticagatgactaact
caggggcegceagettgegggcggctttcgtcacagggtgeggtegeeccgggegttttagggeggagtaacttgeatgtattgggaattgtag
tttttttaaaatgggaagtgacgtatcgtgggaaaacggaagtgaagatttgaggaagttgtggattttttggctttegtitctgggcgtaggttc

gcgtacggttttctgggatattttttgtggactttaaccgttacgtcattttttagtectatatatactcgetctgtaCTCTCCCTATCAGT

GATAGAGATCTCCCTATCAGTGATAGAGATCGcttggcecctttttacactgtgactgattgagetggteccgtgt
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cgagtggtgttttitaataggttittttactggtaaggctgactgttatggcetgecgetgtggaagegctgtatgttgtictggagegggaggats
ctattttgcctaggcaggagggtttttcaggtgtttatgtgtttttctctectattaattttgttatacctectatgggggctgtaatgttgtetctacge
ctgegggtatgtattcecceecgggcetatttcggtegcttittagcactgaccgatgttaaccaacctgatgtgtitaccgagtettacattatgacte
cggacatgaccgaggaactgtcggtegtgctttttaatcacggtgaccagtttttttacggtcacgeeggeatggecgtagtecgtcttatgett
ataagggttgtttttcctgttgtaagacaggcettctaatgtttaaatgtttttttttttgttattttattttgtgtttaatgcaggaacccgeagacatgttt
gagagaaaaatggtgtctttttctgtagtegticcggaacttacctgectttatctgeatgageatgactacgatgtgcttgctttittgegegagg
ctttgectgattttttgageageaccttgceattttatatcgeecgeccatgcaacaagettacataggggcetacgetggttageatagetcegagta
tgegtgtcataatcagtgtgggttcttitgtcatggttectggeggggaagtggecgegetggtecgtgeagacctgeacgattatgttcaget
ggccctgegaagggacctacgggatcgeggtatttttgttaatgttcegettttgaatcttatacaggtetgtgaggaacctgaatttttgcaate
atgattcgcetgcettgaggctgaaggtggagggcgcetetggageagatttttacaatggecggacttaatattcgggatttgettagagacatatt
gataaggtggcegagatgaaaattatttgggcatggttgaaggtgctggaatgtttatagaggagattcaccctgaagggtttagectttacgte
cacttggacgtgagggcagttteccttttggaagecattgtgcaacatcttacaaatgecattatetgttetttggetgtagagtttgaccacgec
accggaggeggagcgcgttcacttaatagatcttcattitgaggttttggataatcttttggaataaaaaaaaaaaaacatggttcttccagcetctt
ccegetecteocgtgtgtgactcgecagaacgaatgtgtaggttggctgggtatggcttattctgeggtagtggatgttatcagggcageggc
gcatgaaggagtttacatagaacccgaagccagggggcgectggatgctitgagagagtggatatactacaactactacacagagegage
taagcgacgagaccggagacgcagatctgtttgtcacgeccgeacctggttttgettcaggaaatatgTACCCATACGATGTT
CCAGATTACGCTGGAGGAGGCGGAGGCactacgtccggcegttccatttggeatgacactacgaccaacacgatct
cggttgtctcggegeactccgtacagtagggategectacctecttttgagacagagaccegegcetaccatactggaggatcatecgetget
geecgaatgtaacactttgacaatgeacaacgtgagttacgtgegaggteticectgeagtgtgggatitacgetgatticaggaatgggttgtt
ccctgggatatggtictgacgecgggaggagettgtaatecctgaggaagtgtatgeacgtgtgcctgtgttgteccaacattgatatcatgacg
agcatgatgatccatggttacgagtcctgggctetccactgteattgttccagtcecggttcectgeagtgcatageeggegggcaggtttteg
ccagctggtttaggatggetggtegatggcgccatgtttaatcagaggtitatatggtaccgggaggtegtegaattacaacatgccaaaagag
gtaatgtttatgtccagegtgtttatgaggggtegecacttaatctacctgegettgtggtatgatggecacgtgggttetgtggteccegecat
gagctttggatacagegecttgeactgtgggattttgaacaatattgtggtgctgtgctgeagttactgtgctgatttaagtgagatcagggtec
getgetgtgececggaggacaaggegteteatgetgegggeggtgegaatcategetgaggagaccactgecatgttgtattectgeaggac
ggagcggeggcggcageagtttattcgegegetgetgeageaccaccgecctatectgatgeacgattatgactctacceccatgtaggeg
tggacttceecttcgecgecegttgagecaaccgeaagttggacageagectgtggcetcageagetggacagegacatgaacttaagegag
ctgcceggggagtttattaatatcactgatgagegtttggetcgacaggaaaccgtgtggaatataacacctaagaatatgtetgttacecatg
atatgatgctttttaaggccagecggggagaaaggactgtgtactetgtgtgttggeagggagotooscaggttgaatactagggttctgtgag
tttgattaaggtacggtgatcaatataagcetatgtggtagtgagactatactactgaatgaaaaatgacttgaaattttctgcaattgaaaaataa

acacgttgaaacataacatgcaacaggttcacgattctttattcctgggcaatgtaggagaaggtgtaagagttggtagcaaaagtttcagtgg
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tgtattttccactttcccaggaccatgtaaaagacatagagtaagtgcettacctegetagtttctgtggattcactagaaccagtggecaaaaaa
gctagcgeageagecgecgegectggaaggaagecaaaaggagegetecececgttgtetgacgtegeacacctgggttcgacacgegg
geggtaaccgeatggatcacggcggacggecggatccggggticgaaccecggtegtecegecatgatacecttgegaatttatccaccag
accacggaagagtgcccecttacagGTGGTCTCATACAGAACTTATAAGATTCCCAAATCCAAAGA
CATTTCACGTTTATGGTGATTTCCCAGAACACATAGCGACATGCAAATATTGCAGGG
CGCCACTCCCCTGTCCgctctecttttgcacggtctagagegtcaacgactgegeacgecagtggccaaaaaagetagegea
geagecgecgegectggaaggaagecaaaaggagegeteccecgttgtetgacgtegeacacctgggttcgacacgegggeggtaace
geatggatcacggcggacggecggatecggggttcgaacceeggtegtecgecatgatacecttgegaatttatccaccagaccacggaa
gagtgcccgettacagGTGGTCTCATACAGAACTTATAAGATTCCCAAATCCAAAGACATTTC
ACGTTTATGGTGATTTCCCAGAACACATAGCGACATGCAAATATTGCAGGGCGCCAC
TCCCCTGTCCgctctecttttgcacggtctagagegtcaacgactgegeacgecagtggccaaaaaagetagcgeageagecgcee
gcgectggaaggaagecaaaaggagegeteceecgttgtetgacgtegeacacctgggttcgacacgegggeggtaaccgeatggatea
cggeggacggecggatccggggttcgaaccecggtegtecgecatgatacecttgegaatttatccaccagaccacggaagagtgeccg
cttacagGTGGTCTCATACAGAACTTATAAGATTCCCAAATCCAAAGACATTTCACGTTT
ATGGTGATTTCCCAGAACACATAGCGACATGCAAATATTGCAGGGCGCCACTCCCCT
GTCCgctctecttttgcacggtctagagegtcaacgactgegeacgecagtggecaaaaaagetagegeageageegecgegeeteg
aaggaagccaaaaggagegctececcgttgtetgacgtegeacacctgggttcgacacgegggeggtaaccgeatggatcacggegga
cggeeggatceggggttcgaacceeggtegtecgecatgataceettgegaatttatccaccagaccacggaagagtgeccgcettacagG
TGGTCTCATACAGAACTTATAAGATTCCCAAATCCAAAGACATTTCACGTTTATGGT
GATTTCCCAGAACACATAGCGACATGCAAATATTGCAGGGCGCCACTCCCCTGTCCg
ctcteettttgeacggtctagagegtcaacgactgegeacgtecactttggecgeggcetcgagTGAGCTATTCCAGAAGTA
GTGAAGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTCCGGATCGATGCCCG
GGGGATCCACTAGTTCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTAAT
TACGTCCCTCCCCCGCTAGGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGTCC
GGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCACGGGG
AAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGCAG
ACACCTGGGGGGATACGGGGAAAAGGCCTCCAAGGCCAGCTTCCCACAATAAGTTG
GGTGAATTTTGGCTGAGCTATTCCAGAAGTAGTGAAGAGGCTTTTTTGGAGGCCTAG
GCTTTTGCAAAAAGCTCCGGATCGATCATATATGGCAGATATACGCGTTGACATTGA
TTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATA
TGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACG
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ACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGA
CTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTAC
ATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGC
CCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACA
TCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATG
GGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCA
ATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACT
CCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGC
AGAGCTCTCTGGCTAACTATCGTCGACGAGCTCGTTTAGTGAACCGTCAGATCGCCT
GGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGC
CTCCGGACTCTAGCGTTTAAACTTAAGCTTGCCACCatgaccgagtacaagceccacggtgcgectegee
acccgegacgacgteeccagggecgtacgeaccctcgecgecgegttcgeecgactaceecgecacgegecacaccgtegatecggace
gccacatcgagegggtcaccgagcetgecaagaactcttectcacgegegtegggetcgacatcggcaaggtgtgggtegeggacgacgg
cgeegeggtggeggtetggaccacgecggagagegtcgaagegggggcggtaticgecgagateggeccgegeatggecgagttgag
cggttcecggcetggecgegeagcaacagatggaaggectectggegecgeaccggeccaaggageccgegtggttecctggecaccgte
ggcgtectcgeccgaccaccagggceaagggtctgggcagegecgtegtgetecceceggagtggaggeggccgagegegecgggetace
cgcecttectggagaccteegegeeccgeaaccteeectictacgageggeteggceticacegtcaccgecgacgtegaggtgccegaagg
accgcgcacctggtgeatgaccegeaageeceggtgectgaAGCGCGGGGATCTCATGCTGGAGTTCTTCGC
CCACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCAC
AAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTC
ATCAATGTATCTTATCATGTCTGTAGCtGATgtATAcCTAggATCCGGCCGGecTGCAggT
GTCCTCACAGGAACGAAGTCCCTAAAGAAACAGTGGCAGCCAGGTTTAGCCCCGGA
ATTGACTGGATTCCTTTTTTAGGGCCCATTGGTATGGCTTTTTCCCCGTATCCCCCCA
GGTGTCTGCAGGCTCAAAGAGCAGCGAGAAGCGTTCAGAGGAAAGCGATCCCGTGC
CACCTTCCCCGTGCCCGGGCTGTCCCCGCACGCTGCCGGCTCGGGGATGCGGGGGG
AGCGCCGGACCGGAGCGGAGCCCCGGGCGGCTCGCTGCTGCCCCCTAGCGGGGGAG
GGACGTAATTACATCCCTGGGGGCTTTGGGGGGGGGCTGTCCCTCTAGAGCGGCCGC
CACCGCGGTGGAGCTCCAGCTTTTGTTCCCTTTAGTGAGGGTTAATTAGATCTTAATA
CGACTCACTATAGGGCGAATTGGGTACCGGGCCCCCCCTCGAGGTCGACGGTATCG
ATAAGCTTGATATCTATAACAAGAAAATATATATATAATAAGTTATCACGTAAGTAG
AACATGAAATAACAATATAATTATCGTATGAGTTAAATCTTAAAAGTCACGTAAAA
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GATAATCATGCGTCATTTTGACTCACGCGGTCGTTATAGTTCAAAATCAGTGACACT
TACCGCATTGACAAGCACGCCTCACGGGAGCTCCAAGCGGCGACTGAGATGTCCTA
AATGCACAGCGACGGATTCGCGCTATTTAGAAAGAGAGAGCAATATTTCAAGAATG
CATGCGTCAATTTTACGCAGACTATCTTTCTAGGGTTAATCTAGCTGCATCAGGATC
ATATCGTCGGGTCTTTTTTCCGGCTCAGTCATCGCCCAAGCTGGCGCTATCTGGGCAT
CGGGGAGGAAGAAGCCCGTGCCTTTTCCCGCGAGGTTGAAGCGGCATGGAAAGAGT
TTGCCGAGGATGACTGCTGCTGCATTGACGTTGAGCGAAAACGCACGTTTACCATGA
TGATTCGGGAAGGTGTGGCCATGCACGCCTTTAACGGTGAACTGTTCGTTCAGGCCA
CCTGGGATACCAGTTCGTCGCGGCTTTTCCGGACACAGTTCCGGATGGTCAGCCCGA
AGCGCATCAGCAACCCGAACAATACCGGCGACAGCCGGAACTGCCGTGCCGGTAGTG
CAGATTAATGACAGCGGTGCGGCGCTGGGATATTACGTCAGCGAGGACGGGTATCC
TGGCTGGATGCCGCAGAAATGGACATGGATACCCCGTGAGTTACCCGGCGGGCGCG
CTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATT
CCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGT
GAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCT
GTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTITTGCGTA
TTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCG
GCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGG
ATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAA
AAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAA
AAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGG
CGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGG
ATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGT
AGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCC
CCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCG
GTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGC
GAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACAC
TAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAG
AGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGT
TTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCT
TTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCA
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TGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTA
AATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCA
GTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCC
CGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAAT
GATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAG
CCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTA
TTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACG
TTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATT
CAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAA
AGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTT
ATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAG
ATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCG
GCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCA
GAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGA
TCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTC
AGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGC
CGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCAT

[00176] The sequence of the pPBBG-iHelper2.8-HA vector is provided below:

[00177] pPBBG-iHelper2.8-HA (17,114 bp) (SEQ ID NO: 11)

[00178] ACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGA
GCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACA
TTTCCCCGAAAAGTGCCACCTAAATTGTAAGCGTTAATATTITTIGTTAAAATTCGCGTT
AAATTTTTGTTAAATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATCCC
TTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTITTGGAACA
AGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTAT
CAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGAGG
TGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACG
GGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGG
CGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCG
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CGCTTAATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAACTGTT
GGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGA
TGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGT
AAAACGACGGCCAGTGAGCGCGCCTCGTTCATTCACGTTTTTGAACCCGTGGAGGAC
GGGCAGACTCGCGGTGCAAATGTGTTTTACAGCGTGATGGAGCAGATGAAGATGCT
CGACACGCTGCAGAACACGCAGCTAGATTAACCCTAGAAAGATAATCATATTGTGA
CGTACGTTAAAGATAATCATGCGTAAAATTGACGCATGTGTTTTATCGGTCTGTATA
TCGAGGTTTATTTATTAATTTGAATAGATATTAAGTTTTATTATATTTACACTTACAT
ACTAATAATAAATTCAACAAACAATTTATTTATGTTTATTTATTTATTAAAAAAAAA
CAAAAACTCAAAATTTCTTCTATAAAGTAACAAAACTTTTATCGAATTCCTGCAGCC
CGGGGGATCCACTAGTTCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTA
ATTACGTCCCTCCCCCGCTAGGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGT
CCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCAGTGCGGGGACAGCCCGGGCACGG
GGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGC
AGACACCTGGGGGGATACGGGGAAAAGGCCTCCAAGGCCAGCTTCCCACAATAAGT
TGGGTGAATTTTGGCTCATTCCTCCTTTCTATAGGATTGAGGTCAGAGCTTTGTGATG
GGAATTCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCgcGATCgcTAGeGTTT
AAACTTAAGCTTGGTACCGAGCTCGGATCCACTAGTCCAGTGTGGTGGAATTCCTGC
TTCGCGATGTACGGGCCCggtacccaactccatgcettaacagtccccaggtacageeccaccctgegtecgeaaccaggaaca
gctetacagettcctggagegecactegecctacttccgeagecacagtgegeagattaggagegecacttctttttgtcacttgaaaaacat
gtaaaaataatgtactaggagacactttcaataaaggcaaatgtttttatttgtacactctcgggtgattatttaccecccacccttgeegtetgeg
ccgtttaaaaatcaaaggggtictgccgegeatcgetatgegecactggcagggacacgttgegatactggtgtttagtgctccacttaaact
caggcacaaccatccgcggeagetcggtgaagttttcactccacaggetgegeaccatcaccaacgegtttageaggtcgggcgecgata
tcttgaagtcgeagttggggcctecgeectgegegegegagttgegatacacagggttgecageactggaacactatcagegecgggtgst
geacgctggecageacgetettgtcggagatcagatecgegtecaggtecteegegttgetcagggegaacggagteaactttggtagetg
ccttcccaaaaagggtgcatgeccaggcetttgagttgcactcgeaccgtagtggeatcagaaggtgaccgtgeecggtetgggcgttagga
tacagcgcctgeatgaaagecttgatetgettaaaagecacctgagectttgegecttcagagaagaacatgecgeaagacttgecggaaa
actgattggcecggacaggecgegteatgeacgeageaccttgegteggtgtiggagatctgeaccacatttcggeeccaccggttettcacg
atcttggccttgctagactgetecttcagegegegcetgeccgttttcgetegtcacatecatttcaatcacgtgetecttatttatcataatgeteee
gtgtagacacttaagctcgecttcgatctcagegeageggtgcagecacaacgegeageccgtgggetegtggtacttgtaggttacetetg

caaacgactgcaggtacgcctgcaggaatcgecccatcatcgtcacaaaggtcttgttgetggtgaaggtcagetgecaacccgeggtgcte
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ctegtttagccaggtcttgecatacggeecgecagagcettecacttggtcaggeagtagettgaagtttgectttagategttatccacgtggtactt
gtccatcaacgegegegeagecteeatgeccttctcecacgeagacacgatcggeaggetcagegggtttatcacegtgcttteacttteeg
cttcactggactcttccttttcctettgegtecgeatacceegegecactgggtegtcettcattcagecgecgeaccgtgegcettaccteecttge
cgtgcttgattagcaccggtgggttoctgaaacccaccatttgtagegecacatcttetetttettcctegetgtecacgatcacctetggggat
ggegggegctegggctigggagaggagcgcettetttttetitttggacgcaatggecaaatccgecgtegaggtegatggeecgegggctgg
gtgtgcgeggeaccagegeatcettgtgacgagtettcticgtectcggactegagacgecgectcagecgcettttitgggggcgegeggeg
aggceggeggegacggegacggggacgacacgtectecatggtiggtggacgtegegecgeacegegtecgegetegggggtagttte
gegctgetectettccegactggecatttecttctectataggeagaaaaagatcatggagtcagtcgagaaggaggacagectaaccgece
cctttgagttcgecaccaccgectecaccgatgecgecaacgegectaceaccttccecgtcgaggeacceccgettgaggaggaggaa
gtgattatcgagcaggacccaggttttgtaagcgaagacgacgaggategetcagtaccaacagaggataaaaagcaagaccaggacga
cgcagaggcaaacgaggaacaagtcgggcegggggoaccaaaggeatggcgactacctagatgtgggagacgacgtgctgtigaagea
tctgcagegecagtgcgecattatctgecgacgegttgecaagagegcagegatgtgeccetegecatageggatgtcagecttgectacgaa
cgccacctgttctcaccgegegtacceccccaaacgecaagaaaacggeacatgegageccaaccegegectcaacttctacceegtatttg
ccgtgecagaggtgcttgecacctatcacatctttttccaaaactgcaagataccectatectgecgtgecaaccgeagecgageggacaag
cagctggecttgeggcagggegcetgtecatacctgatatcgectecgetcgacgaagtgecaaaaatctttgagggtcttggacgegacgaga
aacgcgceggcaaacgcetctgcaacaagaaaacagcgaaaatgaaagtcactgtggagtgctggteggaacttgagggtgacaacgegeg
cctagecgtgetgaaacgcagceatcgaggtceacccactttgectacceggeacttaacctaccccccaaggttatgageacagtcatgage
gagctgatcgtgegecgtgeacgaceectggagagggatgeaaacttgcaagaacaaaccgaggagggectaccegeagttggegatg
agcagctggegegcetggctigagacgegegagectgecgacttggaggagegacgeaagetaatgatggecgeagtgctigttacegtg
gagcttgagtgeatgecageggttctttgctgaccecggagatgcagegeaagetagaggaaacgttgcactacacctttcgecagggcetacg
tgcgecaggcectgcaaaatttccaacgtggagetctgcaacctggtetectaccttggaattttgcacgaaaaccgectegggeaaaacgts
cttcattccacgcetcaagggegaggegegecgegactacgtecgegactgegtttacttatttctgtgetacacctggeaaacggecatggg
cgtgtggcageaatgectggaggagegcaacctaaaggagetgcagaagetgctaaagcaaaacttgaaggacctatggacggecttca
acgagcgctecegtggecgegeacctggeggacattatcttcceccgaacgcectgcttaaaaccetgecaacagggtetgecagacttcaccag
tcaaagcatgttgcaaaactttaggaactttatcctagagegttcaggaattctgeccgecacctgetgtgegettectagegactttgtgecca
ttaagtaccgtgaatgccectcegeegetttggggteactgetaccettctgecagetagecaactaccttgectaccactcegacatcatggaaga
cgtgageggtgacggcectactggagtgtcactgtegetgcaacctatgecacccegeaccgcetcoctggtetgcaattcgeaactgettageg
aaagtcaaattatcggtacctttgagctgcagggtcecctegectgacgaaaagtecgeggetecggggttgaaactecactecggggctgtg
8acgtcCGATCTCTATCACTGATAGGGAGATCTCTATCACTGATAGGGAGAGggcttacctteg
caaatttgtacctgaggactaccacgeccacgagattaggttctacgaagaccaatecccgeccgecaaatgeggagcettacegectgegte

attacccagggccacatccttggecaattgcaagecatcaacaaageccgecaagagtitctgetacgaaagggacggggggstttacetgg
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acccccagtecggegaggagcetcaacceaatceecccegecgecgeageectatcagcageecgegggeccttgettcccaggatggeac
ccaaaaagaagctgcagetgecgeegeegecaccecacggacgaggaggaatactgggacagtcaggeagaggaggtittggacgagg
aggaggagatgatggaagactgggacagectagacgaagettccgaggecgaagaggtgtcagacgaaacaccgteacecteggtege
attcccctcgecggegecccagaaattggeaacegttcecageatcgetacaaccteegetectcaggegeegeeggeactgectgttcge
cgacccaaccgtagatgggacaccactggaaccagggecggtaagtctaagecagecgeecgeegttageccaagageaacaacagege
caaggctaccgetegtggegegggeacaagaacgecatagttgettgettgecaagactgtgggggcaacatctecttcgeccgecgetttet
tctctaccatcacggegtggecttceeccgtaacateetgeattactacegteatctetacagecectactgeaccggeggeageggeageg
gcagcaacageageggteacacagaageaaaggegaccggatageaagactctgacaaageccaagaaatccacageggeggcage
agcaggaggaggagcgcetgegtetggegeeccaacgaaccegtatcgaccegegagcettagaaataggatttttcccactctgtatgetatat
ttcaacaaagcaggggccaagaacaagagcetgaaaataaaaaacaggtctetgegeteectcaccegeagetgectgtatcacaaaageg
aagatcagcttcggcgcacgctggaagacgcggaggctetettcagcaaCGATCTCTATCACTGATAGGGAGATC
TCTATCACTGATAGGGAGAGatactgcgegetgactcttaaggactagtttcgegecctttctcaaatttaagcgegaaaa
ctacgtcatctccageggecacaccecggegcecageacctgtegtcagegecattatgagecaaggaaattcccacgecctacatgtggagtt
accagccacaaatgggacttgeggctggagetgeccaagactactcaacccgaataaactacatgagegegggaccecacatgatatcee
gggtcaacggaatccgegeccaccgaaaccgaattctecctcgaacaggeggctattaccaccacacctegtaataaccttaatccecgtagt
tggeecgcetgecctggtgtaccaggaaagteccgetcccaccactgtggtacttcccagagacgeccaggecgaagttcagatgactaact
caggggcegceagcttgegggeggctttcgtcacagggtgeggicgeccccagtggecaaaaaagetagegeageageegeegegectg
gaaggaagccaaaaggagcegceteeccegtigtetgacgtegeacacctgggticgacacgegggeggtaaccgeatggatcacggegg
acggecggatccggggttcgaaccecggtegtecgecatgataceettgegaatttatccaccagaccacggaagagtgeccgcettacag
GTGGTCTCATACAGAACTTATAAGATTCCCAAATCCAAAGACATTTCACGTTTATGG
TGATTTCCCAGAACACATAGCGACATGCAAATATTGCAGGGCGCCACTCCCCTGTCC
getetecttttgeacggtctagagegtcaacgactgegeacgecagtggccaaaaaagetagegeageagecgecgegectggaaggaa
gccaaaaggagegcetecceegttgtetgacgtegeacacctgggttcgacacgegggeggtaaccgeatggatcacggeggacggccg
gatccggggttcgaacceecggtegtecgecatgataceettgegaatttatccaccagaccacggaagagtgeccgettacagGTGGT
CTCATACAGAACTTATAAGATTCCCAAATCCAAAGACATTTCACGTTTATGGTGATT
TCCCAGAACACATAGCGACATGCAAATATTGCAGGGCGCCACTCCCCTGTCCgctctectt
ttgcacggtctagagegtcaacgactgegeacgecagtggecaaaaaagetagegeageagecgecgegectggaaggaagecaaaa
ggagcgctceeccgttgtetgacgtcgeacacctgggttcgacacgegggeggtaaccgeatggatcacggeggacggecggateegg
ggttcgaacceceggtegtecgecatgatacecttgegaatttatccaccagaccacggaagagtgcecgettacagGTGGTCTCAT
ACAGAACTTATAAGATTCCCAAATCCAAAGACATTTCACGTTTATGGTGATTTCCCA
GAACACATAGCGACATGCAAATATTGCAGGGCGCCACTCCCCTGTCCgctctecttttgcacgg
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tctagagegtcaacgactgegeacgecagtggecaaaaaagetagegeageagecgecgegectggaaggaagecaaaaggagegct
ccecegttgtetgacgtcgeacacctgggttcgacacgegggeggtaaccgeatggatcacggeggacggecggatccggggttcgaac
cceggtegtecgecatgatacecttgegaatttatccaccagaccacggaagagteccegettacagGTGGTCTCATACAGA
ACTTATAAGATTCCCAAATCCAAAGACATTTCACGTTTATGGTGATTTCCCAGAACA

CATAGCGACATGCAAATATTGCAGGGCGCCACTCCCCTGTCCgctctecttttgcacggtctagage
gtcaacgactgecgeacggggcgttttagggcggagtaacttgeatgtattgggaattgtagtttttttaaaatgggaagtgacgtategtggga
aaacggaagtgaagatttgaggaagttgtggsttttttagctttegtttctgggcgtaggttcgegtgcggttttctgggtgttttttgtggacttta
accgttacgtcattttttagtcctatatatactcgetctgtaCTCTCCCTATCAGTGATAGAGATCTCCCTATCAG
TGATAGAGATCGettggecctttttacactgtgactgattgagetggteccgtatcgagtggtattttttaataggtttttttactggtaa
ggctgactgttatggetgeegetgtggaagegetgtatgttgtictggagegggagggteactattttgectaggeaggagggtttttcaggtat
ttatgtgtttttctctcctattaattttgttatacctectatgggggctgtaatgttgtetetacgectgegggtatgtattcceceegggctatttcggte
gctttttagcactgaccgatgttaaccaacctgatgtgtttaccgagtcttacattatgactccggacatgaccgaggaactgteggtggtgcttt
ttaatcacggtgaccagtttttttacggtcacgeccggeatggecgtagtecgtettatgettataagggttgtttttcctgttgtaagacaggcttct
aatgtttaaatgtttttttttttattattttattttgtgtttaatgcaggaacccgeagacatgtitgagagaaaaatggtgtctttttctgtggtggttce

ggaacttacctgcectttatctgcatgagcatgactacgatgtgcttgcettttttgecgegaggctttgectgattttttgagcageaccttgceattttat
atcgccgceccatgcaacaagcttacataggggcetacgetggttagcatagetccgagtatgegtgtcataatcagtgtgggticttttgtcatg

gttcctggeggggaagtggecgegetggteegtgcagacctgeacgattatgttcagetggeectgegaagggacctacgggatcgeggt
atttttgttaatgttcegcettttgaatcttatacaggtetgtgaggaacctgaatttttgeaatcatgattcgetgettgaggcetgaaggtggaggac
gctetggagceagatttitacaatggecggacttaatattcgggatttgcttagagacatattgataaggtggcgagatgaaaattatttgggcat

ggttgaaggtgctggaatgtttatagaggagattcaccctgaagggtitagectttacgtccacttggacgtgagggcagtttgecttttggaa

gccattgtgcaacatcttacaaatgecattatctgttetttggetgtagagtttgaccacgecaccggaggggagegegtteacttaatagatct
tcattttgaggttttggataatctittggaataaaaaaaaaaaaacatggttcttccagetettcecgetecteccgtgtgtgactcgeagaacga

atgtgtaggttggctggototogcttattctgeggtegtggatgttatcagggcageggcgeatgaaggagtttacatagaacccgaageca
gggggcgectggatgetttgagagagtggatatactacaactactacacagagegagcetaagegacgagaccggagacgeagatetgttt
gtcacgeccgeacctggttttecttcaggaaatate TACCCATACGATGTTCCAGATTACGCTGGAGGAGG
CGGAGGCactacgtceggegttccatttggeatgacactacgaccaacacgatcteggttgtetcggegeactccgtacagtagggat
cgectacctecttttgagacagagaccegegetaccatactggaggatcatccgetgetgeccgaatgtaacactttgacaatgeacaacgt

gagttacgtgcgaggtcttcectgeagtgtgggatttacgetgattcaggaatgggttgticectgggatatggttctgacgegggaggagett
gtaatcctgaggaagtgtatgcacgtgtgcctgtgttgtgccaacattgatatcatgacgagceatgatgatccatggttacgagtectgggcte

tccactgtcattgttccagteceggttcectgeagtgcatagecggegggeaggttttggccagetggtitaggatggtggtggatggcgeca
tgtttaatcagaggtttatatggtaccgggaggtegtoaattacaacatgeccaaaagaggtaatgtttatgtccagegtgtttatgaggggtcoc
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cacttaatctacctgegcettgtggtatgatggccacgtgggttetgtggteccegecatgagetitggatacagegecttgcactgtgggatttt
gaacaatattgtggtgctgtgctgcagttactgtgctgatttaagtgagatcagggtgcgetgetgtgeccggaggacaaggegteteatget
gegggcggtgcgaatcatcgetgaggagaccactgecatgttgtattectgeaggacggageggeggeggeageagtttattcgegegct
gctgeageaccacecgecctatcetgatgeacgattatgactctaceeccatgtaggegtggacttececttcgeegecegttgageaaccge
aagttggacagcagectgtggctcageagetggacagegacatgaacttaagegagetgeccggggagtttattaatatcactgatgageg
tttggctcgacaggaaaccgtgtggaatataacacctaagaatatgtetgttacccatgatatgatgctttttaaggecageeggggagaaag
gactgtgtactctgtgtattoggagesagateocaggttgaatactagggttctgtgagtttgattaaggtacggtgatcaatataagetatgtg
gtggtgggoctatactactgaatgaaaaatgacttgaaattttctgcaattgaaaaataaacacgttgaaacataacatgcaacaggttcacga
ttctttattcctgggcaatgtaggagaaggtgtaagagttggtagcaaaagtttcagtggtgtattttccactttcccaggaccatgtaaaagaca
tagagtaagtgcttacctcgcetagtttctgtggattcactagaatccactttggecgeggetcgagTGAGCTATTCCAGAAGT
AGTGAAGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTCCGGATCGATGCCC
GGGGGATCCACTAGTTCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTAA
TTACGTCCCTCCCCCGCTAGGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGTC
CGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCACGGG
GAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGCA
GACACCTGGGGGGATACGGGGAAAAGGCCTCCAAGGCCAGCTTCCCACAATAAGTT
GGGTGAATTTTGGCTGAGCTATTCCAGAAGTAGTGAAGAGGCTTTTTTGGAGGCCTA
GGCTTTTGCAAAAAGCTCCGGATCGATCATATATGGCAGATATACGCGTTGACATTG
ATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATAT
ATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAAC
GACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGG
ACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTA
CATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGG
CCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTAC
ATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAAT
GGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTC
AATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAAC
TCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAG
CAGAGCTCTCTGGCTAACTATCGTCGACGAGCTCGTTTAGTGAACCGTCAGATCGCC
TGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAG
CCTCCGGACTCTAGCGTTTAAACTTAAGCTTGCCACC Catgaccgagtacaagccecacggtgcgectege
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cacccgegacgacgtececagggecgtacgeaccetegecgeegegttcgeegactaccecgecacgegecacaccgtegatccggac
cgccacatcgagegggtcaccgagetgeaagaactettcctcacgegegtegggetcgacatcggeaaggtgtgggtegeggacgacg
gegeegeggtggeggtetggaccacgecggagagegtegaagegggggeggtgttcgecgagatcggeccgegeatggecgagttga
geggtteceggetggecgegeageaacagatggaaggectectggegeegeaccggeccaaggageecgegtggttectggeeacegt
cggcegtetegeccgaccaccagggcaagggtetgggcagegeegtegtgcteeccggagtggaggeggecgagegegecggggtec
ccgecttectggagaccteegegecccgeaaccteececttctacgageggeteggettcaccgtcaccgecgacgtegaggtgcccgaag
gaccgcgceacctggtgcatgaccegeaageecggtecctgaAGCGCGGGGATCTCATGCTGGAGTTCTTCG
CCCACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCA
CAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACT
CATCAATGTATCTTATCATGTCTGTAGCtGATgtATAcCTAggATCCGGCCGGecTGCAgg
TGTCCTCACAGGAACGAAGTCCCTAAAGAAACAGTGGCAGCCAGGTTTAGCCCCGG
AATTGACTGGATTCCTTTTTTAGGGCCCATTGGTATGGCTTTTTCCCCGTATCCCCCC
AGGTGTCTGCAGGCTCAAAGAGCAGCGAGAAGCGTTCAGAGGAAAGCGATCCCGTG
CCACCTTCCCCGTGCCCGGGCTGTCCCCGCACGCTGCCGGCTCGGGGATGCGGGGGG
AGCGCCGGACCGGAGCGGAGCCCCGGGCGGCTCGCTGCTGCCCCCTAGCGGGGGAG
GGACGTAATTACATCCCTGGGGGCTTTGGGGGGGGGCTGTCCCTCTAGAGCGGCCGC
CACCGCGGTGGAGCTCCAGCTTTTGTTCCCTTTAGTGAGGGTTAATTAGATCTTAATA
CGACTCACTATAGGGCGAATTGGGTACCGGGCCCCCCCTCGAGGTCGACGGTATCG
ATAAGCTTGATATCTATAACAAGAAAATATATATATAATAAGTTATCACGTAAGTAG
AACATGAAATAACAATATAATTATCGTATGAGTTAAATCTTAAAAGTCACGTAAAA
GATAATCATGCGTCATTTTGACTCACGCGGTCGTTATAGTTCAAAATCAGTGACACT
TACCGCATTGACAAGCACGCCTCACGGGAGCTCCAAGCGGCGACTGAGATGTCCTA
AATGCACAGCGACGGATTCGCGCTATTTAGAAAGAGAGAGCAATATTTCAAGAATG
CATGCGTCAATTTTACGCAGACTATCTTTCTAGGGTTAATCTAGCTGCATCAGGATC
ATATCGTCGGGTCTTTTTTCCGGCTCAGTCATCGCCCAAGCTGGCGCTATCTGGGCAT
CGGGGAGGAAGAAGCCCGTGCCTTTTCCCGCGAGGTTGAAGCGGCATGGAAAGAGT
TTGCCGAGGATGACTGCTGCTGCATTGACGTTGAGCGAAAACGCACGTTTACCATGA
TGATTCGGGAAGGTGTGGCCATGCACGCCTTTAACGGTGAACTGTTCGTTCAGGCCA
CCTGGGATACCAGTTCGTCGCGGCTTTTCCGGACACAGTTCCGGATGGTCAGCCCGA
AGCGCATCAGCAACCCGAACAATACCGGCGACAGCCGGAACTGCCGTGCCGGTAGTG
CAGATTAATGACAGCGGTGCGGCGCTGGGATATTACGTCAGCGAGGACGGGTATCC
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TGGCTGGATGCCGCAGAAATGGACATGGATACCCCGTGAGTTACCCGGCGGGCGCG
CTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATT
CCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGT
GAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCT
GTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTA
TTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCG
GCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGG
ATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAA
AAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAA
AAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGG
CGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGG
ATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGT
AGGTATCTCAGTITCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCC
CCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCG
GTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGC
GAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACAC
TAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAG
AGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGT
TTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCT
TTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCA
TGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTA
AATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCA
GTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCC
CGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAAT
GATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAG
CCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTA
TTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACG
TTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATT
CAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAA
AGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTT
ATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAG
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ATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCG
GCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCA
GAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGA
TCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTC
AGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGC
CGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCAT

[00179] The sequence of the pPPBBG-iHelper3.1-HA vector is provided below:

[00180] pPBBG-iHelper3.1-HA (18, 311 bp) (SEQ ID NO: 12)

[00181] ACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGA
GCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACA
TTTCCCCGAAAAGTGCCACCTAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTT
AAATTTTTGTTAAATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATCCC
TTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACA
AGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTAT
CAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGAGG
TGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACG
GGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGG
CGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCG
CGCTTAATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAACTGTT
GGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGA
TGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGT
AAAACGACGGCCAGTGAGCGCGCCTCGTTCATTCACGTTTITGAACCCGTGGAGGAC
GGGCAGACTCGCGGTGCAAATGTGTTTTACAGCGTGATGGAGCAGATGAAGATGCT
CGACACGCTGCAGAACACGCAGCTAGATTAACCCTAGAAAGATAATCATATTGTGA
CGTACGTTAAAGATAATCATGCGTAAAATTGACGCATGTGTTTTATCGGTCTGTATA
TCGAGGTTTATTTATTAATTTGAATAGATATTAAGTTTTATTATATTTACACTTACAT
ACTAATAATAAATTCAACAAACAATTTATTTATGTTTATTTATTTATTAAAAAAAAA
CAAAAACTCAAAATTTCTTCTATAAAGTAACAAAACTTTTATCGAATTCCTGCAGCC
CGGGGGATCCACTAGTTCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTA
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ATTACGTCCCTCCCCCGCTAGGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGAGT
CCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCACGG
GGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGC
AGACACCTGGGGGGATACGGGGAAAAGGCCTCCAAGGCCAGCTTCCCACAATAAGT
TGGGTGAATTTTGGCTCATTCCTCCTTTCTATAGGATTGAGGTCAGAGCTTTGTGATG
GGAATTCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCgcGATCgcTAGCGTTT
AAACTTAAGCTTGGTACCGAGCTCGGATCCACTAGTCCAGTGTGGTGGAATTCCTGC
TTCGCGATGTACGGGCCCggtacccaactccatgcttaacagtccccaggtacageccaccetgegtcgcaaccaggaaca
getetacagettectggagegecactegecctactticcgeagecacagtgegeagattaggagegecacttctttttgtcacttgaaaaacat
gtaaaaataatgtactaggagacactttcaataaaggcaaatgtttttatttgtacactctcgggtgattatttaccecccacccttgeegtetgeg
ccgtttaaaaatcaaaggggttctgcecgegeategetatgegecactggecagggacacgttgegatactggtgtttagtgctecacttaaact
caggcacaaccatccgeggeagetcggtgaagttttcactccacaggetgegeaccatcaccaacgegtttageaggtecgggegecgata
tcttgaagtcgeagttggggcectecgeectgegegegegagttgcgatacacagggttgcageactggaacactatcagegecgggtegt
geacgctggccageacgetcettgtcggagatcagatccgegtecaggtectecegegtigetcagggegaacggagteaactttggtagetg
ccttcccaaaaagggtgcatgeccaggctttgagttgeactcgeaccgtagtggcatcagaaggtgaccgtgeccggtetgggegttagga
tacagcgcctgcatgaaagcecttgatctgettaaaagecacctgagectttgegecttcagagaagaacatgecgeaagacttgecggaaa
actgattggecggacaggecgegteatgeacgeageaccttgegteggtgtiggagatctgeaccacatttcggeeccacceggttettcacg
atcttggecttgetagactgetecttcagegegegetgeccgttticgetegtcacatecatttcaatcacgtgetecttatttatcataatgeteec
gtgtagacacttaagctcgecttcgatctcagegeageggtgcagecacaacgegeageccgtgggctegtggtectigtaggttacetetg
caaacgactgcaggtacgcctgcaggaatcgecccatcatcgtcacaaaggtettgttgctggtgaaggtcagetgeaaccegeggtgcte
ctcgtttageccaggtettgeatacggecgecagagettecacttggtcaggeagtagettgaagtttgectttagatcgttatccacgtggtactt
gtccatcaacgegegegeagcectecatgeccttctcccacgeagacacgatcggeaggetcagegggtttatcacegtgetttcactttecg
cttcactggactcttecttttcetettgegtecgeatacecegegecactgggtegtctteattcageegecgeacegtgegettaceteccttge
cgtgcttgattagcaccggtgggttgctgaaacccaccatttgtagegecacatcttetctttcttectecgetgtccacgatcacctetggggat
ggcgggcegctegggcttgggagaggggacgcttcttttictttttggacgcaatggecaaatccgecgtcgaggtegatggecgegggctgg
gtgtgcgeggeaccagegeatettgtgacgagtettettegtccteggactegagacgecgectcageegcettttttgggggcgegegggg
aggcggeggegacggegacggggacgacacgteetecatggtiggtggacgtegegecgeacegegteegegetegggggtggttte
gegetgetectettcecgactggecatttecttctectataggeagaaaaagatcatggagtcagtcgagaaggaggacagectaaccgeec
cctttgagttcgecaccaccgecetecaccgatgeecgecaacgegectacecaccttceccgtegaggeacceecgettgaggaggaggaa
gtgattatcgagcaggacccaggttttgtaagcgaagacgacgaggatcgetcagtaccaacagaggataaaaagcaagaccaggacga

cgcagaggcaaacgaggaacaagtcgggcggggggaccaaaggeatggegactacctagatgtgggagacgacgtgctgttgaagea
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tctgecagegecagtgegecattatctgegacgegttgcaagagegeagegatgtgeecctegecatageggatgteagecttgectacgaa
cgccacctgttctcaccgegegtaccecccaaacgccaagaaaacggeacatgegageccaaccegegectcaacttetacceegtatttg
ccgtgecagaggtgettgeccacctatcacatctttttccaaaactgcaagataccectatcetgecgtgccaaccgeagecgageggacaag
cagctggecttgeggeagggegcetgtcatacctgatatcgectcgetcgacgaagtgecaaaaatetitgagggtettggacgegacgaga
aacgcgcggeaaacgcetctgcaacaagaaaacagegaaaatgaaagteactgtggagtgctggtggaacttgagggtgacaacgcegeg
cctagecgtgetgaaacgeagceatcgaggteacceactttgectacecggeacttaacctaccccccaaggttatgageacagtcatgage
gagctgatcgtgegeegtgeacgaccectggagagggatgeaaacttgcaagaacaaaccgaggagggectaccegeagttggegatg
agcagctggegegetggcettgagacgegegagectgeegacttggaggagegacgeaagetaatgatggeegeagtgcettgttacegtg
gagcttgagtgeatgcageggttctttgctgacceggagatgeagegeaagetagaggaaacgttgcactacacctttcgecagggcetacg
tgegecaggectgeaaaatttccaacgtggagcetetgeaacctggtetectaccttggaattttgecacgaaaaccgectcgggeaaaacgtg
cttcattccacgctcaagggcegaggegegeegegactacgtecgegactgegtttacttatttctgtgctacacctggeaaacggecatggg
cgtgtggcageaatgectggaggagegeaacctaaaggagetgeagaagetgctaaageaaaacttgaaggacctatggacggcecttea
acgagcgctcegtggecgegeacctggeggacattatcttccccgaacgectgettaaaaccetgcaacagggtetgecagacttcaccag
tcaaagcatgttgcaaaactttaggaactttatcctagagegttcaggaattctgecegecacctgetgtgegettcetagegactttgtgecca
ttaagtaccgtgaatgcecctecgecegctttggggteactgetaccttetgecagetagecaactaccttgectaccactccgacatcatggaaga
cgtgagcggtgacggcctactggagtgtcactgtcgetgeaacctatgecaccccgeaccgetcectggtetgeaattcgeaactgettageg
aaagtcaaattatcggtacctttgagetgeagggteectegectgacgaaaagtcegeggetccggggttgaaactcacteceggggctgtg
gacgtcCGATCTCTATCACTGATAGGGAGATCTCTATCACTGATAGGGAGAGggcttacctteg
caaatttgtacctgaggactaccacgcecacgagattaggttctacgaagaccaatceccgeccgecaaatgeggagettaccgectgegte
attacccagggccacatccttggecaattgcaagecatcaacaaageccgecaagagtttctgetacgaaagggacggggggtttacetgg
acccccagtecggegaggagcetcaacccaatceeccegeecgecgeagecctatcageageegegggeccttgettceccaggatggeac
ccaaaaagaagctgeagetgecgeecgecgecaccecacggacgaggaggaatactgggacagtcaggeagaggaggttitggacgagg
aggaggagatgatggaagactgggeacagectagacgaagettccgaggecgaagaggtgtcagacgaaacaccgtecacectcggtege
attcccctegecggegecccagaaattggeaaccgttcecageatcgetacaaccteegetectcaggegeegeeggeactgectgttege
cgacccaaccgtagatgggacaccactggaaccagggecggtaagtctaagecagecgecgeegttageecaagageaacaacagege
caaggctaccgetegtggegegggeacaagaacgecatagttgettgettgecaagactgtgggggcaacatetecttcgeecgecgcetttet
tetctaccatcacggegtggecttcceccgtaacateetgeattactaccgteatctetacageecctactgeaccggeggeageggeageg
gcagcaacagcageggtcacacagaagcaaaggegaccggatagcaagactctgacaaageccaagaaatccacageggeggcage
agcaggaggaggagcgctgegtetggegeccaacgaacccgtatcgacccgegagcettagaaataggatttttcccactctgtatgetatat
ttcaacaaagcaggggccaagaacaagagcetgaaaataaaaaacaggtctctgegeteectcacccgeagetgectgtatcacaaaageg
aagatcagcttcggcgcacgctggaagacgeggaggctctettcagcaaCGATCTCTATCACTGATAGGGAGATC
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TCTATCACTGATAGGGAGAGatactgcgegcetgactcttaaggactagtttcgegecctttctcaaatttaagegcgaaaa
ctacgtcatctccageggecacacceggegecageacctgtegtcagegecattatgagcaaggaaattcccacgeectacatgtggagtt
accagccacaaatgggacttgeggctggagetgeccaagactactcaacccgaataaactacatgagegegggaccecacatgatatcee
gggtcaacggaatccgegeccaccgaaaccgaattetectcgaacaggeggcetattaccaccacacctegtaataaccttaatccccgtagt
tggeeegetgeectggtgtaccaggaaagtccecgeteccaccactgtggtacttcccagagacgeccaggecgaagttcagatgactaact
caggggcegceagettgegggcggctttcgtcacagggtgeggtegecccecagtggecaaaaaagetagegrageagecgeegegects
gaaggaagccaaaaggagcegcetecceegttgtetgacgtegeacacctgggttcgacacgegggeggtaaccgeatggatcacggegg
acggccggatceggggticgaacccecggtegteegecatgataceettgegaatttatccaccagaccacggaagagtgeccgcettacag
getetecttttgeacggtctagagegtcaacgactgegeacggggegtittagggeggagtaacttgeatgtattgggaattgtagtttttitaa
aatgggaagtgacgtatcgtgggaaaacggaagtgaagatttgaggaagttgtgggttttttggctttegtitctgggegtaggttcgegtgceg
gtittctgggtottttttgtggactttaaccgttacgtcattttttagtectatatatactcgetctgtaCTCTCCCTATCAGTGATAG
AGATCTCCCTATCAGTGATAGAGATCGcttggccctttttacactgtgactgattgagetggtgccgtgtcgagtggt
gttttttaataggtttttttactggtaaggctgactgttatggetgecgetgtggaagegetgtatgtigttctggagegggagggtgctattttgec
taggcaggagggtttttcaggtgtttatgtgtttttctctectattaattttgttatacctectatgggggctgtaatgtigtctetacgectgegggta
tgtattccccecgggctatttcggtegcetttttagcactgaccgatgttaaccaacctgatgtgtitaccgagtcttacattatgactccggacatga
ccgaggaactgtcggtggtgoctttttaatcacggtgaccagtttttttacggtcacgecggceatggecgtagtcegtcttatgettataagggtt
gtttttcctgttgtaagacaggcetictaatgtttaaatgtttttttttttgtattttatttigtgtitaatgcaggaacccgeagacatgittgagagaaa
aatggtgtctttttctgtggtggttccggaacttacctgectttatctgeatgageatgactacgatgtgcttgetttttgegegaggcetttgectg
attttttgagcagcaccttgcattttatatcgecgeecatgcaacaagcettacataggggctacgetggttageatagetccgagtatgegtgte
ataatcagtgtgggttcttttgtcatggttectggcggggaagtggecgegetggtecgtgcagacctgeacgattatgttcagetggeectge
gaagggacctacgggatcgeggtatttttgttaatgttcegettttgaatcttatacaggtetgtgaggaacctgaatttttgcaatcatgattcge
tgcttgaggctgaaggtggagggcgetetggageagattittacaatggccggacttaatattcgggatttgettagagacatattgataaggt
ggcgagatgaaaattatttgggcatggttgaaggtectggaatgtttatagaggagattcaccctgaagggtttagectttacgtecacttgga
cgtgagggcagtttgecttttggaagecattgtgeaacatcttacaaatgecattatcetgttetttggctgtagagtttgaccacgecaccggag
gggagcgegttcacttaatagatcttcattttgaggtittggataatcttttggaataaaaaaaaaaaaacatggttcttccagetcttceegetec
tccegtgtgtgactcgeagaacgaatgtgtaggttggctgggtategcttattetgeggtggtggatgttatcagggcageggegeatgaag
gagtttacatagaacccgaagccagggggegectggatgetttgagagagtggatatactacaactactacacagagegagetaagegac
gagaccggagacgcagatctgtttgtcacgeccgeacctggttttgcttcaggaaatatg TACCCATACGATGTTCCAGA
TTACGCTGGAGGAGGCGGAGGCactacgtccggcegttecatttggcatgacactacgaccaacacgatcteggttgtct
cggcgeactcegtacagtagggatcgectacctecttttgagacagagacecgegetaccatactggaggatcatcegetgetgeccgaat
gtaacactttgacaatgcacaacgtgagttacgtgcgaggtcttccctgeagtgtggoatttacgctgattcaggaatgggttgattccctggga

105



WO 2025/096295 PCT/US2024/052959

tatggttctgacgegggaggagettgtaatcctgaggaagtgtatgeacgtgtgectgtgttgtgccaacattgatatcatgacgageatgatg
atccatggttacgagtcctgggcetctecactgteattgttccagteceggttcectgeagtgcatagecggegggeaggttttaggccagetggt
ttaggatggtggtoggatggcgecatgtttaatcagaggtttatatggtaccgggaggtegtoaattacaacatgecaaaagaggtaatgtttat
gtccagegtgtttatgaggggtegecacttaatctacctgegettgtggtatgatggccacgtgggtictgtggtececcgecatgagetttgga
tacagcgcecttgcactgtgggattttgaacaatattgtggtectgtactgcagttactgtgctgatttaagtgagatcagggtgegetgetgtgc
ccggaggacaaggegtcetcatgetgegggeggtacgaatcatcgetgaggagaccactgecatgttgtattcetgecaggacggageggc
ggcggeagceagtttattcgegegcetgetgeageaccaccgecctatectgatgeacgattatgactctacceccatgtaggegtggacttee
ccttegecgeecgttgageaaccgeaagitggacageagecetgtggetcageagetggacagegacatgaacttaagegagetgeecgg
ggagtttattaatatcactgatgagegtttggetcgacaggaaaccgtgtggaatataacacctaagaatatgtctgttacccatgatatgatge
tttttaaggccagecggggagaaaggactgtgtactetgtgtgttgggagggagategcaggtteaatactagggttctgtgagtttgattaa
ggtacggtgatcaatataagctatgtggtggteggactatactactgaatgaaaaatgacttgaaattttctgcaattgaaaaataaacacgttg
aaacataacatgcaacaggttcacgattctttattcctgggeaatgtaggagaaggtgtaagagttggtageaaaagtttcagtggtgtatttte
cactttcccaggaccatgtaaaagacatagagtaagtgcttacctcgcetagtttctgtggattcactagaatccactttggecgeggetegagg
agggacagecccccecccaaageccccagggatgtaattacgtecctececcegetagggggcageagegageegeecggggeteegct
ccggteecggegeteececcecgeatccccgageecggeagegtgcggggacageccgggeacggggaaggtggcacgggatcgetttect
ctgaacgcttctcgetgetctttgagectgecagacacctggggggatacggggaaaaggcctccaaggecagettcccacaataagttggg
tgaattttggctcattcctectttctataggattgagetcagagcCGACATTGATTATTGACTAGTTATTAATAGTA
ATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACT
TACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAAT
AATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGT
GGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAG
TACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTA
CATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATT
ACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCA
CGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGAACCAA
AATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGG
CGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTCCCTATCAGTGATAG
AGATCTCCCTATCAGTGATAGAGATCGTCGACGAGCTCGTTTAGTGAACCGTCAGAT
CGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATC
CAGCCTgaacgcgcagecgecatgGACTACAAAGACGATGACGACAAGGGAGGAGGCGGAG

GCacaactagaacaaagggcaggggcceatactgecggecacgactcaaaacgacagaatgecaggecctgagetttcgggcetggatcte
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tgagcagctaatgaccggaagaattcctgtaagegacatcttctgtgatattgagaacaatccaggattatgetacgeatcccaaatgeaaca
aacgaagccaaacccgaagacgcegeaacagtcaaacccaaacggacccaatttgcaatcatagttttgaggaggtagtacaaacattgget
tcattggcetactgttgtgcaacaacaaaccatcgeatcagaatcattagaacaacgeattacgagtcttgagaatggtctaaagecagtttatg
atatggcaaaaacaatctcctcattgaacagggtttgtoctgagatgettgcaaaatatgatcttctggtgatgacaaccggtegggeaacag
caaccgctgcggeaactgaggcttattgggecgaacatggtcaaccaccacctggaccatcactttatgaagaaagtgegattcggggtaa
gattgaatctagagatgagaccgtccctcaaagtgttagggaggcattcaacaatctaaacagtaccacttcactaactgaggaaaattttgg
gaaacctgacatttcggcaaaggatttgagaaacattatgtatgatcacttgectggttttggaactgctttccaccaattagtacaagtgatttgt
aaattgggaaaagatagcaactcattggacatcattcatgetgagttccaggecagectggetgaaggagactctectcaatgtgecctaatt
caaattacaaaaagagttccaatcttccaagatgetgetecacctgteatccacatcegetetcgaggtgacattcecegagettgccagaaa
agcttgegtecagtecccaccatcgeccaagattgatcgaggttgggtatgtgtttttcagettcaagatggtaaaacacttggactcaaaatttg
aGGATCCACTAGTCCAGTGTGGTGGAATTCTGCAGATATCCAGCACAGTGGCGGCCG
CTCGAGTCTAGAGGGCCCGTTTAAACCCGCTGATCAGCCTCGACTGTGCCTTCTAGT
TGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCA
CTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGT
GTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAA
GACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGTGAGCTATTCCAGAAG
TAGTGAAGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTCCGGATCGATGCC
CGGGGGATCCACTAGTTCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTA
ATTACGTCCCTCCCCCGCTAGGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGT
CCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCACGG
GGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGC
AGACACCTGGGGGGATACGGGGAAAAGGCCTCCAAGGCCAGCTTCCCACAATAAGT
TGGGTGAATTTTGGCTGAGCTATTCCAGAAGTAGTGAAGAGGCTTTTTTGGAGGCCT
AGGCTTTTGCAAAAAGCTCCGGATCGATCATATATGGCAGATATACGCGTTGACATT
GATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCAT
ATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCA
ACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAG
GGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAG
TACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAAT
GGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGT
ACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCA
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ATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACG
TCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACA
ACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATA
AGCAGAGCTCTCTGGCTAACTATCGTCGACGAGCTCGTTTAGTGAACCGTCAGATCG
CCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCA
GCCTCCGGACTCTAGCGTTTAAACTTAAGCTTGCCACC Catgaccgagtacaageccacggtgegecte
gecaccegegacgacgtececcagggecgtacgeaccetegecgeegegttcgeegactaccecgecacgegecacaccgtegateeg
gaccgccacatcgagegggteaccgagetgeaagaactettectcacgegegtegggctegacatcggeaaggtgtgggtegeggacg
acggcgecgeggtggcggtetggaccacgecggagagegtegaageggeggcggtgttcgecgagatcggeecgegeatggecgag
ttgagcggticceggetggecgegeageaacagatggaaggectectggegecgeaccggeccaaggageecgegtggttectggeea
cegteggegtetcgeccgaccaccagggeaagegtctgggcagegecgtegtgctececggagtegaggcggecgagcgcgccegs
gtgecegecttectggagaccetecgegeccegeaacctecccttctacgageggeteggcttcacegtcaccgecgacgtegaggtacee
gaaggaccgcgeacctggtgcatgacccgeaageccggtgectgaAGCGCGGGGATCTCATGCTGGAGTTCTT
CGCCCACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCAT
CACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAA
CTCATCAATGTATCTTATCATGTCTGTAGCtGATgtATAcCTAggATCCGGCCGGecTGC
AggTGTCCTCACAGGAACGAAGTCCCTAAAGAAACAGTGGCAGCCAGGTTTAGCCCC
GGAATTGACTGGATTCCTTTTTTAGGGCCCATTGGTATGGCTTTTTCCCCGTATCCCC
CCAGGTGTCTGCAGGCTCAAAGAGCAGCGAGAAGCGTTCAGAGGAAAGCGATCCCG
TGCCACCTTCCCCGTGCCCGGGCTGTCCCCGCACGCTGCCGGCTCGGGGATGCGGGG
GGAGCGCCGGACCGGAGCGGAGCCCCGGGCGGCTCGCTGCTGCCCCCTAGCGGGGG
AGGGACGTAATTACATCCCTGGGGGCTTTGGGGGGGGGCTGTCCCTCTAGAGCGGC
CGCCACCGCGGTGGAGCTCCAGCTTTTGTTCCCTTTAGTGAGGGTTAATTAGATCTTA
ATACGACTCACTATAGGGCGAATTGGGTACCGGGCCCCCCCTCGAGGTCGACGGTA
TCGATAAGCTTGATATCTATAACAAGAAAATATATATATAATAAGTTATCACGTAAG
TAGAACATGAAATAACAATATAATTATCGTATGAGTTAAATCTTAAAAGTCACGTAA
AAGATAATCATGCGTCATTTTGACTCACGCGGTCGTTATAGTTCAAAATCAGTGACA
CTTACCGCATTGACAAGCACGCCTCACGGGAGCTCCAAGCGGCGACTGAGATGTCC
TAAATGCACAGCGACGGATTCGCGCTATTTAGAAAGAGAGAGCAATATTTCAAGAA
TGCATGCGTCAATTTTACGCAGACTATCTTTCTAGGGTTAATCTAGCTGCATCAGGAT
CATATCGTCGGGTCTTTTTTCCGGCTCAGTCATCGCCCAAGCTGGCGCTATCTGGGCA
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TCGGGGAGGAAGAAGCCCGTGCCTTTTCCCGCGAGGTTGAAGCGGCATGGAAAGAG
TTTGCCGAGGATGACTGCTGCTGCATTGACGTTGAGCGAAAACGCACGTTTACCATG
ATGATTCGGGAAGGTGTGGCCATGCACGCCTTTAACGGTGAACTGTTCGTTCAGGCC
ACCTGGGATACCAGTTCGTCGCGGCTTTTCCGGACACAGTTCCGGATGGTCAGCCCG
AAGCGCATCAGCAACCCGAACAATACCGGCGACAGCCGGAACTGCCGTGCCGGTGT
GCAGATTAATGACAGCGGTGCGGCGCTGGGATATTACGTCAGCGAGGACGGGTATC
CTGGCTGGATGCCGCAGAAATGGACATGGATACCCCGTGAGTTACCCGGCGGGCGC
GCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAAT
TCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAG
TGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACC
TGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGT
ATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGC
GGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGG
GATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTA
AAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACA
AAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAG
GCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCG
GATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTG
TAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACC
CCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCC
GGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAG
CGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACA
CTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAA
GAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTITTTG
TTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATC
TTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTC
ATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTIT
AAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATC
AGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCC
CCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAA
TGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCA
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GCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCT
ATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAAC
GTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCAT
TCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAA
AAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGT
TATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAG
ATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCG
GCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCA
GAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGA
TCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTC
AGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGC
CGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCAT

[00182] The sequence of the pPPBBG-iHelper3.2-HA vector is provided below:

[00183] pPBBG-iHelper3.2-HA (18, 728 bp) (SEQ ID NO: 13)

[00184] ACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGA
GCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACA
TTTCCCCGAAAAGTGCCACCTAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTT
AAATTTTTGTTAAATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATCCC
TTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACA
AGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTAT
CAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTTTITTTGGGGTCGAGG
TGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACG
GGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGG
CGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCG
CGCTTAATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAACTGTT
GGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGA
TGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGT
AAAACGACGGCCAGTGAGCGCGCCTCGTTCATTCACGTTTTTGAACCCGTGGAGGAC
GGGCAGACTCGCGGTGCAAATGTGTTTTACAGCGTGATGGAGCAGATGAAGATGCT
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CGACACGCTGCAGAACACGCAGCTAGATTAACCCTAGAAAGATAATCATATTGTGA
CGTACGTTAAAGATAATCATGCGTAAAATTGACGCATGTGTTTTATCGGTCTGTATA
TCGAGGTTTATTTATTAATTTGAATAGATATTAAGTTTTATTATATTTACACTTACAT
ACTAATAATAAATTCAACAAACAATTTATTTATGTTTATTTATTTATTAAAAAAAAA
CAAAAACTCAAAATTTCTTCTATAAAGTAACAAAACTTTTATCGAATTCCTGCAGCC
CGGGGGATCCACTAGTTCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTA
ATTACGTCCCTCCCCCGCTAGGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGT
CCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCACGG
GGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGC
AGACACCTGGGGGGATACGGGGAAAAGGCCTCCAAGGCCAGCTTCCCACAATAAGT
TGGGTGAATTTTGGCTCATTCCTCCTTTCTATAGGATTGAGGTCAGAGCTTTGTGATG
GGAATTCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCgcGATCgcTAGeGTTT
AAACTTAAGCTTGGTACCGAGCTCGGATCCACTAGTCCAGTGTGGTGGAATTCCTGC
TTCGCGATGTACGGGCCggtacccaactccatgcettaacagtccccaggtacageccaccctgegtecgeaaccaggaaca
gctctacagcettectggagegecactcgecctacticcgcagecacagtgegeagattaggagegecacttetttttgtcacttgaaaaacat
gtaaaaataatgtactaggagacactttcaataaaggcaaatgtttttatttgtacactctcgggtgattatttaccccccacccttgecgtetgeg
ccgtttaaaaatcaaaggggtictgeecgegceategetatgegecactggcagggacacgitgegatactggtgtttagtgctecacttaaact
caggcacaaccatccgeggeagetcggtgaagttttcactccacaggetgegeaccatcaccaacgegtttagcaggtecgggegeegata
tcttgaagtcgeagttggggcctecgecctgegegegegagttgegatacacagggttgeageactggaacactatcagegecgggtggt
gcacgctggccageacgetettgtcggagatcagatecgegtecaggtectecgegttgetcagggegaacggagtcaactttggtagetg
ccttcccaaaaagggtgeatgeccaggcetttgagttgcactcgeaccgtagtggeatcagaaggtgaccgtgeecggtetgggegttagga
tacagcgcctgeatgaaagecttgatctgettaaaagecacctgagectttgegecttcagagaagaacatgecgeaagacttgecggaaa
actgattggccggacaggecgegteatgcacgeageaccttgegteggtgttggagatetgeaccacatttcggecccaccggttettcacg
atcttggcecttgctagactgetecttcagegegegetgeecgttttegetegtcacatecatttcaatcacgtgetecttatttatcataatgeteec
gtgtagacacttaagctcgecttcgatctcagegeageggtgcagecacaacgegeageccgtgggetegtggtacttgtaggttacetotg
caaacgactgcaggtacgcctgeaggaatcgecceatcatcgtcacaaaggtettgttgctggtgaaggtcagetgeaaccegeggtgcte
ctcgtttageccaggtettgecatacggecgecagagettecacttggtcaggeagtagettgaagtttgectttagategttatccacgtggtactt
gtccatcaacgegegegeagcectccatgecctictcccacgeagacacgatcggeaggcetcagegggtttatcaccgtgetttcacttteeg
cttcactggactcttccttttcctettgegtecgeataccecgegecactgggtegtettcattcagecgecgeaccgtgegcttaccteeettge
cgtgcttgattagcaccggtgggttactgaaacccaccatttgtagegecacatcttetetttcttcetegetgtecacgatcacctetggggat
ggcgggocgactcgggcttggoagageoacgcttcttttictttitggacgcaatggecaaateccgecgtcgaggtegatggccgegggctgg
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stgtgcgeggcaccagegceatettgtgacgagtettettcgtecctcggactcgagacgecgectcageegcttttttggggacgcgcgggg
aggcggeggegacggcgacggggacgacacgtcectecatggtiggtggacgtegegecgeacecgegteegegetegggggtggttte
gegetgetectcttcecgactggecatttecttctectataggecagaaaaagatcatggagteagtcgagaaggaggacagectaaccgece
cctttgagttcgecaccaccgectccaccgatgecgecaacgegectaccaccttceccgtegaggeacceccgettgaggaggaggaa
gtgattatcgagcaggacccaggttttataagcgaagacgacgaggatcgetcagtaccaacagaggataaaaagcaagaccaggacga
cgcagaggcaaacgaggaacaagtcgggeggggggaccaaaggeatggegactacctagatgtgggagacgacgtgetgttgaagea
tetgecagegecagtgegecattatctgegacgegttgcaagagegeagegatgtgecectegecatageggatgteagecttgectacgaa
cgecacctgtictcaccgegegtaccecccaaacgecaagaaaacggeacatgegageecaacccgegectcaacttctaccecgtatttg
ccgtgecagaggtgettgecacctatcacatctttttccaaaactgcaagataccectatcetgecgtgccaaccgeagecgageggacaag
cagctggcecttgeggeagggegcetgteatacctgatatcgectcgetcgacgaagtgecaaaaatetttgagggtcttggacgegacgaga
aacgcgcggeaaacgcetctgcaacaagaaaacagcgaaaatgaaagteactgtggagtgetggtggaactigagggtgacaacgegeg
cctagccgtgctgaaacgcageatcgaggteacceactttgectacceggeacttaacctaccceccaaggttatgageacagtcatgage
gagctgatcgtgcgecgtgecacgaccectggagagggatgcaaacttgcaagaacaaaccgaggagggcectacccgeagttggegatg
agcagctggegegetggcttgagacgegegagectgecgacttggaggagegacgeaagetaatgatggecgeagtgcettgttacegtg
gagcttgagtgcatgcagceggttctttgctgacccggagatgecagegcaagetagaggaaacgttgcactacacctttcgecagggcetacg
tgcgecaggcectgcaaaatttccaacgtggagetctgecaacctggtetectaccttggaatttitgecacgaaaaccgectcgggceaaaacgtg
cttcattccacgetcaagggegaggegegeegegactacgtecgegactgegtttacttatttctgtgctacacctggcaaacggecatggg
cgtgtggcagcaatgectggaggagegeaacctaaaggagetgecagaagetgetaaageaaaacttgaaggacctatggacggcecttea
acgagcgcteegtggecgegeacctggeggacattatcticececgaacgectgcettaaaaccetgeaacagggtetgecagacttcaccag
tcaaagcatgttgcaaaactttaggaactttatcctagagegttcaggaattctgececgecacctgetgtgegettectagegactttgtgecca
ttaagtaccgtgaatgccecteccgeegetttggggtcactgcetaccettctgeagetagecaactaccttgectaccactecgacatcatggaaga
cgtgagcggtgacggcctactggagtgteactgtegetgeaacctatgeacceegeaccgeteectggtetgeaattcgeaactgettageg
aaagtcaaattatcggtacctttgagctgcagggteectegectgacgaaaagtcegeggeteceggggttgaaactcactecggggcetgts
2acgtcCGATCTCTATCACTGATAGGGAGATCTCTATCACTGATAGGGAGAGggcttacctteg
caaatttgtacctgaggactaccacgcccacgagattaggttctacgaagaccaatceccgeccgecaaatgeggagettaccgeetgegte
attacccagggccacatccttggecaattgeaagecatcaacaaageccgecaagagtttetgetacgaaagggacggggggtttacetgg
acccccagtecggegaggagcetcaacceaatceeccegecgecgeagecctatcageageegegggeccttgettceccaggatggeac
ccaaaaagaagctgeagetgecgeecgecgecaccecacggacgaggaggaatactgggacagtcaggeagaggaggttttggacgagg
aggaggagatgatggaagactgggacagectagacgaagettccgaggecgaagaggtgtcagacgaaacaccgtecacectcggtege
attccecctegecggegecccagaaattggcaaccgttcecageatcgetacaaccteegetectcaggegeegeeggeactgectgticge

cgacccaaccgtagatgggacaccactggaaccagggecggtaagtetaagcagecgeecgecgttageccaagageaacaacagege
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caaggctaccgetegtggegegggcacaagaacgecatagttgettgettgecaagactgtgggggcaacatctecttcgeeecgecgcetttct
tctctaccatcacggegtggecttcceecgtaacatectgeattactaccgteatctetacageeectactgeaccggeggcageggeageg
gcagcaacagcageggtcacacagaagcaaaggegaccggatagcaagactctgacaaageccaagaaatccacageggeggcage
agcaggaggaggagegctgegtetggegeeccaacgaaccegtatcgaccegegagcettagaaataggattttcccactctgtatgetatat
ttcaacaaagcaggggccaagaacaagagcetgaaaataaaaaacaggtetetgegetecctcaccegeagetgectgtatcacaaaageg
aagatcagcttcggcgcacgctggaagacgeggaggctctettcagcaaCGATCTCTATCACTGATAGGGAGATC
TCTATCACTGATAGGGAGAGatactgegegetgactcttaaggactagtttcgegecctttctcaaatttaagcgegaaaa
ctacgtcatctccageggecacacceggegecageacctgtegtecagegecattatgagcaaggaaattcccacgeectacatgtggagtt
accagccacaaatgggacttgeggetggagetgeccaagactactcaacccgaataaactacatgagegegggaccecacatgatatcec
gggtcaacggaatccgegeccaccgaaaccgaattetectcgaacaggeggcetattaccaccacacctegtaataaccttaatcecegtagt
tggeeegetgecctggtgtaccaggaaagtececgeteccaccactgtggtacttcccagagacgeeccaggecgaagttcagatgactaact
caggggcgcagettgegggcggctttcgtcacagggtgcggtegecccecagtggecaaaaaagetagegeageageegecgegects
gaaggaagccaaaaggagcegceteccecgttgtctgacgtegeacacctgggttcgacacgegggeggtaaccgcatggatcacggegg
acggecggatccggggttcgaaccecggtegtecgecatgataceettgegaatttatccaccagaccacggaagagtgeccgcettacag
gctetecttttgcacggtctagagegtcaacgactgegeacggggcgtittagggcgoagtaacttgcatgtattgggaattgtagtttttttaa
aatgggaagtgacgtatcgtgggaaaacggaagtgaagatttgaggaagttgtggottttttgoctttcgttictggecgtaggttcgegtgcg
gttttctgggotottttttgtooactttaaccgttacgtcattttttagtectatatatactcgetctgtaCTCTCCCTATCAGTGATAG
AGATCTCCCTATCAGTGATAGAGATCGcttggcecctttttacactgtgactgattgagetggtgecgtgtcgagtggt
gttttttaataggtttttttactggtaaggctgactgttatggctgccgetgtggaagegetgtatgtigtictggagegggagggtactattttgee
taggcaggagggtttttcaggtgtttatgtgtttttctctectattaattttgttatacctectatgggggctgtaatgtigtetctacgectgegggta
tgtattccceegggctattteggtegctttttagcactgaccgatgttaaccaacctgatgtgtttaccgagtcttacattatgactccggacatga
ccgaggaactgtcggtggtgctitttaatcacggtgaccagtitttttacggtcacgecggeatggecgtagtecgtcettatgettataagggtt
gtttttcctgttgtaagacaggcttctaatgtttaaatgtittttittitgttattttatttigt gtitaatgcaggaacccgeagacatgtttgagagaaa
aatggtgtctttttctgtggtggttccggaacttacctgectttatctgeatgageatgactacgatgtgettgettttttgegegaggcetttgectg
attttttgagcagcaccttgcattttatatcgeccgeccatgcaacaagcettacataggggctacgetggttagcatagetccgagtatgegtgte
ataatcagtgtgggttcttttgtcatggttectggeggggaagtggecgegetggtecgtgeagacctgeacgattatgttcagetggecctge
gaagggacctacgggatcgeggtatttttgttaatgticegettttgaatcttatacaggtetgtgaggaacctgaatttitgeaatcatgattcge
tgcttgaggetgaaggtggagggcgetetggageagatttttacaatggecggacttaatattcgggatttgettagagacatattgataaggt
ggcgagatgaaaattatttggocatggttgaaggtoctggaatgtttatagaggagattcaccctgaagggtttagectttacgtccacttgga
cgtgagggcagtttgecttttggaagecattgtgeaacatcttacaaatgecattatcetgttetttggetgtagagtttgaccacgecaccggag
gggagcgcgttcacttaatagatcttcattttgaggttttggataatcttitggaataaaaaaaaaaaaacatggttcttccagetcttcecgetec
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tccegtgtgtgactcgecagaacgaatgtgtaggttggetgggtatgacttattetgeggtegtggatgttatcagggcageggegcatgaag

gagtttacatagaacccgaagccagggggcgcctggatgetttgagagagtggatatactacaactactacacagagegagcetaagegac
gagaccggagacgcagatctgtttgtcacgcccgeacctggttttgettcaggaaatatg TACCCATACGATGTTCCAGA

TTACGCTGGAGGAGGCGGAGGCactacgtccggcegttceatttggcatgacactacgaccaacacgatctcggttatet
cggegeactccgtacagtagggategectacetecttttgagacagagacecgegetaccatactggaggatcatcegetgetgeecgaat
gtaacactttgacaatgcacaacgtgagttacgtgegaggtcettecctgeagtgtgggatttacgetgattcaggaatgggttgttcectggga
tatggttctgacgegggaggagettgtaatcctgaggaagtgtatgcacgtgtgcctgtattgtgccaacattgatatcatgacgageatgatg
atccatggttacgagtectgggctctecactgteattgttccagteeeggtteectgeagtgcatageeggegggeaggttitggccagetggt
ttaggatggtggtggatggegecatgtttaatcagaggtttatatggtaccgggaggtegtgaattacaacatgecaaaagaggtaatgtttat
gtccagegtgtttatgaggggtegecacttaatctacctgegettgtggtatgatggecacgtgggttctgtggtececcgecatgagetttgga
tacagcgcecttgecactgtgggattttgaacaatattgtggtgctgtactgcagttactgtgctgatttaagtgagatcagggtgegetgetgtgc
ccggaggacaaggegtcetcatgetgegggcggtecgaatcatcgetgaggagaccactgecatgttgtattcetgecaggacggageggc

ggcggcagceagtttattcgegegcetgetgecageaccaccgecectatcctgatgeacgattatgactctacceccatgtaggegtggacttee

ccttcgecgeecgttgagecaaccgeaagttggacageagectgtggetcageagetggacagegacatgaacttaagegagetgeeegg
ggagtttattaatatcactgatgagcgtttggctcgacaggaaaccgtgtggaatataacacctaagaatatgtctgttacccatgatatgatge
tttttaaggccagecggggagaaaggactgtgtactetgtgtattgggagooagotoocaggttgaatactagggtictgtgagtttgattaa

ggtacggtgatcaatataagctatgtggtggteggactatactactgaatgaaaaatgacttgaaattttctgcaatigaaaaataaacacgttg
aaacataacatgcaacaggttcacgattctttattcctgggcaatgtaggagaaggtgtaagagttggtagcaaaagtttcagtggtgtattttc
cactttcccaggaccatgtaaaagacatagagtaagtgettacctcgetagttictgtggattcactagaatceactttggecgeggcetegagg
agggacagecccccecccaaageccecagggatgtaattacgteceteeceegetagggggcageagegageegeccggggcteeget

ccggteeggegetcceccecgeateccegageeggeagegtgeggggacageccgggeacggggaaggtggeacgggatcgctttect
ctgaacgcttctegetgetetitgagectgecagacacctggggggatacggggaaaaggectccaaggecagettcccacaataagttggg
tgaattttggctcattectectttctataggattgagotcagagcGACATTGATTATTGACTAGTTATTAATAGTA

ATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACT

TACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAAT
AATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGT
GGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAG
TACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTA
CATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATT
ACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCA
CGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGAACCAA
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AATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGG
CGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTCCCTATCAGTGATAG
AGATCTCCCTATCAGTGATAGAGATCGTCGACGAGCTCGTTTAGTGAACCGTCAGAT
CGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATC
CAGCCTgaacgcgcagecgecatgGACTACAAAGACGATGACGACAAGGGAGGAGGCGGAG
GCgttccttctcagagactcteccgaactageagceatttcctccaacgaggatccegeagagagecacattctggaactcgaageggtete
agacaccaacacagactgcgatctggaccctatggagggcagegaagaacactccacagatggagagatttcatcctcagaggaggagg
atgaagatccaactccggeccacgecatacctgeacggecctecagegtggtcataaceectaccteggeategtttgtgattcccagaaag
aagtgggacctacaggacaagacagtcacattgeatcgetcaccectgtgcagggacgaggacgagaaggaggagactggeaactect
cttacaccagaggccacaaaaggcegacgeggagaggtecatggetgeaccgatgaaagttatggcaagegecgacacctgecceeggg
agcaagagcgcececagagecccaagggeccccagggtacctagageaccgaggtetccaagagetceccgaageaacagageaacca
gaggtcceccggteagaatctcgaggggecggeaggageacaaggaageaggegaggeaagaacgeagecagaggeccetgecgaa
caaaccgtggtttgacatgagtctggttaagectgtctccaagattacatttgtcaccttgeccageccectggectcetetgaccctagagece
atccaagacccegttcctacagtcgatgetggeggtggcecgeecatccagagattggagectggeagaaagtgcaacccagacacgaget
gcgcaggagctacaagacactacgtgagtttttcaccaagtcaaccaacaaggacacatggetggatgcacgeatgcaggegatccagaa
cgeggggctetgecaccctggtggccatgctagaagagaccatctittggetccaggagatcacctaccacggegacctgeccctagetece
gcggaagacatcctectggectgegecatgagtettagcaaggtgatcctgaccaagetcaaagagetggeaccetgettecttcetaacac
gcgagactacaactttgtgaagceaactcttctacatcacctgtgecacggeccgtcaaaacaaggtggtggagacectgageagetcatatg
tgaagcageecctetgtetcttggeageatatgeggeagtagecccagectacattaacgecaactgecagacggagacacgatgaagttga
attcctgggccactacatcaagaattacaaccetggeacgcetaageteecttttgacagaggecgtggagactcacacacgtgactgecgaa
gtgcatcatgcagecgacttgtcagggcecattctctetecgggeactgggteactaggactgttttttgttcetggattaaatcaataaGGAT
CCACTAGTCCAGTGTGGTGGAATTCTGCAGATATCCAGCACAGTGGCGGCCGCTCGA
GTCTAGAGGGCCCGTTTAAACCCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCA
GCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCC
ACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCAT
TCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACA
ATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGTGAGCTATTCCAGAAGTAGT
GAAGAGGCTTTITTTGGAGGCCTAGGCTTTTGCAAAAAGCTCCGGATCGATGCCCGGG
GGATCCACTAGTTCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTAATTA
CGTCCCTCCCCCGCTAGGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGTCCG
GCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCALCGGGGA
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AGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGCAGA
CACCTGGGGGGATACGGGGAAAAGGCCTCCAAGGCCAGCTTCCCACAATAAGTTGG
GTGAATTTTGGCTGAGCTATTCCAGAAGTAGTGAAGAGGCTTTTTTGGAGGCCTAGG
CTTTTGCAAAAAGCTCCGGATCGATCATATATGGCAGATATACGCGTTGACATTGAT
TATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATAT
GGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGA
CCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGAC
TTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACA
TCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCC
CGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACAT
CTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGG
GCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAA
TGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTC
CGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCA
GAGCTCTCTGGCTAACTATCGTCGACGAGCTCGTTTAGTGAACCGTCAGATCGCCTG
GAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCT
CCGGACTCTAGCGTTTAAACTTAAGCTTGCCACC Catgaccgagtacaageccacggtgegectecgecace
cgcgacgacgteeccagggecgtacgeacectegeegeegegttcgecgactaceecgecacgegecacacegtegateeggaccgc
cacatcgagegggteaccgagetgeaagaactettectcacgegegtegggctegacatcggeaaggtgtgggtcgcggacgacggcy
ccgeggtegcggtcetggaccacgecggagagegtegaagegggggcggtattcgecgagatcggeecgegeatggecgagttgageg
gttcceggetggecgegeageaacagatggaaggectectggegecgeaccggeccaaggageecgegtggttectggecacegtegg
cgtetegeccgaccaccagggeaagggtetgggcagegeegtegtectceccggagtggaggcggccgagegegecggggtecceg
cettectggagacctecgegeeccgeaaccteeccttctacgageggeteggcttcacegtcaccgeegacgtcgaggtaccegaaggac
cgegeacctggtgeatgaccegeaageccggtgectgaAGCGCGGGGATCTCATGCTGGAGTTCTTCGCC
CACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACA
AATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCA
TCAATGTATCTTATCATGTCTGTAGCtGATgtATAcCTAggATCCGGCCGGecTGCAgeTG
TCCTCACAGGAACGAAGTCCCTAAAGAAACAGTGGCAGCCAGGTTTAGCCCCGGAA
TTGACTGGATTCCTTTTTTAGGGCCCATTGGTATGGCTTTTTCCCCGTATCCCCCCAG
GTGTCTGCAGGCTCAAAGAGCAGCGAGAAGCGTTCAGAGGAAAGCGATCCCGTGCC
ACCTTCCCCGTGCCCGGGCTGTCCCCGCACGCTGCCGGCTCGGGGATGCGGGGGGA
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GCGCCGGACCGGAGCGGAGCCCCGGGCGGCTCGCTGCTGCCCCCTAGCGGGGGAGG
GACGTAATTACATCCCTGGGGGCTTTGGGGGGGGGCTGTCCCTCTAGAGCGGCCGCC
ACCGCGGTGGAGCTCCAGCTTTTGTTCCCTTTAGTGAGGGTTAATTAGATCTTAATAC
GACTCACTATAGGGCGAATTGGGTACCGGGCCCCCCCTCGAGGTCGACGGTATCGA
TAAGCTTGATATCTATAACAAGAAAATATATATATAATAAGTTATCACGTAAGTAGA
ACATGAAATAACAATATAATTATCGTATGAGTTAAATCTTAAAAGTCACGTAAAAG
ATAATCATGCGTCATTTTGACTCACGCGGTCGTTATAGTTCAAAATCAGTGACACTT
ACCGCATTGACAAGCACGCCTCACGGGAGCTCCAAGCGGCGACTGAGATGTCCTAA
ATGCACAGCGACGGATTCGCGCTATTTAGAAAGAGAGAGCAATATTTCAAGAATGC
ATGCGTCAATTTTACGCAGACTATCTTTCTAGGGTTAATCTAGCTGCATCAGGATCAT
ATCGTCGGGTCTTTTITCCGGCTCAGTCATCGCCCAAGCTGGCGCTATCTGGGCATCG
GGGAGGAAGAAGCCCGTGCCTTTTCCCGCGAGGTTGAAGCGGCATGGAAAGAGTTT
GCCGAGGATGACTGCTGCTGCATTGACGTTGAGCGAAAACGCACGTTTACCATGATG
ATTCGGGAAGGTGTGGCCATGCACGCCTTITAACGGTGAACTGTTCGTTCAGGCCACC
TGGGATACCAGTTCGTCGCGGCTTTTCCGGACACAGTTCCGGATGGTCAGCCCGAAG
CGCATCAGCAACCCGAACAATACCGGCGACAGCCGGAACTGCCGTGCCGGTGTGCA
GATTAATGACAGCGGTGCGGCGCTGGGATATTACGTCAGCGAGGACGGGTATCCTG
GCTGGATGCCGCAGAAATGGACATGGATACCCCGTGAGTTACCCGGCGGGCGCGCT
TGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCC
ACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGA
GCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGT
CGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATT
GGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGC
GAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGAT
AACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAA
AGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAA
ATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCG
TTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGAT
ACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAG
GTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCC
CGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGT
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AAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGA
GGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTA
GAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAG
TTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTITTGTTTG
CAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTT
CTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGA
GATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAAT
CAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTG
AGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGT
CGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGAT
ACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCG
GAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTA
ATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTG
TTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAG
CTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGC
GGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATC
ACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATG
CTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCG
ACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAA
CTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCT
TACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAG
CATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCG
CAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCAT

Example 3: Design and Validation of inducible Rep Genes

[00185] Producing inducible Rep proteins can be challenging due to the critical maintenance of
the ratio of Rep78 and Rep52 protein expression needed for high titer AAV quality and quantity.
In addition, the p19 promoter required for Rep52 expression is embedded in the coding region of
Rep78, which is difficult for direct promoter engineering. To overcome these challenges, two

strategies were developed.
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[00186] First, the expression cassettes of Rep78 and Rep52 were split from overlapped genes
into two separate ones, each of which was driven by one of the following viral or non-viral
promoters with diverse strength, including human cytomegalovirus (CMV) immediate early
enhancer-promoter, CMV immediate early enhancer fused chicken B-actin promoter (CAG),
human ubiquitin C (UbC) promoter and Rous sarcoma virus (RSV) promoter. To convert these
constitutive promoters into inducible versions, two tetracycline operator sequences (TetOz) were

inserted between the TATA box and transcriptional start site (TSS).

[00187] The original pl19 promoter in the Rep78 open reading frame (ORF) was silenced by
changing six nucleotides in three core regulatory elements required for p19 activity (SP1, TATA-
1, and TATA-2 sites). These changes did not alter the Rep78 protein sequence. To increase
vector stability and Rep52 expression, the DNA sequence of coding region of Rep52 was
optimized for human cell codon usage while retaining the same protein sequence, which
significantly reduced the sequence identity of the Rep52 sequence with the Rep78 sequence,
from 100% to 80.1%.

[00188] To improve the expression of Rep genes, a Kozak sequence or non-canonical start
codon ACG was applied to enhance or reduce the protein expression, respectively. Sixteen
inducible Rep vectors were designed in piggyBac transposon vectors with core insulators
flanking the Rep78 and Rep52 cassettes, as well as an expression cassette for human PGK
promoter driven blasticidin antibiotic resistance gene (BSD) (See Figure SA — 5P). A summary

of the inducible promoter designs for Rep genes are shown in Table 1.

Table 1
iomy [ICMVmoL - vacdl icac | iube RSV
Kozak
PB. Rep78 X
hiRep-1 Reps2 <
PB- Rep78 X
hiRep-2 | pepso x

119



WO 2025/096295

PCT/US2024/052959

PB- Rep78
hiRep-3 Reps2
PB- Rep78 X
hiRep-4 Reps2
PB- Rep78
hiRep-5 Reps2
PB- Rep78 X
hiRep-6 Reps2
PB- Rep78
hiRep-7 Reps2
PB- Rep78 X
hiRep-8 Reps2
PB- Rep78 X
hiRep-9 Reps2 <
PB- Rep78
hiRep-10 Reps2 <
PB- Rep78 X
hiRep-11 Reps2 <
PB- Rep78
hiRep-12 Reps2
PB- Rep78 X
hiRep-13 Reps2
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PB- Rep78 X
hiRep-14 Reps2 <
PB- Rep78 X
iRep-15
hiRep-1 Reps2 <
PB- Rep78 X
hiRep-16 Reps2 <

[00189] The sequence of the PB-hiRep-1# (11,866 bp) vector is provided below:

[00190] PB-hiRep-1# (11,866 bp) (SEQ ID NO: 14)

[00191] actcttcctttttcaatattattgaagcatttatcagggttattgtctcatgageggatacatatttgaatgtatttagaaaaataaaca
aataggggttccgegceacatttccccgaaaagtgecacctaaattgtaagegttaatattttgttaaaattcgegttaaatttttgttaaatcagete
attttttaaccaataggccgaaatcggcaaaatcecttataaatcaaaagaatagaccgagatagggttgagtgttgttccagtttggaacaag
agtccactattaaagaacgtggactccaacgtcaaagggcgaaaaaccgtctatcagggegatggeccactacgtgaaccatcaccectaat
caagttttttggogtcgaggtoccgtaaagcactaaatcggaaccctaaagggageccccgatttagagettgacggggaaagecggega
acgtggcgagaaaggaagggaagaaagcgaaaggagegggecgctagggegctggcaagtgtageggtcacgetgegegtaaccace
acacccgecgegcttaatgegecgetacagggegegteecattcgecattcaggetgegeaactgtigggaagggcgateggtacggac
ctcttcgcetattacgccagetggcgaaagggggatgtgctgeaaggegattaagttggetaacgecagggttttcccagtcacgacgttgta
aaacgacggecagtgagegegcectegttcattcacgtttttgaacccgtggaggacgggeagactcgeggtecaaatgtgttttacagegts
atggagcagatgaagatgctcgacacgetgeagaacacgeagetagattaaccctagaaagataatcatattgtgacgtacgttaaagataa
tcatgcgtaaaattgacgcatgtgttttatcggtctgtatatcgaggtitatttattaatttgaatagatattaagttttattatatttacacttacatacta
ataataaattcaacaaacaatttatttatgtttatttatttattaaaaaaaaacaaaaactcaaaatttcttctataaagtaacaaaacttttatcgaatt
cctgeageccgggggatecactagttctagagggacagecceecccccaaagecceccagggatgtaattacgteectecceegetagggg
gcagcagcgageegeccggggcotecgetecggteeggegeteecceecgeatcceecgagecggeagegtgeggggacageecgggca
cggggaaggtggcacgggatcgetitectctgaacgettetegetgctetitgagectgcagacacctggggegatacggggaaaaggec
tccaaggccagcttcccacaataagttgggtgaattttggcteattectectttctataggattgaggtcagagetttgtgatgggaattetgtgg
aatgtgtgtcagttagggtgtegaaagtcccgegatcgetagettaagegetgatcaattggecgegecgaattegttatctgeagaattcgget

tgacattgattattgactagttattaatagtaatcaattacggggtcattagttcatagcccatatatggagttccgegttacataacttacggtaaa
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tggeecgectggctgaccgeccaacgaceececgeccattgacgteaataatgacgtatgttcccatagtaacgecaatagggactttecatt
gacgtcaatgggtggagtatttacggtaaactgcecacttggcagtacatcaagtgtatcatatgecaagtacgecccctattgacgtcaatga
cggtaaatggcccgectggcattatgeccagtacatgaccttatgggactttcctacttggeagtacatctacgtattagtcatcgetattaccat
ggtoatgeggttttggcagtacatcaatgggegtgsatageggtttgactcacggggatttccaagtetccaccecattgacgtcaatgggag
tttgttttggaaccaaaatcaacgggactttccaaaatgtcgtaacaactccgeoccattgacgcaaatgggcggtaggegtatacggtegg
aggtctatataagcagagctctcectatcagtgatagagatctecctatcagtgatagagategtcgacgagetegtttagtgaacegtcagat
cgectggagacgecatccacgetgttttgacctecatagaagacaccgggacegatccagectgaacgegeagecgecaatggatgeeg
gggttttacgagattgtgattaaggtceccagegaccttgacgageatetgeecggcatttetgacagetttgtgaactgggtggcegagaag
gaatgggagttoccgccagattctgacatggatctgaatetgattgagecaggeaccectgacegtggecgagaagetgeagegegacttte
tgacggaatggcegceegtgtgagtaaggececcggaggctettttctttgtgcaatttgagaaggeagagagcetacttccacatgeacgtgcte
gtggaaaccaccggggtgaaatccatggttttgggacgtttcetgagtcagattcgcgaaaaactgaticagagaatttaccgegggatcga
gccgactttgecaaactggttcgeggtcacaaagaccagaaatggegecggaggcgegaacaaggtegtegatgagtactacatceeca
attacttgctccccaaaacccagectgagcetccaatgggceatggaccaacatggaacagtacctcagegectgtttgaatctcacggagegt
aaacggttggtggcgcageatctgacgecacgtgtcgcagacgcaggageagaacaaagagaatcagaatcecaattetgatgegecggt
gatcagatcaaaaacttcagccaggtacatggagctggtcgggtgactcgtggacaaggggattacctcggagaagcagtggatccagg
aggaccaggcctcatacatctccttcaatgeggcectccaactcgeggteccaaatcaaggetgecttggacaatgegggaaagattatgag
cctgactaaaaccgeececcgactacctggtgggccageageccgtggaggacatticcageaatcggatttataaaattttggaactaaacg
ggtacgatccccaatatgeggcettecgtetttetgggatggaccacgaaaaagticggcaagaggaacaccatetggctgtttggacctgea
actaccgggaagaccaacatcgeggaggccatageccacactgtgececttctacgggtgcgtaaactggaccaatgagaactttcecttea
acgactgtgtcgacaagatggtgatctggtgggaggaggesaagatgaccgecaaggtegtggagtcggecaaagecattctcggagga
agcaaggtgcgcegtggaccagaaatgcaagtecteggeccagatagacccgactceegtgategtecacctccaacaccaacatgtgege
cgtgattgacgggaactcaacgaccttcgaacaccageagecgttgcaagaccggatgttcaaatttgaactcaccegeegtetggatcatg
actttgggaaggtcaccaagcaggaagtcaaagactttttccggtgggcaaaggatcacgtggtteagoteosagcatgaattetacgtcaaa
aagggtggagccaagaaaagacccgeccccagtgacgeagatataagtgageccaaacgggtgcgegagteagttgcgeagecatega
cgtcagacgcggaagettcgatcaactacgeagacaggtaccaaaacaaatgttctegtcacgtgggcatgaatetgatgetgtttcectge
agacaatgcgagagaatgaatcagaattcaaatatctgettcactcacggacagaaagactgtttagagtgctttccegtgtcagaatetcaac
ccgtttetgtcgtcaaaaaggegtatcagaaactgtgctacattcatcatatcatgggaaaggtaccagacgcttgeactgectgegatetggt
caatgtggatttggatgactgcatctttgaacaataaaatggctaggatccggecggectgeaggtgtectcacaggaacgaagtecctaaa
gaaacagtggcagccaggtttagccccggaaaacttgtttattgecagcttataatggttacaaataaagcaatagcatcacaaatttcacaaat
aaagcatttttttcactgcattctagttgtggttigtccaaactcatcaatgtatcttattgactggattgagggacagecccececcaaagecce

cagggatgtaattacgtccctceecccgetagggggeageagegagecgeecggggcteegetecggteeggegetececcegeatece
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cgagccggeagegtgcggggacageccgggeacggggaaggtggcacgggategetttectetgaacgcettctegetgetetttgagect
gcagacacctggggggatacggggaaaaggectccaaggecagettcccacaataagtigggtgaattttggetcattectectttctatag
gattgaggtcagagcCGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCAT
TAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGC
CTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCA
TAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAA
CTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACG
TCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACT
TTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTT
TTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCT
CCACCCCATTGACGTCAATGGGAGTTTGTTTTGGAACCAAAATCAACGGGACTTTCC
AAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGT
GGGAGGTCTATATAAGCAGAGCTCTCCCTATCAGTGATAGAGATCTCCCTATCAGTG
ATAGAGATCGTCGACGAGCTCGTTTAGTGAACCGTCAGATCGCCTGGAGACGCCATC
CACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTatcccaattctgatgege
cggtgatcagatcaaaaacttcagccaggtacgccaccatggaactggteggatggetggtggataagggcatcacaagegagaageaat
ggatccaggaggaccaggectcatatatttcttttaacgecgetagcaattccagaagecagatcaaggetgetctggacaacgecggeaa
aatcatgagcctgaccaagaccgeecctgactacctggtgggacageagectgtggaagatatcageageaacagaatctataagatectg
gaactgaacggctacgacccecagtacgecgecteegtgticctgggetgggctacaaagaagticggcaageggaacaccatctggetg
ttcggacctgecaccacaggcaaaaccaatatcgecgaggecatcgeecacaccgtgectttctacggetgegtgaactggacaaacgag
aacttccecttcaacgactgtgtggacaagatggtgatctggtgggaggaaggcaaaatgacagetaaggtggtggaatctgecaaggeta
tcctgggaggctctaaggtcagggtegatcagaagtgtaaaagcagegeecagattgacectaceectgtgategtgaccageaataccaa
catgtgcgecgtgatcgacggeaacageaccaccttcgageatcageagectetgeaggaccggatgttcaagtttgagetcaccagacg
getggatcacgacttcggeaaggtgaccaageaggaggtgaaggatttcttcagatgggccaaagaccacgttgttgaggtggaacacga
gttctacgtgaagaagggeggegecaagaaaagacccgeecctagegacgecgacatcagegagectaagagagtgegggaaagegt
ggcccageccageacatetgatgetgaggecageatcaactacgeegatagataccaaaacaagtgeagecgecacgtgggeatgaace
tgatgctgtitcectgcagacagtgtgaaagaatgaaccagaattctaatatctgetitacacacggecagaaagattgectggaatgetteect
gtgtccgagagecaaccagtgtetgtggtgaaaaaggectaccagaagcetgtgctacatccaccacatcatgggcaaggtgccagacgee
tgtaccgectgegacctggtcaacgtggacctggacgactgeatcttcgageagtgatttgtgatgggaattetgtgctgtgecttctagttge
cagccatctgttgtttgceccteeccegtgecttecttgaccetggaaggtgecacteccactgtectttcctaataaaatgaggaaattgeate

gcattgtctgagtaggtgtcattctattctggggegtogostogsocaggacageaagggggaggattgggaagacaatageaggeatgc
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tgeggatgcggtggoctctatgggaccttttttagggcccattggtatggctttttccecgtatccccccaggtgtetgecaggctcaaagagea

gcgagaagegttcagaggaaagegatcecgtgecaccttececgtgeccgggetgteecegeacgetgecggeteggggatgeggegg
gagegecggaccggageggageeccgggeggctegetgetgeccectagegggggagggacgtaattacatcectgggggctttegg

ggggggctgtecctctagageggecgecaccgeggtggagetecagetitigttcectttagtgagggttaattagatcttaatacgactcact
atagggcgaattgggtaccgggcccccctgaggeggaaagaaccagetggggctetagggggtatceccggggttggggttacgectttt

ccaaggcagecctgggtttgecgeagggacgeggctgetetgggegtggttccgggaaacgeageggegecgaccetgggtetcgeaca
ttettcacgtcegttcgeagegteacceggatcttegecgetaccecttgtggacceeccggegacgcettcetgcteegeccctaagteggga

aggttcettgeggttcgeggegtgceggacgtgacaaacggaagecgeacgtetcactagtaccetcgeagacggacagegecaggga
gcaatggcagegegecgaccgegatgggctgtggecaatageggetgetcageagggegegeegagageageggecgggaagegg
cggtgcgggaggeggagtatagaocaatagtatagaccectgttcctgecegegeggtgttecgeattetgcaagectecggagegeacg
tcggcagteggetecctegttgaccgaatcaccgacctctetecccagaagetcccgggagcettgtatatecattttcggatctgatcageac
gtgttgacaattaatcatcggceatagtatatcggeatagtataatacgacaaggtgageaacgecaccatggecaagectttgtctcaagaag
aatccaccctcattgaaagagcaacggctacaatcaacagcatccccatctctgaagactacagegtegecagegeagcetcetetctagega
cggccegcatcttcactggtgtcaatgtatatcattttactgggggaccttgtgcagaactegtggtgctgggcactgetgetgetgeggcaget
ggcaacctgacttgtatcgtcgegatcggaaatgagaacaggggcatcttgageccctgeggacggtgccgacaggtgcttctcgatetge
atcctgggatcaaagccatagtgaaggacagtgatggacagecgacggceagttgggattcgtgaattgetgecctetggttatgtgtggoag
ggctaaagegeggggatctcatgetggagticttcgeccaccecaacttgtttattgecagettataatggttacaaataaagcaatageatcac
aaatttcacaaataaagcatttttttcactgcattctagttgtggtttatccaaactcatcaatgtatcttatcatgtctgtagetgatgtatacctagg
atccggecggectgeaggtgtectcacaggaacgaagtecctaaagaaacagtggeagecaggtttagececggaattgactggattectt
ttttagggcccattggtatggctttttcccegtatceceeccaggtgtetgecaggetcaaagagcagegagaagegttcagaggaaagegate
ccgtgccaccttceeegtgeecgggetgteccecgeacgetgecggeteggggatgcggegegagegccggaccggageggageece
gggcggctegetgetgeeccctagegggggagggacgtaattacatcectggggactttggggggagactgtecctctagageggecge
caccgeggtggagcetccagettttgttecctttagtgagggttaattagatcttaatacgactcactatagggegaattgggtacegggeeccee
cctcgaggtcgacggtatcctegaggtegacggtatcgataagettgatatctataacaagaaaatatatatataataagttatcacgtaagtag
aacatgaaataacaatataattatcgtatgagttaaatcttaaaagtcacgtaaaagataatcatgegteattttgactcacgeggtegttatagtt
caaaatcagtgacacttaccgcattgacaagcacgectcacgggagetccaageggegactgagatgtectaaatgcacagegacggatt
cgegctatttagaaagagagagceaatatttcaagaatgcatgegtcaattttacgcagactatcttictagggttaatctagetgeatcaggate
atatcgtcgggtcttttttccggetcagtcatcgeccaagetggegcetatetgggcatcggggaggaagaageccgtgccttttcecegegag
gttgaagcggcatggaaagagtttgccgaggatgactgctgetgeattgacgttgagecgaaaacgceacgtitaccatgatgattcgggaag
gtgtggecatgeacgectttaacggtgaactgttcgttcaggecacctgggataccagttegtegeggcttttccggacacagttccggatgg

tcagcccgaagegeatcageaacccgaacaataccggegacagecggaactgecgtgecggtgtgeagattaatgacageggtgcgge
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gctgggatattacgtcagegaggacgggtatcctggetggatgecgeagaaatggacatggataceeecgtgagttacecggegggeges
cttggcgtaatcatggtcatagetgtttectgtgtgaaattgttatccgetecacaattccacacaacatacgagecggaageataaagtgtaaag
cctggggtgcctaatgagtgagetaactcacattaattgegttgegetecactgeccgcetttccagtegggaaacctgtegtgecagetgeatta
atgaatcggccaacgegcggggagaggcggtttgegtattggacgcetettcegettectegetcactgactegetgegeteggtegttegge
tgcggegageggtatcagetcactcaaaggeggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgageaaaa
ggccagceaaaaggecaggaaccgtaaaaaggecgegttgetggcegtttttecataggetecgeccccctgacgageatcacaaaaatcga
cgctcaagtcagaggtggcgaaaccegacaggactataaagataccaggegtttccecctggaagceteectegtgegetetectgttcega
ccetgecgcettaccggatacctgteecgecttteteecttcgggaagegtggegctttctcatagetcacgcetgtaggtatctcagttcggtgtag
gtegttcgetecaagetgggetgtgtgcacgaacceccegttcageccgacegetgegecttatceggtaactategtettgagtecaacce
ggtaagacacgacttatcgccactggeageagecactggtaacaggattagcagagegaggtatgtaggeggtactacagagttcttgaa
gtggtgocctaactacggcetacactagaaggacagtatttggtatctgcgetetgctgaagecagttaccttcggaaaaagagttggtagete
ttgatccggcaaacaaaccaccgctggtageggtagttttittstttgcaagcagecagattacgecgcagaaaaaaaggatctcaagaagate
ctttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctag
atccttttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgettaatcagtgaggcacctat
ctcagcgatctgtctatttcgttcatccatagttgectgactcecccgtegtgtagataactacgatacgggagggcttaccatectggecccagtg
ctgcaatgataccgcgagacccacgctcaccggetccagatttatcagcaataaaccagecagecggaagggecgagegeagaagtggt
cctgeaactttatccgectecatccagtctattaattgttgeccgggaagetagagtaagtagtticgecagttaatagtttgecgeaacgttgttgee
attgctacaggcatcgtggtgtcacgetcgtegtitggtatggcttecattcagetccggttcccaacgatcaaggegagttacatgatceeccat
gttgtgcaaaaaageggttagetecticggtectecgategttgtcagaagtaagttggecgeagtgttatcactcatggttatggcageactg
cataattctcttactgtcatgccatccgtaagatgcttttctgtgactggtgagtactcaaccaagteattctgagaatagtgtatgeggegaceg
agttgctcttgecceggegtcaatacgggataataccgegecacatagcagaactttaaaagtgetcatcattggaaaacgttettcggggega
aaactctcaaggatcttaccgetgttgagatccagticgatgtaacccactegtgeacccaactgatettcageatcttttactttcaccagegttt

ctgggtgagcaaaaacaggaaggcaaaatgecgeaaaaaagggaataagggcgacacggaaatgttgaatacteat
[00192] The sequence of the PB-hiRep-2# vector is provided below:

[00193] PB-hiRep-2# (11,861 bp) (SEQ ID NO: 15)

[00194] actcttectttttcaatattattgaageatttatcagggttattgtctcatgageggatacatatttgaatgtatttagaaaaataaaca
aataggggttecgegeacatttccccgaaaagtgecacctaaattgtaagegttaatattttgttaaaattcgegttaaatttttgttaaatcagete
attttttaaccaataggccgaaatcggcaaaatcecttataaatcaaaagaatagaccgagatagggttgagtgttgticcagtttggaacaag

agtccactattaaagaacgtggactccaacgtcaaagggcgaaaaaccgtctatcagggegatggeccactacgtgaaccatcaccctaat
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caagttttttggogtcgaggteccgtaaageactaaatcggaaccctaaagggageccecgatttagagettgacggggaaagecggega
acgtggcgagaaaggaagggaagaaagcgaaaggagegggcgctagggcgctggeaagtgtageggtcacgetgegegtaaccace
acacccgecegegcttaatgegecgcetacagggegegteccattcgecattcaggetgegeaactgttgggaagggcgatcggtacggec
ctcttcgcetattacgecagetggegaaagggggatgtactgcaaggcgattaagttggotaacgecagggttttcccagtcacgacgttgta
aaacgacggccagtgagegegcectegttcattcacgtttttgaaccegtggaggacgggeagactcgeggtgcaaatgtgttttacagegtg
atggagcagatgaagatgctcgacacgetgeagaacacgeagetagattaaccctagaaagataatcatattgtgacgtacgttaaagataa
tcatgcgtaaaattgacgcatgtgttttatcggtctgtatatcgaggtttatttattaatttgaatagatattaagttttattatatttacacttacatacta
ataataaattcaacaaacaatttatttatgtttatttatttattaaaaaaaaacaaaaactcaaaatttctictataaagtaacaaaacttttatcgaatt
cctgeageccgggggatccactagtictagagggacageccceccccaaagececcagggatgtaattacgtecctecccegetagggg
gcagcagcgagecgeccggggcteegeteeggteecggegeteccccegeatccecgageecggeagegtgeggggacageecgggea
cggggaaggtggcacgggatcgetitectctgaacgettetegetgctetttgagectgcagacacctggggggatacggggaaaagece
tccaaggccagcttcccacaataagttgggetgaattttggcteattectectttctataggattgaggstcagagctttetgateggaattetetgg
aatgtgtgtcagttagggtotgoaaagtcccgegatcgetagettaagegcetgatcaattggegegecgaattegttatctgecagaattcgget
tgacattgattattgactagttattaatagtaatcaattacggggtcattagttcatagcccatatatggagttccgegttacataacttacggtaaa
tggcecgectggetgaccgeccaacgacccccgeccattgacgtcaataatgacgtatgttcccatagtaacgecaatagggactttceatt
gacgtcaatgggtgoagtatttacggtaaactgcccacttggeagtacatcaagtgtatcatatgecaagtacgecccectattgacgtcaatga
cggtaaatggceecgectggceattatgeccagtacatgaccttatgggactttectacttggeagtacatctacgtattagtcatcgetattaccat
ggtoatgcggttttggcagtacatcaatgggegtgsatageggtttgactcacggggatttccaagtetccaccecattgacgtcaatgggag
tttgttttggaaccaaaatcaacgggactttccaaaatgtcgtaacaactccgecccattgacgcaaatgggcggtaggcgtatacggtgog
aggtctatataagcagagctctcectatcagtgatagagatctecctatcagtgatagagategtcgacgagetegtttagtgaaccgtcagat
cgectggagacgecatccacgctgttttgacctecatagaagacaccgggaccgatccagectgaacgegeagecgecacgecggggtt
ttacgagattgtgattaaggtcecccagegaccttgacgageatctgeccggeatttetgacagetttgtgaactgggtgeccgagaaggaat
gggagtteccgccagattctgacatggatctgaatetgattgageaggcaccectgaccgtggecgagaagetgeagegegactttctgac
ggaatggcgecgtgtgagtaaggecceggaggcetcettttetttgtgeaatttgagaagggagagagetacttccacatgeacgtgctegtgg
aaaccaccggggtgaaatccatggttttgggacgtttcctgagtcagaticgcgaaaaactgattcagagaatttacegegggatcgagecg
actttgccaaactggttcgeggtcacaaagaccagaaatggegecggaggegggaacaaggtggtggatgagtactacatceecaattac
ttgctccccaaaacccagectgagcetccaatgggcatggaccaacatggaacagtacctcagegectgtttgaatctcacggagegtaaac
ggttggteocgcagceatctgacgcacgtgtcgecagacgcaggageagaacaaagagaatcagaateccaattetgatgegecggtgate
agatcaaaaacttcagccaggtacatggagctggtcgggtggctcgtggacaaggggattacctcggagaagcagtggatccaggagga
ccaggcctcatacatctecttcaatgeggectccaactcgeggteccaaatcaaggetgecttggacaatgegggaaagattatgagectga

ctaaaaccgceccccgactacctggtgggoccageageccgtggaggacatticcagcaatcggatttataaaattttggaactaaacgggtac
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gatccccaatatgeggcetteegtetttctgggatgggccacgaaaaagticggecaagaggaacaccatctggetgtttgggcctgeaactac
cgggaagaccaacatcgeggaggecatageccacactgtgeccttctacgggtacgtaaactggaccaatgagaactttcecttcaacgac
tgtgtcgacaagatggtgatctggtgggaggaggogaagatgaccgecaaggtegtggagtcggecaaagecatictcggaggaageaa
ggtgcgegtggaccagaaatgecaagtectcggeccagatagaccegacteccgtgategtcacctccaacaccaacatgtgegecgtgat
tgacgggaactcaacgaccttcgaacaccageagecgttgcaagaccggatgttcaaatttgaactcaccegeegtetggatcatgactttg
ggaaggtcaccaagcaggaagtcaaagactttttccggtgggcaaaggatcacgtggttgaggtggageatgaattctacgtcaaaaagg
gtggagccaagaaaagacccgececcagtgacgceagatataagtgageccaaacgggtgcgegagteagttgegeagecatcgacgte
agacgcggaagcttcgatcaactacgcagacaggtaccaaaacaaatgttctegteacgtgggeatgaatetgatgetgttteectgeagac
aatgcgagagaatgaatcagaattcaaatatctgettcactcacggacagaaagactgtttagagtgctttceccgtgtcagaatctcaaccegt
ttetgtegtcaaaaaggegtatcagaaactgtgetacattcatcatatcatgggaaaggtgecagacgettgeactgectgegatetggteaat
gtggatttggatgactgcatctttgaacaataaaatggetaggatccggecggectgeaggtgtectcacaggaacgaagtecctaaagaaa
cagtggcagcecaggtttagccccggaaaacttgtitattgcagettataatggttacaaataaagcaatageatcacaaatttcacaaataaag
catttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatcttattgactggattgagggacageccccccccaaageecccagg
gatgtaattacgtcectcceecgetagggggeageagegageegeecggggetecgeteecggtecggegetececccgeateccegag
ccggcagegtgcggggacageccgggcacggggaaggtgacacgggatcgetttcctectgaacgettctegetgetcetttgagectgeag
acacctggggggatacggggaaaaggcctccaaggecagcettcccacaataagttgggtoaattttgocteattectecttictataggattg
aggtcagagcGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAG
TTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTG
GCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAG
TAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTG
CCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCA
ATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTC
CTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTG
GCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCA
CCCCATTGACGTCAATGGGAGTTTGTTTTGGAACCAAAATCAACGGGACTTTCCAAA
ATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGG
AGGTCTATATAAGCAGAGCTCTCCCTATCAGTGATAGAGATCTCCCTATCAGTGATA
GAGATCGTCGACGAGCTCGTTTAGTGAACCGTCAGATCGCCTGGAGACGCCATCCA
CGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTatcccaattctgatgcgeeggt
gatcagatcaaaaacttcagccaggtacgecaccatggaactggtcggatggctggtggataagggcatcacaagcgagaagceaatggat

ccaggaggaccaggcectcatatatttcttttaacgecgetageaattccagaagecagatcaaggetgctetggacaacgecggeaaaatca
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tgagcctgaccaagaccgeccctgactacctggtgggacageagectgtggaagatatcagcageaacagaatctataagatectggaac
tgaacggctacgacceccagtacgecgecteegtgttectgggctgggctacaaagaagttcggeaageggaacaccatetggcetgtteg
gacctgecaccacaggcaaaaccaatatcgecgaggecatcgeccacaccgtgectttctacggetgegtgaactggacaaacgagaact
tccecttcaacgactgtgtggacaagatggtgatctggtgegaggaaggcaaaatgacagetaaggtgstggaatctgecaaggetatect
gggaggctctaaggtcagggtggatcagaagtgtaaaagecagegeccagattgacectacceetgtgatcgtgaccageaataccaacat
gtgegecgtgatcgacggeaacageaccaccttcgageatcageagectetgeaggaccggatgticaagtttgagetcaccagacgget
ggatcacgacttcggcaaggtgaccaagcaggaggtgaaggatttcttcagatgggccaaagaccacgttgttgaggtggaacacgagtt
ctacgtgaagaagggcggegecaagaaaagaccegeccctagegacgeegacatcagegagectaagagagtgegggaaagegteg
cccageccageacatctgatgetgaggecagceatcaactacgecgatagataccaaaacaagtgecagecgecacgtgggeatgaacctg
atgctgtttccctgcagacagtgtgaaagaatgaaccagaattctaatatetgetttacacacggecagaaagattgectggaatgetteectgt
gtccgagagcecaaccagtgtetgtggtgaaaaaggectaccagaagetgtgetacatccaccacatcatgggeaaggtgccagacgectg
taccgcctgegacctggtcaacgtggacctggacgactgeatcttcgageagtgatttgtgatgggaattetgtgctgtgccttctagttgeca
gecatctgttgtttgccectecceegtgecttecttgaccctggaaggtgccactcccactgtectttcctaataaaatgaggaaattgeatcge
attgtctgagtaggtgtcattctattctggggggtggggtgggacaggacagcaagggggaggattgggaagacaatagecaggeatgctg
gggatgcggtggooctctatgggaccttttttagggeccattggtatggctttttccccgtatccececcaggtgtetgcaggcetcaaagageag
cgagaagcgttcagaggaaagcgatccegtgecaccticcecgtgeccgggcetgtecccgeacgetgecggeteggggatgegggooo
agcgecggaccggageggagececgggcggetegetgetgeccectagegggggagggacgtaattacatcectgggggctttgggg
ggggectgtcectctagageggecgecaccgeggtggagetecagettttgttcectttagtgagggttaattagatcttaatacgactcacta
tagggcgaattgggtaccgggececcctgaggeggaaagaaccagetggggctctagggggatatececeggggttggggttacgecttttc
caaggcagceectgggtttgcgeagggacgeggcetgetctgggegtggticcgggaaacgeageggegecgaccetgggtetegeacatt
cttcacgtcegttcgeagegtcacccggatettcgeegetaceettgtgggeeccceggegacgettectgetecgecectaagtcgggaa
ggttecttgeggttcgeggegtgecggacgtgacaaacggaagecgeacgtcteactagtacectcgeagacggacagegecagggag
caatggcagcgegecgaccgegatgggctgtggccaatageggctgetcageagggrgcgecgagageageggccggsaagessc
ggtgcgggaggcgggstatgggacagtagtgtaggccctgttectgeccgegeggtgttcegeattctgecaagectccggagegeacgt
cggcagtcggctecctegttgaccgaatcaccgacctetetcecccagaagetcecgggagcttgtatatecattttcggatctgatcageacg
tgttgacaattaatcatcggeatagtatatcggeatagtataatacgacaaggtgaggaacgecaccatggecaagectttgtctcaagaaga
atccaccctcattgaaagagcaacggetacaatcaacagcatceccatctctgaagactacagegtegecagegeagetetetetagegac
ggccgeatcttcactggtgtcaatgtatatcattttactgggggaccttgtgcagaactegtggtactgggcactgetgetgetgeggcagetg
gcaacctgacttgtatcgtcgegatcggaaatgagaacaggggcatcttgageccctgeggacggtgeccgacaggtgcttctcgatetgea
tcctgggatcaaagecatagtgaaggacagtgatggacagecgacggeagtigggattcgtgaattgetgeectetggttatgtatgggag

ggctaaagcgeggggatctcatgetggagttcttcgeccaccccaacttgtttattgcagettataatggttacaaataaagcaatagceatcac
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aaatttcacaaataaagcatttttttcactgcattctagttgtggtttatccaaactcatcaatgtatcttatcatgtetgtagetgatgtatacctagg
atccggecggectgeaggtgtectcacaggaacgaagtecctaaagaaacagtggcagecaggtttagececggaattgactggattectt
ttttagggcccattggtatggctttttcccegtatceccecccaggtgtetgcaggetcaaagagcagegagaagegttcagaggaaagegate
ccgtgecaccttcceegtgeccgggctgteeeccgeacgetgecggcteggggatecggegeoagcaccggaccggageggageece
gggcggetegetgetgeocectagegggggagggacgtaattacatcectggggactttggggggggactgtecctetagageggeege
caccgcggtggagcetceagettttgticcctttagtgagggttaattagatcttaatacgactcactatagggegaattgggtacegggeecce
cctcgaggtcgacggtatectegaggtegacggtategataagettgatatctataacaagaaaatatatatataataagttatcacgtaagtag
aacatgaaataacaatataattatcgtatgagttaaatcttaaaagtcacgtaaaagataatcatgegteattttgactcacgeggtegttatagtt
caaaatcagtgacacttaccgcattgacaagcacgectcacgggagetccaageggegactgagatgtectaaatgcacagegacggatt
cgegctatttagaaagagagagcaatatttcaagaatgcatgegtcaattttacgcagactatctttctagggttaatctagetgeatcaggate
atatcgtcgggtcttttttccggctcagtcatcgeccaagetggegcetatctgggeatcggggaggaagaageccgtgecttttcccgegag
gttgaagcggcatggaaagagtttgccgaggatgactgetgetgcattgacgttgagecgaaaacgeacgtttaccatgatgattcgggaag
gtgtggccatgcacgcectttaacggtgaactgttegttcaggecacctgggataccagticgtecgeggetittccggacacagttccggatgg
tcagceccgaagegceatcagcaacccgaacaataccggegacagecggaactgecgtgecggtgtgcagattaatgacageggtgcggc
gctgggatattacgtcagcgaggacgggtatcctggetggatgecgeagaaatggacatggatacccegtgagttacceggegggcgcyg
cttggcgtaatcatggtcatagcetgtttcctgtgtgaaattgttatccgetcacaattccacacaacatacgagecggaageataaagtgtaaag
cctggggtgectaatgagtgagetaactcacattaattgegttgegetcactgeccgcetttccagtcgggaaacctgtegtgecagetgcatta
atgaatcggccaacgegeggggagaggcggtttgegtattggacgctettcegettcctegetecactgactegetgegeteggtegttegge
tgcggcgageggtatcagetcactcaaaggeggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgageaaaa
ggccagceaaaaggecaggaaccgtaaaaaggecgegttgetggegtttttccataggetecgecccectgacgageatcacaaaaatcga
cgctcaagtcagaggtggcgaaaccegacaggactataaagataccaggegtttceecctggaagceteectegtgegetetectgttecega
ccetgeegcettaccggatacctgtecgecttteteccticgggaagegtggegctttctcatagetcacgetgtaggtatcteagttcggtgtag
gtegttcgetecaagetgggcetgtgtecacgaaccceeegttcageccgacegetgegecttatecggtaactategtettgagtecaaccee
ggtaagacacgacttatcgccactggeageagecactggtaacaggattagcagagegaggtatgtaggcggtactacagagttcttgaa
gtggtggcctaactacggetacactagaaggacagtatttggtatetgegetetgetgaagecagttaccttcggaaaaagagttggtagete
ttgatccggcaaacaaaccaccgcetggtageggtagtttttttatttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagate
ctitgatcttttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctag
atccttttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcettaatcagtgaggcacctat
ctcagcgatctgtctatttcgttcatccatagttgcctgactcececgtegtgtagataactacgatacgggagggcttaccatctggecccagtg
ctgcaatgataccgcgagacccacgetcaccggetecagatttatcagcaataaaccagecagecggaagggocgagegcagaagtegt

cctgcaactttatccgecteccatccagtctattaattgttgccgggaagetagagtaagtagttcgecagttaatagtttgegeaacgttgttgec
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attgctacaggcatcgtggtotcacgetcgtegtttgotatgecttcattcagetecggttcccaacgatcaaggegagttacatgatececcat
gttgtecaaaaaagceggttagetecttcggtectcegategttgtcagaagtaagttggecgeagtgttatcactcatggttatggcageactg

cataattctcttactgtcatgecatcegtaagatgettttctgtgactggtgagtactcaaccaagteattctgagaatagtgtatgeggcgaceg
agttgctettocceggegtcaatacgggataataccgegecacatageagaactttaaaagtgctcatcattggaaaacgttcttcggggcga
aaactctcaaggatcttaccgetgttgagatccagttcgatgtaacccactegtgcacccaactgatcttcagceatcttttactttcaccagegttt

ctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgttgaatacteat
[00195] The sequence of the PB-hiRep-3# vector is provided below:

[00196] PB-hiRep-3# (11.580 bp) (SEQ ID NO: 16)

[00197] actcttectttttcaatattattgaagcatttatcagggttattgtctcatgageggoatacatatttgaatgtatttagaaaaataaaca
aataggggttccgegceacatttceccgaaaagtgccacctaaattgtaagegttaatattttgttaaaattcgegttaaatttttgttaaatcagcete
attttttaaccaataggccgaaatcggcaaaatcecttataaatcaaaagaatagaccgagatagggttgagtgttgticcagtttggaacaag
agtccactattaaagaacgtggactccaacgtcaaagggcgaaaaaccgtetatcagggegatggeccactacgtgaaccatcaccectaat
caagttttttggagtcgaggtaccgtaaagcactaaatcggaaccctaaagggageccecgatttagagettgacggggaaagecggega
acgtggcgagaaaggaagggaagaaagegaaaggagegggcgctagggcgetggeaagtgtageggtcacgetgegegtaaccace
acacccgecgegcttaatgegecgetacagggegegteecattegecattcaggetgegeaactgttgggaagggegateggtacggac
ctcttcgetattacgecagetggegaaagggggatgtgctgcaaggegattaagttggetaacgecagggttttcccagtcacgacgttgta
aaacgacggccagtgagegcgcctegttcattcacgtttttgaaccegtggaggacgggcagactcgeggtecaaatgtgttttacagegte
atggagcagatgaagatgctcgacacgetgcagaacacgeagetagattaaccctagaaagataatcatattgtgacgtacgttaaagataa
tcatgcgtaaaattgacgcatgtgttttatcggtctgtatatcgaggtitatttattaatttgaatagatattaagttttattatatttacacttacatacta
ataataaattcaacaaacaatttatttatgtttatttatttattaaaaaaaaacaaaaactcaaaatttcttctataaagtaacaaaacttttatcgaatt
cctgeageoccgggggatecactagttctagagggacageccccecccaaageccccagggatgtaattacgteectocccegetagggg
gcagcagegagecgeccggggctecgetecggteeggegeteeeccegeatccecgagecggeagegtgcggggacageecgggca
cggggaaggtggcacgggatcgctttcctetgaacgcettetcgetgetetttgagectgcagacacctggggggatacggggaaaaggcee
tccaaggccagcticccacaataagttgggtgaattttggcteattectectttctataggattgaggtcagagettigtgatgggaattctgtgg
aatgtgtgtcagttagggtgtggaaagtcccgegatcgetagettaagegetgatcaattggegegecgaattegttatctgeagaattcggcet
tggectecgegeegggttttggegectecegegggegecccectectcacggegagegcetgecacgtcagacgaagggegeagegage
gtectgatecttcegeccggacgetcaggacageggeccgetgetcataagacteggecttagaaccecagtatcagcagaaggacatttt
aggacgggacttgggtgactctagggeactggttttctttccagagageggaacaggegaggaaaagtagtecctteteggegattetgeg

gagggatctcegtggggcggtgaacgecgatgattatataaggacgegeeggtecctatcagtgatagagatetecctatcagtgatagag
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agtgtggcacagctagticcgtcgcagecgggatttgggtegeggticttgtitgtggategetgtgategteacttgacgaacgegeagecg
ccatgccggggttttacgagattgtgattaaggtecccagegaccttgacgageatctgeccggeatttctgacagetttgtgaactgggteg
ccgagaaggaatgggagttgccgecagattctgacatggatctgaatetgattgagcaggeaccectgaccgtggecgagaagetgeage
gcgacttictgacggaatggegecgtgtgagtaaggecceggaggctcetittetttgtgcaatttgagaagggagagagetacttcecacatge
acgtgctcgtggaaaccaccggggtgaaatecatggttttgggacgtttcctgagtcagattcgegaaaaactgattcagagaatttaccgeg
ggatcgagecgactttgccaaactggttcgeggtcacaaagaccagaaatggegeeggaggegggaacaaggtegteggatgagtgctac
atccccaattacttgetccccaaaacccagectgagetccaatgggeatggaccaacatggaacagtacctcagegectgtttgaatetcac
ggagcgtaaacggttggtegegeageatctgacgeacgtgtegecagacgeaggageagaacaaagagaatcagaateecaattetgatg
cgceggtgatcagatcaaaaacttcagecaggtacatggagetggtegggtggetegtggacaaggggattacctcggagaageagtgg
atccaggaggaccaggcctcatacatctecttcaatgeggectecaactcgeggteccaaatcaaggetgecttggacaatgegggaaaga
ttatgagcctgactaaaaccgeccecgactacctggtgggecageageccgtggaggacatttccagcaateggatttataaaattttggaa
ctaaacgggtacgatccccaatatgeggcettecgtetttctgggatgggccacgaaaaagttcggcaagaggaacaccatctggetgttteg
gccetgeaactaccgggaagaccaacatcgeggaggecatageccacactgtgeccttctacgggtgcgtaaactggaccaatgagaactt
tcecttcaacgactgtgtcgacaagatggtgatctggtgggaggaggggaagatgacecgecaaggtegtggagtcggecaaagecattet
cggaggaagcaaggtgcgegtggaccagaaatgcaagtectcggeccagatagacccgacteecgtgategtecacctccaacaccaaca
tgtgcgecgtgattgacgggaactcaacgaccttcgaacaccageagcecgtigcaagaccggatgttcaaatttgaactcaccecgecgtetg
gatcatgactttgggaaggtcaccaagcaggaagtcaaagactttttccggtgggcaaaggatcacgtggttgaggtggagcatgaattcta
cgtcaaaaagggtggagccaagaaaagacccgeccecagtgacgeagatataagtgageccaaacgggtgcgegagteagttgegeag
ccatcgacgtcagacgcggaagceticgatcaactacgecagacaggtaccaaaacaaatgtictcgtcacgtgggcatgaatctgatgetgtt
tccctgeagacaatgegagagaatgaatcagaattcaaatatctgettcactcacggacagaaagactgtttagagtgctttcecgtgtcaga
atctcaacccgtttctgtcgtcaaaaaggegtatcagaaactgtgctacattcatcatatcatgggaaaggtgccagacgettgeactgeetge
gatctggtcaatgtggatttggatgactgcatctitgaacaataaaatggetaggatccggeeggectgeaggtgtectcacaggaacgaagt
ccctaaagaaacagtggeagecaggtttagecccggaaaacttgtttattgcagcttataatggttacaaataaageaatagcatcacaaattt
cacaaataaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatcttattgactggattgagggacageececceeccaa
agcccccagggatgtaattacgtcectcceccgetagggggcageagegagecgeecggggcetecgeteeggtecggegeteceeceg
catcccecgagecggeagegtgeggggacageeccgggeacggggaaggtggeacgggategctttectetgaacgcttetegetgetcettt
gagcctgecagacacctggggggatacggggaaaaggectccaaggecagettcecacaataagttgggtgaattttggetcattectecttt
ctataggattgagetcagagcGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGG
TCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGC
CCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTT
CCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGG
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TAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATT
GACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGG
GACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGC
GGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAA
GTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGAACCAAAATCAACGGGACT
TTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTAC
GGTGGGAGGTCTATATAAGCAGAGCTCTCCCTATCAGTGATAGAGATCTCCCTATCA
GTGATAGAGATCGTCGACGAGCTCGTTTAGTGAACCGTCAGATCGCCTGGAGACGC
CATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTatcccaattctg
atgcgecggtgatcagatcaaaaacttcagecaggtacgecaccatggaactggteggatggetggtggataagggeatcacaagegag
aagcaatggatccaggaggaccaggectcatatatticttttaacgecgetageaattccagaagecagatcaaggetgcetctggacaacge
cggcaaaatcatgagectgaccaagaccgeccetgactacctggteggacageagectgtggaagatatcagcagcaacagaatctataa
gatcctggaactgaacggcetacgacccccagtacgecgectecgtgticetgggctggectacaaagaagttcggcaageggaacaccat
ctggetgttcggacctgecaccacaggeaaaaccaatatcgecgaggecatcgeccacaccgtgecttictacggetgegtgaactggaca
aacgagaacttccccttcaacgactgtgtggacaagatggtgatctggtggogageaaggcaaaatgacagctaaggtggtggaatcetgec
aaggctatcctgggaggctctaaggtcagggtogatcagaagtgtaaaagcagegeccagattgaccctacccctgtgatcgtgaccage
aataccaacatgtgcgecgtgatcgacggeaacageaccacctticgageatcageagectcetgeaggaccggatgttcaagtttgagetea
ccagacggctggatcacgacttcggeaaggtgaccaageaggaggtgaaggatttcticagatgggccaaagaccacgtigttgaggtes
aacacgagttctacgtgaagaagggeggcgeeaagaaaagacccgeecctagegacgeegacatcagegagectaagagagtgcggs
aaagcgtggeccageccageacatctgatgetgaggecageatcaactacgecgatagataccaaaacaagtgeagecgecacgtgggc
atgaacctgatgctgtttccctgcagacagtgtgaaagaatgaaccagaattctaatatctgetttacacacggecagaaagattgectggaat
gcttecctgtgtccgagagecaaccagtgtctgtggtgaaaaaggectaccagaagetgtgctacatccaccacatcatgggcaaggtgec
agacgcctgtaccgectgegacctggtcaacgtggacetggacgactgeatettcgageagtgatttgtgatgggaattetgtgctgtgectt
ctagttgccagecatctgttgtttgeccctecceegtgecttecttgaceetggaaggtgecacteccactgtectttcctaataaaatgaggaa
attgcatcgcattgtctgagtaggtgtcattctattctggggggtggggteggagcaggacagcaagggggaggattgggaagacaatagea
ggcatgetggggatgeggtgggctetatgggaccttttttagggeccattggtatggctttttccecgtatccceccaggtgtetgeaggcetea
aagagcagcgagaagcegttcagaggaaagegateccgtgecacettccecgtgeecgggetgtececgeacgetgeecggeteggggat
geggggggagegecggaccggageggageccegggeggctegetgetgeeccctagegggggagggacgtaattacatcectggeg
getttgggooooooctgtccctctagageggecgecaccgeggtggagetccagettttgttccetttagtgagggttaattagatcttaatac

gactcactatagggcgaattgggtaccgggeccccctgaggeggaaagaaccagetggggctctagggggtatceceggggttegggtt
gegcecttttccaaggeageectgggtitgegecagggacgeggcetgctctgggcgtegttcecgggaaacgeageggegecgaccetgggt
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ctegceacattettcacgtecgttcgeagegteacceggatettegeegetacecttgtgggecececggegacgettectgetecgeeectaa
gtcgggaaggttecttgeggttcgeggegtgccggacgtgacaaacggaagecgeacgtetcactagtacectegeagacggacagege
cagggagcaatggcagcgegecgaccgegatgggctgtgoccaatageggetgctcagcagggcgegecgagageageggccggeg
aaggggcggtocgggaggecgegatataooocgotagtatgogccetgttcctgeccgegeggtgttccgeattctgecaagectceggag
cgeacgtcggeagteggceteectegttgaccgaatcaccgacctetetecccagaageteccgggagcettgtatatecattttcggatctgat
cagcacgtgttgacaattaatcatcggcatagtatatcggceatagtataatacgacaaggtgaggaacgecaccatggecaagcectttgtete
aagaagaatccaccctcattgaaagagcaacggctacaatcaacageatceecatctctgaagactacagegtegecagegeagetetete
tagcgacggcecgcatcttcactggtgtcaatgtatatcattttactgggggaccttgtgcagaactegtggtgctgggcactgetgetgetgeg
gcagctggeaacctgacttgtatcgtcgegatcggaaatgagaacaggggcatcettgageccctgeggacggtgccgacaggtgcttcte
gatctgcatcetgggatcaaagecatagtgaaggacagtgatggacagecgacggceagttgggattcgtgaattgetgecctetggttatgt
gtgggaggoctaaagegcggggatctcatgetggagttettcgeccaccecaacttgtttattgcagettataatggttacaaataaagcaata
gcatcacaaatttcacaaataaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatcttatcatgtetgtagetgatgtat
acctaggatccggecggectgecaggtgtectcacaggaacgaagtcectaaagaaacagtggeagecaggtttagecceggaattgactg
gattccttttttagggcccattggtatggctttttcccegtatceccccaggtgtetgcaggetcaaagagcagegagaagegticagaggaaa
gcgatcecgtgecaccttceeegtgeccgggcetgteccegeacgetgeecggetcggggatgeggggggagegecggaccggagegga
geeeegggeggctegetgetgeccectagegggggagggacgtaattacateccetgggggctttggggggogooctgtccctetagageg
geegecaccgeggtggageteccagcettttgticectitagtgagggttaattagatcttaatacgactcactatagggegaattgggtaceggg
cceceectegaggtegacggtatectcgaggtegacggtategataagettgatatctataacaagaaaatatatatataataagttatcacgt
aagtagaacatgaaataacaatataattatcgtatgagttaaatcttaaaagtcacgtaaaagataatcatgegtcattttgactcacgeggtegt
tatagttcaaaatcagtgacacttaccgcattgacaagcacgectcacgggagetccaageggegactgagatgtectaaatgeacagega
cggattcgegcetatttagaaagagagagcaatatttcaagaatgeatgegtcaattttacgcagactatctttctagggttaatctagetgcatea
ggatcatatcgtegggtcettttttccggctcagtcatcgeccaagetggegcetatetgggeatcggggaggaagaageccgtgecttiteceeg
cgaggtteaagcggcatggaaagagtttgccgaggatgactgetgctgeattgacgttgagegaaaacgeacgtttaccatgatgattcgg
gaaggtgtggccatgcacgcectttaacggtgaactgttcgttcaggccacctgggataccagttcgtegeggcttttcecggacacagtteeg
gatggtcagececgaagegeatcageaacccgaacaataccggegacagecggaactgecgtgecggtgtegcagattaatgacageggt
gcggegctgggatattacgtcagegaggacgggtatectggetggatgecgeagaaatggacatggataceecgtgagttaceeggegg
gcgcegcettggegtaatcatggtcatagcetgtttcotgtgtgaaattgttatccgetcacaattccacacaacatacgagecggaagceataaagt
gtaaagcctggggtocctaatgagtgagetaactcacattaattgegttgegetcactgecegctttccagtegggaaacctgtegtgecage
tgcattaatgaatcggcecaacgegeggggagaggcggtttgcgtattggacgctettccgcettcctegetcactgactcgetgegeteggte
gttcggctgeggegageggtatcagetcactcaaaggeggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtga

gcaaaaggccagcaaaaggecaggaaccgtaaaaaggecgegttgctggegtttttccataggetecgecceectgacgageatcacaa
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aaatcgacgctcaagtcagaggtggegaaaccecgacaggactataaagataccaggegttteccectggaagetecctegtgegetctect
gttcegaccectgecgcettaceggatacctgtecgecttteteccttcgggaagegtggegctticteatagetecacgetgtaggtateteagtte
ggtgtaggtegttcgetecaagetgggetgtgtgcacgaacceeccgtticageccgacegetgegecttatccggtaactategtettgagte
caacccggtaagacacgacttatcgecactggeageagecactggtaacaggattagcagagegaggtatgtaggeggtgctacagagtt
cttgaagtggtggcctaactacggetacactagaaggacagtatttggtatetgegetctgetgaagecagttaccttcggaaaaagagttgg
tagctettgatccggcaaacaaaccaccgetggtageggtagtttttttgtitgcaagcageagattacgegcagaaaaaaaggatctcaaga
agatcctttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattitggtcatgagattatcaaaaaggatcttca
cctagatccttttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggc
acctatctcagcegatctgtctatttcgttcatccatagttgectgacteccegtegtgtagataactacgatacgggagggcttaccatetggee
ccagtgctgcaatgataccgegagacccacgctcaccggctccagatttatcagcaataaaccagecagecggaagggecgagegcaga
agtggtectgcaactttatccgectecatecagtetattaattgttgccgggaagetagagtaagtagttcgecagttaatagtttgegeaacgtt
gttgecattgetacaggeategtggtgtcacgetegtegtttggtatggctteattcagetecggttcccaacgatcaaggegagttacatgate
ccccatgttgtgcaaaaaageggttagetccttcggtectecgategttgtcagaagtaagttggecgeagtgttatcactcatggttatggea
gcactgcataattctcttactgtcatgecatccgtaagatgcttttctgtgactggtgagtactcaaccaagteattctgagaatagtgtatgegg
cgaccgagttgctcttgcececggegtcaatacgggataataccgegecacatageagaactttaaaagtgetcatcattggaaaacgttetteg
ggeocgaaaactctcaaggatcttaccgetgttgagatccagttcgatgtaacccactcgtgeacccaactgatcttcagceatcttttactttcac

cagcgtttctgggtgagcaaaaacaggaaggeaaaatgecgcaaaaaagggaataagggegacacggaaatgttgaatacteat
[00198] The sequence of the PB-hiRep-4# vector is provided below:

[00199] PB-hiRep-4# (11,702 bp) (SEQ ID NO: 17)

[00200] actcttcctttttcaatattattgaagcatttatcagggttattgtctcatgageggatacatatttgaatgtatttagaaaaataaaca
aataggggttccgegceacatttccccgaaaagtgecacctaaattgtaagegttaatattttgttaaaattcgegttaaatttttgttaaatcagete
attttttaaccaataggccgaaatcggcaaaatcecttataaatcaaaagaatagaccgagatagggttgagtgttgticcagtttggaacaag
agtccactattaaagaacgtggactccaacgtcaaagggcgaaaaaccgtctatcagggegatggeccactacgtgaaccatcaccctaat
caagttttttggggtcgaggtoccgtaaagcactaaatcggaaccctaaagggageccccgatttagagettgacggggaaagecggega
acgtggcgagaaaggaagggaagaaagcgaaaggagegggcgctagggcgctggeaagtgtageggtcacgetgegegtaaccace
acacccgecgegcttaatgegecgetacagggegegteccattcgecattcaggetgegeaactgtigggaagggcgateggtacggac
ctcttcgetattacgecagetggegaaagggggatgtgctgcaaggegattaagtigggtaacgecagggtittcccagtcacgacgttgta
aaacgacggccagtgagegegcectegttcattcacgtttttgaaccegtggaggacgggeagactecgeggtgcaaatgtgttttacagegtg

atggagcagatgaagatgctcgacacgctgeagaacacgeagcetagattaaccctagaaagataatcatattgtgacgtacgttaaagataa
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tcatgcgtaaaattgacgcatgtgttttatcggtctgtatatcgaggtitatttattaatttgaatagatattaagttttattatatttacacttacatacta
ataataaattcaacaaacaatttatttatgtttatttatttattaaaaaaaaacaaaaactcaaaatttcttctataaagtaacaaaacttttatcgaatt
cctgeageecgggggatccactagtictagagggacageccccccccaaageccccagggatgtaattacgteecteececgetaggggs
gcagcagegagecgeccggggctecgetecggteeggegeteccccegeateeeecgagecggeagegtgeggggacageecgggea
cggggaaggtggeacgggatcgetttectctgaacgettetegetgcetetttgagectgecagacacctggggggatacggggaaaaggce
tccaaggcecagettcecacaataagttgggetgaattttggcteattectecttictataggattgaggtecagagcetttgtgatgggaattctgtgg
aatgtgtgtcagttagggtgtegaaagtccegegategetagettaagegetgatcaattggegegeegaattegttatctgeagaattcggcet
tetgeteectgcttgtgtgttggaggtegetgagtagtgcgegagcaaaatttaagetacaacaaggcaaggettgaccgacaattgeatgaa
gaatctgcttagggttaggcegttttgcgctgettcgegatgtacgggccagatatacgegtatctgaggggactagggtgtgtttaggcgaaa
agcggggctteggttgtacgeggttaggagteccctcaggatatagtagtttecgettttgcatagggagggggaaatgtagtcttatgcaatac
acttgtagtcttgcaacatggtaacgatgagttagcaacatgecttacaaggagagaaaaageaccgtgeatgecgattggtggaagtaagg
tggtacgatcgtgecttattaggaaggcaacagacaggtctgacatggattggacgaaccactgaattccgeattgcagagataattgtattta
agtgcctagcetccctatcagtgatagagatctcectatcagtgatagagatcgatacaataaacgcecatttgaccattcaccacattggtgtgc
accgaacgcgcagecgecatgecggggttttacgagattgtgattaaggtecccagegaccttgacgagceatctgeceggceatttctgaca
gctttgtgaactgggteggeccgagaaggaatgggagttgccgecagattctgacatggatctgaatctgattgageaggeaccectgacegt
ggccgagaagcetgeagegegacttictgacggaatggegecgtgtgagtaaggecceggaggctctttictttgtgcaatttgagaaggga
gagagctacttccacatgcacgtgetcgtggaaaccaccggggtgaaatecatggtittgggacgtttectgagtcagattcgegaaaaact
gattcagagaatttaccgcgggatcgagecgactttgecaaactggttcgeggtcacaaagaccagaaatggegecggaggegggaaca
aggtggtggatgagtgctacatceccaattacttgetecccaaaacccagectgagetccaatgggeatggaccaacatggaacagtacet
cagcgcctgtttgaatctcacggagegtaaacggttggtggcgeageatctgacgeacgtgtegecagacgcaggageagaacaaagaga
atcagaatcccaattctgatgcgecggtgatcagatcaaaaacttcagecaggtacatggagetggtegggatgactegtggacaaggggat
tacctcggagaagceagtggatccaggaggaccaggcectcatacatctecttcaatgeggectccaactcgeggteccaaatcaaggetgec
ttggacaatgcgggaaagattatgagectgactaaaaccgeccccgactacetggtgggeccageagecegtggaggacatttccageaat
cggatttataaaattttggaactaaacgggtacgatcecccaatatgeggctteegtetttctgggatgggecacgaaaaagttcggcaagagg
aacaccatctggetgtttggacctgcaactaccgggaagaccaacatcgeggaggecatageccacactgtgeccttetacgggtgcgtaa
actggaccaatgagaactttcccttcaacgactgtgtcgacaagatggtgatetggtgggaggaggggaagatgaccgecaaggtegtgg
agtcggccaaagcecattctcggaggaagcaaggtgcgegtggaccagaaatgeaagtectcggeccagatagacccgactoccgtgate
gtcacctccaacaccaacatgtgegecgtgattgacgggaactcaacgaccttcgaacaccageagecgttgcaagaccggatgttcaaat
ttgaactcacccgecgtctggatcatgactttgggaaggtcaccaagecaggaagtcaaagactttttccggtggocaaaggatcacgtggtt
gaggtggagcatgaattctacgtcaaaaagggtggagecaagaaaagacccgeccecagtgacgeagatataagtgageccaaacggg

tgcgegagtcagttgecgeagecatcgacgtcagacgeggaagcettcgatcaactacgecagacaggtaccaaaacaaatgttctcgtcacgt
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gggcatgaatctgatgetgtttccctgecagacaatgecgagagaatgaatcagaattcaaatatetgettcactcacggacagaaagactgttta
gagtgctttcecgtgtcagaatctcaaccegtttctgtcgtcaaaaaggegtatcagaaactgtgctacattcatcatatcatgggaaaggtge
cagacgcttgeactgectgegatctggteaatgtggatttggatgactgceatetttgaacaataaaatggctaggatccggecggectgeagg
tgtcctcacaggaacgaagtcectaaagaaacagtggecagecaggtitageecccggaaaacttgtitattgcagcettataatggttacaaata
aagcaatagcatcacaaatttcacaaataaagcatttttttcactgeattctagttgtggtttgtccaaactcatcaatgtatcttattgactggattg
agggacagecccccecccaaageccecagggatgtaattacgteectceeccgetagggggeageagegageegeeeggggcteeget
cecggteeggegctceeccegeateccegageeggeagegtgecggggacagecegggcacggggaaggtggcacgggatcgetttect
ctgaacgcttctegetgetetitgagectgecagacacctggggggatacggggaaaaggectccaaggecagettcccacaataagitggg
tgaattttggctcattectectttctataggattgaggotcagagcGACATTGATTATTGACTAGTTATTAATAGTA
ATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACT
TACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAAT
AATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGT
GGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAG
TACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTA
CATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATT
ACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCA
CGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGAACCAA
AATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGG
CGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTCCCTATCAGTGATAG
AGATCTCCCTATCAGTGATAGAGATCGTCGACGAGCTCGTTTAGTGAACCGTCAGAT
CGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATC
CAGCCTatcccaattctgatgcgeecggtgatcagatcaaaaacttcagecaggtacgecaccatggaactggteggatggctegtaga
taagggcatcacaagcgagaagcaatggatccaggaggaccaggectcatatatttettttaacgeegetageaattccagaagecagate
aaggctgcetctggacaacgecggeaaaatcatgagectgaccaagacegeccctgactacctggtgggacageagectgtggaagatat
cagcagcaacagaatctataagatcctggaactgaacggcetacgacceccagtacgecgectecgtgttcetgggetgggctacaaagaa
gttcggcaageggaacaccatctggetgttcggacctgecaccacaggceaaaaccaatatcgecgaggecatcgeccacacegtgecttt
ctacggctgegtgaactggacaaacgagaacttccecttcaacgactgtgtggacaagatggtgatetggtgggaggaaggeaaaatgac
agctaaggtggtggaatctgccaaggetatcetgggaggcetctaaggtcagggtegatcagaagtgtaaaagcagegeecagattgacee
tacccctgtgatcgtgaccagceaataccaacatgtgegecgtgatcgacggeaacageaccacctticgagcatcageagectctgeagga
ccggatgttcaagtttgagetcaccagacggetggatcacgacttcggeaaggtgaccaageaggaggtgaaggatttcttcagatgggee

aaagaccacgttgttgaggtggaacacgagttctacgtgaagaagggcggegecaagaaaagacccgecectagegacgecgacatea
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gcgagectaagagagtgcgggaaagegtggcccageccageacatetgatgetgaggecageatcaactacgecgatagataccaaaa

caagtgcagccgecacgtgggcatgaacctgatgetgtttccctgcagacagtgtgaaagaatgaaccagaattctaatatctgctttacaca
cggcecagaaagattgectggaatgettecctgtgtecgagagecaaccagtgtetgtggtgaaaaaggectaccagaagetgtgctacate

caccacatcatgggcaaggtgeccagacgectgtaccgectgcgacctggtcaacgtggacctggacgactgeatcticgageagtgatttg
tgatgggaattctgtgctgtgccttctagttgccagecatctgttgtttgecccteeecegtgecttecttgaceetggaaggtgccacteccact
gtectticctaataaaatgaggaaattgeatcgeattgtetgagtaggtgteattctattetggggggtegggtggggcaggacageaagegs
gaggattgggaagacaatageaggeatgetggggatgeggtgggactctatgggaccttttttagggeccattggtatggetttttcccegtat

cceeccaggtgtetgeaggetcaaagageagegagaagegticagaggaaagegateecegtgeeaccttcecegtgeccgggetgteee
cgcacgctgeeggeteggggatgeggggggagegecggaccggageggagecccgggeggetegetgetgeceectageggggga
gggacgtaattacatccctgggggctttgggggagaactgtecctetagageggeecgecaccgeggtggagetecagettttatteccttta
gtgagggttaattagatcttaatacgactcactatagggegaattgggtaccgggcccccctgaggeggaaagaaccagetggggctctag
ggggtatcceeggggttggggttocacctittccaaggeagecctgggtitgegeagggacgeggctgctetgggcgtegttccgggaaa
cgeagecggegecgaccctgggtctegeacattettcacgteegticgecagegtcacceggatcttegecgcetacecttgtgggeccceegg
cgacgcttectgeteccgeecectaagtecgggaaggttecttgeggticgeggegtgecggacgtgacaaacggaagecgeacgtcetcacta

gtaccctcgeagacggacagegecagggageaatggeagegegecgaccgegatgggctgtggecaatageggetgetcageaggge
8Cgregagageageggccgggaaggegacggtacgaeagecggggtgiggggcggtagigtgggceccigttectgeccgegeggtat
teegceattetgeaagectceggagegeacgteggeagteggetecctegttgacegaatcaccgacctetctcececagaageteecggga

gcttgtatatccattttcggatctgatcagcacgtgttgacaattaatcatcggeatagtatatcggeatagtataatacgacaaggtgaggaac

geecaccatggecaagcectttgtetcaagaagaatecaccectcattgaaagageaacggetacaatcaacageatecceatctctgaagacta
cagcgtegecagegeagcetctetctagegacggecgeatcttcactggtgtcaatgtatateattttactgggggaccttgtgeagaactegtg
gtgctgggceactgetgetgetgeggeagetggeaacctgacttgtatcgtcgegatcggaaatgagaacaggggceatettgageecctgeg
gacggtgcegacaggtgcettctegatctgeatectgggatcaaagecatagtgaaggacagtgatggacagecgacggeagttgggatte

gtgaattgctgecctetggttatgtgtgggagooctaaagegeggggatctcatgetggagttcticgeccaccccaacttgtttattgeagett
ataatggttacaaataaagcaatagcatcacaaatttcacaaataaagceatttttttcactgcattctagttgtggtttgtccaaactcatcaatgtat
cttatcatgtctgtagctgatgtatacctaggatccggecggectgeaggtgtectcacaggaacgaagtecctaaagaaacagtggeagee
aggtttagccceggaattgactggattecttttttagggcccattggtatggctttttcccegtatccccecaggtgtetgeaggetcaaagage

agcgagaagcegttcagaggaaagcgatcecgtgecaccttcceegtgecegggetgteceegeacgetgecggeteggggatgegggs
ggagcgecggaccggageggagecccgggeggetegetgetgeccectagegggggagggacgtaattacatcectgggggctitgg

gggogooctgtcectectagageggecgecaccgeggtggagetecagcttttgtteectttagtgaggottaattagatettaatacgactca
ctatagggcgaattgggtaccgggeccccectegaggtegacggtatectcgaggtegacggtatcgataagettgatatctataacaagaa

aatatatatataataagttatcacgtaagtagaacatgaaataacaatataattatcgtatgagttaaatcttaaaagtcacgtaaaagataatcat
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gcgtcattttgactcacgeggtcgttatagtticaaaatcagtgacacttaccgeattgacaagcacgectcacgggagetccaageggcgac
tgagatgtcctaaatgcacagegacggattcgegctatttagaaagagagagceaatatttcaagaatgeatgcgtcaattttacgcagactatc
tttctagggttaatctagctgeatcaggatcatatcgtegggtcttttttceggetcagtcatcgeccaagetggegetatctgggeatcgggga
ggaagaageccgtgccttttcecegegaggttgaageggeatggaaagagtttgccgaggatgactgetgetgeattgacgttgagegaaaa
cgeacgtttaccatgatgattcgggaaggtgtggccatgeacgectttaacggtgaactgttegttcaggccacctgggataccagttegteg
cggcttttccggacacagttccggatggtecagecegaagegeatcageaacccgaacaataceggegacagecggaactgecgtgecgg
tgtgcagattaatgacageggtacggcgetgggatattacgtcagegaggacgggtatectggetggatgeccgeagaaatggacatggat
acccegtgagttacceggegggegegctiggegtaatcatggteatagetgtttectgtgtgaaattgttatccgetcacaattccacacaaca
tacgagccggaagceataaagtgtaaagectggggtgectaatgagtgagetaactcacattaattgegttgegetecactgeccgettteccagt
cgggaaacctgtcgtgccagcetgeattaatgaatcggecaacgegeggggagaggeggtttgcgtattgggcgctettecegettecteget
cactgactcgcetgegeteggtegtticggetgeggegageggtatcagetcactcaaaggeggtaatacggttatccacagaatcaggggat
aacgcaggaaagaacatgtgagcaaaaggecagcaaaaggecaggaaccgtaaaaaggecgegttgctggegtttttccataggcteeg
cccecectgacgagceatcacaaaaatcgacgctcaagtcagaggtggegaaacccgacaggactataaagataccaggegtttceceectgg
aagctccctegtgegetetectgticcgaceetgeegcettaccggatacctgtecgecttteteccticgggaagegtggegctttctcataget
cacgctgtaggtatctcagttcggtgtaggtcgttcgetccaagetgggctgtgtgcacgaaccceccgticageeccgaccgetgegecttat
ccggtaactatcgtcttgagtccaacccggtaagacacgacttatcgecactggecageagecactggtaacaggattagcagagegaggta
tgtaggcggtgctacagagttctigaagtggtgecctaactacggctacactagaaggacagtatttggtatctgegetetgetgaagecagtt
accttcggaaaaagagttggtagctcttgatccggeaaacaaaccaccgetggtageggtggtttttttgtttgcaageageagattacgege
agaaaaaaaggatctcaagaagatcctitgatettttctacggggtctgacgetcagtggaacgaaaactcacgttaagggattitggtcatga
gattatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtetgacagttac
caatgcttaatcagtgaggcacctatctcagegatcetgtctatttcgttcatccatagttgectgacteeccgtegtgtagataactacgatacgg
gagggcttaccatctggecccagtgetgcaatgataccgegagacccacgetcaccggctccagatitatcagcaataaaccagecagec
ggaagggccgagegcagaagtggtectgcaactttatccgectecatccagtctattaattgttgccgggaagetagagtaagtagttcgee
agttaatagtttgcgceaacgttgttgecattgetacaggceategtggtgtecacgetegtegtttggtatggctteattcagetecggttcccaacg
atcaaggcgagttacatgatcceccatgttgtgcaaaaaageggttagetccttcggtectecgategttgtcagaagtaagttggeecgeagt
gttatcactcatggttatggcagcactgcataattetettactgtcatgecatccgtaagatgcttttctgtgactggtgagtactcaaccaagtea
ttctgagaatagtgtatgcggegaccgagttgctcttgeccggegtcaatacgggataataccgegecacatageagaactttaaaagtgetc
atcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgetgttgagatccagttcgatgtaacccactegtgeacccaactgat
cttcagcatcttttactttcaccagegtttctgggtgagcaaaaacaggaaggceaaaatgccgcaaaaaagggaataagggcgacacggaa
atgttgaatactcat

[00201] The sequence of the PB-hiRep-5# vector is provided below:
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[00202] PB-hiRep-5# (11.865 bp) (SEQ ID NO- 18)

[00203] actcttcctttttcaatattattgaagcatttatcagggttattgtctcatgageggatacatatttgaatgtatttagaaaaataaaca
aataggggttccgegeacatttccccgaaaagtgecacctaaattgtaagegttaatattttgttaaaattcgegttaaatttttgttaaatcagcete
attttttaaccaataggccgaaatcggcaaaatcocttataaatcaaaagaatagaccgagatagggttgagtgttgttccagtttggaacaag
agtccactattaaagaacgtggactccaacgtcaaagggcegaaaaaccgictatcagggegatggeccactacgtgaaccatcaccctaat
caagttttttggggtcgaggtgccgtaaagecactaaatcggaaccctaaagggageecccgatttagagettgacggggaaagecggega
acgtggcgagaaaggaagggaagaaagegaaaggagegggcgctagggegetggeaagtgtageggtecacgetgegegtaaccace
acacccgecgegettaatgegecgetacagggegegteccattcgecattcaggetgegeaactgttgggaagggcgateggtecggge
ctcttegetattacgeccagetggegaaagggggatgtgctgcaaggegattaagttgggtaacgecagggttttcccagtcacgacgttgta
aaacgacggccagtgagegcegectegttcattcacgtttttgaaccegtggaggacgggeagactcgeggtgcaaatgtgttttacagegtg
atggagcagatgaagatgctcgacacgcetgcagaacacgeagetagattaaccctagaaagataatcatattgtgacgtacgttaaagataa
tcatgcgtaaaattgacgeatgtgttttatcggtetgtatatcgaggtttatttattaatttgaatagatattaagttttattatatttacacttacatacta
ataataaattcaacaaacaatttatttatgtttatttatttattaaaaaaaaacaaaaactcaaaatttcttctataaagtaacaaaacttttatcgaatt
cctgcageccgggggatecactagttctagagggacageceeeccecaaageccccagggatgtaattacgteectececegetaggeg
geagcagegagecgeecggggcetecgetecggtecggegetecceecgeateeccgagecggeagegtgeggggacageccgggca
cggggaaggtggcacgggatcgctttcetctgaacgcttetegetgetetttgagectgeagacacctggggggatacggggaaaaggec
tccaaggccagcttcccacaataagttgggtgaattttggcteattectectttctataggattgaggtcagagetttgtgatgggaattctgtgg
aatgtgtgtcagttagggtgtggaaagteccgegatcgetagettaagegetgatcaattggegegecgaattegttatctgeagaattcgget
tGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATA
GCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGAC
CGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGC
CAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACT
TGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACG
GTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTT
GGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGT
ACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCA
TTGACGTCAATGGGAGTTTGTTTTGGAACCAAAATCAACGGGACTTTCCAAAATGTC
GTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTC
TATATAAGCAGAGCTCTCCCTATCAGTGATAGAGATCTCCCTATCAGTGATAGAGAT
CGTCGACGAGCTCGTTTAGTGAACCGTCAGATCGCCTGGAGACGCCATCCACGCTGT
TTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTgAACGCGCAGCCGCC Caatgg
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ATGccggggttttacgagattgtgattaaggtceccagegaccttgacgageatetgeeeggcatttctgacagctttgtgaactgggteg

ccgagaaggaatgggagttgccgecagattctgacatggatctgaatetgattgageaggeaccectgacegtggecgagaagetgeage
gcgactttctgacggaatggegecgtgtgagtaaggccceggaggctcttttctitgtgcaatttgagaagggagagagcetacttccacatge
acgtgctegtggaaaccaccggggtgaaatecatggtittgggacgtttcctgagtcagattcgcgaaaaactgattcagagaatttaccgeg
ggatcgagcecgactttgecaaactggttcgeggtcacaaagaccagaaatggegecggaggegggaacaaggtegtggatgagtactac
atccccaattacttgetcecccaaaacccagectgagetccaatgggeatggaccaacatggaacagtacctcagegectgtttgaatcteac

ggagcegtaaacggttegtegcgcageatctgacgecacgtgtegcagacgcaggageagaacaaagagaatcagaateecaattetgatg
cgeeggtgatcagatcaaaaacttcagecaggtacatggagetggtegggtgactegtggacaaggggattacctcggagaageagteg

atccaggaggaccaggcectcatacatctecttcaatgeggectecaactcgeggteccaaatcaaggetgecttggacaatgegggaaaga
ttatgagcctgactaaaaccgeccccgactacctggtgggccageageccgtggaggacatttccagecaatcggatttataaaattttggaa

ctaaacgggtacgatccccaatatgeggcettcegtetttctgggatgggccacgaaaaagticggcaagaggaacaccatctggetgtteg
gcctgeaactaccgggaagaccaacatcgeggaggecatageccacactgtgeecttctacgggtgegtaaactggaccaatgagaactt
tcccttcaacgactgtgtcgacaagatggtgatctggtgggaggaggegaagatgaccgecaaggtegtggagtcggecaaagecattcet

cggaggaagcaaggtgcgcgtggaccagaaatgeaagtectcggeccagatagaceegacteccgtgategtecacctecaacaccaaca
tgtgecgecgtgattgacgggaactcaacgaccttcgaacaccageagecgtigcaagaccggatgttcaaatttgaactcaccegecgtetg
gatcatgactttgggaaggtcaccaagcaggaagtcaaagactttttccggtggocaaaggatcacgtggtigaggtggagcatgaattcta
cgtcaaaaagggtggagecaagaaaagacccgeccecagtgacgcagatataagtgageccaaacgggtgcgegagteagttgegeag
ccatcgacgtcagacgceggaagcettcgatcaactacgcagacaggtaccaaaacaaatgttetegtcacgtgggeatgaatctgatgetgtt
tcectgcagacaatgcgagagaatgaatcagaattcaaatatctgettcactcacggacagaaagactgtttagagtgctttcecgtgtcaga

atctcaacccgtttetgtcgtcaaaaaggegtatcagaaactgtgctacattcatcatatcatgggaaaggtgecagacgcettgeactgectge
gatctggtcaatgtggatttggatgactgcatctttgaacaataaaatggctaggatccggecggectgeaggtgtectcacaggaacgaagt
ccctaaagaaacagtggeagecaggtttagecccggaaaacttgtttattgcagettataatggttacaaataaageaatageatcacaaattt
cacaaataaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatcttattgactggattgagggacageececceccaa
agecccccagggatgtaattacgtccctececccgetagggggcageagegagecgeccggggcetecgetecggtecggegetecceecg
catccecgagecggeagegtgeggggacageccgggeacggggaaggtggcacgggatcgetttectctgaacgettetegetgctcttt
gagcctgeagacacctggggggatacggggaaaaggectccaaggecagettcccacaataagttgggtgaattttggcteattectecttt
ctataggattgaggtcagagcgacattgattattgactagttattaatagtaatcaattacggggtcattagticatageccatatatggagttcecg
cgttacataacttacggtaaatggccegectggetgaccgeccaacgacccecgeccattgacgtcaataatgacgtatgttcccatagtaac
gccaatagggactttccattgacgtcaatgggtggagtatttacggtaaactgeccacttggcagtacatcaagtgtatcatatgecaagtacg
cceectattgacgtcaatgacggtaaatggeccgectggcattatgecccagtacatgaccttatgggactttectacttggeagtacatctacgt
attagtcatcgctattaccatggtgatgcggttitggcagtacatcaatgggegtggatageggtttgactcacggggatttccaagtctccace
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ccattgacgtcaatgggagtttgttttggaaccaaaatcaacgggactttccaaaatgtcgtaacaactccgececattgacgcaaatgggcg
gtaggegtgtacggtggeaggtctatataagcagagetetecctatcagtgatagagatcteectatcagtgatagagategtegacgagete
gtttagtgaaccgtcagatcgectggagacgecatccacgetgttitgacctccatagaagacaccgggaccgatccagectatcecaattet
gatgcgecggtgatcagatcaaaaacttcagecaggtacaatggatggaactggteggatggetggtggataagggcatcacaagegaga
agcaatggatccaggaggaccaggectcatatatttcttttaacgecgetageaattccagaagecagatcaaggetgetetggacaacgee
ggcaaaatcatgagectgaccaagaccgeccctgactacctggtgggacageagectgtggaagatatcagcageaacagaatctataag
atcctggaactgaacggctacgacccccagtacgecgectecgtgticetgggetgggctacaaagaagtticggeaageggaacaccate
tggetgttcggacctgecaccacaggeaaaaccaatatcgecgaggecatcgeccacaccgtgectitctacggetgegtgaactggacaa
acgagaacttccecttcaacgactgtgtggacaagatggtgatctggtgggaggaaggcaaaatgacagetaaggtegtggaatctgeca

aggctatcctgggaggctctaaggtcagggtggatcagaagtgtaaaagecagegeccagattgacectaccectgtgategtgaccagea

ataccaacatgtgcgecgtgatcgacggeaacageaccaccttcgageatcagecagectetgecaggaccggatgttcaagtttgagetcac
cagacggctggatcacgacttcggcaaggteaccaagcaggaggtgaaggatticttcagatgggccaaagaccacgttgttgaggtaga
acacgagttctacgtgaagaagggocggcgecaagaaaagacccgeccctagegacgecgacatcagegagectaagagagtgeggga
aagcgtggceccagececageacatctgatgetgaggecageatcaactacgecgatagataccaaaacaagtgeageecgecacgtgggea
tgaacctgatgcetgtttccctgcagacagtgtgaaagaatgaaccagaattctaatatctgetttacacacggecagaaagattgectggaatg
cttcectgtgtccgagagecaaccagtgtcetgtggtgaaaaaggectaccagaagetgtgetacatccaccacatcatgggeaaggtgcca

gacgcectgtaccgectgegacctggtcaacgtggacctggacgactgeatettcgageagtgattigtgatgggaattetgtgetgtgecttet
agttgccagccatctgttgtttgccectcececegtgecttecttgaccetggaaggtgecacteccactgtectttcctaataaaatgaggaaatt
geatcgceattgtetgagtaggtgteattctatictggggggatggustggogcaggacagcaagggggaggattgggaagacaatagcagg
catgctggggatgcggteggctetatgggaccttttttagggcccattggtatggctttttccecgtatceceecccaggtgtetgecaggetcaaa

gagcagcgagaagegttcagaggaaagegatccegtgecaccttececcgtgeccgggetgteeccgeacgetgecggeteggggatgc

ggggggoagcgccggaccggageggageccegggeggctegetgetgeccectagegggggagggacgtaattacatceetggegge
tttggggggagoctgtecctetagageggecgecaccgeggtggagetecagettttgtteectitagtgagggttaattagatcttaatacga
ctcactatagggcegaattgggtaccgggeececctgaggeggaaagaaccagetggggcetctagggggtatccceggggttgggattac
gecttttccaaggcagecctgggtitgecgeagggacgeggcetgetetgggegtggttccgggaaacgeageggegecgacectgggtet

cgcacattcttcacgtcegttcgeagegtcacceggatcttegeegetaceettgtgggeecceeggegacgcttectgetcegeeectaagt
cgggaaggttcettgeggticgeggegtgecggacgtgacaaacggaagecgeacgtcteactagtaccctcgeagacggacagegeca
gggagcaatggeagegegecgaccgegatgggctgtggecaatageggetgetcageagggegegeegagageageggecgggaa

gggocgotocgggagecgaooototogoocggtagtgtggoccetgttcctgeccgegeggtgtteccgeattctgecaagecteccggage

geacgtcggeagteggcetecctegttgaccgaatcaccgacctetctccccagaagetccecgggagettgtatatecattttcggatctgate

agcacgtgttgacaattaatcatcggcatagtatatcggcatagtataatacgacaaggtgaggaacgecaccatggccaagectttgtctca
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agaagaatccaccctcattgaaagagcaacggetacaatcaacageatceccatctctgaagactacagegtegecagegeagetetetet
agcgacggecgceatcttcactggtgtcaatgtatatcattttactgggggoaccttgtgcagaactegtggtactgggcactgetgetgetgeg
gcagctggcaacctgacttgtatcgtcgegatcggaaatgagaacaggggcatcttgagecectgeggacggtgccgacaggtgcttcte
gatctgcatcctgggatcaaagecatagtgaaggacagtgatggacageecgacggeagttgggattegtgaattgetgeectetggttatgt
gtgggagggctaaagegeggggatctcatgetggagttettcgeccaccecaacttgtttattgeagcettataatggttacaaataaageaata
gcatcacaaatttcacaaataaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatettatcatgtetgtagetgatgtat
acctaggatccggecggectgeaggtgtectcacaggaacgaagtcectaaagaaacagtggeagecaggtttagecceggaattgactg
gattccttttttagggcccattggtatggctttttcceegtatccocccaggtgtetgeaggetcaaagagcagegagaagegttcagaggaaa
gegatcecgtgecaccttceccgtgeccgggcetgteccegeacgetgecggetcggggatgcggggggagcgecggaccggagegga
gcecegggeggetegetgetgeccectagegggggagggacgtaattacatcectggggactttgggeggggactgtecctetagageg
geegecaccgeggtggagetecagettttgttcectttagtgagggttaattagatcttaatacgactcactatagggegaattgggtaccggg
ccceccctecgaggtegacggtatectcgaggtecgacggtatcgataagettgatatctataacaagaaaatatatatataataagttatcacgt
aagtagaacatgaaataacaatataattatcgtatgagttaaatcttaaaagtcacgtaaaagataatcatgcgtcattttgactcacgeggtegt
tatagttcaaaatcagtgacacttaccgeattgacaagcacgectcacgggagetccaageggegactgagatgtectaaatgcacagega
cggattcgcgctatttagaaagagagagcaatatttcaagaatgcatgegtcaattitacgcagactatctttctagggttaatctagetgeatca
ggatcatatcgtcgggtcttttttccggctcagtcatcgeccaagetggegcetatetgggeatcggggaggaagaageccgtgecttitceeg
cgaggttoaagcggcatggaaagagtttgeccgaggatgactgetgetgeattgacgttgagegaaaacgeacgtttaccatgatgattcgg
gaaggtgtggccatgcacgcectttaacggtgaactgttcgttcaggecacctgggataccagttcgtegeggcttttccggacacagtteeg
gatggtcagcecgaagegeatcageaacccgaacaataccggegacagecggaactgecgtgecggtgtgcagattaatgacageggt
gecggegcetgggatattacgtcagegaggacgggtatectggetggatgecgeagaaatggacatggatacceegtgagttaceeggegg
gegegcettggegtaatcatggtcatagetgtttectgtgtgaaattgttatcegetcacaattccacacaacatacgagecggaageataaagt
gtaaagcctggggtacctaatgagtgagetaactcacattaattgegttgcgeteactgeecgcetttccagtegggaaacctgtegtgecage
tgcattaatgaatcggecaacgcgeggggagaggcggtitocatattgggcgctcttecgettectegetcactgactcgetgegeteggte
gttcggctgeggegageggtatcagetcactcaaaggeggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtga
gcaaaaggccagcaaaaggecaggaaccgtaaaaaggecgegttgetggegtttticcataggetcegeccecectgacgageatcacaa
aaatcgacgctcaagtcagaggtggcgaaaccegacaggactataaagataccaggegttteccectggaagetecctegtgegcetetect
gttccgaccctgecgcttaccggatacctgtecgecttteteccticgggaagegtggogcttictcatagetcacgeotgtaggtateteagtte
ggtgtaggtegticgeteccaagetgggetgtgtgcacgaacceececgtticageecgacegetgegecttatccggtaactategtettgagte
caacccggtaagacacgacttatcgccactggeageagecactggtaacaggattagcagagegaggtatgtaggeggtgctacagagtt
cttgaagtggtggcctaactacggetacactagaaggacagtatttggtatetgegetctgetgaagecagttaccticggaaaaagagttgg

tagctcttgatccggcaaacaaaccaccgetggtageggtagtttttttgtttocaagcageagattacgcgcagaaaaaaaggatctcaaga
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agatcctttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttca
cctagatccttttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcettaatcagtgaggc
acctatctcagcgatctgtctatttcgttcatccatagttgectgactceecgtegtgtagataactacgatacgggagggcttaccatctggec
ccagtgctgeaatgataccgegagacccacgceteaccggetcecagatttatcagcaataaaccagecagecggaagggecgagegeaga
agtggtcctgeaactttatccgectecatccagtctattaattgttegccgggaagetagagtaagtagttcgecagttaatagtttgcgcaacgtt
gttgecattgetacaggceategtggtgteacgetegtegtitggtatggctteattcagetecggttcecaacgatcaaggegagttacatgate
ccccatgttgtgcaaaaaageggttagetecttcggtecteegategttgtcagaagtaagttggcegeagtgttatcactcatggttatggca
gcactgcataattctcttactgtcatgecatccgtaagatgettttetgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgegg
cgaccgagttgctettgeecggegtcaatacgggataataccgegecacatagcagaactttaaaagtgcteatcattggaaaacgttctteg
gggcgaaaactctcaaggatcttacegetgttgagatecagttcgatgtaacceactegtgeacccaactgatcttcageatcttttactttcac

cagcgttictgggtgagcaaaaacaggaaggcaaaatgecgcaaaaaagggaataagggegacacggaaatgttgaatacteat
[00204] The sequence of the PB-hiRep-6# vector is provided below:

[00205] PB-hiRep-6# (11,860 bp) (SEQ ID NO: 19)

[00200] actcttcctttttcaatattattgaagcatttatcagggttattgtctcatgageggatacatatttgaatgtatttagaaaaataaaca
aataggggttccgegceacatttccccgaaaagtgccacctaaattgtaagegttaatattttgttaaaattcgegttaaatttttgttaaatcagete
attttttaaccaataggccgaaatcggceaaaateecttataaatcaaaagaatagaccgagatagggttgagtattgttccagtttggaacaag
agtccactattaaagaacgtggactccaacgtcaaagggcgaaaaaccgtetatcagggcgatggeccactacgtgaaccatcacectaat
caagttttttggogtcgaggtaccgtaaagcactaaatcggaaccctaaagggageccecgatttagagettgacggggaaagecggega
acgtggcgagaaaggaagggaagaaagcgaaaggagegggcgctagggcgctggcaagtgtageggtcacgetgegegtaaccace
acacccgecgegcttaatgegecgetacagggegegteccattcgecattcaggetgegeaactgttgggaagggcgatcggtecggoc
ctcttcgcetattacgccagetggegaaaggggeatgtoctgcaaggegattaagttggagtaacgecagggtittcccagtcacgacgttgta
aaacgacggecagtgagegegcectegttcattcacgtttttgaacccgtggaggacgggeagactcgeggtgcaaatgtgttttacagegtg
atggagcagatgaagatgctcgacacgetgcagaacacgcagetagattaaccctagaaagataatcatattgtgacgtacgttaaagataa
tcatgcgtaaaattgacgcatgtgttttatcggtctgtatatcgaggtitatttattaatttgaatagatattaagttitattatatttacacttacatacta
ataataaattcaacaaacaatttatttatgtttatttatttattaaaaaaaaacaaaaactcaaaatttctictataaagtaacaaaacttttatcgaatt
cctgeageccgggggatecactagttctagagggacageccceccccaaageccccagggatgtaattacgteectecccegetagggg
gcagcagegagecgeccggggctecgetecggtecggegetecececgeatccecgagecggeagegtgeggggacageccgggca
cggggaaggtggcacgggatcgetttectctgaacgettetegetgctetttgagectgcagacacctggggggatacggggaaaaggce

tccaaggecagettcccacaataagttgggtgaattttggcteattectectttctataggattgaggtcagagetttgtgatgggaattctotgg
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aatgtgtgtcagttagggtatggaaagteccgegatcgetagettaagegetgatcaattggegegecgaattegttatetgeagaattcgget
tGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATA
GCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGAC
CGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGC
CAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACT
TGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACG
GTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTT
GGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGT
ACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCA
TTGACGTCAATGGGAGTTTGTTTTGGAACCAAAATCAACGGGACTTTCCAAAATGTC
GTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTC
TATATAAGCAGAGCTCTCCCTATCAGTGATAGAGATCTCCCTATCAGTGATAGAGAT
CGTCGACGAGCTCGTTTAGTGAACCGTCAGATCGCCTGGAGACGCCATCCACGCTGT
TTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTgAACGCGCAGCCGCC Cacgecg
gggttttacgagattgtgattaaggtcceccagegaccttgacgageatctgeeccggeatttctgacagettigtgaactgggtgoccgagaag
gaatgggagttgccgecagattctgacatggatctgaatctgattgagecaggcacccctgaccgtggecgagaagetgcagegegacttte
tgacggaatggegecgtgtgagtaaggeeecggaggctctittetttgtgcaatttgagaagggagagagetacttecacatgeacgtgete
gtggaaaccaccggggtgaaatccatggttttgggacgtttcctgagtcagattcgegaaaaactgatticagagaatttaccgegggatega
geecgactttgecaaactggttcgeggtcacaaagaccagaaatggegecggaggcgggaacaaggtggtggatgagtactacateecea
attacttgctccccaaaacccagectgagetccaatgggeatggaccaacatggaacagtacctcagegectgtttgaatctcacggagegt
aaacggttggtggcgeageatctgacgeacgtgtegecagacgcaggageagaacaaagagaatcagaatcecaattetgatgegeeggt
gatcagatcaaaaacttcagccaggtacatggagcetggtcgggtggctegtggacaaggggattacctcggagaageagtggatccagg
aggaccaggcctcatacatctccttcaatgeggectccaactcgeggtcccaaatcaaggetgecttggacaatgecgggaaagattatgag
cctgactaaaaccgeccccgactacctggtgggccageageccgtggaggacatttccageaatcggatttataaaattttggaactaaacg
ggtacgatccccaatatgeggcetteegtetttetgggatgggecacgaaaaagtticggcaagaggaacaccatctggetgtitgggectgea
actaccgggaagaccaacatcgeggaggecatageecacactgtgeccttctacgggtgcgtaaactggaccaatgagaactttceecttca
acgactgtgtcgacaagatggtgatctggteggaggaggggaagatgaccgecaaggtegtggagtecggecaaagecatteteggagga
agcaaggtgegegtggaccagaaatgcaagtectcggeccagatagacccgacteecgtgatcgteacctccaacaccaacatgtgege
cgtgattgacgggaactcaacgaccttcgaacaccagcagecgttgecaagaccggatgttcaaatttgaactcacccgecgtetggatcatg
actttgggaaggtcaccaagcaggaagtcaaagactttttccggtgggcaaaggatcacgtggttgaggtggageatgaattctacgtcaaa

aagggtggagccaagaaaagacccgececcagtgacgeagatataagtgageccaaacgggtgegegagteagttgegeagecatcga
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cgtcagacgcggaagettcgatcaactacgcagacaggtaccaaaacaaatgttctegtcacgtgggeatgaatetgatgetgttteectge
agacaatgcgagagaatgaatcagaattcaaatatctgcttcactcacggacagaaagactgtttagagtgctttccegtgtcagaatctcaac
ccgtttctgtcgtcaaaaaggcgtatcagaaactgtgctacattcatcatatcatgggaaaggtgccagacgcettgeactgectgegatctggt
caatgtggatttggatgactgcatctttgaacaataaaatggcetaggatceggecggectgecaggtgtectcacaggaacgaagteectaaa
gaaacagtggeagecaggtttagecccggaaaacttgtttattgeagettataatggttacaaataaagcaatageatcacaaatttcacaaat
aaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatcttattgactggattgagggacageecceececaaageece
cagggatgtaattacgtcectcceeegetagggggeageagegagecgeeeggggeteegeteeggteeggegeteececcegeateee
cgagccggeagegtgeggggacageccgggcacggggaaggtggcacgggategctttectetgaacgcttctegetgetetttgagect
gcagacacctgggggogatacggggaaaaggectecaaggecageticccacaataagttgggtgaattttggctcattectectttctatag
gattgaggtcagagcegacattgattattgactagttattaatagtaatcaattacggggtcattagttcatageccatatatggagttcegegttac
ataacttacggtaaatggcecgectggetgaccgeccaacgaccececgeccattgacgtcaataatgacgtatgttcccatagtaacgecaa
tagggactttccattgacgtcaatgggtggagtatttacggtaaactgeccacttggeagtacatcaagtgtatcatatgecaagtacgeccee
tattgacgtcaatgacggtaaatggcccgcectggcattatgeccagtacatgaccttatgggactttcctacttggeagtacatctacgtattagt
catcgctattaccatggtgatgcggttttggcagtacatcaatgggcgtggatageggtttgactcacggggatttccaagtctecaccecatt
gacgtcaatgggagtttgtittggaaccaaaatcaacgggactttccaaaatgtcgtaacaactccgecccattgacgcaaatgggcggtag
gegtgtacggtgggaggtctatataagcagagcetctcectatcagtgatagagatctecectatcagtgatagagatcgtcgacgagcetegttt
agtgaaccgtcagatcgectggagacgecatcecacgetgttttgacctecatagaagacaccgggaccgatccagectateecaattetgat
gcgecggtgatcagatcaaaaacttcagecaggtacaatggatggaactggteggatggctggtgeataagggcatcacaagegagaag
caatggatccaggaggaccaggcectcatatatttcttttaacgccgetageaaticcagaagecagatcaaggetgetetggacaacgecgg
caaaatcatgagcctgaccaagaccgeccctgactacctggtgggacageagectgtggaagatatcagcageaacagaatctataagat
cctggaactgaacggetacgacceecagtacgeegecteegtgttcctgggctgggctacaaagaagticggcaageggaacaccatetg
getgttcggacctgecaccacaggeaaaaccaatatcgecgaggecatcgeccacaccegtgectttctacggetgegtgaactggacaaa
cgagaacttccccttcaacgactgtgtggacaagatggtgatetggtogoagoaagocaaaatgacagetaaggtegtggaatetgecaa
ggctatcctgggaggctctaaggtcagggtegatcagaagtataaaageagegeccagattgaccectaceectgtgatcgtgaccageaat
accaacatgtgcgecgtgatcgacggcaacageaccaccttcgageatcageagectetgecaggaccggatgttcaagtttgagetcacca
gacggctggatcacgacttcggcaaggtgaccaageaggaggtgaaggatttcttcagatgggecaaagaccacgttgttgaggtagaac
acgagttctacgtgaagaagggceggegecaagaaaagacccgeccctagegacgecgacatcagegagectaagagagtgcgggaaa
gegtggcccageccageacatctgatgetgaggecagceatcaactacgecgatagataccaaaacaagtgcagecgecacgtgggceatg
aacctgatgctgtttccctgcagacagtgtgaaagaatgaaccagaattctaatatctgetttacacacggecagaaagattgectggaatget
tcectgtgteccgagagecaaccagtgtctgtggtgaaaaaggectaccagaagetgtgctacatccaccacatcatgggcaaggtgccaga
cgectgtaccgectgegacctggtcaacgtggacctggacgactgeatettcgageagtgatttgtgatgggaattctgtgetgtgecttetag
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ttgccagecatetgttgtttgccecteccecgtgecttecttgacectggaaggteccacteceactgtectttectaataaaatgaggaaattgce
atcgcattgtctgagtaggtgteattctattctggggegtggegtgggecaggacagcaagggggaggattgggaagacaatageaggcea
tgctggggatgcggtgggctctatgggaccttttttagggeecattggtatggetttttccecgtatccecccaggtgtetgecaggetcaaaga
gcagecgagaagegttcagaggaaagegatceegtgecacctteecegtgeccgggcetgteecegeacgetgeeggctcggggatgceg
ggggagegecggaccggageggageecegggeggctegetgctgeccectagegggggagggacgtaattacatcectgggggcttt
ggggogooactgtccctctagageggecgecaccgeggtegagetccagettttgttcectitagtgagggttaattagatcttaatacgact
cactatagggcgaattgggtaccgggceccectgaggeggaaagaaccagetggggetetagggggtatceeccggggttgggsttecg

ccttttccaaggeagecctgggtttgegeagggacgeggetgctetgggegtggttccgggaaacgeageggegecgacccotgggtete

gcacattcttcacgtcegttcgeagegtcacceggatcettcgocgetacecttgtgggeceeecggegacgcettectgetecgeccectaagte
gggaaggttecttgcggttcgeggegtgecggacgtgacaaacggaagecgeacgtctcactagtacectcgecagacggacagegeea
gggagcaatggeagegegecgaccgegatgggctgtggecaatageggetgctcageagggegegecgagageageggccgggaa
ggggcggtgcggeaggcegogtatgsoacagtagtgtggaccetgttcetgeccgegeggtatteccgeattetgecaagecteceggage
geacgtcggcagtcggcetecctcgttgaccgaatcaccgacctctctccccagaagetecccgggagcttgtatatccattttcggatctgate
agcacgtgttgacaattaatcatcggcatagtatatcggcatagtataatacgacaaggtgaggaacgecaccatggecaagcectttgtetca
agaagaatccaccctcattgaaagagcaacggctacaatcaacagcatccccatctctgaagactacagegtcgecagegeagctetctcet
agcgacggccgcatcttcactggtgtcaatgtatatcattttactgggggaccttgtgcagaactegtggtgctgggcactgetgetgetgeg
gcagctggceaacctgacttgtatcgtcgegatcggaaatgagaacaggggcatcttgageccctgeggacggtgecgacaggtgcttcte
gatctgcatcctgggatcaaagecatagtgaaggacagtgatggacagecgacggeagttgggattcgtgaattgetgecctetggttatgt
gtgggaggoctaaagcgcggggatctcatgetggagttettcgeccaccecaacttgtitattgeagettataatggttacaaataaagcaata
gcatcacaaatttcacaaataaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatettatcatgtetgtagetgatgtat
acctaggatccggeeggectgcaggtgtectcacaggaacgaagtcectaaagaaacagtggeagecaggtttagecceggaattgactg
gattccttttttagggcccattggtatggctttttcceegtatccccccaggtgtetgeaggetcaaagagcagegagaagegttcagaggaaa
gcgatcecgtgecaccttceeccgtgecegggcetgteccegeacgetgecggetcgeggatgcggggegagcgccggaccggagegga
geecegggeggctegetgetgeecectagegggggagggacgtaattacatcectgggggctttggggggggactgtecctetagageg
geegecaccgeggtggageteccagettttgttcectttagtgagggttaattagatcttaatacgactcactatagggegaattgggtaccggg
ccceecctegaggtegacggtatcetcgaggtegacggtategataagcettgatatctataacaagaaaatatatatataataagttatcacgt
aagtagaacatgaaataacaatataattatcgtatgagttaaatcttaaaagtcacgtaaaagataatcatgegtcattttgactcacgeggtegt
tatagttcaaaatcagtgacacttaccgeattgacaagcacgectcacgggagetccaageggegactgagatgtectaaatgeacagega
cggattcgcgctatttagaaagagagagcaatatttcaagaatgcatgegtcaattttacgcagactatctttctagggttaatctagetgeatca
ggatcatatcgtcgggtcttttttccggctcagtcatcgeccaagetggegcetatetgggeatcggggaggaagaagecegtgcecttitceeg
cgaggttgaagcggcatggaaagagtttgccgaggatgactgetgctgeattgacgttgagegaaaacgeacgtttaccatgatgattcgg
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gaaggtgtggccatgeacgcectttaacggtgaactgttcgttcaggecacctgggataccagttegtegeggcttttccggacacagttecg
gatggtcagceccgaagegeatcageaacccgaacaataceggegacagecggaactgecgtgecggtgtgcagattaatgacageggt
geggegcetgggatattacgtcagecgaggacgggtatcctggetggatgecgeagaaatggacatggatacceegtgagttacecggegg
gcgegcettggcgtaatcatggtcatagetgtttcetgtgtgaaattgttatcegetcacaattccacacaacatacgagecggaagcataaagt
gtaaagcctggggtacctaatgagtgagcetaactcacattaattgegttgcgetcactgecegctttccagtegggaaacctgtegtgecage
tgcattaatgaatcggecaacgegeggggagaggeggtttgcgtattgggegetettecgettectegetcactgactegetgegeteggte
gttcggctgeggegageggtatcagetcactcaaaggeggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtga
gcaaaaggccagcaaaaggecaggaaccgtaaaaaggecgegttgetggegtttttccataggetcegecccoctgacgageatcacaa
aaatcgacgctcaagtcagaggtggegaaacccgacaggactataaagataccaggcegtttceccectggaagetecctegtgegetetect
gttccgaccetgecgcettaccggatacctgtecgectttctececticgggaagegtggegctttcteatagetecacgetgtaggtateteagtte
ggtetaggtegttcgeteccaagetgggetgtgtecacgaacceececgticageecgaccgetgegecttatccggtaactategtettgagte
caacccggtaagacacgacttatcgcecactggeageagecactggtaacaggattagcagagegaggtatgtaggcggtgctacagagtt
cttgaagtggtggcctaactacggctacactagaaggacagtatttggtatctgegetctgetgaagecagttaccttcggaaaaagagttgg
tagctettgatccggcaaacaaaccaccgetggtageggtgagttttttigtttgcaagcagcagattacgegcagaaaaaaaggatctcaaga
agatcctttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttca
cctagatccttttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggc
acctatctcagcegatctgtctatttcgttcatccatagttgectgacteeccgtegtgtagataactacgatacgggagggcettaccatctggee
ccagtgctgcaatgataccgegagacccacgcetcaccggetecagatttatcageaataaaccagecagecggaagggecgagegcaga
agtggtcctgeaactttatccgectccatccagtetattaattgttgccgggaagetagagtaagtagttcgecagttaatagtitgegeaacgtt
gttgecattgetacaggeategtggtgtcacgetegtegtttggtatggetteattcagetecggttcccaacgatcaaggegagttacatgate
ccccatgttgtgcaaaaaageggttagetecttcggtectecgategttgtcagaagtaagttggeecgeagtgttatcactcatggttatggca
gcactgcataattctcttactgtcatgecatccgtaagatgctttictgtgactggteagtactcaaccaagteattctgagaatagtgtatgegg
cgaccgagttgctcttgeecggegtcaatacgggataataccgegecacatagecagaactttaaaagtgceteatcattggaaaacgttetteg
gggcgaaaactctcaaggatcettaccgetgttgagatecagttcgatgtaacccactecgtgeacecaactgatcttcageatcttttactttcac

cagcgtttctgggtgagcaaaaacaggaaggcaaaatgecgcaaaaaagggaataagggegacacggaaatgttgaatacteat
[00207] The sequence of the PB-hiRep-7# vector is provided below:

[00208] PB-hiRep-7# (11,579 bp) (SEQ ID NO: 20)

[00209] actcttcctttttcaatattattgaagcatttatcagggttattgtctcatgageggoatacatatttgaatgtatttagaaaaataaaca
aataggggttccgegeacatttccccgaaaagtgecacctaaattgtaagegttaatattttgttaaaattcgegttaaatttttgttaaatcagcete
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attttttaaccaataggccgaaatcggcaaaatcecttataaatcaaaagaatagaccgagatagggttgagtgttgticcagtttggaacaag
agtccactattaaagaacgtggactccaacgtcaaagggcegaaaaaccgtctatcagggegatggeccactacgtgaaccatcaccctaat
caagttttttggggtcgaggtecegtaaagcactaaatcggaaccctaaagggageccecgatttagagettgacggggaaagecggega
acgtggcgagaaaggaagggaagaaagegaaaggagegggcgctagggegetggcaagtgtageggtecacgetgegegtaaccace
acacccgecgegcttaatgegecgetacagggegegteccattegecattcaggetgegeaactgttgggaagggegateggtecggge
ctcttcgetattacgecagetggegaaagggggatgtgctgcaaggegattaagttgggtaacgecagggttttceccagtcacgacgttgta
aaacgacggccagtgagegcgectcegttcattcacgttittgaaccegtggaggacgggcagactegeggtgcaaatgtgttttacagegtg
atggagcagatgaagatgctcgacacgetgeagaacacgeagetagattaaccctagaaagataatcatattgtgacgtacgttaaagataa
tcatgcgtaaaattgacgeatgtgttttatcggtetgtatatcgaggtttatttattaatttgaatagatattaagttttattatatttacacttacatacta
ataataaattcaacaaacaatttatttatgtttatttatttattanaaaaaaacaaaaactcaaaatttcttctataaagtaacaaaacttttatcgaatt
cctgecageccgggggatecactagttctagagggacageccececcccaaageccccagggatgtaattacgteectecceccgetagggg
gcagcagegagecgeeccggggctecgeteceggteeggegeteceeccgeatecccgageeggeagegtgeggggacageccgggca
cggggaaggtggcacgggatcgctttcctetgaacgcettetegetgetcettigagectgcagacacctggggggatacggggaaaaggcee
tccaaggecagetteccacaataagtigggtgaattttggeteattectectttctataggattgaggtcagagcetttgtgatgggaatictgtgg
aatgtgtgtcagttagggtgtggaaagtcccgegatcgetagettaagegetgatcaattggegegecgaattegttatctgecagaattcgget
tggcecteecgegecgggttttggcgecteccgegggegeccccctectcacggegagegetgecacgtcagacgaaggegegeagegage
gtectgatecttecgeccggacgetcaggacageggeccgetgetecataagacteggecttagaaccccagtatcageagaaggacatttt
aggacgggacttgggtgactctagggcactggttttctticcagagagcggaacaggegaggaaaagtagtcecttctcggegattetgeg
gagggatcteegtgggocggetgaacgccgatgattatataaggacgcgccgg TCCCTATCAGTGATAGAGALCTCC
CTATCAGTGATAGAGAgtgtggcacagctagttccgtegcagecgggatttggetcgeggttcttgtttgtggatcgetgtgat
cgtcacttgacGAACGCGCAGCCGCCATGecggggttttacgagattgtgattaaggtccccagegaccttgacgageate
tgcecggcatttctgacagetttgtgaactgggtggccgagaaggaatgggagttgecgecagattctgacatggatctgaatctgattgage
aggcacccctgaccgtggecgagaagetgeagegegactttetgacggaatggegecgtgtgagtaaggecceggaggcetcettttetttgt
gcaatttgagaagggagagagctacttccacatgeacgtgetegtggaaaccaccggggtgaaatecatggttttgggacgtttcctgagte
agattcgcgaaaaactgattcagagaatttaccgecgggatcgagecgactttgecaaactggttcgeggtcacaaagaccagaaatggege
cggaggegggaacaaggtggtggatgagtactacatceccaattacttgetceccaaaacccagectgagetecaatgggeatggaccaa
catggaacagtacctcagegectgtttgaatctcacggagegtaaacggtiggtggegeagceatetgacgeacgtgtcgeagacgeagga
gcagaacaaagagaatcagaatcccaattctgatgegecggtgatcagatcaaaaacttcagecaggtacatggagetggtegggtggacte
gtggacaaggggattacctcggagaageagtggatccaggaggaccaggectcatacatctecttcaatgeggectccaactegeggtee
caaatcaaggctgecttggacaatgegggaaagattatgagectgactaaaaccgeccecegactacctggtgggecageageccgtgga

ggacatttccagcaatcggatttataaaattttggaactaaacgggtacgatccccaatatgeggettecgtetttctgggatggoccacgaaa
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aagttcggcaagaggaacaccatctggetgtttgggectgcaactaccgggaagaccaacatcgeggaggecatageecacactgtgee
cttctacgggtgcgtaaactggaccaatgagaactttcecttcaacgactgtgtcgacaagatggtgatetggtgggaggageocaagatg
accgcecaaggtegtggagtcggccaaagecattictcggaggaagcaaggtocgegtggaccagaaatgeaagtectcggeccagatag
acccgactcecgtgategtecacctccaacaccaacatgtgegecgtgattgacgggaactcaacgaccttcgaacaccageageegttgea
agaccggatgttcaaatttgaactcacccgecgtctggateatgactttgggaaggtcaccaagcaggaagtcaaagactttttceggtegg
caaaggatcacgtggttgaggtegagcatgaattctacgtcaaaaagggtggagecaagaaaagaccegeccecagtgacgeagatata
agtgagcccaaacgggtgcgegagtcagttgcgeagecategacgtcagacgeggaagettcgatcaactacgcagacaggtaccaaaa
caaatgttctcgtcacgtgggcatgaatetgatgetgtticectgcagacaatgegagagaatgaatcagaattcaaatatetgettcactcacg
gacagaaagactgtttagagtgctttccegtgtcagaatetcaaccegtttctgtegtcaaaaaggegtatcagaaactgtgctacattcatcat
atcatgggaaaggteccagacgcttgcactgectgegatctggteaatgtggatttggatgactgeatctttgaacaataaaatggetaggat
ccggecggectgeaggtgtectcacaggaacgaagtecctaaagaaacagtggeagecaggtitageecccggaaaacttgtttattgcage
ttataatggttacaaataaagcaatagcatcacaaatttcacaaataaagcatttttttcactgcattctagttgtggtttotccaaactcatcaatgt
atcttattgactggattgaggoacagcccccccccaaageccccagggatgtaattacgtecectcecccgetagggggeageagegagee
geeeggggcteegeteeggtecggegeteccecegeatcceecgagecggeagegtgeggggacageecgggcacggggaaggtagc
acgggatcgctttcctctgaacgcettctcgetgetetttgagectgcagacacctggggggatacggggaaaaggectccaaggecagett
cccacaataagttgggtgaattttggctcattcctecttictataggattgaggtcagagegacattgattattgactagttattaatagtaatcaat
tacggggtcattagttcatagcccatatatggagticcgegttacataacttacggtaaatggeccgectggetgaccgeccaacgaccece
gcccattgacgtcaataatgacgtatgtteccatagtaacgecaatagggactttccattgacgtcaatgggtggagtatttacggtaaactge
ccacttggceagtacatcaagtgtatcatatgccaagtacgecccctattgacgtcaatgacggtaaatggeccgectggcattatgeecagta
catgaccttatgggactttcctacttggcagtacatctacgtattagtcatcgcetattaccatggtgatgeggttttggcagtacatcaatgggeg
tggatagcggtttgactcacggggatttccaagtctccaccccattgacgtcaatgggagtttgttttggaaccaaaatcaacgggactttcca
aaatgtcgtaacaactccgecccattgacgcaaatgggeggtaggcgtatacggtgggagatctatataageagagetctecctatcagtga
tagagatctccctatcagtgatagagatcgtcgacgagetegtttagteaaccgtcagatcgectggagacgecatecacgcetgttttgacct
ccatagaagacaccgggaccgatccagectatcccaattetgatgegecggtgatcagatcaaaaacttcagecaggtacaatggatggaa
ctggtcggatggetggtegataagggcatcacaagegagaageaatggatccaggaggaccaggectcatatatttettttaacgecgeta
gcaattccagaagcecagatcaaggetgetetggacaacgecggeaaaatcatgagectgaccaagacegecccetgactacctggtggga
cagcagcctgtggaagatatcagcagcaacagaatctataagatcctggaactgaacggetacgacccccagtacgecgecteegtgttce
tgggctgggctacaaagaagttcggcaageggaacaccatetggetgtticggacctgecaccacaggceaaaaccaatatcgecgaggec
atcgcccacaccgtgcctttctacggcetgegtgaactggacaaacgagaacttccccttcaacgactgtgtggacaagatggtgatctggte
ggaggaaggcaaaatgacagctaaggtggtggaatctgeccaaggctatcctgggaggctctaaggtcagggtegatcagaagtgtaaaa

gcagcgeccagattgaccctaccectgtgategtgaccageaataccaacatgtgegecgtgatcgacggcaacageaccaccttcgage
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atcagcagcctctgecaggaccggatgticaagtttgagetcaccagacggetggatcacgacttcggecaaggtgaccaageaggaggtea
aggatttcttcagatgggcecaaagaccacgtigttgaggtggaacacgagttctacgtgaagaagggeggegecaagaaaagacccgec
cctagecgacgecgacatcagegagectaagagagtgcgggaaagegtggeccageccageacatctgatgetgaggecageatcaact
acgccgatagataccaaaacaagtgcageegecacgtgggeatgaacctgatgetgtttccctgcagacagtgtgaaagaatgaaccaga
attctaatatctgctttacacacggccagaaagattgectggaatgcttecctgtgtecgagagecaaccagtgtetgtggtgaaaaaggecta
ccagaagctgtgctacatccaccacatcatgggeaaggtgecagacgectgtaccgectgegacctggtcaacgtggacctggacgactg
catcttcgagcagtgatttgtgatgggaattctgtgctgtgecttctagttgeccagecatetgttgtttgecccteccecegtgecttecttgacect
ggaaggtgccactcccactgtectitcctaataaaatgaggaaattgeatcgeattgtetgagtaggtgteattetattctggggegteggata
gggceaggacagcaagggggaggattgggaagacaatagcaggeatgetggggatgeggtgggctetatgggaccttttttagggcccat
tggtatggctttttccecgtatccecccaggtgtetgcaggctcaaagageagegagaagegttcagaggaaagegatecegtgeeacctte
ccegtgeccgggcetgteccecgeacgetgecggetcggggatgeggggggagegecggaccggageggageecegggeggctegct
gctgeccectagegggggagggacgtaattacatccctgggggctitggggggoooctgtecctetagageggecgecaccgeggteg
agctccagcttttgticcctttagtgagggttaattagatcttaatacgactcactatagggegaattgggtaccgggcccecctgaggeggaa
agaaccagctggggcetctagggggtatceccggggttggggttgcgecttticcaaggeagecctgggtttgcgcagggacgeggetget
ctgggcgtggticcgggaaacgcageggegecgaccetgggtetecgeacattcttcacgteegttcgeagegtcacceggatcttcgecge
tacccttgtgggececcceggegacgcttectgetccgeccctaagtcgggaaggttecttgeggttecgeggegtgecggacgtgacaaac
ggaagcecegeacgtctcactagtaccetcgeagacggacagegecagggageaatggeagegegecgacegegatgggctgtggecaa
tagcggctgetcageagggegegeegagageageggccaggaagegacgatacgggageceggatateggacggtagtgtaggcce
ctgttcctgeecgegeggtgticegeattetgcaagectecggagegeacgteggeagteggeteectegttgaccgaatcaccgacctcte
tccccagaagetcccgggagcettgtatatceattttcggatetgatcageacgtgttgacaattaatcatcggeatagtatatcggeatagtata
atacgacaaggtgaggaacgcecaccatggecaagcectttgtctcaagaagaatccacccteattgaaagagcaacggctacaatcaacag
catccecatctetgaagactacagegtcgecagegeagetctctetagegacggecgeatcticactggtgtcaatgtatatcattttactggg
ggaccttgtgcagaactcgtggtectgggeactgetgetgctgeggcagetggeaacctgacttgtatcgtegegatcggaaatgagaaca
ggggcatcttgagecectgeggacggtgccgacaggtgcttctcgatctgeatectgggatcaaagecatagtgaaggacagtgatggac
agccgacggceagttgggattcgtgaattgetgeectctggttatgtgtgggagggctaaagegeggggatcteatgetggagttcttcgeee
accccaacttgtttattgcagcttataatggttacaaataaagcaatagcatcacaaatttcacaaataaagcatttttttcactgeattctagttgtg
gtttgtccaaactcatcaatgtatcttatcatgtetgtagetgatgtatacctaggatecggecggectgeaggtgtectcacaggaacgaagtce
cctaaagaaacagtggcagcecaggtttageecccggaattgactggattecttttttagggeccattggtatggctttttcecegtatceccecag
gtgtetgcaggetcaaagageagegagaagegttcagaggaaagegatcecgtgecacctteceegtgecegggetgteccegeacgcet
geeggeteggggatgcggggggagegecggaccggageggageeccgggeggeticgetgetgeecectagegggggagggacgta
attacatccctgggggctttgggooooooctatecctectagageggccgecaccgeggtggagetecagettttgttecctitagtgagggtt
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aattagatcttaatacgactcactatagggcegaattgggtaccgggccccccctcgaggtegacggtatectegaggtegacggtatcgata
agcttgatatctataacaagaaaatatatatataataagttatcacgtaagtagaacatgaaataacaatataattatcgtatgagttaaatcttaaa
agtcacgtaaaagataatcatgcgtcattttgactcacgeggtcgttatagttcaaaatcagtgacacttaccgcattgacaageacgectcac
gggagctccaageggegactgagatgtectaaatgcacagegacggattcgegcetatttagaaagagagagceaatatttcaagaatgeatg
cgtcaattttacgcagactatctttctagggttaatctagetgeatcaggatcatatcgtegggtcttttttccggetcagtcatcgeccaagetgg
cgctatctgggcatcggggaggaagaageccgtgecttttcccgegaggttgaageggcatggaaagagtttgecgaggatgactgetge
tgcattgacgttgagcgaaaacgeacgtttaccatgatgattcgggaaggtgtagccatgeacgectttaacggtgaactgttcgttcaggee
acctgggataccagttcgtcgeggcttttccggacacagttceggatggtcageccgaagegeatcageaaccegaacaataccggegac
agccggaactgecgtgecggtotgeagattaatgacageggtecggegetgggatattacgtcagecgaggacgggtatectggetggatg
ccgcagaaatggacatggatacceegtgagttacceggegggegegcettggegtaatcatggteatagetgtttectgtatgaaattgttate
cgctcacaattccacacaacatacgagecggaageataaagtgtaaagectggggtocctaatgagtgagcetaactcacattaattgegttg
cgctcactgeccgctttccagtcgggaaacctgtegtgccagetgeattaatgaatcggecaacgegeggggagaggcggtttgcgtattg
ggegctetteecgettectegetcactgactegetgegceteggtegticggetgeggegageggtatcagetcactcaaaggeggtaatacgg
ttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggecaggaaccgtaaaaaggecgegttec
tggcgtttttccataggetcecgeccecctgacgageatcacaaaaatcgacgetcaagtcagaggtggcgaaaccegacaggactataaag
ataccaggcgtttcccectggaagceteectegtgegcetetectgtticcgacceetgecgcttaccggatacctgtecgectttcteectteggga
agcgtggegcttictcatagetcacgcetgtaggtatcteagticggtgtaggtegttcgetecaagetgggctgtgtgeacgaacceeccgtte
agcccgaccgetgegecttatccggtaactategtettgagtccaacceggtaagacacgacttatcgecactggeageagecactggtaa
caggattagcagagcgaggtatgtaggcggtactacagagttcttgaagtggtgocctaactacggetacactagaaggacagtatttggta
tetgegcetctgetgaagecagttaccttcggaaaaagagttggtagetettgatccggeaaacaaaccacegetggtageggtggttittttatt
tgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatectttgatettttctacggggtctgacgctcagtggaacgaaaacte
acgttaagggattttagtcatgagattatcaaaaaggatcttcacctagatecttttaaattaaaaatgaagttttaaatcaatctaaagtatatatg
agtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagegatetgtctatttegttcatccatagttgectgacteceegt
cgtgtagataactacgatacgggagggcttaccatctggecccagtgetgeaatgataccgegagacccacgcetcaccggcetecagatttat
cagcaataaaccagccagecggaagggecgagegeagaagtggtectgeaactttatcegectecatecagtctattaattgttgeccggga
agctagagtaagtagttcgccagttaatagtttgcgcaacgttgttgccattgctacaggeategtggtatcacgcetegtegtttggtatggette
attcagctcecggttcccaacgatcaaggegagttacatgatcececatgtigtgcaaaaaageggttagetecttecggtectecgategtigte
agaagtaagttggccgceagtgttatcactcatggttatggcageactgcataattcetcttactgtcatgecatcegtaagatgcttttctgtgactg
gtgagtactcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgctcttgcccggegtcaatacgggataataccgegecacat
agcagaactttaaaagtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttacegetgttgagatccagttcgatgtaac
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ccactcgtgeacccaactgatcttcageatcttttactttcaccagegtttctgggtgagcaaaaacaggaaggcaaaatgeccgeaaaaaag

ggaataagggegacacggaaatgttgaatactcat
[00210] The sequence of the PB-hiRep-8# vector is provided below:

[00211] PB-hiRep-8# (11,701 bp) (SEQ 1D NO: 21)

[00212] actcttectttttcaatattattgaageatttatcagggttattgtctcatgageggatacatattigaatgtatttagaaaaataaaca
aataggggttccgecgceacatticcccgaaaagtgecacctaaattgtaagegttaatattttgttaaaattcgegttaaatttttgttaaatcagete
attttttaaccaataggccgaaatcggcaaaatcccttataaatcaaaagaatagaccgagatagggttgagtgttgttccagtttggaacaag
agtccactattaaagaacgtggactccaacgtcaaagggegaaaaaccgtctatcagggegatggeccactacgtgaaccatcacectaat
caagttttttggogtcgaggtoccgtaaageactaaatcggaacectaaagggageccecgatttagagettgacggggaaagecggega
acgtggcgagaaaggaagggaagaaagcgaaaggagegggcgctagggcgctggeaagtgtageggtcacgetgegegtaaccace
acacccgecegegcttaatgegecgetacagggegegteccattcgecattcaggetgegeaactgttgggaagggcgateggtacggec
ctcttcgetattacgecagetggegaaagggggatgtgctgcaaggegattaagttggotaacgecagggttttcccagtcacgacgttgta
aaacgacggccagtgagegegcectegttcattcacgtttttgaaccegtggaggacgggeagactcgeggtgcaaatgtgttttacagegtg
atggagcagatgaagatgctcgacacgetgeagaacacgeagetagattaaccctagaaagataatcatattgtgacgtacgttaaagataa
tcatgcgtaaaattgacgcatgtgttttatcggtctgtatatcgaggtttatttattaatttgaatagatattaagttttattatatttacacttacatacta
ataataaattcaacaaacaatttatttatgtttatttatttattaaaaaaaaacaaaaactcaaaatttcttctataaagtaacaaaacttttatcgaatt
cctgcageccgggggatcecactagtictagagggacageccececcccaaageececccagggatgtaattacgteccteccecgetagggs
gcagcagcgagecgeecggggctecgetecggtecggegeteccecegeatccecgageecggeagegtgeggggacageecgggea
cggggaaggtegcacgggatcgetitectctgaacgettetegetgctetttgagectgeagacacctggggegatacggggaaaaggce
tccaaggccagcttcecacaataagttgggtgaattttggcteattectectttctataggattgagstcagagctttstgategoaattctgtegs
aatgtgtgtcagttagggtotogaaagtcccgegatcgetagettaagegetgatcaattggegegecgaattegttatctgcagaattcgget
tetgeteectgetigtgtgttggaggtegetgagtagtgcgegageaaaatttaagetacaacaaggcaaggettgaccgacaattgeatgaa
gaatctgcttagggttaggcegttttgegetgetticgegatgtacgggecagatatacgegtatctgaggggactagggtgtatttagocgaaa
agcggggocttcggttgtacgeggttaggagtcccctcaggatatagtagtitcgetittgecatagggagggegaaatgtagtcettatgcaatac
acttgtagtcttgcaacatggtaacgatgagttagcaacatgecttacaaggagagaaaaageaccgtgcatgecgattggtggaagtaagg
tggtacgatcgtgecttattaggaaggcaacagacaggtctgacatggattggacgaaccactgaattccgeattgcagagataattgtattta
agtgcctagCTCCCTATCAGTGATAGAGAtcTCCCTATCAGTGATAGAGAtcgatacaataaacgccat
ttgaccattcaccacattggtgtacaccGAACGCGCAGCCGCCATGcecggggttttacgagattgtgattaaggtccccage
gaccttgacgagcatctgeccggcatttctgacagetttgtgaactgggtegccgagaaggaatgggagtteccgecagattetgacatgg
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atctgaatctgattgagcaggceaccectgaccgtggecgagaagetgeagegegactttctgacggaatggegecgtgtgagtaaggeee
cggaggctcttttetitgtgcaatttgagaaggeagagagctacttccacatgeacgtgetegtggaaaccaccggggtgaaatccatggtttt
gggacgtttcctgagtcagattcgcgaaaaactgattcagagaatttaccgegggatcgagecgactttgecaaactggticgeggtcacaa
agaccagaaatggcgecggaggegggaacaaggtggtggatgagtectacateeccaattacttgetecccaaaacccagectgagete
caatgggcatggaccaacatggaacagtacctcagegoctgtttgaatctcacggagegtaaacggttegtggcgcageatetgacgeac
gtgtcgcagacgcaggageagaacaaagagaatcagaateccaattctgatgegecggtgatcagatcaaaaacttcagecaggtacatg
gagctggtegggtegctegtggacaaggggattacctcggagaageagtggatccaggaggaccaggecteatacatetecttcaatgeg
gcctecaactcgeggteccaaatcaaggetgectiggacaatgegggaaagattatgagectgactaaaaccgeccccgactacctggtg
ggccageageccgtggaggacatttccagcaatcggatttataaaattttggaactaaacgggtacgatccecaatatgeggcttecgtettte
tgggatgggecacgaaaaagtticggeaagaggaacaccatctggetgtttgggectgeaactaccgggaagaccaacatcgeggaggec
atagcccacactgtgeccttctacgggtgegtaaactggaccaatgagaactttcecttcaacgactgtgtcgacaagatggtgatetggtgg
gaggaggogaagatgaccgecaaggtcgtggagtcggecaaagecattctcggaggaageaaggtgegegtggaccagaaatgeaag
tcctecggeccagatagacccgactcecgtgatcgtcacctccaacaccaacatgtgegecgtgattgacgggaactcaacgaccttcgaac
accagcagcecgttgcaagaccggatgttcaaatttgaactcacccgecgtetggatcatgactttgggaaggtcaccaagecaggaagicaa
agactttttccggtgggcaaaggatcacgtggttgaggtoggagcatgaattctacgtcaaaaagggtggagecaagaaaagacccgecce
cagtgacgcagatataagtgagcccaaacgggtgcgegagtcagttgegecagecatcgacgtcagacgeggaagcettcgatcaactacg
cagacaggtaccaaaacaaatgttctcgtcacgtgggcatgaatctgatgcetgtitccctgecagacaatgegagagaatgaatcagaattcaa
atatctgcttcactcacggacagaaagactgtttagagtgctttccegtgtcagaatctcaaccegtttetgtcgtcaaaaaggcgtatcagaaa
ctgtgctacattcatcatatcatgggaaaggteccagacgcettgeactgectgegatcetggteaatgtggatttggatgactgeatctttgaaca
ataaaatggctaggatccggecggectgeaggtgtectcacaggaacgaagtecctaaagaaacagtggeagecaggtttageecegga
aaacttgtttattgcagcttataatggttacaaataaagcaatagcatcacaaatttcacaaataaagcatttttttcactgeattctagttgtggttt
gtccaaactcatcaatgtatcettattgactggattgagggacageccececcccaaageeccecagggatgtaattacgteectccecegetag
ggggcageagegagecgeeccggggctecgetecggtecggegeteececcgeatcecccgagecggeagegtecggggacageccg
ggeacggggaaggtegcacgggatcgcetttectetgaacgcettctegetgctetttgagectgcagacacctggggggatacggggaaaa
ggcectccaaggecagcettcccacaataagttgggtgaattttggcteattectectttctataggattgaggtcagagegacattgattattgact
agttattaatagtaatcaattacggggtcattagttcatagcccatatatggagttccgegttacataacttacggtaaatggeecegectggetga
ccgeccaacgacccecgeccattgacgtcaataatgacgtatgttcecatagtaacgocaatagggactttccattgacgtcaatgggtega
gtatttacggtaaactgcccacttggeagtacatcaagtgtatcatatgccaagtacgecccctattgacgtcaatgacggtaaatggecege
ctggcattatgcccagtacatgaccttatgggactttcctacttggeagtacatctacgtattagtcatcgetattaccatggtgatgeggttttgg
cagtacatcaatgggcgtggatageggtitoactcacggggatticcaagtctccaccecattgacgtcaatgggagtttgtttggaaccaaa

atcaacgggactttccaaaatgtcgtaacaactccgecccattgacgcaaatgggeggtaggcgtgtacggtgggaggtctatataageag
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agctctccctatcagtgatagagatctcectatcagtgatagagatcgtcgacgagetegtttagtgaaccgtcagatcgectggagacgecea
tccacgctgttttgacctccatagaagacaccgggaccgatccagectateccaattctgatgegecggtgatcagatcaaaaacttcageca
ggtacaatggatggaactggtcggatggctggtggataagggcatcacaagegagaageaatggatccaggaggaccaggectcatata
tttettttaacgccgetageaattccagaagecagatcaaggetgetctggacaacgecggeaaaatcatgagectgaccaagaccgeccct
gactacctggtgggacagceagectgtggaagatatcagcageaacagaatctataagatcctggaactgaacggetacgacceccagtac
gecgecteegtgttcctgggetgggetacaaagaagticggeaageggaacaccatctggetgtteggacctgecaccacaggeaaaace
aatatcgccgaggecatcgeccacaccgtgectttctacggetgegtgaactggacaaacgagaacttceecttcaacgactgtgtggaca
agatggtgatctggtgggaggaaggcaaaatgacagetaaggtggtggaatetgecaaggetatcctgggaggctetaaggtecagggteg
atcagaagtgtaaaagcagcgcccagattgaccctaccectgtgatcgtgaccageaataccaacatgtgegecgtgatcgacggeaaca
geaccaccttcgageatcageagcectetgeaggaccggatgttcaagtttgagetcaccagacggetggatcacgacttcggeaaggtgac
caagcaggaggtgaaggatttcttcagatgggccaaagaccacgttgttgaggtggaacacgagtictacgtgaagaagggeggcgeca
agaaaagacccgeccctagegacgecgacatcagegagectaagagagtecgggaaagegtggcccageccageacatetgatgcts
aggccagcatcaactacgccgatagataccaaaacaagtgecagecgecacgtgggeatgaacctgatgetgtttcectgecagacagtgtg
aaagaatgaaccagaattctaatatctgctttacacacggccagaaagattgectggaatgceticectgtgteccgagagecaaccagtgtetg
tggtgaaaaaggcctaccagaagetgtgctacatccaccacatcatgggcaaggtgccagacgectgtaccgectgegacctggtcaacg
tggacctggacgactgcatcttcgagcagtgatttgtgatgggaattctgtgctgtgecttctagttgecagecatcetgttgtttgececteccee
gtgccttecttgacectggaaggtgecacteccactgtectticctaataaaatgaggaaattgcatcgeattgtctgagtaggtgteattctatt
ctggggggtagggtaggacaggacagcaagggggaggatigggaagacaatageaggeatgctggggatgeggtggactctatggga
ccttttttagggeccattggtatggctttttceccgtatceeccccaggtgtetgecaggetcaaagageagegagaagegttcagaggaaageg
atcccgtgccaccttceecegtgeeccgggcetgteecegeacgetgecggetcggggatgegggeggagcgccggaccggagcegagee
ccgggeggcetegetgetgeeccctagegggggagggacgtaattacatecctgggggctttgggeggeaactgtecctetagageggee
gecaccgeggtggagetecagettttgttecctttagtgagggttaattagatcttaatacgactcactatagggegaattgggtaccgggecc
ccctgaggcggaaagaaccagetggggctetagggggtatceccggggttggggttgcgecttttccaaggeagecectgggtttgcgeag
ggacgeggcetgetetgggegtggttccgggaaacgeageggegecgaccetgggtetegeacattettcacgtecgttegeagegteace
cggatcttcgeegcetaccettgtgggeeccceggegacgcttectgetecgeecctaagtcgggaaggttecttgeggttcgeggegtgec
ggacgtgacaaacggaagecgeacgtetcactagtaccetcgeagacggacagegecagggageaatggeagegegecgaccgegat
gggetgtggecaatageggetgctcagragggrgreccgagagrageggeceegaagggacggtacesgagecegagtaigggac
ggtagtgtgggccctgttcetgeccgegeggtgttcegeattetgeaagectecggagegeacgteggcagteggeteoctegttgaccga
atcaccgacctctctccccagaagetcccgggagcettgtatatccattttcggatctgatcageacgtgttgacaattaatcatcggeatagtat
atcggcatagtataatacgacaaggtgaggaacgccaccatggecaagectttgtctcaagaagaatccacectcattgaaagageaacgg

ctacaatcaacagcatccccatctctgaagactacagegtecgecagegeagcetetctetagegacggecgcatcttcactggtgtcaatgtat
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atcattttactgggggaccttgtgcagaactcgtggtectgggcactgetgctgetgeggeagetggcaacctgacttgtatcgtcgegateg
gaaatgagaacaggggcatcttgageceectgeggacggtgccgacaggtacttetegatetgeatectgggatcaaagecatagtgaagg
acagtgatggacagccgacggceagttgggattcgtgaattgetgecctetggttatgtgtgggagegctaaagegeggggatcteatgctg
gagttcttcgeccaccecaacttgtttattgcagcttataatggttacaaataaagcaatageatcacaaatttcacaaataaagceatttttttcact
gcattctagttgtggtttatccaaactcatcaatgtatettatcatgtetgtagetgatgtatacctaggatceggecggectgcaggtgtectcac
aggaacgaagtccctaaagaaacagtggeagecaggtttageeccggaattgactggaticcttttttagggcccattggtatggctttttcee
cgtatcccceccaggtgtetgcaggctcaaagagcagegagaagegttcagaggaaagegatceegtgecaccttceeegtgeeegggcet
gtccecgeacgetgecggeteggggatgeggggggagegecggaccggageggagecccgggeggctegetgetgeeccctagegg
gggagggacgtaattacatcectgggggctttggegoooooctatccctctagageggccgecaccgeggtggagetccagettttgttc
cctttagtgagggttaattagatcttaatacgactcactatagggcgaattgggtaccgggeccccectcgaggtegacggtatectcgaggt
cgacggtatcgataagcttgatatctataacaagaaaatatatatataataagttatcacgtaagtagaacatgaaataacaatataattatcgtat
gagttaaatcttaaaagtcacgtaaaagataatcatgcgteattttgactcacgeggtegttatagttcaaaatcagtgacacttaccgeattgac
aagcacgcctcacgggagetccaageggcegactgagatgtcctaaatgcacagegacggattcgegcetatttagaaagagagagcaatat
ttcaagaatgcatgcgtcaattttacgcagactatctttctagggttaatctagetgeatcaggatcatatcgtegggtcttttttccggetcagtea
tcgeccaagetggegctatctgggeatcggggaggaagaageccgtgectiticccgegaggttgaageggcatggaaagagtttgecga
ggatgactgctgctgeattgacgttgagcgaaaacgceacgtttaccatgatgattcgggaaggtgtgoccatgecacgectttaacggtgaac
tgttcgttcaggecacctgggataccagttegtegeggcttttccggacacagttccggatggtcageccgaagegeatcageaacccgaa
caataccggcgacagecggaactgecgtgecggtatgcagattaatgacageggtgcggegetgggatattacgtcagegaggacgggt
atcctggetggatgecgcagaaatggacatggataccecgtgagttacceggegggegegctiggegtaatcatggtcatagetgtttectg
tgtgaaattgttatccgetcacaattccacacaacatacgagecggaageataaagtgtaaagectggggtacctaatgagtgagetaactea
cattaattgcgttgcgcetcactgecegctttccagtcgggaaacctgtecgtgecagetgeattaatgaatcggecaacgegeggggagagg
cggtttgegtattgggegcetcttecgettectegetcactgactegetgegeteggtegtteggetgeggegageggtatcagetcactcaaa
ggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggecageaaaaggecaggaaccgtaaa
aaggccgcgttgctggegtttttccataggetccgeeccectgacgageatcacaaaaatcgacgetcaagtcagaggtegegaaacceg
acaggactataaagataccaggcgtttceecctggaagceteectegtgegetetectgttccgacectgecgettaccggatacetgtcegee
tttctcecttcgggaagegtggegctttctcatagetcacgcetgtaggtatcteagttcggtgtaggtegttcgeteccaagetgggetgtatgca
cgaaccccocgttcagececgaccgcetgegecttatcecggtaactategtettgagtecaaccecggtaagacacgacttatcgecactggeag
cagccactggtaacaggattagcagagegaggtatgtaggeggtgctacagagttettgaagtggtggectaactacggctacactagaag
gacagtatttggtatctgegctctgetgaagecagttaccttcggaaaaagagttggtagetcttgatccggcaaacaaaccaccgetggtag
cggtggtttttttgtttgcaagcagcagattacgecgcagaaaaaaaggatctcaagaagatcctttgatettttctacggggtctgacgetcagt

ggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttttaaatcaat
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ctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagegatctgtcetatttcgttcatccatagtt
gectgacteeccgtegtgtagataactacgatacgggagggcttaccatctggecccagtgetgeaatgatacegegagacccacgceteac
cggctccagatttatcagcaataaaccagecagecggaagggecgagegeagaagtggtectgeaactttatccgectecatecagtetatt
aattgttgccgggaagetagagtaagtagttcgecagttaatagtttgegcaacgttgttgecattgetacaggceategtggtgtcacgcetegt
cgtttggtatggcttcattcagetceggttcccaacgatcaaggegagttacatgatcecccatgtigtgcaaaaaageggttagetectteggt
cctecgatcgttgtcagaagtaagttggecgeagtgttatcactcatggttatggcageactgcataattctettactgtcatgecatecgtaaga
tgcttttetgtgactggtgagtactcaaccaagtcattctgagaatagtetatgcggegaccgagttgctcttgeceggegtcaatacgggata
ataccgcegecacatagcagaactttaaaagtgcetcatcattggaaaacgttcticggggegaaaactctcaaggatcttaccgetgttgagat
ccagttcgatgtaacccactcgtgeacccaactgatcttcageatettttactttcaccagegtttctgggtgagcaaaaacaggaaggcaaaa

tgccgeaaaaaagggaataagggcgacacggaaatgttgaatactcat
[00213] The sequence of the PB-hiRep-9# vector is provided below:

[00214] PB-hiRep-9# (11, 861 bp) (SEQ ID NO: 22)

[00215] actcttcctttttcaatattattgaagcatttatcagggttattgtctcatgageggatacatatttgaatgtatttagaaaaataaaca
aataggggttecgegceacatttceccgaaaagtgecacctaaattgtaagegttaatattttgttaaaattcgegttaaatttttgttaaatcagete
attttttaaccaataggccgaaatcggeaaaatcecttataaatcaaaagaatagaccgagatagggttgagtgttgttccagtttggaacaag
agtccactattaaagaacgtggactccaacgtcaaagggegaaaaaccgtetatcagggegatggeccactacgtgaaccatcacectaat
caagttttttggootcgaggtoccgtaaageactaaatcggaaccctaaagggageccecgatttagagettgacggggaaagecggcga
acgtggcgagaaaggaagggaagaaagegaaaggagegggcgctagggegctggeaagtgtageggtcacgetgegegtaacecace
acacccgecgegcttaatgegecgetacagggegegteccattcgecattcaggetgegeaactgttigggaagggcgateggtacggoc
ctcttcgctattacgccagetggegaaaggggeatgtactgcaaggegattaagttggotaacgecagggttttcccagtcacgacgttgta
aaacgacggccagtgagcegegcectcgttcattcacgtttttgaacccgtggaggacgggcagactcgeggtgcaaatgtgttttacagegtg
atggagcagatgaagatgctcgacacgctgeagaacacgeagetagattaaccctagaaagataatcatattgtgacgtacgttaaagataa
tcatgcgtaaaattgacgcatgtgttttatcggtctgtatatcgaggtttatttattaatttgaatagatattaagttttattatatttacacttacatacta
ataataaattcaacaaacaatttatttatgtttatitatttattanaaaaaaacaaaaactcaaaattictictataaagtaacaaaacttttatcgaatt
cctgeageecgggggatccactagtictagagggacageccccccccaaageccccagggatgtaattacgteectecceegetagggg
gcagcagegagecgeecggggctecgetecggtecggegeteccecegeatececgagecggeagegtgeggggacageccgggea
cggggaaggtggcacgggatcgetttectctgaacgettctegetgetetttgagectgcagacacctggggggatacggggaaaaggcc
tccaaggccagcttcccacaataagttgggtgaattttggcteattectectttctataggattgaggteagagctttgtgatgggaattetgtgg

aatgtgtgtcagttagggtetocaaagtcecgegategetagettaagegetgatcaattggegegecgaattegttatetgcagaatteggcet
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tGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATA
GCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGAC
CGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGC
CAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACT
TGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACG
GTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTT
GGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGT
ACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCA
TTGACGTCAATGGGAGTTTGTTTTGGAACCAAAATCAACGGGACTTTCCAAAATGTC
GTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTC
TATATAAGCAGAGCTCTCCCTATCAGTGATAGAGATCTCCCTATCAGTGATAGAGAT
CGTCGACGAGCTCGTTTAGTGAACCGTCAGATCGCCTGGAGACGCCATCCACGCTGT
TTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTgAACGCGCAGCCGCC Cacgeceg
gggttttacgagattgtgattaaggtccccagegaccttgacgagceatetgeccggeatttctgacagetttgtgaactgggtggcegagaag
gaatgggagttgccgecagattctgacatggatctgaatctgattgagecaggceaccectgaccgtggecgagaagetgecagegegactttc
tgacggaatggcgccgtgtgagtaaggecccggaggctctittctttgtgcaatttgagaagggagagagctacttccacatgeacgtgcete
gtggaaaccaccggggtgaaatccatggttttgggacgtttcetgagtcagaticgegaaaaactgaticagagaatttaccgegggatcga
gccgactttgecaaactggttcgeggtcacaaagaccagaaatggegecggaggcgggaacaaggtggtagatgagtactacateceea
attacttgctccccaaaacccagectgagetccaatgggeatggaccaacatggaacagtacctcagegectgtttgaatctcacggagegt
aaacggttggtggcgeageatctgacgeacgtgtegecagacgcaggageagaacaaagagaatcagaatcecaattetgatgegeeggt
gatcagatcaaaaacttcagccaggtacatggagcetggtcgggtggctegtggacaaggggattacctcggagaageagtggatceagg
aggaccaggcctcatacatctecttcaatgeggectccaactcgeggteccaaatcaaggetgecttggacaatgecgggaaagattatgag
cctgactaaaaccgeecccgactacctggtgggccageageccgtggaggacatttccageaatcggatttataaaattttggaactaaacg
ggtacgatccccaatatgeggcetteegtetttctgggatgggecacgaaaaagtticggcaagaggaacaccatctggetgtttgggectgea
actaccgggaagaccaacatcgeggaggecatageecacactgtgeccttctacgggtgcgtaaactggaccaatgagaacttteecttca
acgactgtgtcgacaagatggtgatctggteggaggaggggaagatgaccgecaaggtegtggagtecggecaaagecattetcggagga
agcaaggtgcgegtggaccagaaatgeaagtectcggeccagatagaccegactecegtgategtcacctccaacaccaacatgtgege
cgtgattgacgggaactcaacgacctticgaacaccageagecgttgcaagaccggatgttcaaatttgaactcaccegecgtetggateatg
actttgggaaggtcaccaagcaggaagtcaaagactttttccggtgggcaaaggatcacgtggttgaggtggagcatgaattctacgtcaaa
aagggtggagcecaagaaaagacccgeccecagtgacgeagatataagtgageccaaacgggtgegegagteagttgegeagecatcga

cgtcagacgcggaagcttcgatcaactacgcagacaggtaccaaaacaaatgttctcgtcacgtgggcatgaatctgatgctgtttcectge
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agacaatgcgagagaatgaatcagaattcaaatatctgeticactcacggacagaaagactgtttagagtgctttccegtgtcagaatetcaac
ccgtttetgtcgtcaaaaaggcgtatcagaaactgtgctacattcatcatatcatgggaaaggtgccagacgcttgeactgectgegatetggt
caatgtggatttggatgactgcatctttgaacaataaaatggctaggatccggecggectgeaggtgtectcacaggaacgaagtecctaaa
gaaacagtggcagcecaggtttagecccggaaaacttgtttattgeagettataatggttacaaataaagcaatageatcacaaatttcacaaat
aaagcatttttttcactgcattctagttgtggtitgtccaaactcatcaatgtatcttattgactggattgagggacageccccceccaaagecce
cagggatgtaattacgtcectcceeccgetagggggcageagegagecgeccggggetccgetecggteeggegeteecccecgeatcee
cgagccggeagegtgeggggacageececgggeacggggaaggtggeacgggatcgctttectetgaacgcettetegetgetetttgagect
gcagacacctggggggatacggggaaaaggectccaaggecageticccacaataagttgggtgaattttggetcattectectttctatag
gattgaggtcagagcgacattgattattgactagttattaatagtaatcaattacggggtcattagttcatageccatatatggagttcegegttac
ataacttacggtaaatggcccgectggetgaccgeccaacgacceeecgeccattgacgtcaataatgacgtatgtteccatagtaacgecaa
tagggactticcattgacgtcaatgggtegagtatttacggtaaactgcecacttggcagtacatcaagtgtatcatatgecaagtacgeccee
tattgacgtcaatgacggtaaatggeccgectggcattatgecccagtacatgaccttatgggactttectacttggcagtacatctacgtattagt
catcgctattaccatggtgatgcggttttggcagtacatcaatgggegtggatageggtitgactcacggggatttccaagtctccaccecatt
gacgtcaatgggagtttgttttggaaccaaaatcaacgggactticcaaaatgtcgtaacaactccgecccattgacgcaaatgggeggtag
gegtgtacggtgggagatctatataagcagagcetctcectatcagtgatagagatcteectatcagtgatagagatcgtecgacgagcetegttt
agtgaaccgtcagatcgcctggagacgcecatccacgctgttttgacctccatagaagacaccgggaccgatccagectatcccaattetgat
gegecggtgatcagatcaaaaacttcagecaggtacgecaccAcGgaactggtcggatggctggtggataagggcatcacaagegaga
agcaatggatccaggaggaccaggcctcatatatttcttttaacgcecgctageaattccagaagecagatcaaggetgetetggacaacgee
ggcaaaatcatgagectgaccaagaccgeccctgactacctggtgggacageagectgtggaagatatcagcagcaacagaatctataag
atcctggaactgaacggctacgacceccagtacgecgecteegtgttectgggetggactacaaagaagttcggeaageggaacaccate
tggctgttcggacctgecaccacaggeaaaaccaatatcgecgaggecatcgeccacacegtgectttectacggetgegtgaactggacaa
acgagaacttccecttcaacgactgtgtggacaagatggtgatetggtgggaggaaggcaaaatgacagetaaggtggtggaatetgeca
aggctatcctgggaggctctaaggtcagggtogatcagaagtgtaaaagcagegeccagattgaccetaccectgtgategtgaccagea
ataccaacatgtgcgecgtgatcgacggcaacageaccaccttcgageatcageagectetgcaggaccggatgttcaagtttgagetcac
cagacggctggatcacgacttcggcaaggtgaccaagcaggaggtgaaggatticttcagatgggccaaagaccacgttgtigaggtgga
acacgagttctacgtgaagaagggcggegecaagaaaagaceccgecectagegacgecgacatcagegagectaagagagtgcggga
aagcgtggcecocageccageacatetgatgetgaggecageatcaactacgecgatagataccaaaacaagtgocagecgecacgtgggca
tgaacctgatgctgtttcoctgcagacagtgtgaaagaatgaaccagaattctaatatctgetttacacacggecagaaagattgectggaatg
cttcectgtgtccgagagecaaccagtgtetgtggtgaaaaaggectaccagaagetgtgctacatccaccacatcatgggeaaggtgeca
gacgcctgtaccgectgegacctggtcaacgtggacctggacgactgcatcticgageagtgattigtgatgggaattetgtgctgtgecttet

agttgccagccatctgttgtttgcecctececececcgtgecttecttgaccctggaaggtgccacteccactgtectttecctaataaaatgaggaaatt
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gcatcgcattgtctgagtaggtoteattctattctggggootogootogoocaggacagcaagggggaggattgggaagacaatageagg
catgctggggatgcggteggctctatgggaccttttttaggecccattggtatggetttttcecegtatccecccaggtgtetgcaggetcaaa

gagcagcgagaagegttcagaggaaagegatcecgtgecaccttccecgtgecegggetgtececcgeacgetgecggeteggggatge
ggggggagegccggaccggageggageccegggcggctegetgetgececctagegggggagggacgtaattacatecetgggggc
tttggggooooactatecctctagageggecgecaccgeggtggagetecagettitgttcectitagtgagggttaattagatcttaatacga
ctcactatagggcgaattgggtaccgggecceectgaggeggaaagaaccagetggggctctagggggtatceccggggttggggttac

gecttttccaaggeagecctgggtttgegeagggacgeggetgetetgggegtggttccgggaaacgeageggegecgacectgggtet
cgcacattcttcacgtcegticgeagegtcacceggatettecgeegetacecettgtgggeccceeggegacgcttectgetcegeeectaagt

cgggaaggttcettgeggticgeggegtgecggacgtgacaaacggaagecgeacgtctcactagtaccetecgeagacggacagegeca
gggagcaatggeagegegeecgaccgegatgggctgtggecaatageggetgctecageagggegegecgagageageggecgggaa
ggggcggtecggoaggcggggtotggoocagtagtgtagacoctgticetgeccgegeggtgttcecgeattetgcaagecteeggage
gcacgtcggeagteggctecctegttgaccgaatcaccgacctctctccccagaagetcccgggagettgtatatecattttcggatetgate
agcacgtgttgacaattaatcatcggcatagtatatcggcatagtataatacgacaaggtgaggaacgecaccatggcecaagcectttgtctca
agaagaatccaccctcattgaaagagcaacggctacaatcaacageatccecatctctgaagactacagegtegecagegeagcetetctet
agcgacggcecgcatcttcactggtgtcaatgtatatcattttactgggggaccttgtgcagaactegtggtgctgggcactgetgetgetgeg
gcagctggcaacctgacttgtatcgtcgegatcggaaatgagaacaggggcatcttgageccctgeggacggtgccgacaggtgcettcte
gatctgcatectgggatcaaagecatagtgaaggacagtgatggacagecgacggeagttgggattcgtgaattgetgecectetggttatgt
gtgggagooctaaagegcggggatctcatgetggagttettcgeccaccecaacttgtttattgeagcettataatggttacaaataaagcaata
gcatcacaaatttcacaaataaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatcttatcatgtetgtagetgatgtat
acctaggatccggecggectgecaggtgtectcacaggaacgaagtecctaaagaaacagtggeagecaggtttagecceggaattgactg
gattccttttttagggeccattggtatggctttttccecgtatccccccaggtgtetgeaggctcaaagageagegagaagegttcagaggaaa
gegatcecgtgecaccttceecegtgecegggcetgtecccgeacgetgecggetcggggatgcggggeaagcgccggaccggagcega
gceecgggeggctecgetgetgeceectagegggggagegacgtaattacatcectggggectttgegogoosoctatecctetagageg
geegecaccgeggtggagetecagcettttgttcectttagtgagggttaattagatettaatacgactcactatagggegaattgggtaccggg

cceecectcgaggtegacggtatcctecgaggtegacggtatcgataagettgatatctataacaagaaaatatatatataataagttatcacgt
aagtagaacatgaaataacaatataattatcgtatgagttaaatcttaaaagtcacgtaaaagataatcatgegtcattttgactcacgeggtegt
tatagttcaaaatcagtgacacttaccgcattgacaagcacgectcacgggagcetccaageggegactgagatgtectaaatgcacagega
cggattcgecgcetatttagaaagagagagcaatatttcaagaatgcatgegtcaattttacgcagactatetttctagggttaatctagetgeatca
ggatcatatcgtcgggtcttttttccggetcagtcatcgeccaagetggegcetatetgggeatcggggaggaagaagecegtgcectttteceeg
cgaggttgaagcggcatggaaagagtttgeccgaggatgactgetgctgeattgacgtigagegaaaacgeacgtttaccatgatgattcgg

gaaggtgtgoccatgeacgcectttaacggtgaactgttcgttcaggecacctgggataccagttcgtegeggcttttccggacacagttccg

159



WO 2025/096295 PCT/US2024/052959

gatggtcagcecgaagegeatcageaacccgaacaataccggegacagecggaactgecgtgceggtgtgeagattaatgacageggt
geggegctgggatattacgtcagegaggacgggtatectggetggatgecgeagaaatggacatggataccecgtgagttaceeggegg
gegcegcettggegtaatcatggtcatagetgtticetgtgtgaaattgttatccgetcacaattccacacaacatacgagecggaagceataaagt
gtaaagcctggggtocctaatgagtgagctaactcacattaattgegttgegeteactgecegctttccagtegggaaacctgtegtgecage
tgcattaatgaatcggecaacgegeggggagaggeggtttgcgtattgggegcetcttecgettectecgetecactgactegetgegeteggte
gttcggcetgeggegageggtatcagetcactcaaaggeggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtga
gcaaaaggccagcaaaaggecaggaaccgtaaaaaggecgegttgetggegtttttccataggetcegeecceectgacgageatcacaa
aaatcgacgctcaagtcagaggtggegaaaccecgacaggactataaagataccaggegtttcecccctggaagceteoctegtgegetetect
gttcegaccctgecgcettaccggatacctgtecgectttetecccticgggaagegtggegcttictcatagetcacgetgtaggtateteagtte
ggtataggtegttcgetccaagetgggcetgtgtgcacgaacceceegttcageccgaccgetgegecttatccggtaactategtettgagte
caacccggtaagacacgacttatcgecactggeageagecactggtaacaggattagcagagegaggtatgtaggeggtgctacagagtt
cttgaagtggtggcctaactacggctacactagaaggacagtatttggtatctgegetcetgetgaagecagttaccttcggaaaaagagtteg
tagctcttgatccggceaaacaaaccaccgetggtageggtggtttttttgtttgcaagcageagattacgcgcagaaaaaaaggatctcaaga
agatcctttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattitggtcatgagattatcaaaaaggatcttca
cctagatccttttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcettaatcagtgaggce
acctatctcagegatctgtctatttcgttcatccatagttgectgactccecgtegtgtagataactacgatacgggagggcttaccatctggec
ccagtgctgcaatgataccgegagacccacgcetcaccggetecagatttatcageaataaaccagecagecggaagggecgagegeaga
agtggtcctgeaactttatccgectccatccagtetattaattgttgccgggaagetagagtaagtagttcgecagttaatagtttgegeaacgtt
gttgceattgetacaggeategtggtgtcacgetegtegtitggtatggctteattcagetecggticccaacgatcaaggegagttacatgate
ccccatgttgtgcaaaaaageggttagetecttcggtectecgategttgtcagaagtaagttggecgeagtgttatcactcatggttatggca
gcactgcataattctcttactgtcatgecatccgtaagatgcttttctgtgactggtgagtactcaaccaagteattctgagaatagtgtatgcgg
cgaccgagttgctcttgeccggegtcaatacgggataataccgegecacatagecagaactttaaaagtgcetcatcattggaaaacgttetteg
gggcgaaaactctcaaggatcettaccgetgttgagatecagttcgatgtaaccecactcgtgcacecaactgatcttcageatcttttactttcac

cagcgtttctgggtoagcaaaaacaggaaggcaaaatgecgcaaaaaagggaataagggcgacacggaaatgttgaatacteat
[00216] The sequence of the PB-hiRep-10# vector is provided below:

[00217] PB-hiRep-10# (11,580 bp) (SEQ ID NO: 23)

[00218] actcttcctttttcaatattattgaagcatttatcagggttattgtctcatgageggatacatatitgaatgtatttagaaaaataaaca
aataggggttccgegeacatttccccgaaaagtgecacctaaattgtaagegttaatattttgttaaaattcgegttaaatttttgttaaatcagete

attttttaaccaataggccgaaatcggeaaaatcccttataaatcaaaagaatagaccgagatagggttgagtettgttccagtttggaacaag
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agtccactattaaagaacgtggactccaacgtcaaagggcgaaaaaccgtctatcagggegatggeecactacgtgaaccatcaccectaat
caagttttttggggtcgaggtaccgtaaagcactaaatcggaaccctaaagggageeccegatttagagetigacggggaaagecggega
acgtggcgagaaaggaagggaagaaagecgaaaggagegggcgctagggcgetggcaagtgtageggtcacgetgegegtaaccace
acacccgecgegcttaatgegecgetacagggegegteccattcgecattcaggetgegeaactgttgggaagggcgatcggtecggge
ctcttcgetattacgeccagetggegaaagggggatgtgctgcaaggegattaagttgggtaacgecagggttttcecagtcacgacgttgta
aaacgacggecagtgagegcegectegttcattcacgtttttgaaccegtggaggacgggeagactcgeggtgcaaatgtgttttacagegtg
atggagcagatgaagatgctcgacacgetgeagaacacgeagetagattaaccetagaaagataatcatattgtgacgtacgttaaagataa
tcatgcgtaaaattgacgeatgtgttttatcggtetgtatatcgaggtttatttattaatttgaatagatattaagttttattatatttacacttacatacta
ataataaattcaacaaacaatttatttatgtttatttatttattaaaaaaaaacaaaaactcaaaatttcttctataaagtaacaaaacttttatcgaatt
cctgeageccgggggatecactagttctagagggacagecceeccecaaageecceagggatgtaattacgteecteceecegetagggeg
gcagcagegagecgeecggggcetecgeteeggteeggegetecceecgeatceccgageecggeagegtecggggacageecgggca
cggggaaggtggcacgggatcgcttteetctgaacgettetegetgctctttgagectgeagacacetggggggatacggggaaaaggec
tccaaggccagcttcccacaataagttgggtgaattttggcteattectectttctataggattgaggtcagagetttgtgatgggaattetgtgg
aatgtgtgtcagttagggtgtggaaagteccgegatcgetagettaagegetgatcaattggegegecgaattegttatetgeagaattcgget
tggectecgegeegggttttggcgectecegegggegeeceectectcacggegagegetgecacgtcagacgaagggegcagegage
gtcetgatecttccgeccggacgetcaggacageggeccgetgctcataagactcggecttagaaccccagtatcagcagaaggacatttt
aggacgggacttgggtgactctagggcactggttitctttccagagagcggaacaggcgaggaaaagtagteectictcggegattetgeg
gagggatctcegtgggecggtgaacgecgatgattatataaggacgecgecgg TCCCTATCAGTGATAGAGAtTCC
CTATCAGTGATAGAGAgtgtggcacagctagttccgtegcagecgggatttggetcgeggttcttgtitgtggatcgetgtgat
cgtcacttgacGAACGCGCAGCCGCCATGecggggttttacgagattgtgattaaggtccccagegaccttgacgageate
tgcecggceatttctgacagetttgtgaactgggtggccgagaaggaatgggagttgecgecagattctgacatggatctgaatctgattgage
aggcacccctgaccgtggecgagaagetgeagegegactttctgacggaatggegecgtgtgagtaaggeeccggaggcetcttttetttgt
gcaatttgagaagggagagagctacttccacatgeacgtgctegtggaaaccaccggggtgaaatecatggttttgggacgtttectgagte
agattcgcgaaaaactgattcagagaatttaccgegggatcgagecgactttgecaaactggttcgeggtcacaaagaccagaaatggege
cggaggcgggaacaaggtggtggatgagtgctacatceecaattacttgetceccaaaacccagectgagetecaatgggeatggaccaa
catggaacagtacctcagcgectgtttgaatctcacggagegtaaacggttggtggcgeageatetgacgeacgtgtcgeagacgeagga
gcagaacaaagagaatcagaatcccaattctgatgegecggtgatcagatcaaaaacttcagecaggtacatggagetggtegggtggcte
gtggacaaggggattacctcggagaageagtggatccaggaggaccaggcectcatacatctecttcaatgeggectccaactegeggtec
caaatcaaggctgccttggacaatgcgggaaagattatgagectgactaaaaccgeccccgactacctggtgggecageageecgtgga
ggacatttccagcaatcggatttataaaatittggaactaaacgggtacgatccecaatatgeggctteegtetttctgggatgggccacgaaa

aagttcggcaagaggaacaccatctggetgtitgggectgcaactaccgggaagaccaacatcgeggaggecatageccacactgtgec
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cttctacgggtgcgtaaactggaccaatgagaactttcecttcaacgactgtgtcgacaagatggtgatetggtgggaggaggeoaagatg
accgccaaggtcgtggagtcggccaaagecattctcggaggaageaaggtecgegtggaccagaaatgcaagtectcggeccagatag
acccgactcccgtgatcgtcacctccaacaccaacatgtgegecgtgattgacgggaactcaacgaccttcgaacaccageagecgttgea
agaccggatgttcaaatttgaactcacccgecgtctggatcatgactttgggaaggtcaccaagcaggaagtcaaagactttttccggtegg
caaaggatcacgtggttgaggtggagcatgaattctacgtcaaaaagggtggagecaagaaaagaccegecceccagtgacgeagatata
agtgagcccaaacgggtgegegagtcagttgegeagecategacgtcagacgeggaagettcgatcaactacgecagacaggtaccaaaa
caaatgttctcgtcacgtgggecatgaatctgatgetgtttccctgcagacaatgegagagaatgaatcagaattcaaatatctgettcactcacg
gacagaaagactgtttagagtgctttccegtgtcagaatctcaaccegtttctgtegtcaaaaaggegtatcagaaactgtgctacattcatcat
atcatgggaaaggtgccagacgcettgecactgectgegatctggtcaatgtggatttggatgactgeatctitgaacaataaaatggetaggat
ccggecggectgeaggtgtectcacaggaacgaagtcectaaagaaacagtggeagecaggtttagececeggaaaacttgtttattgcage
ttataatggttacaaataaagcaatagcatcacaaatttcacaaataaagcatttttttcactgcattctagttgtggtttatccaaactcatcaatgt
atcttattgactggattgagggacagecccecececccaaageccccagggatgtaattacgteecteecccegetagggggeageagegagee
gceeggggcteegetecggteeggegeteecccecgeatceecgagecggeagegtgcggggacageecgggeacggggaaggtagc
acgggatcgctttcctctgaacgcettctecgetgetetttgagectgcagacacctggggggatacggggaaaaggectccaaggecagett
cccacaataagttgggtgaattttggctcattcctecttictataggattgaggtcagagegacattgattattgactagttattaatagtaatcaat
tacggggtcattagttcatagcccatatatggagttccgegttacataacttacggtaaatggececgectggcetgaccgeccaacgacccce
gcccattgacgtcaataatgacgtatgttcccatagtaacgcecaatagggactttccattgacgtcaatgggtggagtatttacggtaaactge
ccacttggcagtacatcaagtgtatcatatgccaagtacgececctattgacgtcaatgacggtaaatggccegectggeattatgececagta
catgaccttatgggactttcctacttggeagtacatctacgtattagtcatcgcetattaccatggtgatgeggttttggcagtacatcaatgggeg
tggatagcggtttgactcacggggatttccaagtctccaceccattgacgtcaatgggagtttgttttggaaccaaaatcaacgggactttcca
aaatgtcgtaacaactccgececcattgacgcaaatgggeggtaggcgtatacggtgggaggtctatataagcagagceteteectatcagtga
tagagatctccetatcagtgatagagategtcgacgagetegtttagtgaaccgtcagatcgectggagacgecatccacgetgttttgacct
ccatagaagacaccgggaccgatccagectatceccaattetgatgegecggtgatcagatcaaaaacttcagecaggtacgecaccAcG
gaactggtcggatggctggtggataagggcatcacaagegagaageaatggatccaggaggaccaggecteatatatttettttaacgeeg
ctagcaattccagaagccagatcaaggetgctetggacaacgecggcaaaatcatgagectgaccaagaccgeccctgactacetggtgg
gacagcagcectgtggaagatatcagcagcaacagaatctataagatectggaactgaacggetacgacccccagtacgecgecteegtgtt
cctgggetgggctacaaagaagttcggcaageggaacaccatetggetgticggacctgccaccacaggcaaaaccaatatcgeegagg
ccatcgeccacaccgtgectttetacggetgegtgaactggacaaacgagaacttceecttcaacgactgtgtegacaagatggtgatetgg
tgggaggaaggcaaaatgacagctaaggtggtegaatctgecaaggctatcctgggaggctctaaggtcagggtggoatcagaagtgtaaa
agcagcegceccagattgacectacccctgtgategtgaccageaataccaacatgtgegecgtgatcgacggcaacageaccaccttcgag

catcagcagcctctgcaggaccggatgttcaagtttgagetcaccagacggcetggatcacgacticggecaaggtgaccaagcaggaggtg
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aaggatttcttcagatgggccaaagaccacgttgttgaggtggaacacgagttctacgtgaagaagggeggegecaagaaaagaccegc
ccctagegacgecgacatcagegagectaagagagtgegggaaagegtggeccageccageacatctgatgetgaggecageatcaac
tacgccgatagataccaaaacaagtgcagecgecacgtgggcatgaacctgatgetgtttccetgeagacagtgtgaaagaatgaaccag
aattctaatatctgctttacacacggcecagaaagattgectggaatgettcectgtgtccgagagecaaccagtgtetgtggtgaaaaaggect
accagaagctgtgctacatccaccacatcatgggeaaggtgecagacgectgtaccgectgegacctggteaacgtggacctggacgact
geatcttcgagcagtgatttgtgatgggaattctgtgetgtgecttctagttgecagecatctgttgtttgeccetecceegtgecttecttgacee
tggaaggtgccactcccactgtectttcctaataaaatgaggaaattgeategeattgtetgagtaggtgtcattctattetgggeggteggate
gggcaggacagcaagggggaggeattggoaagacaatagcaggeatgetggggatgeggtgggctetatgggaccttttttagggeccat
tggtatggctttttcceegtatccocccaggtgtetgeaggctcaaagagcagegagaagegitcagaggaaagegatecegtgecacctte
ccegtgeccgggetgteceegeacgetgeeggetcggggatgeggggggagegecggaccggageggageeeegggeggcetegct
getgeeccctagegggggagggacgtaattacatcectgggggctttggggggagactgtecctetagageggecgecaccgeggteg
agctccagcttttgttccctttagtgagggttaattagatcttaatacgactcactatagggegaattgggtaccgggeecccctgaggeggaa
agaaccagctggggctctagggggtatccccggggattggggttgcgecttttccaaggeagecctgggtttgecgeagggacgeggctgct
ctgggegtggttccgggaaacgeageggegecgaccetgggtetegeacatteticacgteegttcgeagegteaceecggatettegeege
taccettgtgggcecceccggegacgcttectgetecgeccctaagtcgggaaggttecttgeggticgecggegtgccggacgtgacaaac
ggaagccgeacgtctcactagtaccctcgeagacggacagegecagggageaatggcagegegecgaccgegatgggctgtggccaa
fagecggrtectcagcagggcgegregagageageggregggaaggeecegtacgggagecggggtgtgggacggtagtgtgggcce
ctgttcctgeecgegeggtgttcegeattetgeaagectecggagegeacgteggeagteggceteectegttgaccgaatcaccgacctete
tccccagaagetccegggagcettgtatateeattttcggatctgatcagcacgtgtigacaattaatcatcggeatagtatatcggeatagtata
atacgacaaggtgaggaacgcecaccatggecaagcectttgtctcaagaagaatccaccectcattgaaagagcaacggetacaatcaacag
catccccatctetgaagactacagegtegecagegeagetctctetagegacggecgeatcttcactggtgtcaatgtatatcattttactggg
ggaccttgtgcagaactegtggtgctgggceactgetgetgetgeggeagetggeaacctgacttgtatcgtecgegatcggaaatgagaaca
ggggcatcttgagecectgeggacggtgccgacaggtgcttctcgatctgeatectgggatcaaagecatagtgaaggacagtgatggac
agccgacggceagttgggattegtgaattgctgeectetggttatgtgtgggagggctaaagegeggggatcteatgetggagttcttcgeee
accccaacttgtttattgcagcttataatggttacaaataaagcaatagcatcacaaatttcacaaataaagcatttttttcactgeattctagttgtg
gtttgtccaaactcatcaatgtatcttatcatgtctgtagetgatgtatacctaggatccggecggectgeaggtgtectcacaggaacgaagtce
cctaaagaaacagtggcagcecaggtttagecceggaattgactggattecttttttagggeccattggtatggettittceccgtatccccecag
gtgtctgcaggetcaaagageagegagaagegticagaggaaagegateecgtgecaccttcccegtgecegggcetgteccegeacgcet
geeggeteggggatgeggggggagegecggaccggageggageeccgggeggetegetgetgeeccctagegggggagggacgta
attacatccctgggggctttgggggggagctgteectctagageggecgecaccgeggtggagetecagetttigttcectttagtgagggtt

aattagatcttaatacgactcactatagggcgaattgggtaccgggecceccctcgaggtcgacggtatcctcgaggtcgacggtatcgata
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agcttgatatctataacaagaaaatatatatataataagttatcacgtaagtagaacatgaaataacaatataattatcgtatgagttaaatcttaaa
agtcacgtaaaagataatcatgcgtcattttgactcacgeggtcgttatagttcaaaatcagtgacacttaccgeattgacaageacgcectcac
gggagctccaageggegactgagatgtcctaaatgeacagegacggattcgegcetatttagaaagagagagcaatatttcaagaatgceatg
cgtcaattttacgcagactatctttctagggttaatctagetgeatcaggatcatatcgtegggtcttttttcecggetcagtcatcgeccaagetgg
cgctatctgggeatcggggaggaagaageccgtgecttttcccgegaggttgaageggcatggaaagagtttgecgaggatgactgcetge
tgcattgacgttgagcgaaaacgeacgtttaccatgatgattcgggaaggtgtggccatgcacgectttaacggtgaactgttcgttcaggee
acctgggataccagttcgtcgeggcttttccggacacagttccggatggtcageccgaagegeatcageaaccegaacaataccggegac
agccggaactgecgtgccggtatgeagattaatgacageggtgcggegetgggatattacgtcagegaggacgggtatectggetggatg
ccgcagaaatggacatggataccecegtgagttacccggegggcgegcettggcgtaatcatggteatagetgtttectgtgtgaaattgttate
cgctcacaattccacacaacatacgagecggaageataaagtgtaaagectggggtacctaatgagtgagetaactcacattaattgegttg
cgetcactgeccgcetttccagtcgggaaacctgtegtgecagetgeattaatgaatcggecaacgegeggggagaggeggtttgcgtattg
ggcgctettecgettectcgetecactgactecgetgegeteggtegttcggctgcggegageggtatcagetcactcaaaggeggtaatacgg
ttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggecagcaaaaggecaggaaccgtaaaaaggecgegttgc
tggegtttttccataggetecgeccecctgacgageatcacaaaaatcgacgcetcaagtcagaggtggcgaaaccegacaggactataaag
ataccaggcgtttcccectggaagctecctegtgegetctectgttcegacccetgecgettaccggatacctgtecgecttteteccttcggga
agcgtggcgctttctcatagetcacgetgtaggtatctcagttcggtgtaggtegticgetccaagetgggctgtgtgcacgaacccccegtte
agcccgaccgetgegecttatceggtaactatcgtettgagtccaacccggtaagacacgacttatcgecactggeageagecactggtaa
caggattagcagagcgaggtatgtaggcggtactacagagttcttgaagtggtggcctaactacggetacactagaaggacagtatttggta
tetgegcetctgetgaagecagttaccttcggaaaaagagttggtagetettgatccggeaaacaaaccacegetggtageggtggtttttttgtt
tgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatectttgatettttctacggggtetgacgetcagtggaacgaaaacte
acgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatecttttaaattaaaaatgaagttttaaatcaatctaaagtatatatg
agtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagegatetgtctatttcgttcatccatagttgectgacteceegt
cgtgtagataactacgatacgggagggcttaccatctggeccecagtgetgcaatgataccgegagaccecacgetcaccggetecagatttat
cagcaataaaccagccagecggaagggecgagegeagaagtggtectgeaactttatccgectecatccagtctattaattgttgccggga
agctagagtaagtagttcgccagttaatagtttgegeaacgttgttgccattgetacaggeategtggtgtecacgetegtegtttggtatggctte
attcagctccggttcccaacgatcaaggegagttacatgatcceecatgttgtgcaaaaaageggttagetecttecggtectecgategttgte
agaagtaagttggccgcagtgttatcactcatggttatggcagcactgcataattetcttactgtcatgecatcegtaagatgcttttctgtgactg
gtgagtactcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgetettgeccggegtcaatacgggataataccgegecacat
agcagaactttaaaagtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgetgttgagatccagttcgatgtaac
ccactecgtgeacccaactgatcettcageatcttttactttcaccagegtitctgggteagcaaaaacaggaaggcaaaatgecgeaaaaaag

ggaataagggcgacacggaaatgttgaatacteat
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[00219] The sequence of the PB-hiRep-11# vector is provided below:

[00220] PB-hiRep-11# (11,702 bp) (SEQ ID NO: 24)

[00221] actcttectttttcaatattattgaageatttatcagggttattgtctcatgageggatacatatttgaatgtatttagaaaaataaaca
aataggggttccgegeacatttccccgaaaagtgecacctaaattgtaagegttaatattttgttaaaattcgegttaaatttttgttaaatcagete
attttttaaccaataggccgaaatcggcaaaatccecttataaatcaaaagaatagaccgagatagggttgagtgttgttccagtttggaacaag
agtccactattaaagaacgtggactccaacgicaaagggegaaaaaccgtctatcagggegatggeccactacgtgaaccatcaccectaat
caagttttttggggtcgaggtgcegtaaagcactaaatcggaaccctaaagggageecccgatttagagetigacggggaaagecggega
acgtggcgagaaaggaagggaagaaagegaaaggagegggcgctagggegcetggeaagtgtageggtcacgetgegegtaaccace
acacccgecgegcttaatgegecgetacagggegegteccattcgecattcaggetgegeaactgttgggaagggcgatcggtecgggc
ctcttcgetattacgccagetggegaaagggggatgtgctgcaaggegattaagttgggtaacgecagggttttcecagtcacgacgttgta
aaacgacggecagtgagegegectcegttcattcacgtttttgaaccegtggaggacgggcagactcgeggtgcaaatgtgttttacagegtg
atggagcagatgaagatgctcgacacgetgeagaacacgeagetagattaaccctagaaagataatcatattgtgacgtacgttaaagataa
tcatgcgtaaaattgacgeatgtgttttatcggtetgtatatcgaggtttatttattaatttgaatagatattaagttttattatatttacacttacatacta
ataataaattcaacaaacaatttatttatgtttatttatttattaaaaaaaaacaaaaactcaaaatttcttctataaagtaacaaaacttttatcgaatt
cctgecageccgggggatecactagtictagagggacageccececcecaaageccccagggatgtaattacgteectececcgetagggg
geagcagegagecgeeecggggcetecgeteeggtecggegeteceeecgeateeccgageeggeagegtgeggggacagecegggca
cggggaaggtggcacgggatcgctttcctctgaacgcttctegetgetctttgagectgeagacacctggggggatacggggaaaaggec
tccaaggccagettcccacaataagttgggtgaattttggcteatteetectttctataggattgaggtecagagetttgtgatgggaattetgtgg
aatgtgtgtcagttagggtotgoaaagtcccgegatcgetagettaagegetgatcaattggegegecgaattegttatctgecagaattcgget
tetgetecctgettgtgtgttggaggtegetgagtagtgegegageaaaatttaagctacaacaaggeaaggettgaccgacaattgeatgaa
gaatctgcttagggttaggcgttttgegetgettcgegatgtacgggcecagatatacgegtatctgaggggactagggtgtatttagacgaaa
agcggggcttcggttgtacgeggttaggagteccetcaggatatagtagtttegettitgecatagggagggegaaatgtagtcttatgeaatac
acttgtagtcttgcaacatggtaacgatgagttagcaacatgecttacaaggagagaaaaageaccgtgeatgeegattggtggaagtaagg
tggtacgatcgtgecttattaggaaggcaacagacaggtctgacatggattggacgaaccactgaattccgeattgcagagataattgtattta
agtgcctagcC TCCCTATCAGTGATAGAGAtcTCCCTATCAGTGATAGAGAtcgatacaataaacgccat
ttgaccattcaccacattggtgtecaccGAACGCGCAGCCGCCATGecggggttttacgagattgtgattaaggtecccage
gaccttgacgagcatctgeecggceatttctgacagetttgtgaactgggtggccgagaaggaatgggagttgccgecagattetgacatgg
atctgaatctgattgagcaggceacccctgaccgtggecgagaagetgeagegegacttictgacggaatggegecgtgtgagtaaggeec
cggaggctcttttctitgtgcaatttgagaagggagagagctacttccacatgeacgtgetegtggaaaccaccggggtgaaatccatggtttt
gggacgtttcctgagtcagattcgegaaaaactgattcagagaatttaccgegggategagecgactttgecaaactggttcgeggteacaa
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agaccagaaatggcgeeggaggegggaacaaggtggtggatgagtectacatecccaattacttgetecccaaaacccagectgagete
caatgggcatggaccaacatggaacagtacctcagegectgtttgaatctcacggagegtaaacggttggtegcgcagceatctgacgeac
gtgtcgcagacgcaggagcagaacaaagagaatcagaatcccaattctgatgegecggtgatcagatcaaaaacttcagecaggtacatg
gagctggtegggtogctegtegacaaggggattacctcggagaageagtggatccaggaggaccaggectcatacatetecttcaatgeg
gcctecaactcgeggteccaaatcaaggetgecttggacaatgegggaaagattatgagectgactaaaaccgeccccgactacetggtg
ggecageageccgtggaggacatttccageaatcggatttataaaattttggaactaaacgggtacgatccecaatatgeggcettecgtettte
tgggatgggecacgaaaaagtticggecaagaggaacaccatctggetgtttgggectgeaactaccgggaagaccaacatcgeggaggec
atagcccacactgtgeccttctacgggtgegtaaactggaccaatgagaactttcocttcaacgactgtgtcgacaagatggtgatetggtgg
gaggaggggaagatgaccgecaaggtcgtggagtcggecaaagecattctcggaggaageaaggtgcgegtggaccagaaatgeaag
tcctcggeccagatagaccegacteeegtgategtecacctccaacaccaacatgtgegeegtgattgacgggaactcaacgaccttegaac
accagcagcecgttgcaagaccggatgttcaaatttgaactcacccgecgtetggatcatgactttgggaaggtcaccaagcaggaagtcaa
agactttttccggtgggcaaaggatcacgtggttgaggtggagcatgaattctacgtcaaaaagggtggagecaagaaaagacccgecce
cagtgacgcagatataagtgagcccaaacgggtgcgegagtcagttgegecagecatcgacgtcagacgeggaagcettcgatcaactacg
cagacaggtaccaaaacaaatgttctcgtcacgtgggcatgaatctgatgetgtttcectgcagacaatgegagagaatgaatcagaattcaa
atatctgcttcactcacggacagaaagactgtttagagtgctttcccgtgtcagaatctcaacccgtttctgtcgtcaaaaaggegtatcagaaa
ctgtgctacattcatcatatcatgggaaaggtgccagacgcettgecactgectgegatctggtcaatgtggatttggatgactgceatctttgaaca
ataaaatggctaggatccggecggectgeaggtgtectcacaggaacgaagtecctaaagaaacagtggcagecaggtttageeeegga
aaacttgtttattgcagcttataatggttacaaataaagcaatagcatcacaaatttcacaaataaagcatttttttcactgeattctagttgtggttt
gtccaaactcatcaatgtatettattgactggattgagggacageccceecccaaageccccagggatgtaattacgteecteceeegetag
ggggcageagegagecgeccggggctecgetecggteeggegeteecececcgeatcccegagecggeagegtgeggggacageccg
ggcacggggaaggtegcacgggatcgcetttcctetgaacgcettctcgetgctetttgagectgecagacacctggggggatacggggaaaa
ggectecaaggecagcettcccacaataagttgggatgaattttggcteattectectttctataggattgaggtcagagegacattgattattgact
agttattaatagtaatcaattacggggtcattagttcatagcccatatatggagttcecgegttacataacttacggtaaatggecegectggetga
ccgeccaacgacceccgeccattgacgtcaataatgacgtatgttcecatagtaacgecaatagggactttccattgacgtcaatgggtega
gtatttacggtaaactgcccacttggeagtacatcaagtgtatcatatgccaagtacgeeccctattgacgtcaatgacggtaaatggecege
ctggcattatgcccagtacatgaccttatgggactttcctacttggeagtacatctacgtattagtcatcgetattaccatggtgatgeggtttteg
cagtacatcaatgggcgtggatageggtttaactcacggggatttccaagtctccaccecattgacgtcaatgggagtttgttttggaaccaaa
atcaacgggactttccaaaatgtcgtaacaactccgecccattgacgcaaatgggeggtaggegtetacggteggaggtctatataageag
agctctcectatcagtgatagagatctcectatcagtgatagagatcgtcgacgagcetcgtttagtgaaccgtcagatcgectggagacgeca
tccacgcetgttttgacctccatagaagacaccgggaccgatccagectatcccaattctgatgegecggtgatcagatcaaaaacttcageca

ggtacgccaccAcGgaactggtecggatggctggtegataagggcatcacaagegagaageaatggatccaggaggaccaggecteat
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atatttcttttaacgccgetagcaattccagaagecagatcaaggetgetetggacaacgecggcaaaatcatgagectgaccaagaccgec
cctgactacctggtgggacagecagectgtggaagatatcagecagcaacagaatctataagatectggaactgaacggetacgacceccag
tacgeegecteegtgticetgggetgggctacaaagaagttcggcaageggaacaccatctggetgttcggacctgecaccacaggeaaa
accaatatcgccgaggcecatcgeccacaccgtgectttctacggetgegtgaactggacaaacgagaacttccecttcaacgactgigtgg
acaagatggtgatctggtgggageaaggcaaaatgacagetaaggtegtegaatctgecaaggcetatectgggaggctctaaggteagg
gtggatcagaagtgtaaaagcagegeccagattgaccetaccectgtgatcgtgaccageaataccaacatgtgegeegtgatcgacggc
aacagcaccaccttcgagcatcagcagectctgcaggaccggatgttcaagtttgagetcaccagacggetggatcacgacttcggeaag
gtgaccaagcaggaggtgaaggatttcttcagatgggecaaagaccacgtigttgaggtggaacacgagttctacgtgaagaagggcggc
gccaagaaaagacccgeccctagegacgecgacatcagegagectaagagagtgegggaaagegtggeccageecageacatcetgat
getgaggecageatcaactacgecgatagataccaaaacaagtgecagecgecacgtgggeatgaacctgatgetgtitcectgecagacag
tgtgaaagaatgaaccagaattctaatatctgcetttacacacggecagaaagattgectggaatgceticectgtgteccgagagecaaccagtg
tctgtggtgaaaaaggcctaccagaagetgtgctacatccaccacatcatgggcaaggtgccagacgectgtaccgectgegacctggtea
acgtggacctggacgactgcatcttcgagcagtgatttgtgatgggaattctgtgctgtgecttctagttgecagecatcetgttgtttgeeectee
ccegtgecttecttgaccctggaaggtgecacteccactgtectttcctaataaaatgaggaaattgcatcgeattgtetgagtaggtgteattet
attctgggggootooostogogocaggacagcaagggegaggattgggaagacaatagcaggeatgctgggagatgcggtogoctctaty
ggaccttttttagggcccattggtatggctttttcccegtatccccccaggtgtctgecaggctcaaagagcagegagaagegttcagaggaaa
gegateecgtgecaccticeeegtgeccgggetgteceecgeacgetgecggetcggggatgcggggggagegecggaccggagegga
geeecegggeggetegetgetgeeceectagegggggagggacgtaattacateectgggggctttgggggaggactgtecctctagageg
geegecaccgeggtggagetccagcttttgticectttagtgagggttaattagatcttaatacgactcactatagggegaattgggtaceggg
cceecctgaggeggaaagaaccagetgggectetagggggtatcececggggttggggttgcgecttttccaaggeagecctgggtttgeg
cagggacgeggctgctetgggcgtegttccgggaaacgeageggegecgacectgggtetegeacattcttcacgtecgttcgeagegte
acccggatcttcgeegcetacccttgtgggeeecceggegacgceticetgetecgeecctaagtcgggaaggttecttgeggttecgeggegt
gccggacgtgacaaacggaagecgeacgtetcactagtacectcgeagacggacagegecagggageaatggeagegegecgaccg
cgatgggctgtggecaatageggetgetcageagggcgegecgagagragegeccgggaagzgeecagtecsggagecggogigte
gggcggtagtgtgggccectgttcctgeccgegeggtgttcegeattctgecaagectcecggagegeacgtcggeagteggeteectegttga
ccgaatcaccgacctetctccccagaagetcecgggagcettgtatatecattttcggatctgatcageacgtgttgacaattaatcatcggeat
agtatatcggcatagtataatacgacaaggtgaggaacgecaccatggecaagectttgtctcaagaagaatecaccectcattgaaagagea
acggctacaatcaacagcatccccatctctgaagactacagegtcgecagegeagetctetctagegacggecgeatcttcactggtgtcaa
tgtatatcattttactgggggaccttgtgcagaactcgtggtgctgggcactgetgctgetgeggeagetggeaacctgacttgtatcgtcgeg
atcggaaatgagaacaggggcatcttgageecctgeggacggtgecgacaggtgctictcgatetgeatectgggatcaaagecatagtga
aggacagtgatggacagccegacggceagttgggattcgtgaattgctgecctetggttatgtgtggoaggoctaaagegeggggatceteatg
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ctggagttcttcgeccaccccaacttgtttattgcagcttataatggttacaaataaagcaatageatcacaaatttcacaaataaageattttttte
actgcattctagttgtggtttotccaaactcatcaatgtatcttatcatgtctgtagetgatgtatacctaggatccggecggectgeaggtgtect
cacaggaacgaagtccctaaagaaacagtggeagecaggtttagceecggaattgactggattecttttttagggcecattggtatggcttttt
cecegtatccecccaggtgtctgcaggctcaaagagcagegagaagegttcagaggaaagegatcecgtgecacctteceegtgecegg
getgtecccgeacgetgeeggeteggggatgegggggoagegecggaccggageggagecccgggeggetegetgetgececectag

cgggggaggoacgtaattacatccctgggggctttgggogooooctgtecctetagageggecgecaccgeggtggagetccagetttt
gttecctttagtgagggttaattagatcttaatacgactcactatagggcgaattgggtaccgggecccccetegaggtcgacggtateetega

ggtcgacggtatcgataagettgatatctataacaagaaaatatatatataataagttatcacgtaagtagaacatgaaataacaatataattate
gtatgagttaaatcttaaaagtcacgtaaaagataatcatgegtcattttgactcacgeggtcgttatagttcaaaatcagtgacacttaccgeat
tgacaagcacgcctcacgggagcetccaageggegactgagatgtectaaatgeacagegacggattcgegetatttagaaagagagage

aatatttcaagaatgcatgcgtcaattttacgcagactatctttctagggttaatctagetgcatcaggatcatategtegggtcttttttccggete
agtcatcgcccaagetggegcetatctgggeatcggggaggaagaageecgtgecttttcccgegaggttoaageggcatggaaagagttt

gcegaggatgactgetgetgeattgacgttgagegaaaacgceacgtttaccatgatgattcgggaaggtgtggccatgecacgcectttaacgg
tgaactgttcgttcaggccacctgggataccagticgtcgeggcttttccggacacagttccggatggtcageccgaagegeatcageaace
cgaacaataccggcgacagecggaactgecgtgecggtatgcagattaatgacageggtgeggcgetgggatattacgtcagegaggac
ggeotatcctggetggatgecgeagaaatggacatggataccecegtgagttacccggegggegegcettggegtaatcatggtecatagetgttt
cctgtgtgaaattgttatccgetcacaattccacacaacatacgagecggaagcataaagtgtaaagectggggtacctaatgagtgageta

actcacattaattgcgttgegetcactgeccgcetttccagtcgggaaacctgtegtgecagetgeattaatgaatcggecaacgegegggga
gaggeggtttgcgtattgggcgcetettcegettectegetcactgactegetgegeteggtegttcggetgeggegageggtatcagetcact
caaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggecaggaace

gtaaaaaggccgegttgctggegtttttccataggctecgeeccectgacgageatcacaaaaatcgacgetcaagtcagaggtggegaaa
cccgacaggactataaagataccaggegtttceecctggaagcetecctegtgegetetectgttecegacectgecgcettaccggatacctgte
cgcectttctcecttcgggaagegtggocgctitetcatagetcacgetgtaggtatetcagticggtetaggtegttcgetccaagetgggctgete
tgcacgaacccecccgttcageeccgaccgetgegecttatccggtaactategtettgagtccaacccggtaagacacgacttatcgecactg
gcagcagcecactggtaacaggattagcagagegaggtatgtaggeggtgctacagagttettgaagtggtggcctaactacggetacacta
gaaggacagtatttggtatctgcgcetetgetgaagecagttacettcggaaaaagagttggtagetcettgatccggeaaacaaaccacegetg
gtagcggtggtttttttatitgcaagcageagattacgcgcagaaaaaaaggatctcaagaagatectttgatettttctacggggtctgacgcet
cagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatecttttaaattaaaaatgaagttttaaa
tcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggceacctatctcagegatcetgtctatttegttcatccat
agttgcctgactcececgtegtgtagataactacgatacgggagggcttaccatctggecccagtgetgeaatgataccgegagacccacge

tcaccggctccagatttatcagcaataaaccagecagecggaagggecgagegeagaagtggtectgeaactttatcegectecatccagt
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ctattaattgttgccgggaagctagagtaagtagttcgccagttaatagtttgegcaacgttgttgccattgctacaggcatcgtggtatcacge
tcgtcgtttggtatggcttcattcagetceggticccaacgatcaaggegagttacatgatcececatgtigtgcaaaaaageggttagetectt
cggtcetccgatcgttgtcagaagtaagttggccgeagtgttatcactcatggttatggcageactgeataattctettactgteatgecateegt
aagatgcttttctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgcggcgaccgagttectettgecccggegtcaatacgg
gataataccgcgccacatageagaactttaaaagtgcetcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttacegetgttg

agatccagttcgatgtaacceactegtgeacccaactgatcttcageatcttttactttcaccagegtttctgggtgagcaaaaacaggaaggc

aaaatgccgcaaaaaagggaataagggcgacacggaaatgttgaatacteat
[00222] The sequence of the PB-hiRep-12# vector is provided below:

[00223] PB-hiRep-12# (11,589 bp) (SEQ ID NO: 25)

[00224] actcttcctttttcaatattattgaagcatttatcagggttattgtctcatgageggatacatatttgaatgtatttagaaaaataaaca
aataggggttccgegceacatttceccgaaaagtgecacctaaattgtaagegttaatattttgttaaaattcgegttaaatttttgttaaatcagete
attttttaaccaataggccgaaatcggceaaaatcecttataaatcaaaagaatagaccgagatagggttgagtgttgttccagtttggaacaag
agtccactattaaagaacgtggactccaacgtcaaagggegaaaaaccgtctatcagggegatggeccactacgtgaaccatcacectaat
caagttttttggogtcgaggtoccgtaaageactaaatcggaaccctaaagggageccecgatttagagettgacggggaaagecggega
acgtggcgagaaaggaagggaagaaagegaaaggagegggegctagggegctggeaagtgtageggtcacgetgegegtaaccace
acacccgecgegcttaatgegecgetacagggegegteecattcgecattcaggetgegeaactgtigggaagggcgateggtacggac
ctcttcgetattacgccagetggegaaaggggoatgtactgcaaggegattaagttggotaacgecagggttttcccagtcacgacgttgta
aaacgacggccagtgagegcegcectegttcattcacgtttttgaaccegtggaggacgggeagactcgeggtacaaatgtgttttacagegtg
atggagcagatgaagatgctcgacacgetgeagaacacgeagetagattaaccctagaaagataatcatattgtgacgtacgttaaagataa
tcatgcgtaaaattgacgcatgtgttttatcggtctgtatatcgaggtttatttattaatttgaatagatattaagttttattatatttacacttacatacta
ataataaattcaacaaacaatttatttatgtttatttatttattanaaaaaaacaaaaactcaaaatttcttctataaagtaacaaaacttttatcgaatt
cctgcageccgggggatccactagtictagagggacageccceecccaaagececccagggatgtaattacgtecctecceegetagggg
gcagcagcgagecgeccggggcetecgetecggtecggegeteccccegeatceeegageecggeagegtgeggggacageccgggea
cggggaaggtggcacgggatcgctttcctetgaacgcettctegetgetcetttgagectgecagacacctggggggatacggggaaaaggee
tccaaggccagcttcccacaataagttgggtgaattttggcteattectectttctataggattgaggtcagagcetttgtgatgggaattctgtgg
aatgtgtgtcagttagggtgtogaaagtccegegatcgetagettaagegetgatcaattggegegeegaattegttatctgcagaattcgget
tgacattgattattgactagttattaatagtaatcaattacggggtcattagttcatagcccatatatggagttccgegttacataacttacggtaaa
tggcecgectggctgaccgeccaacgacecececgeccattgacgtcaataatgacgtatgttcccatagtaacgecaatagggactttecatt

gacgtcaatgggtooagtatttacggtaaactgeccacttggeagtacatcaagtgtatcatatgccaagtacgececctattgacgtcaatga
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cggtaaatggeccgectggcattatgeccagtacatgaccttatgggactttcetacttggeagtacatctacgtattagtcatcgetattaccat
ggtgatgcggttttggcagtacatcaatgggegtggatageggtttgactcacggggatttccaagtetecaccecattgacgtcaatgggag
tttgttttggaaccaaaatcaacgggactttccaaaatgtcgtaacaactccgeccecattgacgcaaatgggcggtaggegtgtacggtggg
aggtctatataagcagagctctcectatcagtgatagagatctecctatcagtgatagagategtcgacgagcetegtitagtgaaccgtcagat
cgectggagacgecatccacgetgttttgacctecatagaagacaccgggaccgatccagectgaacgegeagecgecaatggatgeeg
gggttttacgagattgtgattaaggtceccagegaccttgacgageatctgeccggcatttctgacagcetttgtgaactgggtggccgagaag
gaatgggagttaccgccagattctgacatggatetgaatetgattgageaggeaceectgacegtggecgagaagetgeagegegacttte
tgacggaatggegcecegtgtgagtaaggceccggaggctettticttigtgcaatttgagaagggagagagcetacttccacatgeacgtgcte
gtggaaaccaccggggtgaaatccatggttitggoacgtitcetgagtcagattcgcgaaaaactgaticagagaatttaccgegggatega
gcegactttgecaaactggttcgeggtcacaaagaccagaaatggegeeggaggegggaacaaggtggtegatgagtgctacatcecea
attacttgctccccaaaacccagectgagetecaatgggeatggaccaacatggaacagtacctcagegectgtitgaatctcacggagegt
aaacggttggtogcgcageatctgacgeacgtgtcgcagacgcaggageagaacaaagagaatcagaateecaattetgatgegecggt
gatcagatcaaaaacttcagccaggtacatggagcetggtcgggtgoctecgtggacaaggggoattacctcggagaagcagtggatccagg
aggaccaggcctcatacatctccttcaatgeggectecaactcgeggteccaaatcaaggetgecttggacaatgegggaaagattatgag
cctgactaaaaccgecceccgactacctggtgggccagecageccgtggaggacatticcagcaatcggatttataaaattttggaactaaacg
ggtacgatccccaatatgeggcttecgtetttctgggatgggccacgaaaaagticggcaagaggaacaccatctggetgtttgggectgea
actaccgggaagaccaacatcgcggaggcecatageccacactgtgecctictacgggtgcgtaaactggaccaatgagaactttcecttca
acgactgtgtcgacaagatggtgatctggtoggaggageogaagatgaccgecaaggtegtggagtcggecaaagecattctcggagga
agcaaggtgegegtggaccagaaatgcaagtecteggeccagatagaccegacteccgtgategteacctecaacaccaacatgtgegc
cgtgattgacgggaactcaacgaccttcgaacaccageagecgttgcaagaccggatgttcaaatttgaactcaccegeegtetggatcatg
actttgggaaggtcaccaagcaggaagtcaaagactttttccggtgggcaaaggatcacgtggttaaggtagageatgaattctacgtcaaa
aagggtggagccaagaaaagacccgeccecagtgacgceagatataagtgageccaaacgggtecgegagteagttgegeageeatega
cgtcagacgcggaagettcgatcaactacgcagacaggtaccaaaacaaatgttetegtcacgtgggeatgaatetgatgctgttteectge
agacaatgcgagagaatgaatcagaattcaaatatctgcettcactcacggacagaaagactgtttagagtgctttccegtgtcagaatctcaac
ccgtttetgtegtcaaaaaggegtatcagaaactgtgctacattcatcatatcatgggaaaggtgccagacgcettgeactgectgegatctggt
caatgtggatttggatgactgcatctttgaacaataaaatggetaggatccggecggectgcaggtgtectcacaggaacgaagteectaaa
gaaacagtggcagcecaggtttagecccggaaaacttgtttattgecagettataatggttacaaataaagcaatageatcacaaatttcacaaat
aaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatettattgactggattgagggacageccceeccccaaagecce
cagggatgtaattacgtcectccceegetagggggcageagegagecgeecggggceteegetecggtecggegeteecececcgeatece
cgagccggeagegtgeggggacageccgggcacggggaaggtggcacgggategctttectetgaacgcettctegetgetetttgagect

gcagacacctgggggooatacggggoaaaaggcctccaaggecagettcccacaataagtigggteaattttggctcatteetectttctatag
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gattgaggtcagagcGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAAC
GACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGG
ACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTA
CATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGG
CCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTAC
ATCTACGTATTAGTCATCGCTATTACCATGGTCGAGGTGAGCCCCACGTTCTGCTTCA
CTCTCCCCATCTCCCCCCCCTCCCCACCCCCAATTTTGTATTTATTTATTTTTTAATTA
TTTTGTGCAGCGATGGGGGCGGGGGGGGGGGGGGGGCGCGCGCCAGGCGGGGCGG
GGCGGGGCGAGGGGCGGGGCGGGGCGAGGCGGAGAGGTGCGGCGGCAGCCAATCA
GAGCGGCGCGCTCCGAAAGTTTCCTTTTATGGCGAGGCGGCGGCGGCGGCGGCCCT
ATAAAAAGCGAAGCGTCCCTATCAGTGATAGAGAtcTCCCTATCAGTGATAGAGACG
CGGCGGGCGGGAGTCGCTGCGTTGCCTTCGCCCCGTGCCCCGCTCCGCGCCGCCTCG
CGCCGCCCGCCCCGGCTCTGACTGACCGCGTTACTCCCACAGatcccaattetgatgegecggtgat
cagatcaaaaacttcagccaggtacgecaccatggaactggteggatggetggtggataagggcatcacaagecgagaageaatggatee
aggaggaccaggcctcatatatttcttttaacgccgcetageaattccagaagecagatcaaggetgctctggacaacgecggeaaaatcatg
agcctgaccaagaccgeccctgactacctggtgggacagcagectgtggaagatatcagecagcaacagaatctataagatcctggaactg
aacggctacgacceecagtacgeegectecgtgttectgggetgggactacaaagaagttcggcaageggaacaccatetggetgttcgga
cctgeccaccacaggeaaaaccaatatcgeegaggecatcgeccacacegtgectttctacggetgegtgaactggacaaacgagaacttc
cccttcaacgactgtgtggacaagatggtgatctggtgggaggaaggcaaaatgacagetaaggtggtegaatctgecaaggctatectgg
gaggctctaaggtcagggtggatcagaagtgtaaaagcagegeccagattgacectaceectgtgatcgtgaccagcaataccaacatgtg
cgecgtgatcgacggeaacageaccaccttcgageatcageagectctgeaggaccggatgttcaagtttgagetcaccagacggetgga
tcacgacttcggcaaggtgaccaagcaggaggtgaaggatttcticagatgggccaaagaccacgtigttgaggtggaacacgagttctac
gtgaagaagggcggcgeccaagaaaagaccegeccctagegacgecgacatcagegagectaagagagtgcgggaaagegtgececa
geccagceacatctgatgetgaggecageatcaactacgecgatagataccaaaacaagtgeagecgecacgtgggeatgaacctgatget
gtttccectgcagacagtgtgaaagaatgaaccagaattctaatatctgetttacacacggecagaaagattgectggaatgcetteectgtgtee
gagagccaaccagtgtetgtggtgaaaaaggectaccagaagetgtgctacatccaccacatcatgggeaaggtgccagacgectgtace
gectgegacctggtcaacgtggacetggacgactgceatcettcgageagtgatttgtgatgggaattetgtgctgtgecttctagttgecageea
tetgttgtttgeecctececcgtgecttecttgaccctggaaggtgccacteecactgtectttectaataaaatgaggaaattgeatcgceattgt
ctgagtaggtgtcattctattictgggoootooootoooocaggacagcaagggggaggattggeaagacaatagcaggeatgetgggoa
tgcggtgggctctatgggaccttttttagggeecattggtatggctttttcceegtatcececcccaggtgtetgecaggetcaaagagecagegaga

agcgttcagaggaaagcgatcccgtgecaccttceceegtgeecgggetgteccegeacgetgecggeteggggatgcggggggagegc
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cggaccggageggagecccggecgectegetgcteccecctageggggoagegacgtaattacatecctgggggctttogooooooo
ctgteectetagageggcegecaccgeggtggagetecagcttttgttecctttagtgagggttaattagatcttaatacgactcactataggg

cgaattgggtaccgggccceccctgaggeggaaagaaccagetggggctetaggggstatceccggggttggegttgcgecttttccaag
gcagecectgggtttgegeagggacgeggcetgctetgggcgtggttccgggaaacgeageggegecgaceetgggtetcgeacattcttca
cgteegttcgeagegteacceggatcttcgeegetacecttgtgggeccceeggegacgettectgetcegeecctaagtegggaaggtte
cttgeggttcgeggegtgecggacgtgacaaacggaagecgeacgtceteactagtacectcgeagacggacagegecagggageaatg
geagegegecgaccgegatgggctgtggecaatageggetgetcageagggegegccgagageagegeccgggaaggggcgatec
gggaggcggggtgtaggocagtagtgtegaccetgticetgeccgegeggtgttcegeattetgeaagecteeggagegeacgteggea
gteggcteectegttgaccgaatcaccgacctctetccccagaageteccegggagcettgtatatceattttcggatetgatcageacgtgttga
caattaatcatcggcatagtatatcggcatagtataatacgacaaggtgaggaacgecaccatggecaagcectttgtctcaagaagaateca
ccctcattgaaagagcaacggctacaatcaacageatceccatctctgaagactacagegtcgecagegeagetetetctagegacggeeg
catcttcactggtgtcaatgtatatcattttactgggggaccttgtgcagaactegtggtectgggcactgctgetgetgeggeagetggcaac
ctgacttgtatcgtcgcgatcggaaatgagaacagggecatcttgageccetgeggacggtgccgacaggtgcttctegatctgeatectgg
gatcaaagccatagtgaaggacagtgatggacagecgacggeagttgggattcgtgaattgetgecctetggttatgtgtaggagggctaa
agcgcggggatctcatgetggagttcttcgeccaccccaacttgtttattgcagcettataatggttacaaataaagcaatageatcacaaatttc
acaaataaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatcttatcatgtctgtagetgatgtatacctaggatccgg
ccggcectgeaggtgtectcacaggaacgaagtccctaaagaaacagtggecagecaggtttagecceggaattgactggattecttttttagg
gcccattggtatggctttttcceegtatcccecccaggtgtetgecaggetcaaagagcagegagaagegttcagaggaaagegateecgtgc
caccttceecgtgeecgggctgteccecgeacgetgecggctcggggatgcgeggegagcgccggaccggageggagecccggeces
ctcgetgetgececctagegggggagggacgtaattacatecetgggggctttgggeggggactgtecctctagageggecgecaccgc
ggtggagetecagettttgttcectttagtgagggttaattagatcttaatacgactcactatagggegaattgggtaccgggecceecctega
ggtcgacggtatcctcgaggtcgacggtatcgataagettgatatctataacaagaaaatatatatataataagttatcacgtaagtagaacatg
aaataacaatataattatcgtatgagttaaatcttaaaagtcacgtaaaagataatcatgegtcattttgactcacgeggtegttatagttcaaaat
cagtgacacttaccgcattgacaagcacgectcacgggagctccaageggegactgagatgtectaaatgeacagegacggattcgeget
atttagaaagagagagcaatatttcaagaatgcatgcgtcaattttacgcagactatctttctagggttaatctagetgeatcaggatcatatcgt
cgggtcttttttccggetcagtcatcgeccaagetggegcetatetgggeatcggggaggaagaageeegtgecttttccegegaggttgaag
cggcatggaaagagtttgccgaggatgactgetgetgeattgacgttgagegaaaacgeacgtitaccatgatgattcgggaaggtgtggc
catgcacgcctttaacggtgaactgttcgttcaggecacctgggataccagttcgtegeggcttttccggacacagttceggatggtcagece
gaagcgcatcagcaacccgaacaataccggegacagecggaactgeegtgecggtgtacagattaatgacageggtgeggegetggga
tattacgtcagcgaggacgggtatcctggetggatgecgeagaaatggacatggataceecgtgagttacceggegggegegettggegt

aatcatggtcatagctgtttcctgtgtgaaattgttatccgetcacaattccacacaacatacgagecggaagceataaagtgtaaagectgggg
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tgcctaatgagtgagctaacteacattaattgegttgegetcactgeecgcetttecagtcgggaaacctgtegtgecagetgeattaatgaate
ggecaacgegeggggagaggcggtttocgtattgggcgetettecgettectegetcactgactegetgegeteggtegtteggctgegge
gagcggtatcagctcactcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggecag
caaaaggccaggaaccgtaaaaaggccgegttactggegtttitccataggeteecgecccectgacgageatcacaaaaatcgacgetea
agtcagaggtggcgaaacccgacaggactataaagataccaggegtttccocctggaagceteectegtgegctetectgttcegacectge
cgcettaccggatacctgtecgecttictcecttcgggaagegtggegcetttctcatagetcacgetgtaggtatctcagttcggtgtaggtegtt
cgetccaagetgggetgtgtgcacgaaccceeegttcageecgaccgetgegcecttatecggtaactategtettgagtccaacceggtaag
acacgacttatcgccactggeageagecactggtaacaggattagcagagegaggtatgtaggeggtgctacagagttettgaagtggteg
cctaactacggctacactagaaggacagtatttggtatctgegcetetgetgaagecagttaccttcggaaaaagagttggtagetettgateeg
gcaaacaaaccaccgetggtageggtagtttttitgtttacaagcagecagattacgcgcagaaaaaaaggatctcaagaagatcctttgatett
ttctacggggtctgacgcetcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatecttttaa
attaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcettaatcagtgaggeacctatctcagegat
ctgtctatttcgttcatccatagttgectgactccecgtegtgtagataactacgatacgggagggcttaccatctggecccagtgetgeaatga
taccgegagacccacgetcaccggcetccagatttatcagcaataaaccagecagecggaagggecgagegeagaagtggtectgeaact
ttatccgectccatccagtctattaattgttgccgggaagetagagtaagtagtticgecagttaatagtttgcgcaacgttgttgecattgetaca
ggcatcgtggtgtcacgetcgtegtttggtatggcttcattcagetcecggticccaacgatcaaggegagttacatgatcccccatgttgtgca
aaaaagcggttagctecttcggtectcegategttgtcagaagtaagttggecgeagtgttatcactcatggttatggeageactgeataattct
cttactgtcatgccatccgtaagatgcetttictgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgeggegaccgagttgetct
tgceecggcegteaatacgggataataccgegecacatageagaactttaaaagtgeteatcattggaaaacgtteticggggcgaaaactete
aaggatcttaccgetgttgagatccagttcgatgtaacceactecgtgeacccaactgatettcageatcttttactttcaccagegtttetgggts

agcaaaaacaggaaggcaaaatgccgeaaaaaagggaataagggcgacacggaaatgttgaatactcat
[00225] The sequence of the PB-hiRep-13# vector is provided below:

[00226] PB-hiRep-13# (11, 854 bp) (SEQ ID NO: 26)

[00227] actcttectttttcaatattattgaageatttatcagggttattgtctcatgageggatacatattigaatgtatttagaaaaataaaca
aataggggttccgegeacatttcccegaaaagtgecacctaaattgtaagegttaatattttgttaaaattcgegttaaattttigttaaatcagete
attttttaaccaataggccgaaatcggcaaaatcecttataaatcaaaagaatagaccgagatagggttgagtgttgttceagtttggaacaag
agtccactattaaagaacgtggactccaacgtcaaagggcegaaaaaccgtctatcagggegatggeccactacgtgaaccatcaccectaat
caagttttttggggtcgaggtgccgtaaagecactaaatcggaaccctaaagggageccccgatttagagettgacggggaaagecggcga

acgtggcgagaaaggaagggaagaaagegaaaggagegggcgctagggcgctggeaagtgtageggteacgetgegegtaaccace
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acacccgecgegcttaatgegecgetacagggegegteecattcgecattcaggetgegeaactgtigggaagggcgateggtacggac
ctcttcgcetattacgecagetggcgaaagggggatgtactgcaaggcgattaagttggotaacgecagggttttcccagtcacgacgttgta
aaacgacggccagtgagegegcectegttcattcacgtttttgaacccgtggaggacgggeagactcgeggtgcaaatgtgttttacagegtg
atggagcagatgaagatgctcgacacgetgcagaacacgeagetagattaaccctagaaagataatcatattgtgacgtacgttaaagataa
tcatgcgtaaaattgacgcatgtgttttatcggtctgtatatcgaggtitatttattaatttgaatagatattaagttttattatatttacacttacatacta
ataataaattcaacaaacaatttatttatgtttatttatttattaaaaaaaaacaaaaactcaaaatttcttctataaagtaacaaaacttttatcgaatt
cctgeageccgggggatcecactagttctagagggacagecceecccccaaageeccecagggatgtaattacgteectecceegetagggg
gcagcagegagecegeccggggcotecgetecggteeggegeteecccegeatccecgagecggeagegtgeggggacageecgggca
cggggaaggtggcacgggatcgetitectctgaacgettetegetgctetttgagectgcagacacctggggegatacggggaaaaggce
tccaaggccagcttcccacaataagttgggtgaattttggcteattectectttctataggattgaggtcagagcetttgtgatgggaattetgtgg
aatgtgtgtcagttagggtgtegaaagtcccgegatcgetagettaagegetgatcaattggegegecgaattegttatctgecagaattcgget
tgacattgattattgactagttattaatagtaatcaattacggggtcattagttcatagcccatatatggagttccgegttacataacttacggtaaa
tggeecgectggetgaccgeccaacgacccccgeccattgacgtcaataatgacgtatgttcccatagtaacgecaatagggactttceatt
gacgtcaatgggtggagtatttacggtaaactgeccacttggcagtacatcaagtgtatcatatgecaagtacgecccctattgacgtcaatga
cggtaaatggcccgcectggcattatgeccagtacatgaccttatgggactttectacttggecagtacatctacgtattagtcatcgcetattaccat
ggtgatgcgottttggcagtacatcaatgggegtggatageggtttgactcacggggatttccaagtctccaccecattgacgtcaatgggag
tttgttttggaaccaaaatcaacgggactttccaaaatgtcgtaacaactccgecccattgacgcaaatgggcggtaggegtgtacggtgeg
aggtctatataagcagagctctcectatcagtgatagagatctecctatcagtgatagagatcgtcgacgagctegtttagtgaaccgtcagat
cgectggagacgecatccacgcetgttttgacctecatagaagacaccgggaccgatccagectgaacgegeagecgecacgecggggtt
ttacgagattgtgattaaggtcecccagegaccttgacgagceatctgeccggeatttetgacagetttgtgaactggstgeccgagaaggaat
gggagtteccgecagattetgacatggatctgaatctgattgageaggeaccectgaccgtggecgagaagetgeagegegactttctgac
ggaatggcgecgtgtgagtaaggecceggaggcetettttetttgtgeaatttgagaagggagagagetacttccacatgeacgtgetegtgg
aaaccaccggggtgaaatccatggttttggoacgtttcctgagtcagattcgcgaaaaactgattcagagaatttaccgegggatcgagecg
actttgccaaactggttcgeggtcacaaagaccagaaatggegecggaggegggaacaaggtggtggatgagtactacatccecaattac
ttgetcceccaaaacccagectgagetecaatgggeatggaccaacatggaacagtacctcagegectgtttgaatctcacggagegtaaac
ggttggtagcgcageatctgacgcacgtgtcgcagacgcaggageagaacaaagagaatcagaatcccaattetgatgegeeggtgate
agatcaaaaacttcagccaggtacatggagetggtcgggtggctegtggacaaggggattacctcggagaageagtggatccaggagga
ccaggcctcatacatctecttcaatgeggectecaactcgeggteccaaatcaaggetgecttggacaatgegggaaagattatgagectga
ctaaaaccgceccccgactacctggtgggccageageccgtggaggacatticcagcaatcggatttataaaattttggaactaaacgggtac
gatccecaatatgeggctteegtettictgggatggaccacgaaaaagticggcaagaggaacaccatctggetgtitgggectgcaactac

cgggaagaccaacatcgeggaggcecatageeccacactgtgececttctacgggtgcgtaaactggaccaatgagaacttteecttcaacgac
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tgtgtcgacaagatggtgatetggteggeaggaggggaagatgaccgecaaggtegtggagtcggccaaagecattctcggaggaageaa
ggtgcgegtggaccagaaatgeaagtectcggeccagatagaccegactecegtgategtcacctccaacaccaacatgtgegecgtgat
tgacgggaactcaacgaccttcgaacaccagcagecgtigcaagaccggatgttcaaatttgaactcaccegeegtctggatcatgactttg
ggaaggtcaccaagcaggaagtcaaagactttttccggtgggcaaaggatcacgtggttgaggtegagcatgaattctacgtcaaaaagg
gtggagccaagaaaagacccgececcagtgacgeagatataagtgageccaaacgggtgcgegagteagttgegeagecatcgacgtce
agacgcggaagcttcgatcaactacgecagacaggtaccaaaacaaatgtictcgtcacgtgggeatgaatetgatgetgtttecctgeagac
aatgcgagagaatgaatcagaattcaaatatctgettcactcacggacagaaagactgtttagagtgctttccegtgtcagaatctcaaceegt
ttetgtegtcaaaaaggegtatcagaaactgtgetacattcatcatatcatgggaaaggtgecagacgettgeactgectgegatetggteaat
gtggatttggatgactgcatctttgaacaataaaatggetaggatccggecggectgeaggtgtectcacaggaacgaagtecctaaagaaa
cagtggcagcecaggtttagccecggaaaacttgtttattgeagettataatggttacaaataaageaatageatcacaaatttcacaaataaag
catttttttcactgcattctagttgtggtttatccaaactcatcaatgtatettattgactggattgagggacageecccececcaaageccccagg
gatgtaattacgtcectcceccgetagggggcageagegagecgeecgggectecgeteeggteecggegeteccececgeateccegag
ccggceagegtgeggggacageccgggcacggggaaggtggcacgggategetttcctetgaacgettetegetgetcetttgagectgeag
acacctggggggatacggggaaaaggectecaaggecagetteccacaataagttgggtgaattttggcteattectectttctataggattg
aggtcagagcGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGAC
CCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACT
TTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACAT
CAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCC
GCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCT
ACGTATTAGTCATCGCTATTACCATGGTCGAGGTGAGCCCCACGTTCTGCTTCACTCT
CCCCATCTCCCCCCCCTCCCCACCCCCAATTTTGTATTTATTTATTTITTITAATTATTTT
GTGCAGCGATGGGGGCGGGGGGGGGGGGGGGGCGCGCGCCAGGCGGGGCGGGGCG
GGGCGAGGGGCGGGGCGGGGCGAGGCGGAGAGGTGCGGCGGCAGCCAATCAGAGC
GGCGCGCTCCGAAAGTTTCCTTTTATGGCGAGGCGGCGGCGGCGGCGGCCCTATAA
AAAGCGAAGCGTCCCTATCAGTGATAGAGAtcTCCCTATCAGTGATAGAGACGCGGC
GGGCGGGAGTCGCTGCGTTGCCTTCGCCCCGTGCCCCGCTCCGCGCCGCCTCGCGCC
GCCCGCCCCGGCTCTGACTGACCGCGTTACTCCCACAG Gatcccaattctgatgecgecggtgatcagate

aaaaacttcagccaggtacgccaccatggaactggtcggatggcetggtgoataagggcatcacaagcgagaagceaatggatccaggagg
accaggcctcatatatttcttttaacgccgetagcaattccagaagecagatcaaggetgetctggacaacgecggcaaaatcatgagectg
accaagaccgceccctgactacctggtgggacageagectgtggaagatatcagcagcaacagaatctataagatcctggaactgaacgge

tacgacccccagtacgecgecteegtgttectgggctggectacaaagaagttcggcaageggaacaccatetggetgttcggacetgeea

175



WO 2025/096295 PCT/US2024/052959

ccacaggcaaaaccaatatcgccgaggecatcgeccacaccgtgectttctacggetgegtgaactggacaaacgagaacttceccttcaa
cgactgtgtggacaagatggtgatctggteggaggaaggcaaaatgacagetaaggtggtggaatctgecaaggctatectgggaggcte
taaggtcagggtegatcagaagtgtaaaagcagegeccagattgacectaceectgtgategtgaccageaataccaacatgtgegeegtg
atcgacggcaacagcaccaccttcgageatcagcagectctgcaggaccggatgttcaagtitgagetcaccagacggetggatcacgac
ttcggcaaggtgaccaagcaggaggtgaaggatttcttcagatgggecaaagaccacgttgttgaggtggaacacgagttctacgtgaaga
agggcggegecaagaaaagacccgeecctagcgacgecgacatcagegagectaagagagtgegggaaagegtggeccageccage
acatctgatgctgaggccageatcaactacgecgatagataccaaaacaagtgeageecgecacgtgggeatgaacctgatgetgtttecct

gcagacagtgtgaaagaatgaaccagaattctaatatctgetttacacacggecagaaagattgectggaatgetteectgtgtcegagage

caaccagtgtctgtggtgaaaaaggcectaccagaagetgtgctacatccaccacatcatgggeaaggtgecagacgectgtaccgectgc

gacctggtcaacgtggacctggacgactgeatcttcgageagtgatttgtgatgggaattetgtgctgtgecttetagttgccagecatetgttg
tttgceecteeccegtgecttecttgaceetggaaggtgccacteccactgtectttcctaataaaatgaggaaattgeatcgeattgtetgagta
ggtgtcattctattctggggoegtggostogoocaggacagcaagggggaggattgggaagacaatageaggeatgetggggatgcggt

gggctctatgggacctttittagggcccattggtatggctttttcccegtatccccccaggtgtctgcaggetcaaagagecagegagaagegtt
cagaggaaagcgatcccgtgecacctteccegtgeececgggetgteccegeacgetgecggeteggggatgegggggaagegccggac
cggagcggagceeccgggcggctegetgetgeccectagegggggaggeacgtaattacatcectgggeectttggggogogactgtee
ctctagagcggecgecaccgeggtggagetccagcettttgttcectitagtgaggettaattagatcttaatacgactcactatagggegaatt

gggtaccgggecccectgaggeggaaagaaccageiggggctetagggggtatceccggggttggggttgcgecttttccaaggeagec
ctgggtttgcgeagggacgeggetgetetgggegtggttccgggaaacgeageggegecgaceetgggtetcgeacattcttcacgteeg
ttcgcagegtecacccggateticgecgetacectigtgggececeecggegacgeticctgetecgeccctaagtcgggaaggttecttgegg
ttcgecggegtgecggacgtgacaaacggaagecgeacgtctcactagtacectcgcagacggacagegecagggageaatggeageg

cgeecgaccgegatgggctgtggccaatageggetgetcagecagggegegeecgagageageggecgggaaggggcegtecgggags
cggggtatggoocggtagtgtgggccctgticctgeecgegeggtgttccgeattetgecaagecteccggagegeacgtecggeagtcggct
ccetegttgaccgaatcaccgacctctctecccagaagetccegggagcttgtatateeattttcggatctgatcagcacgtgttgacaattaat
catcggcatagtatatcggcatagtataatacgacaaggtgaggaacgecaccatggecaagectttgtctcaagaagaatccaccctcatt

gaaagagcaacggctacaatcaacagceatceecatctctgaagactacagegtegecagegeagcetetetetagegacggecgeatcttca
ctggtgtcaatgtatatcattttactgggggaccttgtgeagaactegtggtgctgggeactgctgetgetgeggeagetggeaacctgacttg
tatcgtcgegatcggaaatgagaacaggggcatcttgageeccctgeggacggtgecgacaggtgcttctecgatetgeatectgggatcaaa
gccatagtgaaggacagtgatggacagecgacggeagttgggattegtgaattgetgecctetggttatgtgtegggagggctaaagegeg

gggatctcatgetggagttcttcgeccaccccaacttgtttattgcagettataatggttacaaataaagcaatageatcacaaatttcacaaata
aagcatttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatcttatcatgtctgtagetgatgtatacctaggatceggeeggect

gcaggtgtcctcacaggaacgaagtccctaaagaaacagtggeagecaggtttageccccggaattgactggattecttttttagggcccatt
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ggtatggctttttcccegtatccecccaggtgtetgcaggetcaaagageagegagaagegticagaggaaagegateeegtgecacctte
ccegtgeccgggetgtececgeacgetgecggeteggggatgeggggggagcgecggaccggageggagecccgggeggceteget
getgeeccctageggggoagggacgtaattacatcectgggggctttgggooooooctgtccctetagageggecgecaccgeggteg
agctccagcttttgticectttagtgagggttaattagatcttaatacgactcactatagggcgaattgggtaccgggeccceectcgaggteg
acggtatcctcgaggtcgacggtatcgataagettgatatctataacaagaaaatatatatataataagttatcacgtaagtagaacatgaaata
acaatataattatcgtatgagttaaatcttaaaagtcacgtaaaagataatcatgegteattttgactcacgeggtegttatagttcaaaatcagtg
acacttaccgcattgacaagcacgcectcacgggagetccaageggegactgagatgtcctaaatgecacagegacggattcgegetatttag
aaagagagagcaatatttcaagaatgcatgcgtcaattttacgcagactatctttctagggttaatctagetgeatcaggatcatatcgtegggt
ctittttccggcetcagtcatcgeccaagetggegetatetgggcatcggggaggaagaageccgtgecttttcccgegaggttgaageggea
tggaaagagtttgccgaggatgactgctgctgcattgacgttgagegaaaacgeacgtttaccatgatgattcgggaaggtgtagecatgea
cgectttaacggtgaactgttecgttcaggecacctgggataccagttegtegeggcttttccggacacagttecggatggtcagecegaage
gcatcagcaacccgaacaataccggegacagecggaactgeegtececggtatgeagattaatgacageggtecggcgetgggatattac
gtcagcgaggacgggtatcctggetggatgecgeagaaatggacatggataccecgtgagttaccecggegggegegcettggegtaatcat
ggtcatagetgtitcetgtgtgaaattgttatccgetcacaattccacacaacatacgagecggaagceataaagtgtaaagectggggtgccta
atgagtgagctaactcacattaattgegttgcgcetcactgeccgcetttccagtcgggaaacctgtegtgecagetgeattaatgaatcggecaa
cgegeggggagaggcggtttgcgtattgggegcetcttccgettectegetecactgactcgetgegeteggtegttecggetgeggegagegg
tatcagctcactcaaaggeggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggecageaaaag
gccaggaaccgtaaaaaggecgegttgetggegtttttccataggetecegeeecectgacgagcatcacaaaaatcgacgctcaagtcaga
ggtggcgaaacccgacaggactataaagataccaggegtttceccctggaageteectegtgegetetectgttccgaccectgeegcttace
ggatacctgtccgecttteteccttcgggaagegtggegcetttetcatagetcacgetgtaggtatetecagtteggtgtaggtegttcgetecaa
gctgggctgtgtgcacgaacceeecgttcagececgaccgetgegecttatccggtaactategtettgagtecaacceggtaagacacgact
tatcgccactggcageagecactggtaacaggattagcagagegaggtatgtaggeggtactacagagticttgaagtggtggectaacta
cggctacactagaaggacagtatttggtatctgecgetetgetgaagecagttaccttcggaaaaagagttggtagetettgatccggeaaaca
aaccaccgctggtageggtggttttttigtttocaagcagecagattacgegecagaaaaaaaggatctcaagaagatectttgatettttctacgg
ggtctgacgcetcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaa
tgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgettaatcagtgaggceacctatctcagegatctgtetatt
tcgttcatccatagttgectgactcceegtegtgtagataactacgatacgggagggcttaccatctggecceagtgetgcaatgataccgeg
agacccacgctcaccggcetccagatttatcagcaataaaccagecagecggaagggecgagegeagaagtggtectgeaactttatcege
ctccatccagtctattaattgttgccgggaagcetagagtaagtagttcgecagttaatagtttgcgcaacgttgttgecattgctacaggeatcegt
ggtgtcacgcetegtegtttggtatggcttcattcagetccggttcecaacgatcaaggegagttacatgatcceccatgtigtgcaaaaaageg
gttagctcettcggtectccgatcgttgtcagaagtaagttggecgeagtgttatcactcatggttatggcageactgeataattetcttactgtca
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tgccatccgtaagatgcttttetgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgcggceaccgagttgctettgcceggc
gtcaatacgggataataccgcgecacatagcagaactttaaaagtgetcatcattggaaaacgttcttcggggcgaaaactctcaaggatett
accgctgttgagatccagttcgatgtaacceactegtgecacccaactgatettcageatcttttactttcaccagegtttctgggtgagcaaaaa

caggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgttgaatacteat
[00228] The sequence of the PB-hiRep-14# vector is provided below:

[00229] PB-hiRep-14# (11.573 bp) (SEQ ID NO: 27)

[00230] actcttectttttcaatattattgaagcatttatcagggttattgtctcatgageggatacatatttgaatgtatttagaaaaataaaca
aataggggttccgegceacatttccccgaaaagtgecacctaaattgtaagegttaatattttgttaaaattcgegttaaatttitgttaaatcagete
attttttaaccaataggccgaaatcggceaaaatcecttataaatcaaaagaatagaccgagatagggttgagtgttgttccagtttggaacaag
agtccactattaaagaacgtggactccaacgtcaaagggcgaaaaaccgtctatcagggegatggeccactacgtgaaccatcaccectaat
caagttttitggogtcgaggtoccgtaaagcactaaatcggaaccctaaagggageccecgatttagagettgacggggaaagecggega
acgtggcgagaaaggaagggaagaaagcgaaaggagegggcgctagggegctggeaagtgtageggtcacgetgegegtaaccace
acacccgecgegcttaatgegecgetacagggegegteecattcgecattcaggetgegeaactgtigggaagggegateggtacgggc
ctcttcgetattacgcecagetggegaaagggggatgtgctgcaaggegattaagttggetaacgecagggttttcceagtcacgacgttgta
aaacgacggccagtgagegcegcectegttcattcacgtttttgaaccegtggaggacgggcagactecgeggtgcaaatgtgttttacagegtg
atggagcagatgaagatgctcgacacgetgcagaacacgeagetagattaaccctagaaagataatcatattgtgacgtacgttaaagataa
tcatgcgtaaaattgacgcatgtgttttatcggtctgtatatcgaggtitatttattaatttgaatagatattaagttttattatatttacacttacatacta
ataataaattcaacaaacaatttatttatgtttatttatttattaaaaaaaaacaaaaactcaaaatttctictataaagtaacaaaacttttatcgaatt
cctgcageccgggggatccactagtictagagggacageccceecccaaagececcagggatgtaattacgteccteccecgetagggg
gcagcagcgagecgeccggggcteegetecggtecggegeteccccegeatccecgageecggeagegtgcggggacageecgggca
cggggaaggtggcacgggatcgctttcctetgaacgcettctegetgcetetttgagectgcagacacctggggggatacggggaaaaggcee
tccaaggccagcttcccacaataagttgggtgaattttggceteattectectttctataggattgaggtcagagcetttgtgatgggaattetgtgg
aatgtgtgtcagttagggtotggaaagtcccgegatcgetagettaagegetgatcaattggegegecgaattcgttatctgecagaattcgget
tggectecgegecgggttitggcgectececgegggegeecccctectcacggegagegetgecacgtcagacgaagggegeagegage
gtcetgatecttcegeccggacgetcaggacageggeccgetgctcataagacteggecttagaaccecagtatcagcagaaggacattt
aggacgggacttgggtgactctagggcactggttttctttccagagageggaacaggegaggaaaagtagtecctteteggegattetgeg
gagggatctcegtgggecggtgaacgecgatgattatataaggacgegecggtecctatcagtgatagagateteectatcagtgatagag
agtgtggcacagctagticegtcgeagecgggatttgggtecgeggttcttgtttgtggatcgetgtgategteacttgacgaacgegeageeg
ccatgceggggttttacgagattgtgattaaggtceccagegaccttgacgageatctgeccggcatttetgacagetttgtgaactgggetgs
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ccgagaaggaatgggagttgcegecagattctgacatggatctgaatetgattgagcaggeaccectgacegtggecgagaagetgeage
gcgactttctgacggaatggegecgtgtgagtaaggecceggaggcetcettttctitgtgcaatttgagaagggagagagetacttccacatge
acgtgctcgtggaaaccaccggggtgaaatecatggtittgggacgtttcctgagtcagatticgcgaaaaactgattcagagaatttaccgeg
ggatcgagecgactttgccaaactggttcgeggtcacaaagaccagaaatggegecggaggegggaacaaggtggtggatgagtactac
atccccaattacttgetccccaaaacccagectgagetccaatgggeatggaccaacatggaacagtacctcagegectgtttgaatctcac

ggagcegtaaacggttggtggegeageatctgacgeacgtgtcgeagacgcaggageagaacaaagagaatcagaateecaattetgatg
cgeceggtgatcagatcaaaaacttcagecaggtacatggagetggtegggtggetegtggacaaggggattacctcggagaageagtgg

atccaggaggaccaggcctcatacatctecttcaatgeggectecaactcgeggteccaaatcaaggetgecttggacaatgegggaaaga
ttatgagcctgactaaaaccgeccccgactacctggtgggecageageccgtggaggacatttccageaatcggatttataaaattttggaa

ctaaacgggtacgatccccaatatgeggcetteegtetttctgggatgggecacgaaaaagttcggeaagaggaacaccatctggetgtitgg
gectgeaactaccgggaagaccaacatcgeggaggecatageccacactgtgeccttctacgggtgcgtaaactggaccaatgagaactt
tcecttcaacgactgtgtcgacaagatggtgeatetggtegegaggaggegaagatgaccgecaaggtegtggagtcggccaaagecattet

cggaggaagcaaggtgcgegtggaccagaaatgcaagtcctcggeccagatagacccgacteccgtgategteacctccaacaccaaca
tgtgcgeegtgattgacgggaactcaacgaccticgaacaccageagecgtigeaagaccggatgttcaaatttgaactcaccecgeegtetg
gatcatgactttgggaaggtcaccaagcaggaagtcaaagactttttccggtgggocaaaggatcacgtggttgagetggagcatgaattcta
cgtcaaaaagggtggagccaagaaaagacccgeccccagtgacgceagatataagtgageccaaacgggtgegegagtcagttgcgeag
ccatcgacgtcagacgcggaagcticgatcaactacgecagacaggtaccaaaacaaatgttctcgtcacgtgggcatgaatcetgatgetgtt
tccctgeagacaatgegagagaatgaatcagaattcaaatatctgcettcactcacggacagaaagactgtttagagtgctttceegtgtcaga

atctcaaccegtttctgtcgtcaaaaaggegtatcagaaactgtgctacattcatcatatcatgggaaaggtgccagacgettgeactgectge
gatctggtcaatgtggatttggatgactgcatctttgaacaataaaatggetaggatccggeeggectgeaggtgtectcacaggaacgaagt
ccctaaagaaacagtggeagecaggtttagecceggaaaacttgtttattgecagcettataatggttacaaataaageaatageatcacaaattt

cacaaataaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatcttattgactggattgagggacageecccecccaa
agcccccagggatgtaattacgtcectcceccgetagggggeageagegagecgeceggggctecgetecggtecggegceteceeecg
catcccecgagecggeagegtgeggggacageeccgggeacggggaaggtggcacgggategctttectctgaacgcttetegetgetcettt
gagcctgeagacacctggggggatacggggaaaaggectccaaggecagetticccacaataagttgggtgaattttggeteattectecttt
ctataggattgaggtcagagcGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCC
AACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATA
GGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCA

GTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAA
TGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAG

TACATCTACGTATTAGTCATCGCTATTACCATGGTCGAGGTGAGCCCCACGTTCTGCT
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TCACTCTCCCCATCTCCCCCCCCTCCCCACCCCCAATTTTGTATTTATTTATTTTTTAA
TTATTTTGTGCAGCGATGGGGGCGGGGGGGGGGGGGGGGCGCGCGCCAGGCGGGGL
GGGGCGGGGCGAGGGGCGGGGCGGGGCGAGGCGGAGAGGTGCGGCGGCAGCCAAT
CAGAGCGGCGCGCTCCGAAAGTTTCCTTTTATGGCGAGGCGGCGGCGGCGGCGGCC
CTATAAAAAGCGAAGCGTCCCTATCAGTGATAGAGAtcTCCCTATCAGTGATAGAGA
CGCGGCGGGCGGGAGTCGCTGCGTTGCCTTCGCCCCGTGCCCCGCTCCGCGCCGCCT
CGCGCCGCCCGCCCCGGCTCTGACTGACCGCGTTACTCCCACAGatcccaattctgatgegeeggt
gatcagatcaaaaacttcagccaggtacgecaccatggaactggteggatggcetggtggataagggcatcacaagcgagaageaatggat
ccaggaggaccaggcectcatatatttcttttaacgccgetageaattccagaagecagatcaaggetgetcetggacaacgecggeaaaatca
tgagcctgaccaagaccgeccctgactacctggtgggacageagectgtggaagatatcagecageaacagaatctataagatectggaac
tgaacggctacgacceccagtacgecgectecgtgttectgggctgggctacaaagaagttcggeaageggaacaccatetggetgttcg
gacctgecaccacaggeaaaaccaatatcgecgaggecatcgeccacaccgtgectttctacggetgcgtgaactggacaaacgagaact
tccecttcaacgactgtgtggacaagatggtgatctggtgggaggaaggcaaaatgacagetaaggtggtggaatctgecaaggcetatect
gggaggctctaaggtcagggtggatcagaagtgtaaaagecagegeecagattgacectacecctgtgatcgtgaccageaataccaacat
gtgcgeegtgatcgacggceaacageaccaccttcgageatcageagectctgcaggaccggatgttcaagtttgagetcaccagacggcet
ggatcacgacticggcaaggtgaccaagcaggaggtgaaggatttcticagatgggccaaagaccacgttgttgaggtggaacacgagtt
ctacgtgaagaagggcggegccaagaaaagaccecgeccctagegacgecgacatcagegagectaagagagtgegggaaagegteg
cccageccageacatctgatgetgaggecageatcaactacgecgatagataccaaaacaagtgecagecgecacgtgggeatgaacctg
atgcetgtttccctgcagacagtgtgaaagaatgaaccagaattctaatatetgetttacacacggecagaaagattgectggaatgettecctgt
gtccgagagcecaaccagtgtetgtggtgaaaaaggectaccagaagetgtgctacatccaccacatcatgggeaaggtgccagacgectg
taccgcctgegacctggtcaacgtggacctggacgactgeatcttcgageagtgatttgtgatgggaattetgtgetgtgecttetagttgeca
gecatctgttgtttgccecteceeegtgectteettgacectggaaggtgecactcecactgtectttectaataaaatgaggaaattgeatcge
attgtctgagtaggtgtcattctattctgggggosteggetogoocaggacagcaagggggaggattgggaagacaatagcaggeatgctg
gggatgcggtgggctctatgggaccttttttaggecccattggtatggctttttccccgtatccceecaggtgtetgecaggetcaaagageag
cgagaagcgttcagaggaaagcgatcecgtgecacctteceegtgececgggetgteceecgeacgetgecggetcggggatgcggggsg
agcgecggaccggageggagececgggeggetegetgetgeccectagegggggagggacgtaattacatcectgggggctttggeg
gggggctgteectctagageggecgecaccgeggtggagetecagettitgticectttagtgagggttaattagatettaatacgactcacta
tagggcgaattgggtaccgggeccccctgaggeggaaagaaccagetggggctctagggggtateceeggggttggggttgcgectttte
caaggcagccctgggtttgcgcagggacgeggcetgctetgggegtggticecgggaaacgeageggegecgaccetgggtctecgeacatt
cttcacgtcegttcgecagegtcacccggatettcgecgcetacectigtgggeeccceggegacgcettectgetecgecectaagtcgggaa

ggttecttgeggttcgeggcgtgecggacgtgacaaacggaagecgeacgtcteactagtacectcgecagacggacagegecagggag
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caatggcagcgegecgaccgegatgggctgtegccaatageggetgctcageagggcgegecgagageageeeccgegaageesc
ggtgcgggaggcggggtatgggacgatagtgtggaccctgttcctgececgegeggtgttecgeattctgcaagectccggagegeacgt
cggceagteggeteectegttgaccgaatcaccgacctetetececagaageteecgggagettgtatatceattttcggatctgatcageacg
tgttgacaattaatcatcggeatagtatatcggcatagtataatacgacaaggtgaggaacgecaccatggecaagectttgtectcaagaaga
atccaccctcattgaaagagcaacggctacaatcaacagcatccecatetctgaagactacagegtegecagegeagetetetetagegac
ggccgceatcttcactggtgtcaatgtatatcattttactgggggaccttgtgcagaactegtggtgctgggeactgetgctgetgeggcagetg
gcaacctgacttgtatcgtcgegatcggaaatgagaacaggggceatcttgagecectgeggacggtgcegacaggtgcttetecgatetgea
tcctgggatcaaagecatagtgaaggacagtgatggacagecgacggeagttgggattcgtegaattgetgeectetggttatgtgteggag
ggctaaagegeggggatetcatgctggagttcttcgeccaccecaacttgtttattgcagcettataatggttacaaataaagcaatageatcac
aaatttcacaaataaagcatttttttcactgcattctagttgtggtitgtccaaactcatcaatgtatcttatcatgtctgtagetgatgtatacctagg
atccggeeggectgeaggtgtectcacaggaacgaagtecctaaagaaacagtggeagecaggtttagecceggaattgactggattectt

ttttagggcccattggtatggctttttceccgtatccccecaggtgtetgecaggctcaaagageagegagaagegttcagaggaaagegate

ccgtgecacctteecegtgeccgggetgteccegeacgetgeeggeteggggatgcgggeegagegecggaccggageggageece
gggcggctcgctgetgeccectagegggggagegacgtaattacatcectgggggctitgggoggooooctgtecctctagageggecge

caccgeggtggagcetccagcettttgttcectttagtgaggettaattagatcttaatacgactcactatagggcgaattgggtaccgggeccce
cctcgaggtcgacggtatcctcgaggtegacggtatcgataagcettgatatctataacaagaaaatatatatataataagttatcacgtaagtag
aacatgaaataacaatataattatcgtatgagttaaatcttaaaagtcacgtaaaagataatcatgegtcattttgactcacgeggtegttatagtt
caaaatcagtgacacttaccgcattgacaagcacgectcacgggagetccaageggegactgagatgtectaaatgcacagegacggatt
cgcgctatttagaaagagagagcaatatttcaagaatgeatgegtcaatittacgcagactatctttctagggttaatctagetgeatcaggate
atatcgtcgggtcttttttccggetcagtcatcgeccaagetggegctatetgggeatcggggaggaagaageccgtgecttttccegegag
gttgaagcggcatggaaagagtttgccgaggatgactgetgcetegcattgacgttgagecgaaaacgeacgtttaccatgatgattcgggaag
gtgtggecatgeacgectttaacggtgaactgttcgttcaggecacctgggataccagttegtegeggcttttcecggacacagttecggatgg
tcagcccgaagegeatcagcaaceccgaacaataccggegacagecggaactgecgtgceggtatecagattaatgacageggtecgge
gctgggatattacgtcagegaggacgggtatectggetggatgecgeagaaatggacatggataceeegtgagttacecggegggegeg
cttggcgtaatcatggtcatagetgtttectgtgtgaaattgttatccgetcacaattccacacaacatacgagecggaageataaagtgtaaag
cctggggtgcctaatgagtgagetaactecacattaattgegttgegetecactgecegcetttecagtcgggaaacctgtegtgecagetgeatta
atgaatcggccaacgegcggggagaggeggtttgegtattggacgcteticegettectegetecactgactegetgegeteggtegttegge
tgcggegageggtatcagetcactcaaaggeggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgageaaaa
ggccagceaaaaggccaggaaccgtaaaaaggecgegttgetggegtttttccataggctccgecccectgacgagcatcacaaaaatcga
cgctcaagtcagaggtggcgaaaccegacaggactataaagataccaggegtttcceectggaagetecctegtgegetetectgttcega

ccctgecgcttaccggatacctgtecgectttcteccticgggaagegtggegcetttctcatagetcacgetgtaggtatctcagticggtatag
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gtcgttegetecaagetgggetgtgtgcacgaacceecegttcageccgaccegetgegecttatecggtaactategtettgagtecaacce
ggtaagacacgacttatcgccactggecageagecactggtaacaggattagcagagegaggtatgtaggeggtactacagagttcttgaa
gtggtgecctaactacggctacactagaaggacagtatttggtatctgegetctgctgaagecagttaccticggaaaaagagttggtagete
ttgatccggcaaacaaaccaccgetggtageggtogtttttttotttgcaagcageagattacgegcagaaaaaaaggatctcaagaagate
ctttgatcttttctacggggtctgacgetcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctag
atccttttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgettaatcagtgaggeacctat
ctcagcgatctgtctatttcgttcatccatagttgectgactceeegtegtgtagataactacgatacgggagggcttaccatctggeecccagtg
ctgcaatgataccgcgagacccacgetcaccggetecagatttatcageaataaaccagecagecggaagggocgagegeagaagtggt
cctgeaactttatccgectecatccagtctattaattgttgeccgggaagetagagtaagtagttcgecagttaatagtttgegeaacgttgttgee
attgctacaggcatcgtggtgtcacgetcgtegtitggtatggcttecattcagetecggtteccaacgatcaaggegagttacatgatceeccat
gttgtgcaaaaaageggttagetecticggtectecgategttgtcagaagtaagttggccgeagtgttatcactcatggttatggcageactg
cataattctcttactgtcatgccatccgtaagatgctittctgtgactggtgagtactcaaccaagteattctgagaatagtgtatgcggegaceg
agttgctcttgeccggegtcaatacgggataataccgegecacatagcagaactttaaaagtgetcatcattggaaaacgttettcggggega
aaactctcaaggatcttaccgetgttgagatccagttcgatgtaacccactegtgeacccaactgatcettcageatcttttactttcaccagegttt

ctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgttgaatacteat
[00231] The sequence of the PB-hiRep-15# vector is provided below:

[00232] PB-hiRep-15# (11,695 bp) (SEQ ID NO: 28)

[00233] actcttcctttttcaatattattgaageatttatcagggttattgtctcatgageggatacatatttgaatgtatttagaaaaataaaca
aataggggttecgcgceacatttccccgaaaagtgecacctaaattgtaagegttaatattttgttaaaattcgegttaaatttttgttaaatcagete
attttttaaccaataggccgaaatcggcaaaatcecttataaatcaaaagaatagaccgagatagggttgagtgttgttccagtttggaacaag
agtccactattaaagaacgtggactccaacgtcaaagggcgaaaaaccgtctatcagggegatggeccactacgtgaaccatcaccctaat
caagttttttgggotcgaggtgccgtaaagcactaaatcggaaccctaaagggageccecgatttagagettgacggggaaagecggega
acgtggcgagaaaggaagggaagaaagcgaaaggagegggcgctagggegctggeaagtgtageggtcacgetgegegtaaccace
acacccgecgegcttaatgegecgctacagggegegteecattcgecattcaggetgegeaactgtigggaagggcegateggtgeggge
ctettcgetattacgecagetggegaaagggggatgtgctgcaaggegattaagtigggtaacgecagggttttcccagtcacgacgtigta
aaacgacggccagtgagegegcectegttcattcacgtttttgaaccegtggaggacgggcagactcgeggtgcaaatgtgttttacagegtg
atggagcagatgaagatgctcgacacgctgcagaacacgeagcetagattaaccctagaaagataatcatattgtgacgtacgttaaagataa
tcatgcgtaaaattgacgcatgtgttttatcggtctgtatatcgaggtitatttattaatttgaatagatattaagttttattatatttacacttacatacta

ataataaattcaacaaacaatttatttatgtttatttatttattaaaaaaaaacaaaaactcaaaatttcttctataaagtaacaaaacttttatcgaatt
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cctgeageccgggggatccactagtictagagggacageccceccccaaageecccagggatgtaattacgteectecceegetagggg
gcagcagegagecegeecggggctecgetecggtecggegeteccececgeatccecgagecggeagegtgeggggacageccgggca
cggggaaggtggcacgggatcgetitectctgaacgettctegetgetetttgagectgcagacacctggggggatacggggaaaaggcc
tccaaggccagcttcccacaataagttgggatgaattttggcteattectectttctataggattgaggtcagagcetttgtgatggoaattetgtgs
aatgtgtgtcagttagggtgtegaaagtcccgegategetagettaagegetgatcaattggegegeogaattegttatctgecagaattcgget
tetgeteectgctigtgtgttggaggtcgetgagtagtecgcgageaaaatttaagetacaacaaggcaaggcttgaccgacaattgeatgaa
gaatctgcttagggttaggegttttacgetgettcgegatgtacgggecagatatacgegtatetgaggggactagggtgtgtttaggegaaa
agcggggctteggttgtacgeggttaggagteccctcaggatatagtagtttegettttgcatagggagggggaaatgtagtettatgcaatac
acttgtagtcttgcaacatggtaacgatgagttagcaacatgecttacaaggagagaaaaageaccgtgcatgecgattggtggaagtaagg
tggtacgatcgtgecttattaggaaggcaacagacaggtctgacatggattggacgaaccactgaattccgeattgcagagataattgtattta
agtgcctagcteectatcagtgatagagatetcectatcagtgatagagatcgatacaataaacgecatttgaccattcaccacattggtgtec
accgaacgcgeagecgecatgecggggttttacgagattgtgattaaggtecccagegaccttgacgageatetgeceggceatttctgaca
gctttgtgaactgggtggccgagaaggaatgggagttgccgecagattctgacatggatctgaatctgattgageaggcaccectgacegt
ggccgagaagcetgeagegegactttctgacggaatggegecgtgtgagtaaggececggaggctcttttctttgtgcaatttgagaaggga
gagagctacttccacatgcacgtgctcgtggaaaccaccggggtgaaatccatggttttgggacgtttcctgagtcagattcgegaaaaact
gattcagagaatttaccgcgggatcgagccgactttgeccaaactggttcgeggtcacaaagaccagaaatggegecggaggegggaaca
aggtggtgoatgagtgctacatccccaattacttgetccccaaaacccagectgagetccaatgggeatggaccaacatggaacagtaccet
cagcgcctgtttgaatctcacggagegtaaacggttggtegcgcageatctgacgeacgtgtegcagacgeaggageagaacaaagaga
atcagaatcccaattctgatgcgecggtgatcagatcaaaaacttcagecaggtacatggagetggtegggtgactegtggacaaggggat
tacctcggagaagceagtggatccaggaggaccaggcecteatacatctecttcaatgeggectccaactcgeggteccaaatcaaggetgec
ttggacaatgcgggaaagattatgagectgactaaaaccgeccccgactacctggtgggecageageccgtggaggacatttccageaat
cggatttataaaattttggaactaaacgggtacgatceccaatatgeggctteegtctitctgggatgggccacgaaaaagttcggcaagagg
aacaccatctggctgtttggocctgcaactaccgggaagaccaacatcgcggaggecatageeccacactgtgeccttctacgggtecgtaa
actggaccaatgagaactttcccttcaacgactgtgtcgacaagatggtgatetggtgggaggageggaagatgaccgecaaggtegteg
agtcggccaaagcecattctcggaggaageaaggtgcgegtggaccagaaatgeaagtectcggeccagatagaccegacteccgtgate
gtcacctccaacaccaacatgtgegecgtgattgacgggaactcaacgaccttcgaacaccageagecgttgcaagaccggatgttcaaat
ttgaactcacccgecgtetggatcatgactttgggaaggtcaccaagcaggaagtcaaagactttttccggtgggcaaaggatcacgtggtt
gaggtggagcatgaattctacgtcaaaaagggtggagecaagaaaagacccgeccccagtgacgeagatataagtgageccaaacggg
tgcgegagtcagttgegeagecatcgacgtcagacgeggaagcttcgatcaactacgecagacaggtaccaaaacaaatgttctcgtcacgt
gggcatgaatctgatgetgtttcectgcagacaatgecgagagaatgaatcagaattcaaatatetgettcactcacggacagaaagactgttta

gagtgctttcccgtgtcagaatctcaaccegtttctgtecgtcaaaaaggegtatcagaaactgtgcetacattcatcatatcatgggaaaggtac
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cagacgcttgcactgectgegatetggteaatgtggatttggatgactgcatctttgaacaataaaatggetaggatecggeecggectgeagg
tgtectcacaggaacgaagtccctaaagaaacagtggeagecaggtttagececcggaaaacttgtitattgeagcettataatggttacaaata
aagcaatagcatcacaaatttcacaaataaagcatttttttcactgceattctagttgtggtitgtccaaactcatcaatgtatcttattgactggattg
agggacageccccecccaaageccecagggatgtaattacgteceteceecgetagggggcageagegageegeccggggceteegct
cecggtecggegetecceccgeatceccgagecggeagegtgcggggacageecgggcacggggaaggtegeacgggategetttect
ctgaacgcttctegetgetetttgagectgcagacacctggggggatacggggaaaaggectccaaggecagettcccacaataagttegg
tgaattttggctcattectectttctataggattgaggtcagagcGCGTTACATAACTTACGGTAAATGGCCCGCC
TGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCAT
AGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAAC
TGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGT
CAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTT
TCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTCGAGGTGAG
CCCCACGTTCTGCTTCACTCTCCCCATCTCCCCCCCCTCCCCACCCCCAATTTTGTATT
TATTTATTTTTTAATTATTTTGTGCAGCGATGGGGGCGGGGGGGGGGGGGGGGCGCG
CGCCAGGCGGGGCGGGGCGGGGCGAGGGGCGGGGCGGGGCGAGGCGGAGAGGTGC
GGCGGCAGCCAATCAGAGCGGCGCGCTCCGAAAGTTTCCTTTITATGGCGAGGCGGC
GGCGGCGGCGGCCCTATAAAAAGCGAAGCGTCCCTATCAGTGATAGAGAtcTCCCTA
TCAGTGATAGAGACGCGGCGGGCGGGAGTCGCTGCGTTGCCTTCGCCCCGTGCCCC
GCTCCGCGCCGCCTCGCGCCGCCCGCCCCGGCTCTGACTGACCGCGTTACTCCCACA
Gatcccaattctgatgegecggtgatcagatcaaaaacttcagecaggtacgeeaccatggaactggteggatggctggtggataagggec
atcacaagcgagaagcaatggatccaggaggaccaggcectcatatatttettttaacgecgetageaattccagaagecagatcaaggetg
ctctggacaacgecggcaaaatcatgagectgaccaagaccgeccctgactacctggtgggacageagectgtggaagatatcageage
aacagaatctataagatcctggaactgaacggctacgacccccagtacgecgectecgtgttectgggctgggctacaaagaagtteggea
agcggaacaccatctggetgttcggacctgecaccacaggeaaaaccaatatcgeegaggecatcgeccacaccgtgectttctacgget
gcgtgaactggacaaacgagaacttececttcaacgactgtetggacaagatggtgatctggteggaggaaggcaaaatgacagetaagg
tggtggaatctgccaaggctatectgggaggetctaaggtcagggtggatcagaagtataaaagecagegeccagattgacectaccectgt
gatcgtgaccagcaataccaacatgtgecgecgtgatcgacggcaacageaccaccttcgageatcageagectetgcaggaccggatgtt
caagtttgagctcaccagacggcetggatcacgacttcggeaaggteaccaagcaggaggtgaaggatttcttcagatgggecaaagacca
cgttgttgaggteggaacacgagtictacgtgaagaagggcggcgecaagaaaagacccgeecctagegacgecgacatcagegagect
aagagagtgcgggaaagegtggeccageccageacatctgatgetgaggecageatcaactacgecgatagataccaaaacaagtgea

geegecacgtgggceatgaacctgatgetgtticectgecagacagtgtgaaagaatgaaccagaattctaatatetgetttacacacggecag

184



WO 2025/096295 PCT/US2024/052959

aaagattgcctggaatgcttecetgtgtccgagagecaaccagtgtctgtggtgaaaaaggectaccagaagetgtgctacatccaccacat
catgggcaaggtgccagacgectgtaccgectgecgacctggteaacgtggacctggacgactgeatettcgageagtgatttgtgatggga
attctgtgetgtgccttctagttgecagecatetgttgtitgceccteccecgtgecttecttgacectggaaggtgecactceceactgtectttee
taataaaatgaggaaattgcatcgcattgtctgagtaggtgteattctattctgggegatoggateggogcaggacagcaaggggsaggatt
gggaagacaatagcaggeatgetggggatgeggtgggctetatgggaccttttttagggcecattggtatggctttttcccegtatcccececa
ggtgtctgecaggetcaaagageagegagaagegticagaggaaagegatecegtgeeacctteeeegtgeccgggetgteeecgeacgc
tgeeggeteggggatgeggggggagegeecggaccggageggageccegggeggetegetgetgeceectagegggggagggacgt
aattacatccetgggggctttgggegoogoctgtecctctagageggecgecaccgeggtggagetecagettttgticectttagtgaggg
ttaattagatcttaatacgactcactatagggcgaattgggtaccgggeccccctgaggeggaaagaaccagetggggctcetagggggtat
ccecggggttgggattgcgecttttccaaggeageectgggtttgcgcagggacgeggetgcetetgggegtggttcecgggaaacgeage
ggcgecgaccctgggtetegeacattettcacgteegttcgeagegteacceggatcttcgecgetacecttgtgggecccecggegacge
ttectgeteccgeccctaagtcgggaaggttecttgeggticgeggegtgccggacgtgacaaacggaageecgeacgtetcactagtacect
cgcagacggacagcgecagggageaatggeagegegeegaccgegatgggetgtggecaatageggetgetecagecagggegegeeg
agageageggcrgeggaaggeeocgatacgggagacegogtgtgggacagtagtgtgggecctgticctgeccgegeggtgticegeat
tctgecaagectccggagegeacgteggeagtecggetecctegttgaccgaatcaccgacctctetccccagaagetccecgggagcettgtat
atccattttcggatctgatcagcacgtgttgacaattaatcatcggcatagtatatcggcatagtataatacgacaaggtgaggaacgecacca
tggccaagectttgtctcaagaagaatccaccetcatigaaagagcaacggctacaatcaacageatceccatetctgaagactacagegte
gccagegeagctetetctagegacggecgceatcettcactggtgtcaatgtatateattttactgggggaccttgtgcagaactegtggtgeteg
geactgetgetgetgeggcagetggeaacctgacttgtatcgtecgegatcggaaatgagaacaggggceatettgageecctgeggacggt
gccgacaggtgcttctcgatetgeatectgggatcaaagecatagtgaaggacagtgatggacagecgacggcagtigggattegtgaatt
getgecctetggttatgtotgggaggactaaagegeggggatetcatgetggagttettcgeccaccccaacttgtttattgeagettataatg
gttacaaataaagcaatagcatcacaaatttcacaaataaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatcttate
atgtctgtagctgatgtatacctaggatccggecggectgeaggtgtectcacaggaacgaagtecctaaagaaacagtggeagecaggttt
agccccggaattgactggattecttttttagggeccattggtatggcetttttccecgtatccccccaggtgtetgecaggetcaaagageagega
gaagcgttcagaggaaagegatceecgtgecacctteceecgtgeccgggetgteecegeacgetgeeggetcggggatgegeggagage
gecggaccggageggageeecgggeggetegetgetgeeccctagegggggagggacgtaattacateeetgggggctttggggggg
ggctgtcectetagageggecgecaccgeggtggagetecagettitgttcectttagtgagggttaattagatettaatacgactcactatag
ggcgaattgggtaccgggecccccctcgaggtegacggtatectcgaggtegacggtatcgataagettgatatctataacaagaaaatata
tatataataagttatcacgtaagtagaacatgaaataacaatataattatcgtatgagttaaatcttaaaagtcacgtaaaagataatcatgegtca
ttttgactcacgcggtcgttatagttcaaaatcagtgacacttaccgeattgacaagecacgectcacgggagcetccaageggegactgagat

gtcctaaatgcacagcegacggattcgegetatttagaaagagagageaatatttcaagaatgeatgegtcaattttacgcagactatctttctag
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ggttaatctagctgeatcaggatcatatcgtegggtcttttttccggceteagteatcgeccaagetggegetatetgggcatcggggaggaag
aagcccgtgecttttcccgegaggttgaageggeatggaaagagtttgccgaggeatgactgetgetgcattgacgttgagegaaaacgeac
gtttaccatgatgattcgggaaggtgtggccatgcacgectttaacggtgaactgttcgttcaggecacctgggataccagttegtegeggett
ttccggacacagttccggatggteageccgaagegeatcageaacccgaacaataccggegacagecggaactgecgtgeeggtgtgea
gattaatgacagcggtgcggcgetgggatattacgtcagegaggacgggtatectggetggatgecgeagaaatggacatggataccecg
tgagttacccggegggcgegettggegtaatcatggteatagetgtttcetgtgtgaaattgttatccgetcacaattccacacaacatacgag
ccggaagcataaagtgtaaagectggggtgcctaatgagtgagetaactcacattaattgegttgegeteactgecegctttccagteggga
aacctgtcgtgccagetgceattaatgaatcggecaacgegeggggagaggeggtttgcgtattgggegctettcegettcctegetcactga
ctcgetgegceteggtegticggctgeggcgageggtatcagetcactcaaaggeggtaatacggttatccacagaatcaggggataacgea
ggaaagaacatgtgagcaaaaggecagcaaaaggecaggaaccgtaaaaaggecgegttectggegtttttccataggeteecgeocece
tgacgagcatcacaaaaatcgacgcetcaagtcagaggtggegaaacccgacaggactataaagataccaggegtttcceectggaagete
cctegtgegctetectgttccgaceetgecgcettaccggatacctgtecgecttteteccttcgggaagegtggcgctttetcatagetcacget
gtaggtatctcagttcggtgtaggtegticgetccaagetgggetgtgtgcacgaaccceecgttcageecgaccgetgegecttatcecggta
actatcgtcttgagtccaacccggtaagacacgacttatcgeccactggcageagecactggtaacaggattagcagagegaggtatgtagg
cggtgctacagagttcttgaagtggtggcctaactacggctacactagaaggacagtatttggtatctgegetetgetgaagecagttacctte
ggaaaaagagttggtagctcttgatccggcaaacaaaccaccgetggtageggtggtttttttgtttgcaagcageagattacgegecagaaa
aaaaggatctcaagaagatcctttgatcttttctacggggtctgacgetcagtggaacgaaaactcacgttaagggattttggtcatgagattat
caaaaaggatcttcacctagatccttttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatg
cttaatcagtgaggcacctatctcagegatctgtetatttcgttcatccatagttgectgactcecegtegtgtagataactacgatacgggagg
gcttaccatctggecccagtgetgeaatgataccgegagacccacgetcaccggcetecagatttatcageaataaaccagecagecggaa
gggccgagegeagaagtggtectgcaactttatccgectccatccagtctattaattgttgecgggaagetagagtaagtagttcgecagtta
atagtttgcgcaacgttgttgccattgetacaggeatcgtggtgtcacgetegtegtttggtatggetteattcagetecggttcccaacgatcaa
ggcgagttacatgatceeccatgttgtgcaaaaaageggttagetectteggtectccgategttgtcagaagtaagttggccgeagtgttate
actcatggttatggcagcactgcataattctcttactgtcatgecatcegtaagatgcettttetgtgactggtgagtactcaaccaagtcattetga
gaatagtgtatgcggegaccgagttgctettgecceggegteaatacgggataataccgegecacatagcagaactttaaaagtgetcatcatt
ggaaaacgttcttcggggegaaaactctcaaggatettacegetgttgagatccagttegatgtaacccactegtgcacecaactgatcttca
gcatcttttactttcaccagcegtttotgggtgagcaaaaacaggaaggcaaaatgecgcaaaaaagggaataagggcgacacggaaatgtt

gaatactcat
[00234] The sequence of the PB-hiRep-16# vector is provided below:

[00235] PB-hiRep-16# (11,421 bp) (SEQ ID NO: 29)
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[00236] actcttcctttttcaatattattgaagcatttatcagggttattgtctcatgageggatacatatttgaatgtatttagaaaaataaaca
aataggggttccgegceacatttceccgaaaagtgccacctaaattgtaagegttaatattttgttaaaattcgegttaaatttttgttaaatcagcete
attttttaaccaataggccgaaatcggcaaaatcecttataaatcaaaagaatagaccgagatagggttgagtgttgticcagtttggaacaag
agtccactattaaagaacgtggactccaacgtcaaagggegaaaaaccgtctatcagggegatggeccactacgtgaaccatcaccectaat
caagttttttggogtcgaggtaccgtaaagecactaaatcggaaccctaaagggageccecgatttagagettgacggggaaagecggega
acgtggcgagaaaggaagggaagaaagegaaaggagegggcgctagggcgctggeaagtgtageggtcacgetgegegtaaccace
acacccgecgegcttaatgegecgetacagggegegteecattegecattcaggetgegeaactgttgggaagggcgateggtacggac
ctcttcgetattacgecagetggegaaagggggatgtgctgeaaggegattaagttgggtaacgecagggttttcccagtcacgacgttgta
aaacgacggocagtgagegegcectegttcattcacgtttttgaacccgtggaggacgggcagactcgeggtecaaatgtgttttacagegtg
atggagcagatgaagatgctcgacacgctgcagaacacgeagetagattaaccctagaaagataatcatattgtgacgtacgttaaagataa
tcatgcgtaaaattgacgcatgtgttttatcggtctgtatatcgaggtitatttattaatttgaatagatattaagttttattatatttacacttacatacta
ataataaattcaacaaacaatttatttatgtttatttatttattaaaaaaaaacaaaaactcaaaatttcttctataaagtaacaaaacttttatcgaatt
cctgeageecgggggatccactagttctagagggacageccccccccaaageccccagggatgtaattacgtececteeccegetaggge
gcagcagegagecgeccggggctecgetecggteeggegeteececcegeatccecgagecggeagegtgeggggacageecgggca
cggggaaggtggcacgggatcgctttcetctgaacgcettetcgetgetetttgagectgcagacacctggggggatacggggaaaaggcc
tccaaggccagcttcccacaataagttgggtgaattttggcteattectectttctataggattgaggtcagagetttgtgatgggaattetgtgg
aatgtgtgtcagttagggtgtegaaagtcccgegatcgetagettaagegetgatcaattggegegecgaattegttatctgeagaattcggcet
tetgetcectgcttgtgtgttggaggtegctgagtagtacgegagcaaaatttaagetacaacaaggcaaggettgaccgacaattgcatgaa
gaatctgcettagggttaggcgttttgcgetgcttcgegatgtacgggecagatatacgegtatctgaggggactagggtatgtttaggcgaaa
agcgggectteggttgtacgecggttaggagteccctcaggatatagtagtttcgettttgcatagggagggggaaatgtagtcttatgcaatac
acttgtagtcttgcaacatggtaacgatgagttagcaacatgecttacaaggagagaaaaageaccgtgcatgecgattggtegaagtaagg
tggtacgatcgtgecttattaggaaggcaacagacaggtetgacatggattggacgaaccactgaattcegeattgecagagataattgtattta
agtgcctagcteectatcagtgatagagatetecctatcagtgatagagatcgatacaataaacgecatttgaccattcaccacattggtgtec
accgaacgcgeagecgecatgecggggttttacgagattgtgattaaggtocccagegaccttgacgagceatetgeceggceatttctgaca
gctttgtgaactgggtggccgagaaggaatgggagttoccgecagattctgacatggatetgaatotgattgageaggeaccectgaccgt
ggecgagaagetgeagegegactttctgacggaatggegeegtgtgagtaaggeceeggaggctettttetttgtgcaatttgagaaggga
gagagctacttccacatgcacgtgetegtggaaaccaccggggtgaaatccatggtittgggacgtttcctgagtcagattcgegaaaaact
gattcagagaatttaccgcgggatcgagecgactttgccaaactggttcgeggtcacaaagaccagaaatggegecggaggegggaaca
aggtgotogatoagtoctacatccccaattacttgetccccaaaacccagectgagetccaatgggeatggaccaacatggaacagtacct
cagcgcctgtttgaatctcacggagegtaaacggttggtggegcageatctgacgcacgtgtegecagacgcaggageagaacaaagaga

atcagaatcccaattctgatgcgecggtgatcagatcaaaaacttcagccaggtacatggagetggtcgegtogctegtggacaaggggat

187



WO 2025/096295 PCT/US2024/052959

tacctcggagaageagtggatccaggaggaccaggcecteatacatctecttcaatgeggectccaactcgeggteccaaatcaaggetgec
ttggacaatgcgggaaagattatgagectgactaaaaccgeccccgactacctggtgggecageageecgtggaggacatttccageaat
cggatttataaaattttggaactaaacgggtacgatccccaatatgeggetteegtetitctgggatgggccacgaaaaagttcggcaagagg
aacaccatctggctgtttggacctgeaactaccgggaagaccaacatcgeggaggecatageccacactgtgeecttetacgggtgcgtaa
actggaccaatgagaactttcccttcaacgactgtgtcgacaagatggtgatetggtgggaggaggggaagatgaccgecaaggtegteg
agtcggccaaagcecattctcggaggaageaaggtgcgegtggaccagaaatgeaagtecteggeccagatagaccegacteccgtgate
gtcacctccaacaccaacatgtgegecgtgattgacgggaactcaacgaccttcgaacaccageagecgttgcaagaccggatgttcaaat
ttgaactcacccgecgtetggatcatgactttgggaaggtcaccaagcaggaagtcaaagactttttccggtgggcaaaggatcacgtggtt
gaggtggagcatgaattctacgtcaaaaagggtggagccaagaaaagacccgeecccagtgacgeagatataagtgageccaaacggg
tgcgegagtcagttgcgcagecatcgacgtcagacgeggaagettcgatcaactacgcagacaggtaccaaaacaaatgttetegtcacgt
gggcatgaatctgatgetgtttcectgcagacaatgegagagaatgaatcagaattcaaatatetgettcactcacggacagaaagactgttta
gagtgctttcccgtgtcagaatctcaaccegtttetgtecgtcaaaaaggegtatcagaaactgtgctacattcatcatatcatgggaaaggtec
cagacgcttgcactgectgegatctggtcaatgtggatttggatgactgeatctttgaacaataaaatggetaggatccggecggectgeagg
tgtcctcacaggaacgaagtecctaaagaaacagtggcagecaggtttagececcggaaaacttgtttattgecagettataatggttacaaata
aagcaatagcatcacaaatttcacaaataaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatcttattgactggattg
agggacagcccccccccaaageccccagggatgtaattacgtecccteeecegetagggggceageagegagecgeccggggcetecget
ccggtecggegetececcegeatccececgagecggeagegtgeggggacageccgggeacggggaaggtggcacgggategetttect
ctgaacgcttctcgetgetetttgagectgcagacacctgggggeatacggggaaaaggectccaaggecagettcccacaataagtiggg
tgaattttggctcattectectttctataggatigaggtecagageggecteegegecgggttttggcgecteccgegggegeecccctecteac
ggegagegcetgecacgtcagacgaagggegeagegagegtectgatecticegeccggacgetcaggacageggeecgetgetcataa
gactcggecttagaaccccagtatcagcagaaggacattttaggacgggacttgggtgactctagggeactggttttetttccagagagegg
aacaggcgaggaaaagtagteccttctcggegattctgeggagggatetecgtggggeggteaacgecgatgattatataaggacgegee
ggTCCCTATCAGTGATAGAGAtcTCCCTATCAGTGATAGAGAgtgtggcacagetagttcegtegeag
ccgggatttgggtegeggttcttgtttatggategetgtgategteacttgacatcccaattetgatgegecggtgatcagatcaaaaacttcag
ccaggtacgccaccatggaactggteggatggctggtggataagggcatcacaagcgagaageaatggatccaggaggaccaggecte
atatatttcttttaacgccgctageaattccagaagecagatcaaggetgctetggacaacgecggeaaaatcatgagectgaccaagaccg
ccectgactacctggtgggacageagectgtggaagatatcagcageaacagaatctataagatectggaactgaacggetacgacccec
agtacgccegectecgtgttecctgggetgggctacaaagaagttcggcaageggaacaccatetggetgttcggacctgecaccacaggea
aaaccaatatcgccgaggccatcgeccacaccgtgcectttctacggetgegtgaactggacaaacgagaacttccecttcaacgactgtgtg

gacaagatggtgatctggteggaggaaggcaaaatgacagetaaggtegtggaatctgccaaggetatectgggaggctctaaggteag

ggtggatcagaagtgtaaaagcagegeccagattgacectacecetgtgatcgtgaccageaataccaacatgtgegeegtgatcgacgg
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caacagcaccaccttcgageatcageagectctgcaggaccggatgttcaagtttgagetcaccagacggetggatcacgacttcggeaa

ggtgaccaagcaggaggtgaaggatttcttcagatgggccaaagaccacgtigttgaggtggaacacgagttetacgtgaagaagggegg
cgccaagaaaagacccgeccctagegacgecgacatcagegagectaagagagtgcgggaaagegtggeecageecageacatetga
tgctgaggccagceatcaactacgcegatagataccaaaacaagtgeageegecacgtgggcatgaacctgatgetgtttecctgeagaca

gtgtgaaagaatgaaccagaattctaatatctgctttacacacggecagaaagattgectggaatgcettecetgtgtecgagagecaaccagt
gtctgtegtgaaaaaggectaccagaagetgtgctacatccaccacatcatgggcaaggtgecagacgectgtacegectgegacctggte
aacgtggacctggacgactgcatcttcgageagtgatttgtgatgggaattetgtgctgtgecttctagttgecagecatctgttgtttgeceete
cccegtgecttecttgacectggaaggtgccacteccactgtectttcctaataaaatgaggaaattgeatcgeattgtetgagtaggtgteatt

ctattctgggeggtegoogtggoocaggacageaagggogaggattgggaagacaatagcaggeatgctggggatgcggtggactetat
gggaccttttttagggcccattggtatggctttttcccegtatceccccaggtgtetgcaggetcaaagagcagegagaagegttcagaggaa
agcgatcecegtgecaccttcceegtgeccgggetgteccegracgetgecggctcggesateceggeegageeccggaccegagces

agccecgggeggctegetgetgececctagegggggagggoacgtaattacatcectgggggctttgggogoogooctgtecctetagage
ggecgecaccgeggtggagcetccagcttttgticectttagtgagggottaattagatcttaatacgactcactatagggcgaattgggtaccgg

gceeccctgaggeggaaagaaccagetggggctetagggggtatcceceggggttggogttacgecttttccaaggeagecctgggtttge
gcagggacgceggctgctetgggcgtggttccgggaaacgcageggegecgaccectgggtcetegeacattettcacgtecgttcgecagegt
cacccggatcttcgecgcetaccettgtgggcccecccggegacgcettcctgetccgececctaagtecgggaaggttecttgeggttcgeggeg
tgccggacgtgacaaacggaagecgeacgtctcactagtaccetecgeagacggacagegecagggageaatggeagegegecgaceg
cgatgggcetgtggecaatageggctgetcageagggcacgccgagageagegeccgggaaggeacgatacgagagecegagioty
gggcggtagtgtggocectgticetgecegegeggtgttecgeattetgcaagectecggagegeacgtcggeagteggeteectegttga
ccgaatcaccgacctctctcceccagaagetcecgggagcttgtatatecattttcggatetgatcageacgtgttgacaattaatcatcggeat

agtatatcggcatagtataatacgacaaggtgaggaacgecaccatggecaagectttgtctcaagaagaatccacectcattgaaagagea
acggctacaatcaacagcatccecatetetgaagactacagegtcgecagegeagetetetctagegacggecgeatcettcactggtgteaa
tgtatatcattttactggggeaccttgtgcagaactcgtggtectgggcactgcetgetgetgeggcagetggcaacctgacttgtatcgtcgeg
atcggaaatgagaacaggggcatcttgageccctgeggacggtgccgacaggtgcttetegatetgeatectgggatcaaagecatagtga
aggacagtgatggacagccgacggceagttgggattegtgaattgetgeectetggttatgtgtagoaggactaaagegeggggateteatg
ctggagttcttcgeccaccecaacttgtttattgcagcettataatggttacaaataaagcaatageatcacaaatttcacaaataaagcatttttttc
actgcattctagttgtggtttgtccaaactcatcaatgtatcttatcatgtctgtagetgatgtatacctaggatccggecggecotgeaggtgtect
cacaggaacgaagtccctaaagaaacagtggeagecaggtttagececeggaattgactggattecttttttagggeccattggtatggottttt
ccecgtatcceccccaggtgtetgeaggetcaaagageagegagaagegttcagaggaaagegateecgtgecacctteeeegtgeeegg
gctgteceegeacgetgecggeteggggatgeggggggagegecggaccggageggagecccgggeggetegetgetgecceotag
cgggggagooacgtaattacatccctgggggctttgggooooaoctgteectetagageggecgecaccgeggtggagetecagetttt
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gttcectttagtgagggttaattagatcttaatacgactcactatagggcgaattgggtaccgggeecccectcgaggtegacggtatectega
ggtcgacggtatcgataagettgatatctataacaagaaaatatatatataataagttatcacgtaagtagaacatgaaataacaatataattate
gtatgagttaaatcttaaaagtcacgtaaaagataatcatgegtcattttgactcacgeggtcgttatagttcaaaatcagtgacacttaccgceat
tgacaagcacgcctcacgggagetccaageggegactgagatgtectaaatgeacagegacggattcgegetatttagaaagagagage
aatatttcaagaatgcatgcgtcaattttacgcagactatctttctagggttaatctagetgcatcaggatcatategtegggtcttttttccggcte
agtcatcgeccaagcetggegcetatctgggeatcggggaggaagaagecegtgecttttecccgegaggttgaageggcatggaaagagttt
gccgaggatgactgetgcetgeattgacgttgagegaaaacgeacgtttaccatgatgattcgggaaggtatggccatgeacgectttaacgg
tgaactgttcgttcaggecacctgggataccagttegtegeggcttttccggacacagttocggatggtcageccgaagegeatcageaacc
cgaacaataccggcgacagecggaactgecgtgecggtatgcagattaatgacageggtgcggegctgggatattacgtcagegaggac
gggtatcetggetggatgecgeagaaatggacatggataccecgtgagttacceggegggegegettggegtaatcatggtcatagetgttt
cctgtgtgaaattgttatccgetcacaattccacacaacatacgagecggaageataaagtgtaaagectggggtocctaatgagtgageta
actcacattaattgcgttgcgetcactgeccgcetttccagtcgggaaacctgtegtgecagetgeattaatgaatcggecaacgegegggga
gaggcggtttgcgtattgggcgctcttcegettectcgetecactgactecgetgegeteggtegttcggetgeggegageggtatcagetcact
caaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaace
gtaaaaaggccgcegttgetggegtttttccataggetccgeccccctgacgageatcacaaaaatcgacgetcaagtcagaggtggcgaaa
cccgacaggactataaagataccaggcegtttcccectggaagetecctegtgegetetectgttccgaccetgecgettaccggatacetgte
cgcectttetcecttcgggaagegtggegcetttetcatagetcacgetgtaggtatetcagticggtgtaggtegticgetccaagetgggctgtg
tgcacgaaccecccgttcageeccgaccgetgegecttatccggtaactategtettgagtccaacccggtaagacacgacttatcgecactg
gcagcagcecactggtaacaggattagcagagegaggtatgtaggcggtgctacagagttcttgaagtggtggcctaactacggetacacta
gaaggacagtatttggtatctgegctetgetgaagecagttaccttcggaaaaagagttggtagetettgatccggeaaacaaaccaccgetg
gtagcggtggtttttttotttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatectttgatcttttctacggggtetgacgcet
cagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcticacctagatecttttaaattaaaaatgaagttttaaa
tcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagegatetgtctatttcgttcatccat
agttgcctgactcecegtegtgtagataactacgatacgggagggcttaccatctggecccagtgctgeaatgataccgegagacccacge
tcaccggctccagatttatcagcaataaaccagecagecggaagggccgagegeagaagtggtectgeaactttatccgectecatceagt
ctattaattgtteccgggaagctagagtaagtagttcgecagttaatagtttgecgeaacgttgttgecattgetacaggeategtggtgtcacge
tcgtegtttggtatggcettcattcagetceggttcccaacgatcaaggegagttacatgatcccocatgtigtgcaaaaaageggttagetectt
cggtcetecgategttgtcagaagtaagttggecgeagtgttatcactcatggttatggcageactgeataattctettactgtcatgecateegt
aagatgcttttctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgeggegaccgagttgetcttgeccggegtcaatacgg
gataataccgcgcecacatagceagaactitaaaagtgetcatcatiggaaaacgticttcggggcgaaaactctcaaggatcttaccgetgttg
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agatccagttcgatgtaacccactcgtgecacccaactgatcttcageatcttttactttcaccagegtttctgggtgagcaaaaacaggaaggc

aaaatgccgcaaaaaagggaataagggegacacggaaatgttgaatactcat

Example 4: Design and Validation of inducible Cap Genes and Gene of Interest

[00237] Two strategies were implemented for the inducible Cap gene expression. In the first
strategy, the Cap genes were split into two cassettes, one for the VP1 expression, and the other
for VP2 and VP3. To reduce the DNA sequence homology between VP1 and VP2/3 genes in
order to increase the vector stability, the DNA sequence of VP1 coding region was optimized for
human cell codon usage without change of protein sequence. To maintain the protein coding
sequence of membrane-associated accessory protein (MAAP), the first 439 bp of VP1 coding
region that included the MAAP gene was excluded for codon optimization. The DNA sequence

identity between the optimized VP1 and the original VP2/3 gene was reduced to 80.7%.

[00238] An AAV ITR flanked transgene expression cassette, such as the GFP gene driven by
CMYV promoter, was also included in the vector as a representative of a gene of interest (GOI)
inserted into the vector. In addition, the third antibiotic resistance gene for hygromycin driven by
human PGK promoter was included. All the gene cassettes were subcloned into the piggyBac

transposon vectors, and flanked by core insulators.

[00239] In the PB-iCapsplit-ITRGFP-hygro-1 vector, the previously described inducible CMV
promoter was used to drive the VP1 gene expression without the Kozak sequence before ATG
start codon of VP1, while the same promoter was also used for the expression of VP2 and VP3
gene expression by the native leader sequence (ggcgctaag) before the original ACG start codon
(See FIG. 6A). In the PB-iCapsplit-ITRGFP-hygro-2 vector, the VP1 cassette was modified with
the native VP2 leader sequence followed by the ACG start codon, while no other changes
compared to PB-iCapsplit-ITRGFP-hygro-1 vector (See FIG. 6B). In the PB-iCapsplit-ITR GFP-
hygro-3 vector, the promoter for VP1 cassette was switched to the inducible UbC promoter, and
the Kozak sequence was added before the ATG start codon of VP1 gene, without other changes
compared to PB-iCapsplit-ITRGFP-hygro-1 vector (See FIG. 6C). To increase the expression of
VP1 protein, the 814 bp UbC intron that was identified as an enhancer (Bianchi et al., “A potent
enhancer element in the 5'-UTR intron is crucial for transcriptional regulation of the human

ubiquitin C gene,” Gene 448(1):88-101 (2009) was inserted before the inducible UbC promoter
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in the PB-iCapsplit-ITRGFP-hygro-3 vector, and resulted in the PB-iCapsplit-ITRGFP-hygro-4
vector (See FIG. 6D).

[00240] In the second strategy, the VP1, VP2 and VP3 genes remained in the original
architecture in a single native DNA sequence. The strong inducible CMV promoter was applied
to drive the Cap gene expression. To enhance the expression level of VP proteins, the original
suboptimal splicing donor site for the VP genes was optimized to the conserved donor sequence
(caggtaAGT from 2309 to 2317 bp) without affecting the ratios of VP proteins (Farris and Pintel,
“Improved splicing of Adeno-associated viral (AAV) capsid protein-supplying pre-mRNAs leads
to increased recombinant AAV vector production,” Hum Gene Ther. 19(12): 1421-1427 (2008).
The pPBBG-iCap8cd-ITRGFP-hygro vector is shown in FIG. 6E.

[00241] The sequence of the PB-iCap8split-ITRGFP-hygro-1 vector is provided below:

[00242] PB-iCap8split-ITRGFP-hygro-1 (17,121 bp) (SEQ ID NO: 30)

[00243] ACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGA
GCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACA
TTTCCCCGAAAAGTGCCACCTAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTT
AAATTTTTGTTAAATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATCCC
TTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACA
AGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTAT
CAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGAGG
TGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACG
GGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGG
CGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCG
CGCTTAATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAACTGTT
GGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGA
TGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGT
AAAACGACGGCCAGTGAGCGCGCCTCGTTCATTCACGTTTTITGAACCCGTGGAGGAC
GGGCAGACTCGCGGTGCAAATGTGTTTTACAGCGTGATGGAGCAGATGAAGATGCT
CGACACGCTGCAGAACACGCAGCTAGATTAACCCTAGAAAGATAATCATATTGTGA
CGTACGTTAAAGATAATCATGCGTAAAATTGACGCATGTGTTTTATCGGTCTGTATA
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TCGAGGTTTATTTATTAATTTGAATAGATATTAAGTTTTATTATATTTACACTTACAT
ACTAATAATAAATTCAACAAACAATTTATTTATGTTTATTTATTTATTAAAAAAAAA
CAAAAACTCAAAATTTCTTCTATAAAGTAACAAAACTTTTATCGAATTCCTGCAGCC
CGGGGGATCCACTAGTTCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTA
ATTACGTCCCTCCCCCGCTAGGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGT
CCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCACGG
GGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGC
AGACACCTGGGGGGATACGGGGAAAAGGCCTCCAAGGCCAGCTTCCCACAATAAGT
TGGGTGAATTTTGGCTCATTCCTCCTTTCTATAGGATTGAGGTCAGAGCTTTGTGATG
GGAATTCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCgcGATCgcTAGeGTTT
AAACTTAAGCTTGGTACCGAGCTCGGATCCACTAGTCCAGTGTGGTGGAATTCCTGC
TTCGCGATGTACGGGCCAGATATACGCGTgacattgattattgactagttattaatagtaatcaattacggggtcatt
agttcatagcccatatatggagttccgegttacataacttacggtaaatggeccgectggetgaccgeccaacgacccccgeccattgacgt
caataatgacgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggagtatttacggtaaactgeecacttggeagt
acatcaagtgtatcatatgccaagtacgccccctattgacgtcaatgacggtaaatggcccgectggcattatgeccagtacatgaccttatg
ggactttcctacttggcagtacatctacgtattagtcatcgctattaccatggtgatgeggttttggcagtacatcaatgggegtggatageggtt
tgactcacggggatttccaagtctccaccecattgacgtcaatgggagtitgttttggaaccaaaatcaacgggactttccaaaatgtegtaac
aactccgecccattgacgcaaatgggeggtaggegtgtacggtgggaggtctatataagcagagetctccctatcagtgatagagatctece
tatcagtgatagagatcgtcgacgagcetegtttagtgaaccgtcagatcgectggagacgecatecacgcetgttttgacctecatagaagaca
ccgggaccgatccagectgaacgegeageegecaatggATGGCCGCTGATGGCTATCTGCCTGATTGGCT
GGAAGATAACCTGAGTGAGGGCATCCGGGAATGGTGGGCCCTGAAGCctggageeecgaag
cccaaagccaaccagcaaaageaggacgacggecggggtctggtacttcctggetacaagtacctcggacccttcaacggactcgacaa
gggggagcccgtcaacgeggeggacgeageggecctcgageacgacaaggectacgaccageagetgecaggegggtgacaatecgt
acctgeggtataaccacgecgacgecgagtttcaggagegtctgcaagaagatacgtettitgggggcaacctegggegageagtettcca
ggccaagaagegggttctcgaaccteteggtetggttgaggaaggegetaagacggcetectggaaagaagaggecggtagAACCT
AGCCCCCAGCGATCTCCAGATTCTTCTACCGGCATCGGCAAAAAGGGCCAACAGCC
TGCGAGAAAGCGGCTGAACTTCGGCCAGACCGGAGACAGCGAGAGCGTGCCCGACC
CTCAGCCTCTGGGCGAGCCCCCTGCCGCCCCTTCTGGCGTGGGCCCCAACACCATGG
CCGCCGGCGGCGGAGCCCCTATGGCCGACAACAACGAGGGCGCCGACGGCATGAGG
AAGCAGCAGCGGCAATTGGCACTGCGACTCCACCTGGCTGGGCGACAGAGTGATCA
CCACATCTACAAGAACCTGGGCCCTGCCCACCTACAACAATCACCTGTACAAGCAG

193



WO 2025/096295 PCT/US2024/052959

ATCAGCAATGGAACCTCTGGAGGCGCCACCAACGATAACACCTACTTTGGCTACAG
CACCCCTTGGGGATATTTCGACTTCAACCGGTTCCACTGTCACTTCAGCCCTCGGGA
CTGGCAGCGTCTCATTAACAATAACTGGGGCTTCAGACCAAAGAGACTGAGCTTCA
AGCTGTTCAACATCCAGGTGAAGGAAGTGACCCAAAACGAGGGCACCAAGACCATC
GCCAATAACCTCACCTCCACAATCCAAGTGTTCACCGATTCCGAGTACCAGCTGCCT
TACGTGCTGGGCTCCGCCCACCAGGGCTGCCTGCCACCATTCCCCGCCGACGTGTTC
ATGATCCCTCAGTACGGCTACCTGACACTGAACAACGGATCTCAAGCAGTGGGCAG
AAGCTCCTTCTACTGTCTGGAGTACTTCCCTAGCCAGATGCTGAGGACAGGCAACAA
TTTCCAGTTCACCTACACATTCGAGGACGTCCCTTTTCACAGCTCTTATGCCCATAGC
CAGAGCCTGGATAGACTGATGAACCCTCTGATCGACCAGTATCTGTATTACCTGAGC
AGAACGCAAACAACAGGCGGCACCGCTAATACCCAGACCCTGGGTTTCAGCCAAGG
CGGCCCTAACACAATGGCCAATCAGGCCAAAAACTGGCTTCCTGGCCCCTGCTACA
GACAGCAAAGAGTGAGCACAACCACCGGCCAGAACAACAACTCTAACTTCGCCTGG
ACAGCCGGCACCAAATACCACCTGAACGGCAGAAACAGCCTGGCCAACCCTGGAAT
CGCTATGGCTACACACAAGGACGATGAGGAACGGTTCTTCCCCAGCAACGGCATCC
TGATCTTCGGCAAGCAGAACGCCGCTCGCGACAACGCCGACTACAGCGACGTGATG
CTGACCAGCGAGGAAGAAATCAAGACAACAAACCCGGTCGCCACCGAGGAATACG
GCATTGTGGCCGATAACCTGCAGCAGCAGAATACCGCCCCTCAGATCGGCACCGTG
AACTCCCAGGGAGCCCTGCCTGGCATGGTGTGGCAGAACAGAGATGTGTACCTGCA
GGGCCCTATCTGGGCCAAGATCCCCCACACCGACGGAAATTTCCATCCAAGCCCTCT
GATGGGCGGATTTGGCCTGAAGCACCCCCCTCCACAGATTCTCATCAAAAACACACC
TGTGCCAGCCGACCCTCCCACAACATTTAATCAGTCTAAGCTGAATAGCTTCATCAC
CCAGTACAGCACCGGCCAGGTGTCCGTGGAAATCGAGTGGGAGCTGCAGAAAGAGA
ACAGCAAGAGATGGAACCCTGAGATCCAGTACACCAGCAACTACTACAAAAGCACA
AGCGTGGACTTCGCCGTTAATACTGAGGGCGTCTACTCAGAGCCTCGGCCCATCGGC
ACTCGGTACCTGACCAGAAACCTGaatggctaggatccggecggectgecaggtgtectcacaggaacgaagteect
aaagaaacagtggcagccaggtttagecccggaaaacttgtttattgcagcettataatggttacaaataaagcaatageatcacaaatttcaca
aataaagcatttttttcactgcattctagttgtggtitgtccaaactcatcaatgtatcttattgactggattgagggacageccececccaaagee
cccagggatgtaattacgtecctecececgetagggggeageagegagecgeccggggcteegetceggteeggegetececeegeate
cccgageeggeagegtgecggggacageecgggeacggggaaggtggcacgggategetttectetgaacgetictegetgetetttgag

cctgecagacacctgggggoatacggggaaaaggectccaaggecagettecccacaataagttgggtgaattttggctcattectectttetat
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aggatteagetcagagCGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTC
ATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCC
GCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCC
CATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTA
AACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGA
CGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGA
CTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGG
TTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGT
CTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGAACCAAAATCAACGGGACTTT
CCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACG
GTGGGAGGTCTATATAAGCAGAGCTCTCCCTATCAGTGATAGAGATCTCCCTATCAG
TGATAGAGATCGTCGACGAGCTCGTTTAGTGAACCGTCAGATCGCCTGGAGACGCC
ATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTatcccaattctgat
gegecggtgatcagatcaaaaacttcagecaggtacggegctaagacggetcctggaaagaagaggecggtagagecatcaccecage
gttctccagactcectctacgggeatcggcaagaaaggcecaacageccgecagaaaaagactcaattitggtcagactggegactcagagtc
agttccagaccctcaacctctcggagaaccteccagcagegecctetggtgtgggacctaatacaatggetgcaggeggtggegeaccaat
ggcagacaataacgaaggegecgacggagtgggtagticctegggaaattggeattgegattecacatggetgggegacagagteatcac
caccagcacccgaacctgggecectgeccacctacaacaaccacctctacaagcaaatctccaacgggacatcgggaggageeaccaac
gacaacacctacttcggetacagecacccectgggggtattttgactttaacagattccactgecacttttcaccacgtgactggcagegactca
tcaacaacaactggggattccggeccaagagactcagettcaagetettcaacatccaggtcaaggaggtcacgcagaatgaaggeacca
agaccatcgccaataacctcaccagcaccatccaggtgtttacggactcggagtaccagetgecgtacgttctcggetetgeccaccaggg
ctgectgectecgticeccggeggacgtgtteatgattccecagtacggetacctaacactcaacaacggtagtcaggecgtgggacgcetect
ccttctactgectggaatactttecttcgeagatgetgagaaccggeaacaacttccagtttacttacaccttcgaggacgtgectttccacage
agctacgcccacagecagagcettggaccggetgatgaatectetgattgaccagtacctgtactacttgtetcggactcaaacaacaggagg
cacggcaaatacgcagactctgggcettcagecaaggtgggectaatacaatggecaatcaggeaaagaactggetgecaggaccetgtta
ccgecaacaacgegtetcaacgacaaccgggeaaaacaacaatageaactttgectggactgetgggaccaaataceatctgaatggaag
aaattcattggctaatcctggeatcgetatggeaacacacaaagacgacgaggagegtittiticccagtaacgggatectgatttttggeaaa
caaaatgctgccagagacaatgeggattacagegatgtcatgetcaccagegaggaagaaatcaaaaccactaaccetgtggetacagag
gaatacggtatcgtggcagataacttgcagcagcaaaacacggctectcaaattggaactgtcaacagecagggggccttacccggtatgg
tctggcagaaccgggacgtgtacctgecagggteecatctgggecaagattectcacacggacggeaacttcecacecgtetccgetgatgg

gcggctttggcctgaaacateetccgectcagatcctgatcaagaacacgectgtacctgeggatectecgaccaccttcaaccagtcaaag
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ctgaactctttcatcacgcaatacagcaccggacaggtcagegtggaaattgaatgggagetgcagaaggaaaacageaagegetggaa
cccecgagatccagtacacctecaactactacaaatctacaagtgtggactttgetgttaatacagaaggegtgtactetgaacccecgecccatt
ggcaccegttacctcacccgtaatctgtaaactagtttgettgttaatcaataaaccgtttaattcgtttcagttgaGCGGCCGTCGAG
TCTAGAGGGCCCGTTTAAACCCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAG
CCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCA
CTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATT
CTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAA
TAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCA
GCTGGGGCTCTAGGGGGTATCCCCGGCGCGCCGAATTCGTTAACAAGCTITAATTAaC
GCgtATAcCTAggATCCGGCCGGecTGCAggTGTCCTCACAGGAACGAAGTCCCTAAAG
AAACAGTGGCAGCCAGGTTTAGCCCCGGAATTGACTGGATTCCTTTTTTAGGGCCCA
TTGGTATGGCTTTTTCCCCGTATCCCCCCAGGTGTCTGCAGGCTCAAAGAGCAGCGA
GAAGCGTTCAGAGGAAAGCGATCCCGTGCCACCTTCCCCGTGCCCGGGCTGTCCCCG
CACGCTGCCGGCTCGGGGATGCGGGGGGAGCGCCGGACCGGAGCGGAGCCCCGGG
CGGCTCGCTGCTGCCCCCTAGCGGGGGAGGGACGTAATTACATCCCTGGGGGCTTTG
GGGGGGGGCTGTCCCTGGCCTCCAAGGCCAGCTTCCCACAATAAGTTGGGTGAATTT
TGGCTCATTCCTCCTTTCTATAGGATTGAGGTCAGAGCTTTGTGATGGGAATTCTGTG
GAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCgcGATCgcTAGCAAACGCCAGCAACG
CGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTCCTGCAGGCA
GCTGCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTCGGGCGA
CCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGAGTGGCCAAC
TCCATCACTAGGGGTTCCTGCGGCCGCACGCGTGGAGCTAGTTATTAATAGTAATCA
ATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACG
GTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATG
ACGTATGTTCCCATAGTAACGTCAATAGGGACTTTCCATTGACGTCAATGGGTGGAG
TATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACG
CCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATG
ACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCA
TGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGG
GATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGCACCAAAATCA
ACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTA
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GGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATC
GCCTGGAGACGCCATCCACGCTGTTITTGACCTCCATAGAAGACACCGGGACCGATCC
AGCCTCCGCGGATTCGAATCCCGGCCGGGAACGGTGCATTGGAACGCGGATTCCCC
GTGCCAAGAGTGACGTAAGTACCGCCTATAGAGTCTATAGGCCCACAAAAAATGCT
TTCTTCTTTTAATATACTTTTTTGTTTATCTTATTTCTAATACTTTCCCTAATCTCTTTC
TTTCAGGGCAATAATGATACAATGTATCATGCCTCTTTGCACCATTCTAAAGAATAA
CAGTGATAATTTCTGGGTTAAGGCAATAGCAATATTTCTGCATATAAATATTTCTGC
ATATAAATTGTAACTGATGTAAGAGGTTTCATATTGCTAATAGCAGCTACAATCCAG
CTACCATTCTGCTTTTATTTTATGGTTGGGATAAGGCTGGATTATTCTGAGTCCAAGC
TAGGCCCTTTTGCTAATCATGTTCATACCTCTTATCTTCCTCCCACAGCTCCTGGGCA
ACGTGCTGGTCTGTGTGCTGGCCCATCACTTITGGCAAAGAATTGGGATTCGAACATC
GATTGAATTCTGAATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCA
TCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAG
GGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGG
CAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTG
CTTCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCC
CGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGA
CCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAG
GGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTA
CAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGA
ACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTAC
CAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCT
GAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCC
TGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGT
ACTCAGATCTCGAGCTCAAGTAGGGATCCTCTAGAGTCGACCTGCAGAAGCTTGCCT
CGAGCAGCGCTGCTCGAGAGATCTACGGGTGGCATCCCTGTGACCCCTCCCCAGTGC
CTCTCCTGGCCCTGGAAGTTGCCACTCCAGTGCCCACCAGCCTTGTCCTAATAAAAT
TAAGTTGCATCATTTTGTCTGACTAGGTGTCCTTCTATAATATTATGGGGTGGAGGG
GGGTGGTATGGAGCAAGGGGCAAGTTGGGAAGACAACCTGTAGGGCCTGCGGGGTC
TATTGGGAACCAAGCTGGAGTGCAGTGGCACAATCTTGGCTCACTGCAATCTCCGCC
TCCTGGGTTCAAGCGATTCTCCTGCCTCAGCCTCCCGAGTTGTTGGGATTCCAGGCAT
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GCATGACCAGGCTCAGCTAATTTTTGTTTTTTTGGTAGAGACGGGGTTTCACCATATT
GGCCAGGCTGGTCTCCAACTCCTAATCTCAGGTGATCTACCCACCTTGGCCTCCCAA
ATTGCTGGGATTACAGGCGTGAACCACTGCTCCCTTCCCTGTCCTTCTGATTTTGTAG
GTAACCACGTGCGGACCGAGCGGCCGCAGGAACCCCTAGTGATGGAGTTGGCCACT
CCCTCTCTGCGCGCTCGCTCGCTCACTGAGGCCGGGCGACCAAAGGTCGCCCGACGC
CCGGGCTTTGCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAGCTGCCTGCAGGG
GCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCATACGT
CgtaGCtGATcaATTgGCGCGCCGAATTCGTTAACAAGCTtTAATTAaCGCgtATAcCTAgg
ATCCGGCCGGecTGCAgeTGTCCTCACAGGAACGAAGTCCCTAAAGAAACAGTGGCA
GCCAGGTTTAGCCCCGGAATTGACTGGATTCCTTTTTTAGGGCCCATTGGTATGGCTT
TTTCCCCGTATCCCCCCAGGTGTCTGCAGGCTCAAAGAGCAGCGAGAAGCGTTCAGA
GGAAAGCGATCCCGTGCCACCTTCCCCGTGCCCGGGCTGTCCCCGCACGCTGCCGGC
TCGGGGATGCGGGGGGAGCGCCGGACCGGAGCGGAGCCCCGGGCGGCTCGCTGCTG
CCCCCTAGCGGGGGAGGGACGTAATTACATCCCTGGGGGCTTTGGGGGGGGGCTGT
CCCTGGCCTCCAAGGCCAGCTTCCCACAATAAGTTGGGTGAATTTTGGCTCATTCCT
CCTTTCTATAGGATTGAGGTCAGAGCggggttegggttacgcecttttccaaggeagecctgggtttgcgecagggac
geggetgetetgggegtggttccgggaaacgeageggegecgacectgggtetegeacattcttcacgtecgticgeagegtcaccegga
tettcgeegcetacecttgtgggeeececeggegacgettectgetecgeecctaagtegggaaggttecttgeggttegeggegtgecggac
gtgacaaacggaagecgeacgteteactagtaccctcgeagacggacagegecagggageaatggragegegeegaccgegatgggc
tgtggccaatageggactgcicagcaggergcgecgagagrageggeccgggaageeacegtaceeeagecggagtatggagcgata
gtgtgggccetgttcetgeccgegeggtgttcegeattetgcaagectecggagegeacgteggeagteggetecctegttgaccgaatea
ccgacctetetecccagAAGCTCCCGGGAGCTTGTATATCCATTTTCGGATCTGATCAGCACGT
GTTGACAATTAATCATCGGCATAGTATATCGGCATAGTATAATACGACAAGGTGAG
GAACgccaccATGAAAAAGCCTGAACTCACCGCGACGTCTGTCGAGAAGTTTCTGATC
GAAAAGTTCGACAGCGTCTCCGACCTGATGCAGCTCTCGGAGGGCGAAGAATCTCG
TGCTTTCAGCTTCGATGTAGGAGGGCGTGGATATGTCCTGCGGGTAAATAGCTGCGC
CGATGGTTTCTACAAAGATCGTTATGTTTATCGGCACTTTGCATCGGCCGCGCTCCCG
ATTCCGGAAGTGCTTGACATTGGGGAATTCAGCGAGAGCCTGACCTATTGCATCTCC
CGCCGTGCACAGGGTGTCACGTTGCAAGACCTGCCTGAAACCGAACTGCCCGCTGTT
CTGCAGCCGGTCGCGGAGGCCATGGATGCGATCGCTGCGGCCGATCTTAGCCAGAC
GAGCGGGTTCGGCCCATTCGGACCGCAAGGAATCGGTCAATACACTACATGGCGTG
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ATTTCATATGCGCGATTGCTGATCCCCATGTGTATCACTGGCAAACTGTGATGGACG
ACACCGTCAGTGCGTCCGTCGCGCAGGCTCTCGATGAGCTGATGCTTTGGGCCGAGG
ACTGCCCCGAAGTCCGGCACCTCGTGCACGCGGATTTCGGCTCCAACAATGTCCTGA
CGGACAATGGCCGCATAACAGCGGTCATTGACTGGAGCGAGGCGATGTTCGGGGAT
TCCCAATACGAGGTCGCCAACATCTTCTTCTGGAGGCCGTGGTTGGCTTGTATGGAG
CAGCAGACGCGCTACTTCGAGCGGAGGCATCCGGAGCTTGCAGGATCGCCGCGGCT
CCGGGCGTATATGCTCCGCATTGGTCTTGACCAACTCTATCAGAGCTTGGTTGACGG
CAATTTCGATGATGCAGCTTGGGCGCAGGGTCGATGCGACGCAATCGTCCGATCCGG
AGCCGGGACTGTCGGGCGTACACAAATCGCCCGCAGAAGCGCGGCCGTCTGGACCG
ATGGCTGTGTAGAAGTACTCGCCGATAGTGGAAACCGACGCCCCAGCACTCGTCCG
AGGGCAAAGGAATAGAGCGCGGGGATCTCATGCTGGAGTTCTTCGCCCACCCCAAC
TTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACA
AATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTAT
CTTATCATGTCTGTAGCtGATgtATAcCTAggATCCGGCCGGecTGCAgeTGTCCTCACAG
GAACGAAGTCCCTAAAGAAACAGTGGCAGCCAGGTTTAGCCCCGGAATTGACTGGA
TTCCTTTTTAGGGCCCATTGGTATGGCTTTTTCCCCGTATCCCCCCAGGTGTCTGCAG
GCTCAAAGAGCAGCGAGAAGCGTTCAGAGGAAAGCGATCCCGTGCCACCTTCCCCG
TGCCCGGGCTGTCCCCGCACGCTGCCGGCTCGGGGATGCGGGGGGAGCGCCGGACC
GGAGCGGAGCCCCGGGCGGCTCGCTGCTGCCCCCTAGCGGGGGAGGGACGTAATTA
CATCCCTGGGGGCTTTGGGGGGGGGCTGTCCCTCTAGAGCGGCCGCCACCGCGGTG
GAGCTCCAGCTTTTGTTCCCTTTAGTGAGGGTTAATTAGATCTTAATACGACTCACTA
TAGGGCGAATTGGGTACCGGGCCCCCCCTCGAGGTCGACGGTATCGATAAGCTTGAT
ATCTATAACAAGAAAATATATATATAATAAGTTATCACGTAAGTAGAACATGAAAT
AACAATATAATTATCGTATGAGTTAAATCTTAAAAGTCACGTAAAAGATAATCATGC
GTCATTTTGACTCACGCGGTCGTTATAGTTCAAAATCAGTGACACTTACCGCATTGA
CAAGCACGCCTCACGGGAGCTCCAAGCGGCGACTGAGATGTCCTAAATGCACAGCG
ACGGATTCGCGCTATTTAGAAAGAGAGAGCAATATTTCAAGAATGCATGCGTCAATT
TTACGCAGACTATCTTTCTAGGGTTAATCTAGCTGCATCAGGATCATATCGTCGGGT
CTTTTTTCCGGCTCAGTCATCGCCCAAGCTGGCGCTATCTGGGCATCGGGGAGGAAG
AAGCCCGTGCCTTTTCCCGCGAGGTTGAAGCGGCATGGAAAGAGTTTGCCGAGGAT
GACTGCTGCTGCATTGACGTTGAGCGAAAACGCACGTTTACCATGATGATTCGGGAA
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GGTGTGGCCATGCACGCCTTTAACGGTGAACTGTTCGTTCAGGCCACCTGGGATACC
AGTTCGTCGCGGCTTTTCCGGACACAGTTCCGGATGGTCAGCCCGAAGCGCATCAGC
AACCCGAACAATACCGGCGACAGCCGGAACTGCCGTGCCGGTGTGCAGATTAATGA
CAGCGGTGCGGCGCTGGGATATTACGTCAGCGAGGACGGGTATCCTGGCTGGATGC
CGCAGAAATGGACATGGATACCCCGTGAGTTACCCGGCGGGCGCGCTTGGCGTAAT
CATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACAT
ACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCA
CATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGC
TGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTT
CCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTAT
CAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGA
AAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGT
TGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCT
CAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCT
GGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCC
GCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCA
GTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGC
CCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACG
ACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTA
GGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGAC
AGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAG
CTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTITTTTTGTTTGCAAGCA
GCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGG
GTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATC
AAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTA
AAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACC
TATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAG
ATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCG
AGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGG
CCGAGCGCAGAAGTGGTCCTGCAACTTITATCCGCCTCCATCCAGTCTATTAATTGTT
GCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCA
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TTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGG
TTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAG
CTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATG
GTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTG
TGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTT
GCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAA
GTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTG
TTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTA
CTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAG
GGAATAAGGGCGACACGGAAATGTTGAATACTCAT

[00244] The sequence of the PB-iCap8split-ITRGFP-hygro-2 vector is provided below:

[00245] PB-iCap8split-ITRGFP-hygro-2 (17,119 bp) (SEQ ID NO: 31)

[00246] ACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGA
GCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACA
TTTCCCCGAAAAGTGCCACCTAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTT
AAATTTTTGTTAAATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATCCC
TTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACA
AGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTAT
CAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTTTITTTGGGGTCGAGG
TGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACG
GGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGG
CGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCG
CGCTTAATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAACTGTT
GGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGA
TGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGT
AAAACGACGGCCAGTGAGCGCGCCTCGTTCATTCACGTTTTTGAACCCGTGGAGGAC
GGGCAGACTCGCGGTGCAAATGTGTTTTACAGCGTGATGGAGCAGATGAAGATGCT
CGACACGCTGCAGAACACGCAGCTAGATTAACCCTAGAAAGATAATCATATTGTGA
CGTACGTTAAAGATAATCATGCGTAAAATTGACGCATGTGTTTTATCGGTCTGTATA
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TCGAGGTTTATTTATTAATTTGAATAGATATTAAGTTTTATTATATTTACACTTACAT
ACTAATAATAAATTCAACAAACAATTTATTTATGTTTATTTATTTATTAAAAAAAAA
CAAAAACTCAAAATTTCTTCTATAAAGTAACAAAACTTTTATCGAATTCCTGCAGCC
CGGGGGATCCACTAGTTCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTA
ATTACGTCCCTCCCCCGCTAGGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGT
CCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCACGG
GGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGC
AGACACCTGGGGGGATACGGGGAAAAGGCCTCCAAGGCCAGCTTCCCACAATAAGT
TGGGTGAATTTTGGCTCATTCCTCCTTTCTATAGGATTGAGGTCAGAGCTTTGTGATG
GGAATTCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCgcGATCgcTAGeGTTT
AAACTTAAGCTTGGTACCGAGCTCGGATCCACTAGTCCAGTGTGGTGGAATTCCTGC
TTCGCGATGTACGGGCCAGATATACGCGTgacattgattattgactagttattaatagtaatcaattacggggtcatt
agttcatagcccatatatggagttccgegttacataacttacggtaaatggeccgectggetgaccgeccaacgacccccgeccattgacgt
caataatgacgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggagtatttacggtaaactgeecacttggeagt
acatcaagtgtatcatatgccaagtacgccccctattgacgtcaatgacggtaaatggcccgectggcattatgeccagtacatgaccttatg
ggactttcctacttggcagtacatctacgtattagtcatcgctattaccatggtgatgeggttttggcagtacatcaatgggegtggatageggtt
tgactcacggggatttccaagtctccaccecattgacgtcaatgggagtitgttttggaaccaaaatcaacgggactttccaaaatgtegtaac
aactccgecccattgacgcaaatgggeggtaggegtgtacggtgggaggtctatataagcagagetctccctatcagtgatagagatctece
tatcagtgatagagatcgtcgacgagcetegtttagtgaaccgtcagatcgectggagacgecatecacgcetgttttgacctecatagaagaca
ccgggaccgatccagectgaacgegeaggegctaagACGGCCGCTGATGGCTATCTGCCTGATTGGCTG
GAAGATAACCTGAGTGAGGGCATCCGGGAATGGTGGGCCCTGAAGCcctggagecccgaage
ccaaagccaaccagcaaaagcaggacgacggecggggtetggtacttectggctacaagtacctcggacccttcaacggactcgacaag
ggggagcccgtcaacgeggeggacgeageggecctecgageacgacaaggectacgaccageagetgeaggegggtgacaatcegta
cctgeggtataaccacgecgacgecgagtttcaggagegtetgcaagaagatacgtettttgggegcaacctegggegageagtettccag
gccaagaagegggttctcgaacctetcggtetggttgaggaaggegcetaagacggetectggaaagaagaggeeggtagAACCTA
GCCCCCAGCGATCTCCAGATTCTTCTACCGGCATCGGCAAAAAGGGCCAACAGCCT
GCGAGAAAGCGGCTGAACTTCGGCCAGACCGGAGACAGCGAGAGCGTGCCCGACC
CTCAGCCTCTGGGCGAGCCCCCTGCCGCCCCTTCTGGCGTGGGCCCCAACACCATGG
CCGCCGGCGGCGGAGCCCCTATGGCCGACAACAACGAGGGCGCCGACGGCAETGAGG
AAGCAGCAGCGGCAATTGGCACTGCGACTCCACCTGGCTGGGCGACAGAGTGATCA
CCACATCTACAAGAACCTGGGCCCTGCCCACCTACAACAATCACCTGTACAAGCAG
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ATCAGCAATGGAACCTCTGGAGGCGCCACCAACGATAACACCTACTTTGGCTACAG
CACCCCTTGGGGATATTTCGACTTCAACCGGTTCCACTGTCACTTCAGCCCTCGGGA
CTGGCAGCGTCTCATTAACAATAACTGGGGCTTCAGACCAAAGAGACTGAGCTTCA
AGCTGTTCAACATCCAGGTGAAGGAAGTGACCCAAAACGAGGGCACCAAGACCATC
GCCAATAACCTCACCTCCACAATCCAAGTGTTCACCGATTCCGAGTACCAGCTGCCT
TACGTGCTGGGCTCCGCCCACCAGGGCTGCCTGCCACCATTCCCCGCCGACGTGTTC
ATGATCCCTCAGTACGGCTACCTGACACTGAACAACGGATCTCAAGCAGTGGGCAG
AAGCTCCTTCTACTGTCTGGAGTACTTCCCTAGCCAGATGCTGAGGACAGGCAACAA
TTTCCAGTTCACCTACACATTCGAGGACGTCCCTTTTCACAGCTCTTATGCCCATAGC
CAGAGCCTGGATAGACTGATGAACCCTCTGATCGACCAGTATCTGTATTACCTGAGC
AGAACGCAAACAACAGGCGGCACCGCTAATACCCAGACCCTGGGTTTCAGCCAAGG
CGGCCCTAACACAATGGCCAATCAGGCCAAAAACTGGCTTCCTGGCCCCTGCTACA
GACAGCAAAGAGTGAGCACAACCACCGGCCAGAACAACAACTCTAACTTCGCCTGG
ACAGCCGGCACCAAATACCACCTGAACGGCAGAAACAGCCTGGCCAACCCTGGAAT
CGCTATGGCTACACACAAGGACGATGAGGAACGGTTCTTCCCCAGCAACGGCATCC
TGATCTTCGGCAAGCAGAACGCCGCTCGCGACAACGCCGACTACAGCGACGTGATG
CTGACCAGCGAGGAAGAAATCAAGACAACAAACCCGGTCGCCACCGAGGAATACG
GCATTGTGGCCGATAACCTGCAGCAGCAGAATACCGCCCCTCAGATCGGCACCGTG
AACTCCCAGGGAGCCCTGCCTGGCATGGTGTGGCAGAACAGAGATGTGTACCTGCA
GGGCCCTATCTGGGCCAAGATCCCCCACACCGACGGAAATTTCCATCCAAGCCCTCT
GATGGGCGGATTTGGCCTGAAGCACCCCCCTCCACAGATTCTCATCAAAAACACACC
TGTGCCAGCCGACCCTCCCACAACATTTAATCAGTCTAAGCTGAATAGCTTCATCAC
CCAGTACAGCACCGGCCAGGTGTCCGTGGAAATCGAGTGGGAGCTGCAGAAAGAGA
ACAGCAAGAGATGGAACCCTGAGATCCAGTACACCAGCAACTACTACAAAAGCACA
AGCGTGGACTTCGCCGTTAATACTGAGGGCGTCTACTCAGAGCCTCGGCCCATCGGC
ACTCGGTACCTGACCAGAAACCTGaatggctaggatccggecggectgecaggtgtectcacaggaacgaagteect
aaagaaacagtggcagccaggtttagecccggaaaacttgtttattgcagcettataatggttacaaataaagcaatageatcacaaatttcaca
aataaagcatttttttcactgcattctagttgtggtitgtccaaactcatcaatgtatcttattgactggattgagggacageccececccaaagee
cccagggatgtaattacgtecctecececgetagggggeageagegagecgeccggggcteegetceggteeggegetececeegeate
cccgageeggeagegtgecggggacageecgggeacggggaaggtggcacgggategetttectetgaacgetictegetgetetttgag

cctgecagacacctgggggoatacggggaaaaggectccaaggecagettecccacaataagttgggtgaattttggctcattectectttetat
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aggatteagetcagagCGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTC
ATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCC
GCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCC
CATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTA
AACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGA
CGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGA
CTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGG
TTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGT
CTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGAACCAAAATCAACGGGACTTT
CCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACG
GTGGGAGGTCTATATAAGCAGAGCTCTCCCTATCAGTGATAGAGATCTCCCTATCAG
TGATAGAGATCGTCGACGAGCTCGTTTAGTGAACCGTCAGATCGCCTGGAGACGCC
ATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTatcccaattctgat
gegecggtgatcagatcaaaaacttcagecaggtacggegctaagacggetcctggaaagaagaggecggtagagecatcaccecage
gttctccagactcectctacgggeatcggcaagaaaggcecaacageccgecagaaaaagactcaattitggtcagactggegactcagagtc
agttccagaccctcaacctctcggagaaccteccagcagegecctetggtgtgggacctaatacaatggetgcaggeggtggegeaccaat
ggcagacaataacgaaggegecgacggagtgggtagticctegggaaattggeattgegattecacatggetgggegacagagteatcac
caccagcacccgaacctgggecectgeccacctacaacaaccacctctacaagcaaatctccaacgggacatcgggaggageeaccaac
gacaacacctacttcggetacagecacccectgggggtattttgactttaacagattccactgecacttttcaccacgtgactggcagegactca
tcaacaacaactggggattccggeccaagagactcagettcaagetettcaacatccaggtcaaggaggtcacgcagaatgaaggeacca
agaccatcgccaataacctcaccagcaccatccaggtgtttacggactcggagtaccagetgecgtacgttctcggetetgeccaccaggg
ctgectgectecgticeccggeggacgtgtteatgattccecagtacggetacctaacactcaacaacggtagtcaggecgtgggacgcetect
ccttctactgectggaatactttecttcgeagatgetgagaaccggeaacaacttccagtttacttacaccttcgaggacgtgectttccacage
agctacgcccacagecagagcettggaccggetgatgaatectetgattgaccagtacctgtactacttgtetcggactcaaacaacaggagg
cacggcaaatacgcagactctgggcettcagecaaggtgggectaatacaatggecaatcaggeaaagaactggetgecaggaccetgtta
ccgecaacaacgegtetcaacgacaaccgggeaaaacaacaatageaactttgectggactgetgggaccaaataceatctgaatggaag
aaattcattggctaatcctggeatcgetatggeaacacacaaagacgacgaggagegtittiticccagtaacgggatectgatttttggeaaa
caaaatgctgccagagacaatgeggattacagegatgtcatgetcaccagegaggaagaaatcaaaaccactaaccetgtggetacagag
gaatacggtatcgtggcagataacttgcagcagcaaaacacggctectcaaattggaactgtcaacagecagggggccttacccggtatgg
tctggcagaaccgggacgtgtacctgecagggteecatctgggecaagattectcacacggacggeaacttcecacecgtetccgetgatgg

gcggctttggcctgaaacateetccgectcagatcctgatcaagaacacgectgtacctgeggatectecgaccaccttcaaccagtcaaag

204



WO 2025/096295 PCT/US2024/052959

ctgaactctttcatcacgcaatacagcaccggacaggtcagegtggaaattgaatgggagetgcagaaggaaaacageaagegetggaa
cccecgagatccagtacacctecaactactacaaatctacaagtgtggactttgetgttaatacagaaggegtgtactetgaacccecgecccatt
ggcaccegttacctcacccgtaatctgtaaactagtttgettgttaatcaataaaccgtttaattcgtttcagttgaGCGGCCGTCGAG
TCTAGAGGGCCCGTTTAAACCCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAG
CCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCA
CTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATT
CTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAA
TAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCA
GCTGGGGCTCTAGGGGGTATCCCCGGCGCGCCGAATTCGTTAACAAGCTITAATTAaC
GCgtATAcCTAggATCCGGCCGGecTGCAggTGTCCTCACAGGAACGAAGTCCCTAAAG
AAACAGTGGCAGCCAGGTTTAGCCCCGGAATTGACTGGATTCCTTTTTTAGGGCCCA
TTGGTATGGCTTTTTCCCCGTATCCCCCCAGGTGTCTGCAGGCTCAAAGAGCAGCGA
GAAGCGTTCAGAGGAAAGCGATCCCGTGCCACCTTCCCCGTGCCCGGGCTGTCCCCG
CACGCTGCCGGCTCGGGGATGCGGGGGGAGCGCCGGACCGGAGCGGAGCCCCGGG
CGGCTCGCTGCTGCCCCCTAGCGGGGGAGGGACGTAATTACATCCCTGGGGGCTTTG
GGGGGGGGCTGTCCCTGGCCTCCAAGGCCAGCTTCCCACAATAAGTTGGGTGAATTT
TGGCTCATTCCTCCTTTCTATAGGATTGAGGTCAGAGCTTTGTGATGGGAATTCTGTG
GAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCgcGATCgcTAGCAAACGCCAGCAACG
CGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTCCTGCAGGCA
GCTGCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTCGGGCGA
CCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGAGTGGCCAAC
TCCATCACTAGGGGTTCCTGCGGCCGCACGCGTGGAGCTAGTTATTAATAGTAATCA
ATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACG
GTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATG
ACGTATGTTCCCATAGTAACGTCAATAGGGACTTTCCATTGACGTCAATGGGTGGAG
TATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACG
CCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATG
ACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCA
TGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGG
GATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGCACCAAAATCA
ACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTA
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GGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATC
GCCTGGAGACGCCATCCACGCTGTTITTGACCTCCATAGAAGACACCGGGACCGATCC
AGCCTCCGCGGATTCGAATCCCGGCCGGGAACGGTGCATTGGAACGCGGATTCCCC
GTGCCAAGAGTGACGTAAGTACCGCCTATAGAGTCTATAGGCCCACAAAAAATGCT
TTCTTCTTTTAATATACTTTTTTGTTTATCTTATTTCTAATACTTTCCCTAATCTCTTTC
TTTCAGGGCAATAATGATACAATGTATCATGCCTCTTTGCACCATTCTAAAGAATAA
CAGTGATAATTTCTGGGTTAAGGCAATAGCAATATTTCTGCATATAAATATTTCTGC
ATATAAATTGTAACTGATGTAAGAGGTTTCATATTGCTAATAGCAGCTACAATCCAG
CTACCATTCTGCTTTTATTTTATGGTTGGGATAAGGCTGGATTATTCTGAGTCCAAGC
TAGGCCCTTTTGCTAATCATGTTCATACCTCTTATCTTCCTCCCACAGCTCCTGGGCA
ACGTGCTGGTCTGTGTGCTGGCCCATCACTTITGGCAAAGAATTGGGATTCGAACATC
GATTGAATTCTGAATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCA
TCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAG
GGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGG
CAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTG
CTTCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCC
CGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGA
CCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAG
GGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTA
CAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGA
ACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTAC
CAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCT
GAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCC
TGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGT
ACTCAGATCTCGAGCTCAAGTAGGGATCCTCTAGAGTCGACCTGCAGAAGCTTGCCT
CGAGCAGCGCTGCTCGAGAGATCTACGGGTGGCATCCCTGTGACCCCTCCCCAGTGC
CTCTCCTGGCCCTGGAAGTTGCCACTCCAGTGCCCACCAGCCTTGTCCTAATAAAAT
TAAGTTGCATCATTTTGTCTGACTAGGTGTCCTTCTATAATATTATGGGGTGGAGGG
GGGTGGTATGGAGCAAGGGGCAAGTTGGGAAGACAACCTGTAGGGCCTGCGGGGTC
TATTGGGAACCAAGCTGGAGTGCAGTGGCACAATCTTGGCTCACTGCAATCTCCGCC
TCCTGGGTTCAAGCGATTCTCCTGCCTCAGCCTCCCGAGTTGTTGGGATTCCAGGCAT
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GCATGACCAGGCTCAGCTAATTTTTGTTTTTTTGGTAGAGACGGGGTTTCACCATATT
GGCCAGGCTGGTCTCCAACTCCTAATCTCAGGTGATCTACCCACCTTGGCCTCCCAA
ATTGCTGGGATTACAGGCGTGAACCACTGCTCCCTTCCCTGTCCTTCTGATTTTGTAG
GTAACCACGTGCGGACCGAGCGGCCGCAGGAACCCCTAGTGATGGAGTTGGCCACT
CCCTCTCTGCGCGCTCGCTCGCTCACTGAGGCCGGGCGACCAAAGGTCGCCCGACGC
CCGGGCTTTGCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAGCTGCCTGCAGGG
GCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCATACGT
CgtaGCtGATcaATTgGCGCGCCGAATTCGTTAACAAGCTtTAATTAaCGCgtATAcCTAgg
ATCCGGCCGGecTGCAgeTGTCCTCACAGGAACGAAGTCCCTAAAGAAACAGTGGCA
GCCAGGTTTAGCCCCGGAATTGACTGGATTCCTTTTTTAGGGCCCATTGGTATGGCTT
TTTCCCCGTATCCCCCCAGGTGTCTGCAGGCTCAAAGAGCAGCGAGAAGCGTTCAGA
GGAAAGCGATCCCGTGCCACCTTCCCCGTGCCCGGGCTGTCCCCGCACGCTGCCGGC
TCGGGGATGCGGGGGGAGCGCCGGACCGGAGCGGAGCCCCGGGCGGCTCGCTGCTG
CCCCCTAGCGGGGGAGGGACGTAATTACATCCCTGGGGGCTTTGGGGGGGGGCTGT
CCCTGGCCTCCAAGGCCAGCTTCCCACAATAAGTTGGGTGAATTTTGGCTCATTCCT
CCTTTCTATAGGATTGAGGTCAGAGCggggttegggttacgcecttttccaaggeagecctgggtttgcgecagggac
geggetgetetgggegtggttccgggaaacgeageggegecgacectgggtetegeacattcttcacgtecgticgeagegtcaccegga
tettcgeegcetacecttgtgggeeececeggegacgettectgetecgeecctaagtegggaaggttecttgeggttegeggegtgecggac
gtgacaaacggaagecgeacgteteactagtaccctcgeagacggacagegecagggageaatggragegegeegaccgegatgggc
tgtggccaatageggactgcicagcaggergcgecgagagrageggeccgggaageeacegtaceeeagecggagtatggagcgata
gtgtgggccetgttcetgeccgegeggtgttcegeattetgcaagectecggagegeacgteggeagteggetecctegttgaccgaatea
ccgacctetetecccagAAGCTCCCGGGAGCTTGTATATCCATTTTCGGATCTGATCAGCACGT
GTTGACAATTAATCATCGGCATAGTATATCGGCATAGTATAATACGACAAGGTGAG
GAACgccaccATGAAAAAGCCTGAACTCACCGCGACGTCTGTCGAGAAGTTTCTGATC
GAAAAGTTCGACAGCGTCTCCGACCTGATGCAGCTCTCGGAGGGCGAAGAATCTCG
TGCTTTCAGCTTCGATGTAGGAGGGCGTGGATATGTCCTGCGGGTAAATAGCTGCGC
CGATGGTTTCTACAAAGATCGTTATGTTTATCGGCACTTTGCATCGGCCGCGCTCCCG
ATTCCGGAAGTGCTTGACATTGGGGAATTCAGCGAGAGCCTGACCTATTGCATCTCC
CGCCGTGCACAGGGTGTCACGTTGCAAGACCTGCCTGAAACCGAACTGCCCGCTGTT
CTGCAGCCGGTCGCGGAGGCCATGGATGCGATCGCTGCGGCCGATCTTAGCCAGAC
GAGCGGGTTCGGCCCATTCGGACCGCAAGGAATCGGTCAATACACTACATGGCGTG
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ATTTCATATGCGCGATTGCTGATCCCCATGTGTATCACTGGCAAACTGTGATGGACG
ACACCGTCAGTGCGTCCGTCGCGCAGGCTCTCGATGAGCTGATGCTTTGGGCCGAGG
ACTGCCCCGAAGTCCGGCACCTCGTGCACGCGGATTTCGGCTCCAACAATGTCCTGA
CGGACAATGGCCGCATAACAGCGGTCATTGACTGGAGCGAGGCGATGTTCGGGGAT
TCCCAATACGAGGTCGCCAACATCTTCTTCTGGAGGCCGTGGTTGGCTTGTATGGAG
CAGCAGACGCGCTACTTCGAGCGGAGGCATCCGGAGCTTGCAGGATCGCCGCGGCT
CCGGGCGTATATGCTCCGCATTGGTCTTGACCAACTCTATCAGAGCTTGGTTGACGG
CAATTTCGATGATGCAGCTTGGGCGCAGGGTCGATGCGACGCAATCGTCCGATCCGG
AGCCGGGACTGTCGGGCGTACACAAATCGCCCGCAGAAGCGCGGCCGTCTGGACCG
ATGGCTGTGTAGAAGTACTCGCCGATAGTGGAAACCGACGCCCCAGCACTCGTCCG
AGGGCAAAGGAATAGAGCGCGGGGATCTCATGCTGGAGTTCTTCGCCCACCCCAAC
TTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACA
AATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTAT
CTTATCATGTCTGTAGCtGATgtATAcCTAggATCCGGCCGGecTGCAgeTGTCCTCACAG
GAACGAAGTCCCTAAAGAAACAGTGGCAGCCAGGTTTAGCCCCGGAATTGACTGGA
TTCCTTTTTAGGGCCCATTGGTATGGCTTTTTCCCCGTATCCCCCCAGGTGTCTGCAG
GCTCAAAGAGCAGCGAGAAGCGTTCAGAGGAAAGCGATCCCGTGCCACCTTCCCCG
TGCCCGGGCTGTCCCCGCACGCTGCCGGCTCGGGGATGCGGGGGGAGCGCCGGACC
GGAGCGGAGCCCCGGGCGGCTCGCTGCTGCCCCCTAGCGGGGGAGGGACGTAATTA
CATCCCTGGGGGCTTTGGGGGGGGGCTGTCCCTCTAGAGCGGCCGCCACCGCGGTG
GAGCTCCAGCTTTTGTTCCCTTTAGTGAGGGTTAATTAGATCTTAATACGACTCACTA
TAGGGCGAATTGGGTACCGGGCCCCCCCTCGAGGTCGACGGTATCGATAAGCTTGAT
ATCTATAACAAGAAAATATATATATAATAAGTTATCACGTAAGTAGAACATGAAAT
AACAATATAATTATCGTATGAGTTAAATCTTAAAAGTCACGTAAAAGATAATCATGC
GTCATTTTGACTCACGCGGTCGTTATAGTTCAAAATCAGTGACACTTACCGCATTGA
CAAGCACGCCTCACGGGAGCTCCAAGCGGCGACTGAGATGTCCTAAATGCACAGCG
ACGGATTCGCGCTATTTAGAAAGAGAGAGCAATATTTCAAGAATGCATGCGTCAATT
TTACGCAGACTATCTTTCTAGGGTTAATCTAGCTGCATCAGGATCATATCGTCGGGT
CTTTTTTCCGGCTCAGTCATCGCCCAAGCTGGCGCTATCTGGGCATCGGGGAGGAAG
AAGCCCGTGCCTTTTCCCGCGAGGTTGAAGCGGCATGGAAAGAGTTTGCCGAGGAT
GACTGCTGCTGCATTGACGTTGAGCGAAAACGCACGTTTACCATGATGATTCGGGAA
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GGTGTGGCCATGCACGCCTTTAACGGTGAACTGTTCGTTCAGGCCACCTGGGATACC
AGTTCGTCGCGGCTTTTCCGGACACAGTTCCGGATGGTCAGCCCGAAGCGCATCAGC
AACCCGAACAATACCGGCGACAGCCGGAACTGCCGTGCCGGTGTGCAGATTAATGA
CAGCGGTGCGGCGCTGGGATATTACGTCAGCGAGGACGGGTATCCTGGCTGGATGC
CGCAGAAATGGACATGGATACCCCGTGAGTTACCCGGCGGGCGCGCTTGGCGTAAT
CATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACAT
ACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCA
CATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGC
TGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTT
CCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTAT
CAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGA
AAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGT
TGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCT
CAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCT
GGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCC
GCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCA
GTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGC
CCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACG
ACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTA
GGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGAC
AGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAG
CTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTITTTTTGTTTGCAAGCA
GCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGG
GTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATC
AAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTA
AAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACC
TATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAG
ATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCG
AGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGG
CCGAGCGCAGAAGTGGTCCTGCAACTTITATCCGCCTCCATCCAGTCTATTAATTGTT
GCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCA
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TTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGG
TTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAG
CTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATG
GTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTG
TGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTT
GCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAA
GTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTG
TTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTA
CTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAG
GGAATAAGGGCGACACGGAAATGTTGAATACTCAT

[00247] The sequence of the PB-iCap8split-ITRGFP-hygro-3 vector is provided below:

[00248] PB-iCap8split-ITRGFP-hygro-3 (16,835 bp) (SEQ ID NO: 32)

[00249] ACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGA
GCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACA
TTTCCCCGAAAAGTGCCACCTAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTT
AAATTTTTGTTAAATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATCCC
TTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACA
AGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTAT
CAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTTTITTTGGGGTCGAGG
TGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACG
GGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGG
CGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCG
CGCTTAATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAACTGTT
GGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGA
TGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGT
AAAACGACGGCCAGTGAGCGCGCCTCGTTCATTCACGTTTTTGAACCCGTGGAGGAC
GGGCAGACTCGCGGTGCAAATGTGTTTTACAGCGTGATGGAGCAGATGAAGATGCT
CGACACGCTGCAGAACACGCAGCTAGATTAACCCTAGAAAGATAATCATATTGTGA
CGTACGTTAAAGATAATCATGCGTAAAATTGACGCATGTGTTTTATCGGTCTGTATA
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TCGAGGTTTATTTATTAATTTGAATAGATATTAAGTTTTATTATATTTACACTTACAT
ACTAATAATAAATTCAACAAACAATTTATTTATGTTTATTTATTTATTAAAAAAAAA
CAAAAACTCAAAATTTCTTCTATAAAGTAACAAAACTTTTATCGAATTCCTGCAGCC
CGGGGGATCCACTAGTTCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTA
ATTACGTCCCTCCCCCGCTAGGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGT
CCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCACGG
GGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGC
AGACACCTGGGGGGATACGGGGAAAAGGCCTCCAAGGCCAGCTTCCCACAATAAGT
TGGGTGAATTTTGGCTCATTCCTCCTTTCTATAGGATTGAGGTCAGAGCTTTGTGATG
GGAATTCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCgcGATCgcTAGeGTTT
AAACTTAAGCTTGGTACCGAGCTCGGATCCACTAGTCCAGTGTGGTGGAATTCCTGC
TTCGCGATGTACGGGCCAGATATACGCGTggccteccgegecgggttttggcgecteccgegggegeceeccte
ctcacggcgagegcetgeeacgtcagacgaagggegeagegagegtectgatecttcegeecggacgetcaggacageggeeegcetgct
cataagactcggcecttagaaccccagtatcagcagaaggacattttaggacgggacttgggtgactctagggeactggttttetttccagaga
geggaacaggcgaggaaaagtagtcecctictcggegattctgeggaggeatctecgtggggcggtgaacgecgatgattatataaggacg
cgecggtecctatcagtgatagagatctecctatcagtgatagagagtgtggcacagetagticegtcgecagecgggatttgggtegeggtt
cttgtttgtggatcgctgtgatcgtcacttgacgaacgegcagccgccATGGCCGCTGATGGCTATCTGCCTGATT
GGCTGGAAGATAACCTGAGTGAGGGCATCCGGGAATGGTGGGCCCTGAAGC ctggagee
ccgaagceccaaagecaaccageaaaageaggacgacggecggggtetggtecticetggetacaagtacctecggacccttcaacggact
cgacaagggggageccgtcaacgeggeggacgeageggcccicgageacgacaaggectacgaccageagetgeaggegggtgac
aatccgtacctgeggtataaccacgecgacgecgagtttcaggagegtetgcaagaagatacgtettttgggggcaacctegggegagea
gtcttccaggecaagaagegggtictcgaaccteteggtetggttgaggaaggegetaagacggetectggaaagaagaggecggtagA
ACCTAGCCCCCAGCGATCTCCAGATTCTTCTACCGGCATCGGCAAAAAGGGCCAAC
AGCCTGCGAGAAAGCGGCTGAACTTCGGCCAGACCGGAGACAGCGAGAGCGTGCCC
GACCCTCAGCCTCTGGGCGAGCCCCCTGCCGCCCCTTCTGGCGTGGGCCCCAACACC
ATGGCCGCCGGCGGCGGAGCCCCTATGGCCGACAACAACGAGGGCGCCGACGGCGT
GGGAAGCAGCAGCGGCAATTGGCACTGCGACTCCACCTGGCTGGGCGACAGAGTGA
TCACCACATCTACAAGAACCTGGGCCCTGCCCACCTACAACAATCACCTGTACAAGC
AGATCAGCAATGGAACCTCTGGAGGCGCCACCAACGATAACACCTACTTTGGCTAC
AGCACCCCTTGGGGATATTTCGACTTCAACCGGTTCCACTGTCACTTCAGCCCTCGG
GACTGGCAGCGTCTCATTAACAATAACTGGGGCTTCAGACCAAAGAGACTGAGCTT

211



WO 2025/096295 PCT/US2024/052959

CAAGCTGTTCAACATCCAGGTGAAGGAAGTGACCCAAAACGAGGGCACCAAGACCA
TCGCCAATAACCTCACCTCCACAATCCAAGTGTTCACCGATTCCGAGTACCAGCTGC
CTTACGTGCTGGGCTCCGCCCACCAGGGCTGCCTGCCACCATTCCCCGCCGACGTGT
TCATGATCCCTCAGTACGGCTACCTGACACTGAACAACGGATCTCAAGCAGTGGGC
AGAAGCTCCTTCTACTGTCTGGAGTACTTCCCTAGCCAGATGCTGAGGACAGGCAAC
AATTTCCAGTTCACCTACACATTCGAGGACGTCCCTTTTCACAGCTCTTATGCCCATA
GCCAGAGCCTGGATAGACTGATGAACCCTCTGATCGACCAGTATCTGTATTACCTGA
GCAGAACGCAAACAACAGGCGGCACCGCTAATACCCAGACCCTGGGTTTCAGCCAA
GGCGGCCCTAACACAATGGCCAATCAGGCCAAAAACTGGCTTCCTGGCCCCTGCTA
CAGACAGCAAAGAGTGAGCACAACCACCGGCCAGAACAACAACTCTAACTTCGCCT
GGACAGCCGGCACCAAATACCACCTGAACGGCAGAAACAGCCTGGCCAACCCTGGA
ATCGCTATGGCTACACACAAGGACGATGAGGAACGGTTCTTCCCCAGCAACGGCAT
CCTGATCTTCGGCAAGCAGAACGCCGCTCGCGACAACGCCGACTACAGCGACGTGA
TGCTGACCAGCGAGGAAGAAATCAAGACAACAAACCCGGTCGCCACCGAGGAATA
CGGCATTGTGGCCGATAACCTGCAGCAGCAGAATACCGCCCCTCAGATCGGCACCG
TGAACTCCCAGGGAGCCCTGCCTGGCATGGTGTGGCAGAACAGAGATGTGTACCTG
CAGGGCCCTATCTGGGCCAAGATCCCCCACACCGACGGAAATTTCCATCCAAGCCCT
CTGATGGGCGGATTTGGCCTGAAGCACCCCCCTCCACAGATTCTCATCAAAAACACA
CCTGTGCCAGCCGACCCTCCCACAACATTTAATCAGTCTAAGCTGAATAGCTTCATC
ACCCAGTACAGCACCGGCCAGGTGTCCGTGGAAATCGAGTGGGAGCTGCAGAAAGA
GAACAGCAAGAGATGGAACCCTGAGATCCAGTACACCAGCAACTACTACAAAAGCA
CAAGCGTGGACTTCGCCGTTAATACTGAGGGCGTCTACTCAGAGCCTCGGCCCATCG
GCACTCGGTACCTGACCAGAAACCTGaatggctaggatccggecggcctgeaggtgtectcacaggaacgaagt
ccctaaagaaacagtggcagecaggtitagecceggaaaacttgtttattgecagettataatggttacaaataaageaatageatcacaaattt
cacaaataaagcatttttttcactgcattctagttgtagtttgtccaaactcatcaatgtatettattgactggattgagggacagececcececaa
agcccccagggatgtaattacgteccteccecgetagggggeageagegagecgeecggggcetecgetecggteeggegeteceeceg
catcceccgagecggeagegtgcggggacageccgggeacggggaaggtegcacgggategetttectetgaacgettctegetgetettt
gagcctgeagacacctggggggatacggggaaaaggcctccaaggecagettcecacaataagttgggtgaattttggeteattectecttt
ctataggattgaggtcagagcGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGG
TCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGC
CCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTT
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CCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGG
TAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATT
GACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGG
GACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGC
GGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAA
GTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGAACCAAAATCAACGGGACT
TTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTAC
GGTGGGAGGTCTATATAAGCAGAGCTCTCCCTATCAGTGATAGAGATCTCCCTATCA
GTGATAGAGATCGTCGACGAGCTCGTTTAGTGAACCGTCAGATCGCCTGGAGACGC
CATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTatcccaattctg
atgcgecggtgatcagatcaaaaacttcagecaggtacggegetaagacggetcctggaaagaagaggecggtagagecatcaccecag
cgttctccagactectctacgggeatcggeaagaaaggecaacageccgecagaaaaagacteaattttggtecagactggegactcagagt
cagttccagaccctcaacctctcggagaacctccageagegecctetggtgtgggacctaatacaatggetgecaggeggtggegeaccaa
tggcagacaataacgaaggegecgacggagtgggtagttcctcgggaaattggeattgegattccacatggetgggegacagagtcatca
ccaccagceacccgaacctgggecctgeccacctacaacaaccacctctacaagcaaatctccaacgggacatcgggaggageeaccaa
cgacaacacctacttcggctacagcaccccctgggegtattttgactttaacagattccactgecacttttcaccacgtgactggcagegacte
atcaacaacaactggggattccggeccaagagactcagceticaagetcttcaacatccaggtcaaggaggteacgcagaatgaaggeace
aagaccatcgccaataacctcaccageaccatccaggtgtttacggactcggagtaccagetgeegtacgtteteggetetgeccaccagg
getgectgecteegticccggeggacgtgttcatgattceccagtacggetacctaacactcaacaacggtagtcaggecgtgggacgetc
ctecttetactgectggaatactttecttcgcagatgetgagaaccggcaacaacttccagtttacttacaccttcgaggacgtgectttccaca
gcagctacgeeccacagecagagettggaccggcetgatgaatectetgattgaccagtacctgtactacttgtetcggactcaaacaacagga
ggcacggcaaatacgcagactctgggcttcagccaaggtgggcctaatacaatggecaatcaggeaaagaactggetgecaggaccectg
ttaccgccaacaacgegtctcaacgacaaccgggcaaaacaacaatageaactttgectggactgetgggaccaaataccatctgaatgga
agaaattcattggctaatcctggeatcgetatggcaacacacaaagacgacgaggagegtttttttcccagtaacgggatectgatttttggea
aacaaaatgctgccagagacaatgeggattacagegatgteatgetcaccagcgaggaagaaatcaaaaccactaaccetgtggetacag
aggaatacggtatcgtggcagataacttgcagcagcaaaacacggcetectcaaattggaactgtcaacagecagggggecttacecggtat
ggtctggcagaaccgggacgtgtacctgcagggteccatctgggecaagattcctcacacggacggeaacttccaccegtetecgetgat
gggeggctttggectgaaacatectcegectcagatectgatcaagaacacgectgtacctgeggatectcegaccaccttcaaccagtcaa
agctgaactctttcatcacgcaatacagecaccggacaggtcagegtggaaattgaatgggagetgecagaaggaaaacagcaagegeteg
aaccccgagatccagtacacctccaactactacaaatctacaagtgtggactttgetgttaatacagaaggcegtgtactctgaacceegecce

attggcacccgttacctcacccgtaatctgtaaactagtttgettgttaatcaataaaccgtttaattegtttcagttgaGCGGCCGTCGA
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GTCTAGAGGGCCCGTTTAAACCCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCA
GCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCC
ACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCAT
TCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACA
ATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACC
AGCTGGGGCTCTAGGGGGTATCCCCGGCGCGCCGAATTCGTTAACAAGCTITAATTAa
CGCgtATAcCTAggATCCGGCCGGecTGCAggTGTCCTCACAGGAACGAAGTCCCTAAA
GAAACAGTGGCAGCCAGGTTTAGCCCCGGAATTGACTGGATTCCTTTTTTAGGGCCC
ATTGGTATGGCTTTTTCCCCGTATCCCCCCAGGTGTCTGCAGGCTCAAAGAGCAGCG
AGAAGCGTTCAGAGGAAAGCGATCCCGTGCCACCTTCCCCGTGCCCGGGCTGTCCCC
GCACGCTGCCGGCTCGGGGATGCGGGGGGAGCGCCGGACCGGAGCGGAGCCCCGG
GCGGCTCGCTGCTGCCCCCTAGCGGGGGAGGGACGTAATTACATCCCTGGGGGCTTT
GGGGGGGGGCTGTCCCTGGCCTCCAAGGCCAGCTTCCCACAATAAGTTGGGTGAATT
TTGGCTCATTCCTCCTTTCTATAGGATTGAGGTCAGAGCTTTGTGATGGGAATTCTGT
GGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCgcGATCgcTAGCAAACGCCAGCAAC
GCGGCCTTTTITACGGTTCCTGGCCTTTITGCTGGCCTTTITGCTCACATGTCCTGCAGGC
AGCTGCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTCGGGCG
ACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGAGTGGCCAA
CTCCATCACTAGGGGTTCCTGCGGCCGCACGCGTGGAGCTAGTTATTAATAGTAATC
AATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTAC
GGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAAT
GACGTATGTTCCCATAGTAACGTCAATAGGGACTTTCCATTGACGTCAATGGGTGGA
GTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTAC
GCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACAT
GACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACC
ATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGG
GGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGCACCAAAATC
AACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGT
AGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGAT
CGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATC
CAGCCTCCGCGGATTCGAATCCCGGCCGGGAACGGTGCATTGGAACGCGGATTCCC

214



WO 2025/096295 PCT/US2024/052959

CGTGCCAAGAGTGACGTAAGTACCGCCTATAGAGTCTATAGGCCCACAAAAAATGC
TTTCTTCTTTTAATATACTTTTTTGTTTATCTTATTTCTAATACTTTCCCTAATCTCTTT
CTTTCAGGGCAATAATGATACAATGTATCATGCCTCTTTGCACCATTCTAAAGAATA
ACAGTGATAATTTCTGGGTTAAGGCAATAGCAATATTTCTGCATATAAATATTTCTG
CATATAAATTGTAACTGATGTAAGAGGTTTCATATTGCTAATAGCAGCTACAATCCA
GCTACCATTCTGCTTTTATTTTATGGTTGGGATAAGGCTGGATTATTCTGAGTCCAAG
CTAGGCCCTTTTGCTAATCATGTTCATACCTCTTATCTTCCTCCCACAGCTCCTGGGC
AACGTGCTGGTCTGTGTGCTGGCCCATCACTTTGGCAAAGAATTGGGATTCGAACAT
CGATTGAATTCTGAATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCC
ATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGA
GGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCG
GCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGT
GCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGC
CCGAAGGCTACGTCCAGGAGCGCACCATCTTCTITCAAGGACGACGGCAACTACAAG
ACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAA
GGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACT
ACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTG
AACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTA
CCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACC
TGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTC
CTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAA
GTACTCAGATCTCGAGCTCAAGTAGGGATCCTCTAGAGTCGACCTGCAGAAGCTTGC
CTCGAGCAGCGCTGCTCGAGAGATCTACGGGTGGCATCCCTGTGACCCCTCCCCAGT
GCCTCTCCTGGCCCTGGAAGTTGCCACTCCAGTGCCCACCAGCCTTGTCCTAATAAA
ATTAAGTTGCATCATTTTGTCTGACTAGGTGTCCTTCTATAATATTATGGGGTGGAGG
GGGGTGGTATGGAGCAAGGGGCAAGTTGGGAAGACAACCTGTAGGGCCTGCGGGGT
CTATTGGGAACCAAGCTGGAGTGCAGTGGCACAATCTTGGCTCACTGCAATCTCCGC
CTCCTGGGTTCAAGCGATTCTCCTGCCTCAGCCTCCCGAGTTGTTGGGATTCCAGGC
ATGCATGACCAGGCTCAGCTAATTTTTGTTTTTTTGGTAGAGACGGGGTTTCACCATA
TTGGCCAGGCTGGTCTCCAACTCCTAATCTCAGGTGATCTACCCACCTTGGCCTCCC
AAATTGCTGGGATTACAGGCGTGAACCACTGCTCCCTTCCCTGTCCTTCTGATTTTGT
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AGGTAACCACGTGCGGACCGAGCGGCCGCAGGAACCCCTAGTGATGGAGTTGGCCA
CTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGGCCGGGCGACCAAAGGTCGCCCGAC
GCCCGGGCTTTGCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAGCTGCCTGCAG
GGGCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCATAC
GTCgtaGCtGATcaATTgGCGCGCCGAATTCGTTAACAAGCTtTAATTAaCGCgtATAcCTA
ggATCCGGCCGGecTGCAggTGTCCTCACAGGAACGAAGTCCCTAAAGAAACAGTGGC
AGCCAGGTTTAGCCCCGGAATTGACTGGATTCCTTTTTTAGGGCCCATTGGTATGGC
TTTTTCCCCGTATCCCCCCAGGTGTCTGCAGGCTCAAAGAGCAGCGAGAAGCGTTCA
GAGGAAAGCGATCCCGTGCCACCTTCCCCGTGCCCGGGCTGTCCCCGCACGCTGCCG
GCTCGGGGATGCGGGGGGAGCGCCGGACCGGAGCGGAGCCCCGGGCGGCTCGCTG
CTGCCCCCTAGCGGGGGAGGGACGTAATTACATCCCTGGGGGCTTTGGGGGGGGGC
TGTCCCTGGCCTCCAAGGCCAGCTTCCCACAATAAGTTGGGTGAATTTTGGCTCATT
CCTCCTTTCTATAGGATTGAGGTCAGAGCggggttggggttgcgccttttccaaggecageectgggtttgegea
gggacgeggctgctetgggegtggticecgggaaacgeageggegecgacectgggtetegeacattettcacgteegttcgeagegtcac
ccggatcttcgecgcetacecttgtgggccecceggegacgcettectgeteccgecectaagtcgggaaggtiecttgeggttegeggcgtec
cggacgtgacaaacggaagcecgceacgtctcactagtaccctcgecagacggacagegecagggagcaatggeagegegecgaccgeg
atgggetgtggecaatageggetgetcagragggrgegeegagaglageggccgggaagggecggtecggeagecegggtetesy
gcggtagtgtggaccctgticetgeecgegeggtgttccgeattetgcaagectecggagegeacgteggeagteggeteectegttgace
gaatcaccgacctetctccccagAAGCTCCCGGGAGCTTGTATATCCATTTTCGGATCTGATCAGC
ACGTGTTGACAATTAATCATCGGCATAGTATATCGGCATAGTATAATACGACAAGGT
GAGGAACgccaccATGAAAAAGCCTGAACTCACCGCGACGTCTGTCGAGAAGTTTCTG
ATCGAAAAGTTCGACAGCGTCTCCGACCTGATGCAGCTCTCGGAGGGCGAAGAATC
TCGTGCTTTCAGCTTCGATGTAGGAGGGCGTGGATATGTCCTGCGGGTAAATAGCTG
CGCCGATGGTTTCTACAAAGATCGTTATGTTTATCGGCACTTTGCATCGGCCGCGCTC
CCGATTCCGGAAGTGCTTGACATTGGGGAATTCAGCGAGAGCCTGACCTATTGCATC
TCCCGCCGTGCACAGGGTGTCACGTTGCAAGACCTGCCTGAAACCGAACTGCCCGCT
GTTCTGCAGCCGGTCGCGGAGGCCATGGATGCGATCGCTGCGGCCGATCTTAGCCA
GACGAGCGGGTTCGGCCCATTCGGACCGCAAGGAATCGGTCAATACACTACATGGC
GTGATTTCATATGCGCGATTGCTGATCCCCATGTGTATCACTGGCAAACTGTGATGG
ACGACACCGTCAGTGCGTCCGTCGCGCAGGCTCTCGATGAGCTGATGCTTTGGGCCG
AGGACTGCCCCGAAGTCCGGCACCTCGTGCACGCGGATTTCGGCTCCAACAATGTCC
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TGACGGACAATGGCCGCATAACAGCGGTCATTGACTGGAGCGAGGCGATGTTCGGG
GATTCCCAATACGAGGTCGCCAACATCTTCTTCTGGAGGCCGTGGTTGGCTTGTATG
GAGCAGCAGACGCGCTACTTCGAGCGGAGGCATCCGGAGCTTGCAGGATCGCCGCG
GCTCCGGGCGTATATGCTCCGCATTGGTCTTGACCAACTCTATCAGAGCTTGGTTGA
CGGCAATTTCGATGATGCAGCTTGGGCGCAGGGTCGATGCGACGCAATCGTCCGATC
CGGAGCCGGGACTGTCGGGCGTACACAAATCGCCCGCAGAAGCGCGGCCGTCTGGA
CCGATGGCTGTGTAGAAGTACTCGCCGATAGTGGAAACCGACGCCCCAGCACTCGT
CCGAGGGCAAAGGAATAGAGCGCGGGGATCTCATGCTGGAGTTCTTCGCCCACCCC
AACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTC
ACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATG
TATCTTATCATGTCTGTAGCIGATZATAcCTAggATCCGGCCGGecTGCAggTGTCCTCA
CAGGAACGAAGTCCCTAAAGAAACAGTGGCAGCCAGGTTTAGCCCCGGAATTGACT
GGATTCCTTTTTAGGGCCCATTGGTATGGCTTTTTCCCCGTATCCCCCCAGGTGTCTG
CAGGCTCAAAGAGCAGCGAGAAGCGTTCAGAGGAAAGCGATCCCGTGCCACCTTCC
CCGTGCCCGGGCTGTCCCCGCACGCTGCCGGCTCGGGGATGCGGGGGGAGCGCCGG
ACCGGAGCGGAGCCCCGGGCGGCTCGCTGCTGCCCCCTAGCGGGGGAGGGACGTAA
TTACATCCCTGGGGGCTTTGGGGGGGGGCTGTCCCTCTAGAGCGGCCGCCACCGCGG
TGGAGCTCCAGCTTTTGTTCCCTTTAGTGAGGGTTAATTAGATCTTAATACGACTCAC
TATAGGGCGAATTGGGTACCGGGCCCCCCCTCGAGGTCGACGGTATCGATAAGCTTG
ATATCTATAACAAGAAAATATATATATAATAAGTTATCACGTAAGTAGAACATGAA
ATAACAATATAATTATCGTATGAGTTAAATCTTAAAAGTCACGTAAAAGATAATCAT
GCGTCATTTTGACTCACGCGGTCGTTATAGTTCAAAATCAGTGACACTTACCGCATT
GACAAGCACGCCTCACGGGAGCTCCAAGCGGCGACTGAGATGTCCTAAATGCACAG
CGACGGATTCGCGCTATTTAGAAAGAGAGAGCAATATTTCAAGAATGCATGCGTCA
ATTTTACGCAGACTATCTTTCTAGGGTTAATCTAGCTGCATCAGGATCATATCGTCGG
GTCTTTTTTCCGGCTCAGTCATCGCCCAAGCTGGCGCTATCTGGGCATCGGGGAGGA
AGAAGCCCGTGCCTTTTCCCGCGAGGTTGAAGCGGCATGGAAAGAGTTTGCCGAGG
ATGACTGCTGCTGCATTGACGTTGAGCGAAAACGCACGTTTACCATGATGATTCGGG
AAGGTGTGGCCATGCACGCCTTTAACGGTGAACTGTTCGTTCAGGCCACCTGGGATA
CCAGTTCGTCGCGGCTTTTCCGGACACAGTTCCGGATGGTCAGCCCGAAGCGCATCA
GCAACCCGAACAATACCGGCGACAGCCGGAACTGCCGTGCCGGTGTGCAGATTAAT
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GACAGCGGTGCGGCGCTGGGATATTACGTCAGCGAGGACGGGTATCCTGGCTGGAT
GCCGCAGAAATGGACATGGATACCCCGTGAGTTACCCGGCGGGCGCGCTTGGCGTA
ATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAAC
ATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACT
CACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCA
GCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCT
CTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGG
TATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCA
GGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCG
CGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGAC
GCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCC
CCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGT
CCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCT
CAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCA
GCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACA
CGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATG
TAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGG
ACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGT
AGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTITTTGTTTGCAAG
CAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACG
GGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTA
TCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATC
TAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCA
CCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGT
AGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCG
CGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAG
GGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTG
TTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGC
CATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCC
GGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTT
AGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTC
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ATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTT
CTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGA
GTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAA
AAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGC
TGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTT
TACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAA

AGGGAATAAGGGCGACACGGAAATGTTGAATACTCAT

[00250] The sequence of the PB-iCap8split-ITR GFP-hygro-4 vector is provided below:

[00251] PB-iCap8split-ITRGFP-hygro-4 (17.649 bp) (SEQ ID NO: 33)

[00252] actcttcctttttcaatattattgaagcatttatcagggttattgtctcatgageggatacatatttgaatgtatttagaaaaataaaca
aataggggttecgegeacatttccccgaaaagtgecacctaaattgtaagegttaatattttgttaaaattcgegttaaatttttgttaaatcagete
attttttaaccaataggccgaaatcggcaaaatcecttataaatcaaaagaatagaccgagatagggttgagtgttgttccagtttggaacaag
agtccactattaaagaacgtggactccaacgtcaaagggegaaaaaccgtetatcagggegatggeecactacgtgaaccatcaccctaat
caagttttttggggtcgaggtgccgtaaageactaaatcggaaccctaaagggageecccgatttagagettgacggggaaagecggcga
acgtggcgagaaaggaagggaagaaagegaaaggagegggegctagggegcetggeaagtgtageggtcacgetgegegtaaccace
acacccgecgegcttaatgegecgetacagggegegteccattcgecattcaggetgegeaactgttgggaagggcgatcggtecgggc
ctcttegetattacgecagetggegaaagggggatgtactgcaaggegattaagttgggtaacgecagggttttcecagtcacgacgttgta
aaacgacggccagtgagegcgectegttcattcacgtttttgaaccegtggaggacgggcagactegeggtgcaaatgtgttttacagegtg
atggagcagatgaagatgctcgacacgetgeagaacacgeagetagattaaccctagaaagataatcatattgtgacgtacgttaaagataa
tcatgcgtaaaattgacgeatgtgttttatcggtetgtatatcgaggtttatttattaatttgaatagatattaagttttattatatttacacttacatacta
ataataaattcaacaaacaatttatttatgtttatttatttattanaaaaaaacaaaaactcaaaatttcttctataaagtaacaaaacttttatcgaatt
cctgecageecgggggatecactagtictagagggacageccececcccaaageccccagggatgtaattacgteectecceccgetagggg
gcagcagegagecgeeeggggeteegeteeggtecggegeteceeecgeateecegageeggeagegtgeggggacagecegggcea
cggggaaggtggcacgggatcgctttcctetgaacgcettctegetgetcetttgagectgecagacacctggggggatacggggaaaaggee
tccaaggecagetteccacaataagtigggtgaattttggeteattectectttctataggattgaggtcagagcetttgtgatgggaatctgtgg
aatgtggtgagtagegggctgctgggctggecggggctttegtggecgecgggecgeteggtgggacggaagegtgtggagagaccgc
caagggctgtagtctgggtccgegageaaggtigecctgaactgggggttgggogoagcgcagcaaaatggeggcetgttcecgagtett
gaatggaagacgcttgtgaggcgggctgtgaggtcgttgaaacaaggtggeggecatgetggacggcaagaacccaaggtcttgagge
cttcgctaatgecgggaaagetettattcgggtgagatgggctggggcaccatetggggaccetgacgtgaagtttgtcactgactggagaac
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teggtttgtegtetgttgcgggggcggcagttatggcggteccgttgggcagtgcaceegtacctttgggagegegegeectegtegtgteg
tgacgtcaccegttetgttggcettataatgcagggtegggccacctgecggtaggtatgeggtaggcttttctccgtecgeaggacgeagggtt
cgggcctagggtaggctctcetgaatcgacaggegecggacctctggtgagggoaggoataagtgaggcgtcagttictitggteggtttta
tgtacctatcttcttaagtagetgaagcetecggttttgaactatgegetcggggttggcgagtstatittgtgaagtttittaggeaccttttgaaat
gtaatcatttgggtcaatatgtaattttcagtgttagactagtaaattgtccgetaaattetggecgtttttggcttttttgttagactgtcagttagggt
gtggaaagtccecgegategetagegtttaaacttaagettggtaccgageteggateeactagtccagtgtggtggaattectgettcgegat
gtacgggccagatatacgegtggectccgegeegggttttggegecteecgegggegeccecctectcacggegagegetgecacgtea
gacgaagggegeagegagcegtectgatecttecgeeeggacgetcaggacageggeccgetgetcataagacteggecttagaaceeca
gtatcagcagaaggacattttaggacgggacttgggtgactctagggeactggttttctttccagagagcggaacaggegaggaaaagtag
tecctteteggegattetgeggagggatetecgtggggcggtgaacgeegatgattatataaggacgegeeggtecctatcagtgatagag
atctccctatcagtgatagagagtgtggcacagcetagttcegtegeagecgggatttgggtegeggttetigtttatggatcgetgtgategte
acttgacgaacgcgeagecgecatggecgetgatggctatetgectgattggctggaagataacctgagtgagggcatccgggaatggtg
ggecctgaagectggagecccgaageccaaagecaaccageaaaageaggacgacggecggggtetggtacttectggetacaagtac
ctcggacccttcaacggactcgacaagggggageccgtcaacgeggeggacgeageggecctcgageacgacaaggectacgacea
gcagctgcaggegggtgacaatccgtacctgeggtataaccacgecgacgecgagtttcaggagegtcetgcaagaagatacgtettttgg
gggcaacctcgggcgagcagtcticcaggecaagaagegggttctcgaaccteteggtetggttgaggaaggcgetaagacggetectg
gaaagaagaggcecggtagaacctageeccecagegatetecagattetictaccggeatcggeaaaaagggecaacagectgegagaaa
gcggcetgaacttcggecagaccggagacagegagagegtgeecgaccectcagectetgggegageccectgecgececttctggegtg
ggccccaacaccatggecgecggcggeggageecctatggecgacaacaacgagggegecgacggegtgggaageageageggcea
attggcactgcgactccacctggetgggegacagagtgatcaccacatctacaagaacctgggecctgeccacctacaacaatcacctgta
caagcagatcagcaatggaacctctggaggegecaccaacgataacacctactttggetacageaccecttggggatatttcgacttcaace
ggttccactgtcacttcageectegggactggeagegtceteattaacaataactggggcttcagaccaaagagactgagcettcaagetgttca
acatccaggtgaaggaagtgacccaaaacgagggeaccaagaccatcgecaataacctcacctccacaatccaagtgttcaccgattecg
agtaccagctgecttacgtgetgggcetecgeccaccagggetgectgecaccattceecgecgacgtgttcatgateectcagtacggetac
ctgacactgaacaacggatctcaagcagtgggcagaagcetectictactgtetggagtacttcectagecagatgetgaggacaggeaaca
atttccagttcacctacacattcgaggacgtccecttttcacagetcttatgeccatagccagagectggatagactgatgaaccctetgatcgac
cagtatctgtattacctgagcagaacgcaaacaacaggeggeaccgcetaatacccagaccctgggtitcagecaaggeggecctaacaca
atggccaatcaggecaaaaactggcettectggeccctgetacagacageaaagagtgageacaaccaccggecagaacaacaactetaa
cttcgectggacagecggeaccaaataccacctgaacggeagaaacagectggecaaccctggaategetatggetacacacaaggacg
atgaggaacggttcttccccageaacggeatectgatcttcggcaageagaacgecgetegegacaacgecgactacagegacgtgatge

tgaccagcgaggaagaaatcaagacaacaaacceggtcgecaccgaggaatacggeattgtggccgataacctgcageageagaatac
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cgeccectcagatcggeaccgtgaacteccagggagecctgectggeatggtgtggcagaacagagatgtgtacctgecagggecectatcetg
ggecaagatcceccacaccgacggaaatttccatccaagecctctgatgggeggatttggectgaageaccecectecacagattctcate
aaaaacacacctgtgccagecgacccteccacaacatttaatcagtctaagetgaatagettcatcacccagtacageaccggecaggtgte
cgtggaaatcgagtggoagetgcagaaagagaacageaagagatggaacectgagatccagtacaccageaactactacaaaageaca
agcgtggacttcgecgttaatactgagggcegtetactcagagectcggeccateggeacteggtacctgaccagaaacctgaatggctagg
atccggecggectgeaggtgtectcacaggaacgaagtecctaaagaaacagtggeagecaggtttagecccggaaaacttgtttattgea
gcttataatggttacaaataaagcaatageatcacaaatttcacaaataaagceatttttttcactgcattctagttgtggtttatccaaactcatcaat
gtatcttattgactggattgagggacagccccoccccaaagecocccagggatgtaattacgteoctecccegetagggggeageagegag
ccgeecggggctecgetecggtecggegetccececcgeatcccegagecggeagegtgcggggacageecgggcacggggaaggate
gcacgggatcgctttcctetgaacgcttctegetgcetetttgagectgeagacacctggggggatacggggaaaaggectccaaggecage
ttcccacaataagttgggtgaattttggcteattcctectttctataggattgaggtcagagegacattgattattgactagttattaatagtaatca
attacggggtcattagttcatagcccatatatggagttccgegttacataacttacggtaaatggecegectggetgaccgeccaacgaccee
cgcccattgacgtcaataatgacgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggagtatttacggtaaactg
cccacttggcagtacatcaagtgtatcatatgecaagtacgeccectattgacgtcaatgacggtaaatggeecgectggeattatgeccagt
acatgaccttatgggactttcctacttggcagtacatctacgtattagtcatcgctattaccatggtgatgcggttttggcagtacatcaatgggce
gtggatagcggtttgactcacggggatttccaagtctccaccecattgacgtcaatgggagtttgttttggaaccaaaatcaacgggactttce
aaaatgtcgtaacaactccgececcattgacgcaaatgggeggtaggegtgtacggtgggaggtctatataagcagagetcteectatcagtg
atagagatctccctatcagtgatagagatcgtcgacgagcetegtttagtgaacegtcagatcgectggagacgecatccacgetgttttgace
tccatagaagacaccgggaccgatccagectatcecaattctgatgegecggtgatcagatcaaaaactticagecaggtacggegctaaga
cggctectggaaagaagaggecggtagagecatcaceeccagegttctccagactectctacgggeatcggcaagaaaggecaacagee
cgccagaaaaagactcaattttggtcagactggegactcagagtcagttccagacectcaacctetcggagaaccteccageagegeectct
ggtotgggacctaatacaatggetgeaggeggtegegcaccaatggcagacaataacgaaggegecgacggagteggatagttcctegg
gaaattggcattgcgattccacatggetgggegacagagtecatcaccaccageacccgaacctgggecctgeccacctacaacaaccace
tctacaagcaaatctccaacgggacatcgggaggagecaccaacgacaacacctacttcggetacagecacceectgggggtattttgacttt
aacagattccactgcecacttttcaccacgtgactggcagegactcatcaacaacaactggggattccggeccaagagactcagettcaaget
cttcaacatccaggtcaaggaggtcacgcagaatgaaggcaccaagaccatcgecaataacctcaccageaccatccaggtgtitacgga
ctcggagtaccagcetgecgtacgttctcggetetgeoccaccagggetgoctgectecgttcccggeggacgtgttcatgattceccagtacg
gctacctaacactcaacaacggtagtcaggecgtgggacgcetectecttetactgectggaatactttecttcgeagatgetgagaaceggea
acaacttccagtttacttacaccttcgaggacgtgcctttccacagcagetacgeccacagecagagettggaccggetgatgaatectetga
ttgaccagtacctgtactacttgtctcggactcaaacaacaggaggcacggceaaatacgcagactetgggcttcagecaaggtgggcctaat

acaatggccaatcaggcaaagaactggetgecaggaccctgttaccgecaacaacgegtetcaacgacaaccgggeaaaacaacaatag

221



WO 2025/096295 PCT/US2024/052959

caactttgcetggactgetgggaccaaataccatctgaatggaagaaatteattggctaatectggeatcgetatggcaacacacaaagacg
acgaggagcgtttttttcccagtaacgggatcctgatttttggcaaacaaaatgetgecagagacaatgeggattacagegatgtcatgetea
ccagcgaggaagaaatcaaaaccactaaccctgtggetacagaggaatacggtatcgtggeagataacttgcagcagcaaaacacggct
cctcaaattggaactgtcaacagecagggggccttacccggtatggtetggeagaaccgggacgtgtacctgeagggteccatetgggee
aagattcctcacacggacggcaacttccacccgtetecgetgatgggeggctttggectgaaacatectccgectcagatectgatcaagaa
cacgcectgtacctgeggateetecgaccaccttcaaccagtcaaagetgaactetttcatcacgcaatacagcaccggacaggteagegtg
gaaattgaatgggagctgcagaaggaaaacageaagegetggaaccecgagatecagtacacctccaactactacaaatctacaagtgtg
gactttgetgttaatacagaaggcgtgtactctgaaccccgecccattggeaccegttacctcacccgtaatetgtaaactagtttgettgttaat
caataaaccgtttaattcgtttcagttgageggecgtegagtctagagggcccegtttaaaccegetgatcagectegactgtgecttetagttge
cagccatctgttgtttgccecteececegtgecttecttgacectggaaggtgccacteecactgtectttcctaataaaatgaggaaattgeate
gcattgtctgagtaggtgtcattetattctggggogtogootagoocaggacagcaagggggaggattgggaagacaatagcaggcatge
tggggatgcggtggactctatggcttctgaggcggaaagaaccagetggggctetaggggstatccecggegegecgaattegttaacaa
gctttaattaacgcgtatacctaggatccggecggectgeaggtgtectcacaggaacgaagtccctaaagaaacagtggecagecaggttt
agccccggaattgactggattecttttttagggcccattggtatggctttttcceegtatceccccaggtgtetgcaggetcaaagageagega
gaagcgttcagaggaaagcgatccegtgecaccttcececgtgeeccgggcetgteececgeacgetgecggetcggggatgeggggogooagc
geecggaccggageggageccegggeggcetegetgetgeccectagegggggagagacgtaattacatcectgggggctitggggegg
ggctgteectggectccaaggecagcetticccacaataagttgggotgaattttggetcattectectttctataggattgaggtcagagcetttgtga
tgggaattctgtggaatgtgtgtcagttagggetgtegaaagtcccgegategetagcaaacgecageaacgeggcectttttacggtteetgge
cttttgetggecttttgcteacatgtectgeaggeagetgegegetegetegeteactgaggecgeccgggeaaageccgggegteggece
acctttggtegeccggectcagtgagegagegagegegeagagagggagtggecaactcecatcactaggggttectgeggecgeacge
gtggagctagttattaatagtaatcaattacggggtcattagttcatageccatatatggagttcegegttacataacttacggtaaatggeccg
cctggetgacecgeccaacgacccecgeccattgacgtcaataatgacgtatgtticecatagtaacgtcaatagggactttccattgacgtcaa
tgggtogagtatttacggtaaactgeccacttggcagtacatcaagtgtatcatatgccaagtacgeccectattgacgtcaatgacggtaaat
ggeccgcectggcattatgeccagtacatgaccttatgggactttectacttggeagtacatctacgtattagtcatcgetattaccatggtgatge
ggttttggcagtacatcaatgggegtggatageggtttgactcacggggatttccaagtcteccaccccattgacgtcaatgggagtttgttttae
accaaaatcaacgggactttccaaaatgtcgtaacaactccgecccattgacgcaaatgggeggtaggcgtatacggtgggaggtctatat
aagcagagctegtttagtgaaccgtcagatcgectggagacgecatccacgetgttttgacctccatagaagacaccgggaccgatccage
ctccgeggattcgaatcecggecgggaacggtgeattggaacgeggattcoccgtgecaagagtgacgtaagtaccgectatagagtetat
aggcccacaaaaaatgctttcttcttttaatatacttttttgtttatcttatttctaatactttccctaatctetttctttcagggcaataatgatacaatgt
atcatgcctctttgcaccattctaaagaataacagtgataatttctgggttaaggcaatagcaatatttctgeatataaatatttctgeatataaattg
taactgatgtaagaggtttcatattgctaatagcagctacaatccagctaccattctgcttttattttatggttggcataaggetggattattctgagt
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ccaagctaggcccttttgetaatcatgttcatacctcttatettectcccacagetectgggeaacgtgctggtetgtatgctggeccateactttg
gcaaagaattgggattcgaacatcgattgaattctgaatggtgagecaagggegaggagcetgttcaccggggtggtacecatectggtegag
ctggacggcgacgtaaacggccacaagticagegtgtccggegagggegagggcgatgecacctacggeaagetgacectgaagttca
tctgecaccaccggeaagetgeecgtgecctggeccacectegtgaccaccectgacctacggegtgeagtgcettcagecgetaceeegace
acatgaagcagcacgacttcttcaagtccgecatgeccgaaggetacgtccaggagegeaccatcttettcaaggacgacggeaactaca
agacccgegecgaggtgaagticgagggegacacectggtgaaccgeatcgagetgaagggcategacttcaaggaggacggeaacat
cctggggcacaagetggagtacaactacaacagecacaacgtetatatcatggecgacaageagaagaacggeatcaaggtgaacttcaa
gatccgecacaacatcgaggacggeagegtgeagetegecgaccactaccageagaacacceccatcggegacggecccgtgetgetg
cccgacaaccactacctgageacccagtecgecctgageaaagaccccaacgagaagegegatcacatggtectgetggagttcgtgac
cgeegecgggatcactetcggeatggacgagetgtacaagtactcagatctcgagetcaagtagggatectctagagtcgacctgeagaa
gettgectcgageagegcetgetcgagagatctacgggtggceatecctgtgaccectecccagtgectctectggecctggaagttgecacte
cagtgcccaccagecttgtectaataaaattaagttgcatcattttgtetgactaggtgtecttctataatattatggggtegageogootootat
ggagcaagggocaagttgggaagacaacctgtagggectgeggggtctattgggaaccaagcetggagtgcagtggeacaatcttggete
actgcaatctcegectectgggttcaagegattctectgectcagectcccgagttgttgggattccaggeatgeatgaccaggetcagetaat
ttttgttittttggtagagacggggtttcaccatattggccaggcetggtctccaactectaatctcaggtgatctacccaccttggectecccaaatt
gctgggattacaggcgtgaaccactgetcectteectgtectictgattttgtaggtaaccacgtgeggaccgageggecgeaggaaccect
agtgatggagttggccacteectetetgegegetegetegetcactgaggecgggegaccaaaggtegeeccgacgeccgggctttgeeeg
ggeggectcagtgagegagegagegegeagetgectgcaggggegectgatgeggtattttcteettacgeatetgtgeggtatttcacac
cgcatacgtcgtagetgatcaattggegegecgaattcgttaacaagctitaattaacgegtatacctaggatceggecggectgcaggtgte
ctcacaggaacgaagtccctaaagaaacagtggeagecaggtttagececeggaattgactggattecttttitagggcccattggtatggettt
ttcccegtatcceececaggtgtetgcaggetcaaagageagegagaagegttcagaggaaagegateccgtgecaccttcceegtgeecg
ggctgtceecgeacgetgecggetcggggatgegeggogagegeeggaccggageggagecccgggeggetegetgetgeceecta
gcgggggagogacgtaattacatccetgggggctttggggggogoctgatecctggectccaaggecagettcccacaataagttgggtga
attttggctcattcctectttctataggattgaggtcagageggggttggggttacgecttttccaaggeageectgggtttgegeagggacge
ggctgetetgggegtggttccgggaaacgeageggegecgaccetgggtetecgeacattettcacgtecgttcgeagegtcacccggatet
tcgecgcetaceettgtgggecceccggegacgcetteetgetecgeccctaagtcgggaaggttecttgeggttegeggegtgecggacgtg
acaaacggaagccgceacgtctcactagtaccetcgecagacggacagegecagggageaatggeagegegecgacegegatgggetgt
ggccaatageggcetgrtcageagggcgcgrecgagagagreeccgggaagggecggtecgggagecgeggtgtegoocagatagte
tgggcecectgttcctgecegegeggtgticegeattctgeaagecteceggagegeacgteggeagtecggcetecctegttgaccgaatcaccg
acctctctcecccagaagetecccgggagcettgtatatceattttcggatctgatcageacgtgttgacaattaatcatcggeatagtatatcggea

tagtataatacgacaaggtgaggaacgcecaccatgaaaaagectgaactcaccgegacgtetgtcgagaagtttctgatcgaaaagttcga
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cagcgtctcecgacctgatgeagetetcggaggecgaagaatctegtgctttcagettcgatgtaggagggcgtggatatgtectgegggtaa
atagctgecgecgatggtttctacaaagategttatgtttatcggceactttgcatcggecgegeteccgattccggaagtgctigacattgggga
attcagcgagagcectgacctattgeatctccegecgtgeacagggtgtcacgttgecaagacctgectgaaaccgaactgeecgetgttetge
agccggtecgeggaggecatggatgegategetgeggecgatcttageccagacgagegggtteggeccattcggaccgcaaggaatcgg
tcaatacactacatggegtgatttcatatgegegattgctgatceecatgtgtatcactggeaaactgtgatggacgacacegteagtgegtee
gtcgegeaggctetegatgagetgatgettitgggecgaggactgecccgaagtecggeacctegtgeacgeggatttcggcetccaacaat
gtectgacggacaatggecgeataacageggteattgactggagegaggcegatgttcggggattcecaatacgaggtegecaacatettet
tctggaggeegtggttggcttgtatggageageagacgegetacttcgageggaggeatccggagettgeaggategecgeggetecgg
gegtatatgetcegceattggtcttgaccaactctatcagagcettggtigacggceaatttcgatgatgeagettgggegeagggtegatgegac
gcaatcgtcegatccggagecgggactgtecgggegtacacaaatcgeccgeagaagegeggecegtetggacegatggetgtgtagaagt
actcgccgatagtggaaaccgacgecccageactcgtccgagggcaaaggaatagagegeggggatctcatgetggagttettcgeeca
ccccaacttgtttattgcagcettataatggttacaaataaagcaatageatcacaaatttcacaaataaageatttttttcactgceattctagttgtg
gtttgtccaaactcatcaatgtatcttatcatgtctgtagetgatgtatacctaggatcecggecggcectgecaggtgtectcacaggaacgaagtc
cctaaagaaacagtggcagccaggtttageecceggaattgactggattectttttagggeccattggtatggctttttccecgtatcecceccag
gtgtctgcaggctcaaagageagegagaagegticagaggaaagegatcccgtgecaccttecceegtgeeccgggcetgtecccgeacgct
geeggceteggggatgcggogooaocgccggaccggageggageeccgggeggctegetgetgeccectagegggggagggacgta
attacatccctgggggctttgggggggogctgteectctagageggecgecaccgeggtggagetecagettttgtteectitagtgagggtt
aattagatcttaatacgactcactatagggcgaattgggtaccgggecceccctcgaggtcgacggtatcgataagettgatatctataacaa
gaaaatatatatataataagttatcacgtaagtagaacatgaaataacaatataattatcgtatgagttaaatcttaaaagtcacgtaaaagataat
catgcgtcattttgactcacgcggtcgttatagttcaaaatcagtgacacttaccgeattgacaagcacgectcacgggagetccaagegge
gactgagatgtcctaaatgcacagegacggattcgegcetatttagaaagagagageaatatttcaagaatgeatgegteaattttacgcagac
tatctttctagggttaatctagctgeatcaggatcatatcgtcgggtcttttttccggetcagtcatcgeccaagetggegetatctgggeatcgg
ggaggaagaagcccgtgccttticccgegaggttgaageggcatggaaagagtttgecgaggatgactgctgctgcattgacgttgageg
aaaacgcacgtttaccatgatgattcgggaaggtgtggccatgeacgcectttaacggtgaactgttcgttcaggecacctgggataccagttc
gtcgeggcttttceggacacagttceggatggteageccgaagegeatcageaacccgaacaataccggegacagecggaactgecgtg
ccggtgtgcagattaatgacageggtgcggegetgggatattacgtcagegaggacgggtatectggetggatgecgeagaaatggacat
ggatacccegtgagttacccggegggegegettggegtaatcatggteatagetgtttectgtgtgaaattgttatccgeteacaattccacac
aacatacgagccggaagcataaagtgtaaageetggggtgcctaatgagtgagetaactcacattaattgegttgegetcactgeccgcttte
cagtcgggaaacctgtcgtgccagetgeattaatgaatcggeccaacgegeggggagaggeggtitgegtattgggcgctcetteccgettect
cgctcactgactegetgegeteggtegttcggetgeggegageggtatcagetcactcaaaggeggtaatacggttatccacagaatcagg

ggataacgcaggaaagaacatgtgagcaaaaggccagecaaaaggccaggaaccgtaaaaaggecgegttgetggcgtttttccatagge
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tcegeeccecctgacgageatcacaaaaatcgacgetcaagtcagaggtggcgaaacccgacaggactataaagataccaggegttteeee
ctggaagctccctegtgegetetectgttcegacectgecgettaccggatacetgtecgectttcteccttcgggaagegtggcgcttteteat
agctcacgcetgtaggtatctcagttcggtgtaggtegttcgetccaagetgggctgtgtgcacgaaccecccgttcageccgaccgetgege
cttatccggtaactatcgtcttgagtccaacccggtaagacacgacttatcgecactggcageagecactggtaacaggattagcagagega
ggtatgtaggcggtactacagagttcttgaagtggtggcctaactacggetacactagaaggacagtatttggtatetgegcetctgetgaage
cagttaccttcggaaaaagagttggtagcetctigatccggcaaacaaaccaccgetggtageggtagtttttttotttgcaagcageagattac
gcgcagaaaaaaaggatctcaagaagatectttgatcttttctacggggtetgacgctcagtggaacgaaaactcacgttaagggattttggt
catgagattatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgaca
gttaccaatgcttaatcagtgaggcacctatctcagegatctgtetatttegttcatccatagttgectgactccecgtegtgtagataactacgat
acgggagggcttaccatctggecccagtgetgcaatgataccgegagacccacgetcaccggetecagatttatcageaataaaccagee
agccggaagggccgagegcagaagtggtectgeaactttatcegectecatccagtetattaattgttgccgggaagetagagtaagtagtt
cgccagttaatagtttgcgcaacgttgttgecattgetacaggcategtggtgtcacgetegtegtitggtatggctteattcagetecggttecee
aacgatcaaggcgagttacatgatcccccatgtigtgcaaaaaageggttagetecttcggtecteecgategttgtcagaagtaagttggecg
cagtgttatcactcatggttatggcagcactgcataattctettactgtcatgecatccgtaagatgcttttctgtgactggtgagtactcaaccaa
gtcattctgagaatagtgtatgcggcgaccgagttgcetettgeccggegtcaatacgggataataccgegecacatagcagaactttaaaagt
gctcatcattggaaaacgttcticgggecgaaaactctcaaggatcttaccgetgttgagatccagttcgatgtaacccactcgtgcacccaa
ctgatcttcagcatcttttactttcaccagegtttctgggtgagcaaaaacaggaaggcaaaatgecgeaaaaaagggaataagggegacac

ggaaatgttgaatactcat
[00253] The sequence of the pPPBBG-iCap8cd-ITRGFP-hygro vector is provided below:

[00254] pPBBG-iCap8cd-ITRGFP-hygro (14,262 bp) (SEQ ID NO: 34)

[00255] ACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGA
GCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACA
TTTCCCCGAAAAGTGCCACCTAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTT
AAATTTTTGTTAAATCAGCTCATTTTITTAACCAATAGGCCGAAATCGGCAAAATCCC
TTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACA
AGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTAT
CAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGAGG
TGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACG
GGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGG
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CGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCG
CGCTTAATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAACTGTT
GGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGA
TGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGT
AAAACGACGGCCAGTGAGCGCGCCTCGTTCATTCACGTTTTTGAACCCGTGGAGGAC
GGGCAGACTCGCGGTGCAAATGTGTTTTACAGCGTGATGGAGCAGATGAAGATGCT
CGACACGCTGCAGAACACGCAGCTAGATTAACCCTAGAAAGATAATCATATTGTGA
CGTACGTTAAAGATAATCATGCGTAAAATTGACGCATGTGTTTTATCGGTCTGTATA
TCGAGGTTTATTTATTAATTTGAATAGATATTAAGTTTTATTATATTTACACTTACAT
ACTAATAATAAATTCAACAAACAATTTATTTATGTTTATTTATTTATTAAAAAAAAA
CAAAAACTCAAAATTTCTTCTATAAAGTAACAAAACTTTTATCGAATTCCTGCAGCC
CGGGGGATCCACTAGTTCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTA
ATTACGTCCCTCCCCCGCTAGGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGT
CCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCACGG
GGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGC
AGACACCTGGGGGGATACGGGGAAAAGGCCTCCAAGGCCAGCTTCCCACAATAAGT
TGGGTGAATTTTGGCTCATTCCTCCTTTCTATAGGATTGAGGTCAGAGCTTTGTGATG
GGAATTCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCgcGATCgcTAGCGTTT
AAACTTAAGCTTGGTACCGAGCTCGGATCCACTAGTCCAGTGTGGTGGAATTCCTGC
TTCGCGATGTACGGGCCAGATATACGCGTTGACATTGATTATTGACTAGTTATTAAT
AGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACAT
AACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGT
CAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAAT
GGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGC
CAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCC
AGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGC
TATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGA
CTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGAA
CCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAAT
GGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTCCCTATCAGTG
ATAGAGATCTCCCTATCAGTGATAGAGATCGTCGACGAGCTCGTTT Aagttgcgcagecatcg
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acgtcagacgcggaagcttcgatcaactacgcagacaggtaA GTaaacaaatgtictcgtcacgtgggcatgaatctgatgetgttteect
gcagacaatgcgagagaatgaatcagaattcaaatatctgettcactcacggacagaaagactgtttagagtgctttcecgtgtcagaatcete
aacccgtttetgtcgtcaaaaaggcegtatcagaaactgtgctacattcatcatatcatgggaaaggtgecagacgettgeactgectgegatct
ggtcaatgtggatttogatgactgcatctttgaacaataaatgatttaaatcaggtatggetgecgatggttatcttccagattggctcgaggac
aacctctctgagggcattcgegagtggtgggegetgaaacctggagecccgaageccaaagecaaccageaaaageaggacgacgge
cggggtetggtgcttcctggctacaagtacctcggaccecttcaacggactcgacaagggggageecgtcaacgeggcggacgcageeg
ccctcgageacgacaaggectacgaccageagetgcaggegggtgacaateegtacctgeggtataaccacgecgacgecgagtttcag
gagcgtetgcaagaagatacgtettttgggggcaacctecgggegageagtettccaggecaagaagegggttetegaacctcteggtetgg
ttgaggaaggcegctaagacggetectggaaagaagaggecggtagagecatcaceccagegttetecagactectctacgggeategge
aagaaaggccaacagcccgecagaaaaagactcaattttggtcagactggegactcagagteagttccagaccetcaacctetcggagaa
cctccageagegecctetggtgtggoacctaatacaatggetgcaggeggtegcgeaccaatggcagacaataacgaaggegecgacg
gagtgggtagttcctcgggaaattggceattgcgattccacatggetgggegacagagtcatcaccaccageaccecgaacctgggccctge
ccacctacaacaaccacctctacaagcaaatctccaacgggacatcgggaggagecaccaacgacaacacctacttcggcetacageacc
ccetgggggtattttgactttaacagattccactgecacttttcaccacgtgactggcagegactcatcaacaacaactggggattccggece
aagagactcagcttcaagctcttcaacatccaggtcaaggaggtcacgcagaatgaaggceaccaagaccatcgecaataacctcaccage
accatccaggtgtttacggactcggagtaccagetgecgtacgttctcggcetctgeccaccagggcetgectgecteegttceccggeggacgt
gttcatgattccccagtacggetacctaacactcaacaacggtagtcaggecgtgggacgetectectictactgectggaatactttectteg
cagatgctgagaaccggceaacaacttccagtttacttacaccttcgaggacgtgectttccacageagetacgeccacagecagagetigga
ccggctgatgaatcctctgattgaccagtacctgtactacttgtetcggactcaaacaacaggaggeacggcaaatacgeagactetgggct
tcagccaaggtgggectaatacaatggecaatcaggeaaagaactggetgecaggaccctgttaccgecaacaacgegtctcaacgacaa
ccgggcaaaacaacaatagcaactttgcetggactgetgggaccaaataccatctgaatggaagaaattcattggetaatectggeateget
atggcaacacacaaagacgacgaggagcegtttttttcccagtaacgggatectgatttttggcaaacaaaatgetgccagagacaatgegga
ttacagcgatgtcatgetcaccagcgaggaagaaatcaaaaccactaaccetgtggetacagaggaatacggtatcgtgecagataacttg
cagcagcaaaacacggcetcctcaaattggaactgtcaacagecagggggecttacceggtatggtetggeagaaccgggacgtgtaccetg
cagggtcccatctgggccaagattcctcacacggacggeaacttccaccegtetecgetgatgggeggetttggectgaaacatecteege
ctcagatcctgatcaagaacacgectgtacctgeggatectecgaccaccttcaaccagtcaaagetgaactctttcatcacgceaatacagea
ccggacaggtcagegtggaaattgaatgggagctgcagaaggaaaacagcaagegetggaaccccgagatccagtacacctecaacta
ctacaaatctacaagtgtggactttgetgttaatacagaaggegtgtactctgaacceecgecccattggeaccegttacctcaccegtaatctg
taaactagtttgcttgttaatcaataaaccgtttaattcgtttcagttgaGCGGCCGTCGAGTCTAGAGGGCCCGTTTA
AACCCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCC
TCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAA
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ATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGG
TGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGA
TGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTGGGGCTCTAGGGGGT
ATCCCCGGCGCGCCGAATTCGTTAACAAGCTITAATTAaCGCgtATAcCTAggATCCGGC
CGGecTGCAgeTGTCCTCACAGGAACGAAGTCCCTAAAGAAACAGTGGCAGCCAGGT
TTAGCCCCGGAATTGACTGGATTCCTTTTTTAGGGCCCATTGGTATGGCTTTTTCCCC
GTATCCCCCCAGGTGTCTGCAGGCTCAAAGAGCAGCGAGAAGCGTTCAGAGGAAAG
CGATCCCGTGCCACCTTCCCCGTGCCCGGGCTGTCCCCGCACGCTGCCGGCTCGGGG
ATGCGGGGGGAGCGCCGGACCGGAGCGGAGCCCCGGGCGGCTCGCTGCTGCCCCCT
AGCGGGGGAGGGACGTAATTACATCCCTGGGGGCTTTGGGGGGGGGCTGTCCCTGG
CCTCCAAGGCCAGCTTCCCACAATAAGTTGGGTGAATTTTGGCTCATTCCTCCTTTCT
ATAGGATTGAGGTCAGAGCTTTGTGATGGGAATTCTGTGGAATGTGTGTCAGTTAGG
GTGTGGAAAGTCCCgcGATCgcTAGCAAACGCCAGCAACGCGGCCTTTTITACGGTTCC
TGGCCTTTITGCTGGCCTTTTGCTCACATGTCCTGCAGGCAGCTGCGCGCTCGCTCGCT
CACTGAGGCCGCCCGGGCAAAGCCCGGGCGTCGGGCGACCTTTGGTCGCCCGGCCT
CAGTGAGCGAGCGAGCGCGCAGAGAGGGAGTGGCCAACTCCATCACTAGGGGTTCC
TGCGGCCGCACGCGTGGAGCTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTT
CATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGC
TGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTA
ACGTCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCC
CACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAAT
GACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCT
ACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGC
AGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACC
CCATTGACGTCAATGGGAGTTTGTTTTGCACCAAAATCAACGGGACTTTCCAAAATG
TCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGG
TCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATCGCCTGGAGACGCCATCCAC
GCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTCCGCGGATTCGAAT
CCCGGCCGGGAACGGTGCATTGGAACGCGGATTCCCCGTGCCAAGAGTGACGTAAG
TACCGCCTATAGAGTCTATAGGCCCACAAAAAATGCTTTCTTCTTTTAATATACTTTT
TTGTTTATCTTATTTCTAATACTTTCCCTAATCTCTTTCTTTCAGGGCAATAATGATAC
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AATGTATCATGCCTCTTTGCACCATTCTAAAGAATAACAGTGATAATTTCTGGGTTA
AGGCAATAGCAATATTTCTGCATATAAATATTTCTGCATATAAATTGTAACTGATGT
AAGAGGTTTCATATTGCTAATAGCAGCTACAATCCAGCTACCATTCTGCTTTTATTTT
ATGGTTGGGATAAGGCTGGATTATTCTGAGTCCAAGCTAGGCCCTTTTGCTAATCAT
GTTCATACCTCTTATCTTCCTCCCACAGCTCCTGGGCAACGTGCTGGTCTGTGTGCTG
GCCCATCACTTTGGCAAAGAATTGGGATTCGAACATCGATTGAATTCTGAATGGTGA
GCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGC
GACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTA
CGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCC
CACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCA
CATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGC
GCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTC
GAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGA
CGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATA
TCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAAC
ATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGG
CGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAG
CAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCG
CCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTACTCAGATCTCGAGCTCAAGT
AGGGATCCTCTAGAGTCGACCTGCAGAAGCTTGCCTCGAGCAGCGCTGCTCGAGAG
ATCTACGGGTGGCATCCCTGTGACCCCTCCCCAGTGCCTCTCCTGGCCCTGGAAGTT
GCCACTCCAGTGCCCACCAGCCTTGTCCTAATAAAATTAAGTTGCATCATTTTGTCTG
ACTAGGTGTCCTTCTATAATATTATGGGGTGGAGGGGGGTGGTATGGAGCAAGGGG
CAAGTTGGGAAGACAACCTGTAGGGCCTGCGGGGTCTATTGGGAACCAAGCTGGAG
TGCAGTGGCACAATCTTGGCTCACTGCAATCTCCGCCTCCTGGGTTCAAGCGATTCT
CCTGCCTCAGCCTCCCGAGTTGTTGGGATTCCAGGCATGCATGACCAGGCTCAGCTA
ATTTTTGTTTTTTTGGTAGAGACGGGGTTTCACCATATTGGCCAGGCTGGTCTCCAAC
TCCTAATCTCAGGTGATCTACCCACCTTGGCCTCCCAAATTGCTGGGATTACAGGCG
TGAACCACTGCTCCCTTCCCTGTCCTTCTGATTTTGTAGGTAACCACGTGCGGACCGA
GCGGCCGCAGGAACCCCTAGTGATGGAGTTGGCCACTCCCTCTCTGCGCGCTCGCTC
GCTCACTGAGGCCGGGCGACCAAAGGTCGCCCGACGCCCGGGCTTTGCCCGGGCGG
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CCTCAGTGAGCGAGCGAGCGCGCAGCTGCCTGCAGGGGCGCCTGATGCGGTATTTT
CTCCTTACGCATCTGTGCGGTATTTCACACCGCATACGT CgtaGCtGATcaATTgGCGCG
CCGAATTCGTTAACAAGCTITAATTAaCGCgtATAcCTAggATCCGGCCGGecTGCAgeTG
TCCTCACAGGAACGAAGTCCCTAAAGAAACAGTGGCAGCCAGGTTTAGCCCCGGAA
TTGACTGGATTCCTTTTTTAGGGCCCATTGGTATGGCTTTTTCCCCGTATCCCCCCAG
GTGTCTGCAGGCTCAAAGAGCAGCGAGAAGCGTTCAGAGGAAAGCGATCCCGTGCC
ACCTTCCCCGTGCCCGGGCTGTCCCCGCACGCTGCCGGCTCGGGGATGCGGGGGGA
GCGCCGGACCGGAGCGGAGCCCCGGGCAGGCTCGCTGCTGCCCCCTAGCGGGGGAGG
GACGTAATTACATCCCTGGGGGCTTTGGGGGGGGGCTGTCCCTGGCCTCCAAGGCCA
GCTTCCCACAATAAGTTGGGTGAATTTTGGCTCATTCCTCCTTTCTATAGGATTGAGG
TCAGAGCggggttggggttgcgccttttccaaggcageectgggtttgcgcagggacgeggctgctetgggcgtegttccgggaaa
cgcageggegecgaccctgggtetcgeacattettcacgtecgttcgeagegtecacceggatcttcgecgetacecttgtgggeccceegg
cgacgcttcetgetecgececctaagtegggaaggttecttgeggticgeggegtgceggacgtgacaaacggaagecgeacgtctcacta
gtaccctcgeagacggacagegecagggageaatggeagegegecgaccgegatgggctgtggecaatageggetgetcageaggge
gegeecgagageageggccgggaaggggcggtacgggagacggagtgtggggcggtagtgtgggccctgttcetgeccgegeggtat
tecgceattctgeaagectceggagegeacgteggeagteggetecctegttgaccgaatcaccgacctcetetccccagAAGCTCCC
GGGAGCTTGTATATCCATTTTCGGATCTGATCAGCACGTGTTGACAATTAATCATCG
GCATAGTATATCGGCATAGTATAATACGACAAGGTGAGGAACgccaccATGAAAAAGC
CTGAACTCACCGCGACGTCTGTCGAGAAGTTTCTGATCGAAAAGTTCGACAGCGTCT
CCGACCTGATGCAGCTCTCGGAGGGCGAAGAATCTCGTGCTTTCAGCTTCGATGTAG
GAGGGCGTGGATATGTCCTGCGGGTAAATAGCTGCGCCGATGGTTTCTACAAAGATC
GTTATGTTTATCGGCACTTTGCATCGGCCGCGCTCCCGATTCCGGAAGTGCTTGACAT
TGGGGAATTCAGCGAGAGCCTGACCTATTGCATCTCCCGCCGTGCACAGGGTGTCAC
GTTGCAAGACCTGCCTGAAACCGAACTGCCCGCTGTTCTGCAGCCGGTCGCGGAGG
CCATGGATGCGATCGCTGCGGCCGATCTTAGCCAGACGAGCGGGTTCGGCCCATTCG
GACCGCAAGGAATCGGTCAATACACTACATGGCGTGATTTCATATGCGCGATTGCTG
ATCCCCATGTGTATCACTGGCAAACTGTGATGGACGACACCGTCAGTGCGTCCGTICG
CGCAGGCTCTCGATGAGCTGATGCTTTGGGCCGAGGACTGCCCCGAAGTCCGGCAC
CTCGTGCACGCGGATTTCGGCTCCAACAATGTCCTGACGGACAATGGCCGCATAACA
GCGGTCATTGACTGGAGCGAGGCGATGTTCGGGGATTCCCAATACGAGGTCGCCAA
CATCTTCTTCTGGAGGCCGTGGTTGGCTTGTATGGAGCAGCAGACGCGCTACTTCGA
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GCGGAGGCATCCGGAGCTTGCAGGATCGCCGCGGCTCCGGGCGTATATGCTCCGCA
TTGGTCTTGACCAACTCTATCAGAGCTTGGTTGACGGCAATTTCGATGATGCAGCTT
GGGCGCAGGGTCGATGCGACGCAATCGTCCGATCCGGAGCCGGGACTGTCGGGCGT
ACACAAATCGCCCGCAGAAGCGCGGCCGTCTGGACCGATGGCTGTGTAGAAGTACT
CGCCGATAGTGGAAACCGACGCCCCAGCACTCGTCCGAGGGCAAAGGAATAGAGCG
CGGGGATCTCATGCTGGAGTTCTTCGCCCACCCCAACTTGTTTATTGCAGCTTATAAT
GGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTG
CATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTTATCATGTCTGTAGCtGATg
tATAcCCTAggATCCGGCCGGecTGCAgeTGTCCTCACAGGAACGAAGTCCCTAAAGAAA
CAGTGGCAGCCAGGTTTAGCCCCGGAATTGACTGGATTCCTTTTTAGGGCCCATTGG
TATGGCTTTITTCCCCGTATCCCCCCAGGTGTCTGCAGGCTCAAAGAGCAGCGAGAAG
CGTTCAGAGGAAAGCGATCCCGTGCCACCTTCCCCGTGCCCGGGCTGTCCCCGCACG
CTGCCGGCTCGGGGATGCGGGGGGAGCGCCGGACCGGAGCGGAGCCCCGGGLEGL
TCGCTGCTGCCCCCTAGCGGGGGAGGGACGTAATTACATCCCTGGGGGCTTTGGGGG
GGGGCTGTCCCTCTAGAGCGGCCGCCACCGCGGTGGAGCTCCAGCTTTTGTTCCCTT
TAGTGAGGGTTAATTAGATCTTAATACGACTCACTATAGGGCGAATTGGGTACCGGG
CCCCCCCTCGAGGTCGACGGTATCGATAAGCTTGATATCTATAACAAGAAAATATAT
ATATAATAAGTTATCACGTAAGTAGAACATGAAATAACAATATAATTATCGTATGAG
TTAAATCTTAAAAGTCACGTAAAAGATAATCATGCGTCATTTTGACTCACGCGGTCG
TTATAGTTCAAAATCAGTGACACTTACCGCATTGACAAGCACGCCTCACGGGAGCTC
CAAGCGGCGACTGAGATGTCCTAAATGCACAGCGACGGATTCGCGCTATTTAGAAA
GAGAGAGCAATATTTCAAGAATGCATGCGTCAATTTTACGCAGACTATCTTTCTAGG
GTTAATCTAGCTGCATCAGGATCATATCGTCGGGTCTTTTTTCCGGCTCAGTCATCGC
CCAAGCTGGCGCTATCTGGGCATCGGGGAGGAAGAAGCCCGTGCCTTTTCCCGCGA
GGTTGAAGCGGCATGGAAAGAGTTTGCCGAGGATGACTGCTGCTGCATTGACGTTG
AGCGAAAACGCACGTTTACCATGATGATTCGGGAAGGTGTGGCCATGCACGCCTTTA
ACGGTGAACTGTTCGTTCAGGCCACCTGGGATACCAGTTCGTCGCGGCTTTTCCGGA
CACAGTTCCGGATGGTCAGCCCGAAGCGCATCAGCAACCCGAACAATACCGGCGAC
AGCCGGAACTGCCGTGCCGGTGTGCAGATTAATGACAGCGGTGCGGCGCTGGGATA
TTACGTCAGCGAGGACGGGTATCCTGGCTGGATGCCGCAGAAATGGACATGGATAC
CCCGTGAGTTACCCGGCGGGCGCGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGT
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GTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGT
GTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCAC
TGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAAC
GCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACT
CGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTA
ATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAG
GCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGG
CTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAA
CCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTC
TCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGC
GTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCT
CCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTITATCCG
GTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAG
CCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTICTTG
AAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTG
CTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAAC
CACCGCTGGTAGCGGTGGTTTTITTITGTTTGCAAGCAGCAGATTACGCGCAGAAAAAA
AGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGA
AAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGAT
CCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTG
GTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTT
CGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGC
TTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCA
GATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGC
AACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAG
TTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTC
ACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGT
TACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGT
TGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAA
TTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACC
AAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATA
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CGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACG
TTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTA
ACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGG
TGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGA
AATGTTGAATACTCAT

Example 5: Performance of AAV stable producer cell lines

[00256] To generate stable AAV producer cell lines, one transposon from each group of
iHelper, iRep and iCap-GOI was used to integrate into the genome of stable HEK293-TetR-
KRAB C20 cell lines through a “cut and paste” mechanism by the co-transfection of these three
transposon plasmids with mRNA encoding super piggyBac transposase (SPB-100). After
transfection, three antibiotics including puromyecin, blasticidin and hygromycin were added into
the cell culture medium to select the transposon integrated cells. After stable cell pool generation
and screening, one highly productive cell pool was selected to monitor the long-term stability of
cells for AAV productivity. The suspension pool was left untreated or induced by doxycycline
from cell passage 5 to passage 25 over three months. As shown in FIG. 7, the productivity of
polyclonal pool of AAV producer cell line is stable for 25 passages upon induction by Dox.

AAYV production without Dox induction showed extremely low basal/leaky levels of AAVs.

[00257] To evaluate the performance of AAV stable producer cell lines, multiple single cell
clones were isolated by single cell printing and expanded for testing. First, the viral protein
expression was evaluated by western blot analysis. Top three clonal cells (Clone A, B and C)
were uninduced or induced by doxycycline for AAV production. Whole cell lysates were
harvested three days post induction and prepared for the Western blot analysis. The whole cell
lysate produced from a triple plasmid transfection process was used as positive control. The
results show the robust induction of protein expression of helper, Rep and Cap genes in these
clonal AAV producer cell lines, at the level similar or higher than the control samples, while

showing undetectable level of leakiness protein expression in uninduced cells (See FIG. 8).

[00258] The AAV productivity of the top three clones expressing Green Fluorescent Protein
(GFP), a gene of interest, was examined in 3 Liter single-use bioreactors. The AAV genomic

titer by ddPCR titer assay showed strong induction of AAV production in all clones in the range
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from 4.3 x 101 vg/mL to 2.8 x 10" vg/mL on day 5 harvest, which was comparable or higher

than the AAV productivity using conventional triple transfection method (See FIG. 9).

[00259] The productivity of Clones A, B and C expressing GFP was further compared to three
representative clonal cells (Clone 1, Clone 2 and Clone 3) uninduced or induced by doxycycline.
Clone 1, Clone 2 and Clone 3 comprise nucleic acid sequences disclosed in US Patent No.
11,739,347 B2 that were designed using E2A and E4 genes under control of an inducible CMV
promoter, VA RNA under control of an H1 promoter, and Rep and Cap genes under control of a
native promoter. The AAV productivity of Clones A, B and C was significantly higher than
Clone 1, Clone 2 and Clone 3 after Dox induction (See FIG. 10).

[00260] The functionality of the AAV produced from the bioreactors was tested by the cell-
based infectivity and potency assay. The purified AAV was serially diluted and transduced to
HT1080 cells in 96-well plates. The percentage of GFP-positive cells from transduced AAV was
quantified by flow cytometry analysis and used to calculate the transduction unit (TU). The
normalized viral genome per TU result suggests that the AAV produced from AAYV producer cell
lines are functional in infecting cells and expressing a gene of interest, such as GFP (See FIG.

11).
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[00261] Tt will be readily apparent to one of ordinary skill in the relevant arts that other
suitable modifications and adaptations to the methods and applications described herein can be

made without departing from the scope of any of the embodiments.

[00262] It is to be understood that while certain embodiments have been illustrated and
described herein, the claims are not to be limited to the specific forms or arrangement of parts
described and shown. In the specification, there have been disclosed illustrative embodiments
and, although specific terms are employed, they are used in a generic and descriptive sense only
and not for purposes of limitation. Modifications and variations of the embodiments are possible
in light of the above teachings. It is therefore to be understood that the embodiments may be

practiced otherwise than as specifically described.

[00263]  All references cited herein, including patents, patent applications, papers, textbooks
and the like, and the references cited therein, to the extent that they are not already, are hereby

incorporated herein by reference in their entirety.
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CLAIMS

1. An isolated nucleic acid molecule operably comprising:

a. a first inducible promoter and two tetracycline operator sequences (a TetO;
sequence),

b. an E2A gene under control of the first inducible promoter;

c. aviral associated (VA) non-coding RNA under control of a second inducible
promoter;

d. athird inducible promoter and a TetOz sequence;

e. an E4 gene under control of the third inducible promoter; and

f.  an antibiotic resistance gene.

2. Theisolated nucleic acid molecule of claim 1, wherein the first inducible promoter is native
to the E2A gene.

3. The nucleic acid molecule of claim 1, wherein the second inducible promoter is a promoter
native to the VA non-coding RNA.

4. The nucleic acid molecule of claim 1, wherein the second inducible promoter is an H1
promoter.

5. The isolated nucleic acid molecule of claim 1, wherein the third inducible promoter is native
to the E4 gene.

6. The nucleic acid molecule of claim 1, wherein the nucleic acid sequence comprises a core
insulator sequence inserted between the E4 gene and the antibiotic resistance gene.

7. The nucleic acid molecule of claim 1, wherein the nucleic acid sequence is flanked on both
the 5’ and 3’ ends by transposon-specific inverted terminal repeats (ITR), and wherein the
nucleic acid sequence comprises a core insulator sequence inserted downstream of the ITR
on the 3’ end and upstream of the ITR on the 5* end.

8. An isolated nucleic acid molecule operably comprising:

a. a first inducible promoter and a TetO, sequence;

b. an E2A gene under control of the first inducible promoter;

c. aviral associated (VA) non-coding RNA under control of a second inducible
promoter;

d. athird inducible promoter and a TetO2 sequence;
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e. an E4 gene under control of the third inducible promoter;

f. an expression cassette encoding a protein ortholog of the VA RNA and a peptide
protein tag under the control of a depressible promoter comprising a human
Cytomegalovirus (CMV) promoter and a TetO2 sequence;

g. atermination sequence; and

h. an antibiotic resistance gene.

9. The isolated nucleic acid molecule of claim 8, wherein the first inducible promoter is native
to the E2A gene.

10. The nucleic acid molecule of claim 8, wherein the second inducible promoter is a promoter
native to the VA non-coding RNA.

11. The nucleic acid molecule of claim 8, wherein the second inducible promoter is an H1
promoter.

12. The isolated nucleic acid molecule of claim 8, wherein the third inducible promoter is native
to the E4 gene.

13. The isolated nucleic acid molecule of claim 8, wherein the protein ortholog is an influenza
non-structural 1 protein (NS1), Ebola viral protein 35 (VP35), orthoreovirus sigma 3 protein
(63), group C rotavirus non-structural protein 3 (NSP3), vaccinia virus E3L protein (E3L),
herpes simplex virus type 1 US11 protein (US11), Epstein-Barr virus SM protein (SM),
baculovirus PK2 protein (PK2), hepatitis C virus non-structural protein SA protein (NS5A),
human herpes virus-8 protein vIRF-2 (vIRF-2), human immunodeficiency virus protein Tat,
vaccinia virus K3L protein (K3L), Herpes Simplex virus protein y134.5/ICP34.5, and human
papilloma virus-18 E6 protein (E6).

14. The nucleic acid molecule of claim 8, wherein the nucleic acid sequence comprises a core
insulator sequence inserted between the E4 gene and the expression cassette.

15. The nucleic acid molecule of claim 8, wherein the nucleic acid sequence is flanked on both
the 5" and 3’ ends by transposon-specific inverted terminal repeats (ITR), and wherein the
nucleic acid sequence comprises a core insulator sequence inserted downstream of the ITR
on the 3’ end and upstream of the ITR on the 5’ end.

16. An isolated nucleic acid molecule operably comprising a plasmid encoding:

a. a first inducible promoter and a TetO; sequence;
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b. aRep78 gene, including a silenced p19 promoter located within the Rep78 gene
coding region, wherein the silenced p19 promoter comprises mutations in SP1,
TATA-1, and/or TATA-2 sites;

a second inducible promoter and a TetO; sequence;

A o

a Rep52 gene under control of the second inducible promoter;

termination sequence and;
f. an antibiotic resistance gene.

17. The isolated nucleic acid molecule of claim 16, wherein the first inducible promoter is
human cytomegalovirus (CMV) immediate early enhancer-promoter, CMV immediate early
enhancer fused chicken B-actin promoter (CAG), human ubiquitin C (UbC) promoter or Rous
sarcoma virus (RSV) promoter.

18. The isolated nucleic acid molecule of claim 16, wherein the second inducible promoter is
human CMV immediate early enhancer-promoter, CMV immediate early enhancer fused
chicken B-actin promoter (CAG), human ubiquitin C (UbC) promoter or Rous sarcoma virus
(RSV) promoter.

19. The nucleic acid molecule of claim 16, wherein the nucleic acid sequence comprises a core
insulator sequence inserted between the termination sequence and the antibiotic resistance
gene.

20. The nucleic acid molecule of claim 16, wherein the nucleic acid sequence is flanked on both
the 5’ and 3’ ends by transposon-specific inverted terminal repeats (ITR), and wherein the
nucleic acid sequence comprises a core insulator sequence inserted downstream of the ITR
on the 3° end and upstream of the ITR on the 5” end.

21. An isolated nucleic acid molecule operably comprising:

a. afirst inducible promoter and a TetO2 sequence;
b. a VPI gene;
c. asecond inducible promoter and a TetO; sequence;
d. a VP2 gene and a VP3 gene; and
e. an antibiotic resistance gene.
22. The isolated nucleic acid molecule of claim 21, wherein the first inducible promoter is

human cytomegalovirus (CMV) immediate early enhancer-promoter, CMV immediate early
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enhancer fused chicken B-actin promoter (CAG), human ubiquitin C (UbC) promoter or Rous
sarcoma virus (RSV) promoter.

The isolated nucleic acid molecule of claim 21, wherein the second inducible promoter is
human CMV immediate early enhancer-promoter, CMV immediate early enhancer fused
chicken B-actin promoter (CAG), human ubiquitin C (UbC) promoter or Rous sarcoma virus
(RSV) promoter.

The isolated nucleic acid molecule of claim 21, further comprising a gene of interest (GOI)
downstream of the VP3 gene and upstream of the antibiotic resistance gene.

The isolated nucleic acid molecule of claim 24, wherein the nucleic acid molecule comprises
a core insulator sequence inserted between the VP3 gene and the GOI and between the GOI
and the antibiotic resistance gene.

The nucleic acid molecule of claim 21, wherein the nucleic acid sequence comprises a core
insulator sequence inserted between the VP1 gene and the second inducible promoter and
TetO2 sequence.

The nucleic acid molecule of claim 21, wherein the nucleic acid sequence comprises a core
insulator sequence inserted between the VP2 and VP3 gene of d) and the antibiotic resistance
gene of e).

The nucleic acid molecule of claim 21, wherein the nucleic acid sequence is flanked on both
the 5" and 3’ ends by transposon-specific inverted terminal repeats (ITR), and wherein the
nucleic acid sequence comprises a core insulator sequence inserted downstream of the ITR

on the 3’ end and upstream of the ITR on the 5’ end.
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