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ADENO-ASSOCIATED VIRUS (AAV) PRODUCER CELL LINE
AND RELATED METHODS

FIELD OF THE INVENTION

[0001] The present disclosure relates to mammalian cell lines for producing adeno-associated
virus (AAV). The cells suitably include nucleic acids encoding helper genes and AAV genes,
under the control of derepressible promoters. The disclosure also relates to isolated nucleic acid
molecules that encode such genes, as well as methods of using the mammalian cells for producing

AAVs.

SEQUENCE LISTING

[0002] The instant application contains a Sequence Listing which has been submitted
electronically in ASCII format and is hereby incorporated by reference in its entirety. Said ASCIL
copy, created on December 17, 2019, is named 0132-0049WO1_SL.txt and is 364,567 bytes in

size.

BACKGROUND OF THE INVENTION

[0003] The safety profile and long-term expression capacity make adeno-associated virus
(AAV) an excellent viral vector for gene therapy in humans. The wildtype AAV genome is
composed of a 4.7 kb single-stranded DNA that includes regulatory genes for replication (Rep)
and structural genes for Capsid (Cap), flanked by inverted terminal repeats (ITR) for virus
replication and packaging. As a dependent virus, AAV replication in host cells requires the
coinfection of helper viruses, such as Adenovirus (Ad) and Herpes Simplex virus. Alternatively,
the expression of cloned helper genes can also support AAV replication. For instance, recombinant
AAYV can be produced in HEK293 cells by the co-transfection of three plasmids: pHelper plasmids
expressing E2A, E40rf6 and VA from Adenovirus, pRep-Cap plasmids for Rep and Cap proteins,
and AAYV transfer plasmids carrying the desired gene of interest (GOI).

[0004] Currently, AAV manufacturing relies on several bridging platforms. Besides the triple
trasnfection in HEK293 cells noted above, AAV can be produced by co-infection of two
baculoviruses expressing Rep-Cap and the GOI, respectively, into insect cells. However, these

baculoviruses are unstable at higher passage and are time-consuming to prepare (see, e.g., Urabe
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et al., “Insect Cells as a Factory to Produce Adeno-Associated Virus Type 2 Vectors,” Human
Gene Therapy 13:1935-1943 (2002)). HeLa packaging cells with stably integrated Rep-Cap and
GOI have also been developed. These systems, nevertheless, still require the wildtype Adenovirus
as a helper virus, which poses risks of contamination of replicative adenovirus in AAV products
(see, e.g., Robert et al, “Manufacturing of recombinant adeno-associated viruses using

mammalian expression platforms,” Biotechnology Journal 12:1600193 (1-16) (2017).

[0005] What are needed, are cell lines and related methods for production of AAV that are
easily scalable to large volume production, to provide reproducible and stable results, while

limiting contamination and reducing cost.

SUMMARY OF THE INVENTION

[0006] In some embodiments, provided herein is a mammalian cell for producing an adeno-
associated virus (AAV), comprising a nucleic acid molecule encoding a viral helper gene under
control of a first derepressible promoter, a nucleic acid molecule encoding an AAV gene under
control of a second derepressible promoter, and a nucleic acid molecule encoding a repressor

element of the first and the second derepressible promoters.

[0007] In additional embodiments, provided herein is a mammalian cell for producing an
adeno-associated virus (AAV), comprising a nucleic acid molecule encoding an adenovirus helper
gene comprising E2A and E4Orf6 genes under control of a first derepressible promoter, an AAV
gene comprising Rep and Cap genes under control of a second derepressible promoter, a viral-
associated, non-coding RNA under control of a third depressible promoter, two inverted terminal
repeat (ITR) sequences, and a repressor element of the first, second and third derepressible

promoters.

[0008] In further embodiments, provided herein is an isolated nucleic acid molecule encoding
an adenovirus helper gene comprising E2A and E40rf6 genes under control of a first derepressible
promoter, an AAV gene comprising Rep and Cap genes under control of a second derepressible
promoter, a viral-associated, non-coding RNA under control of a third depressible promoter, two
inverted terminal repeat (ITR) sequences, and a repressor element of the first, second and third

derepressible promoters.
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[0009] In still further embodiments, provided herein is a method of producing an adeno-
associated virus (AAV) in a mammalian cell comprising transfecting the mammalian cell with an
isolated nucleic acid molecule encoding an adenovirus helper gene comprising E2A and E4Orf6
genes under control of a first derepressible promoter, an AAV gene comprising Rep and Cap genes
under control of a second derepressible promoter, a viral-associated, non-coding RNA under
control of a third depressible promoter, two inverted terminal repeat (ITR) sequences, and a
repressor element of the first, second and third derepressible promoters, treating the mammalian
cell with a binding partner of the repressor element, activating the first, second and third

derepressible promoters, producing the AAV, and harvesting the AAV.

[0010] In further embodiments, provided herein is a method of treatment with an adeno-
associated virus (AAV) comprising: transfecting the mammalian cell with an isolated nucleic acid
molecule encoding an adenovirus helper gene comprising E2A and E4Orf6 genes under control of
a first derepressible promoter, an AAV gene comprising Rep and Cap genes under control of a
second derepressible promoter, a viral-associated, non-coding RNA under control of a third
depressible promoter, two inverted terminal repeat (ITR) sequences, and a repressor element of
the first, second and third derepressible promoters, treating the mammalian cell with a binding
partner of the repressor element, activating the first, second and third derepressible promoters,

producing the AAV, harvesting the AAV and administering the AAV to a mammalian patient.

[0011] In still further embodiments, provided herein is a method of producing an adeno-
associated virus (AAV) comprising: transfecting a mammalian cell stably expressing one or more
nucleic acids encoding TetR and/or TetR-KRAB with a first nucleic acid encoding an adenovirus
helper gene comprising an E2A gene, a E4Orf gene and a viral-associated non-coding RNA under
control of a first derepressible promoter, a second nucleic acid encoding an AAV gene comprising
Rep and Cap genes under control of a second derepressible promoter, and, optionally, a third
nucleic acid encoding a gene of interest under control of a third derepressible promoter, treating
the mammalian cell with a binding partner of the TetR and/or TetR-KRAB, activating the first,

second, and third derepressible promoters, producing the AAV, and harvesting the AAV.

[0012] In still further embodiments, provided herein is a method for producing an adeno-

associated virus (AAV) , comprising: stably transfecting a mammalian cell with a nucleic acid
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encoding a TetR and/or TetR-KRAB repressor, chicken hypersensitive site-4 (cHS4) sequences
flanking the TetR and/or TetR-KRAB repressor, and a selection gene, transfecting the stably
transfected mammalian cell with: a first nucleic acid encoding an adenovirus helper gene
comprising an E2A gene, a E4Orf gene and a viral-associated non-coding RNA, under control of
a first derepressible promoter; a second nucleic acid encoding an AAV gene comprising Rep and
Cap genes under control of a second derepressible promoter; and optionally, a third nucleic acid
encoding a gene of interest under control of a third derepressible promoter; treating the mammalian
cell with a binding partner of the TetR; activating the first, second and third derepressible

promoters; producing the AAV; and harvesting the AAV.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 shows a schematic of the use of derepressible promoters to control the

expression of helper and VA genes in accordance with embodiments hereof.

[0014] FIGS. 2A and 2B show exemplary nucleic acid molecules for production of helper and

VA genes in accordance with embodiments hereof.

[0015] FIG. 3 shows the results of induction of helper and AAV genes in accordance with

embodiments hereof.

[0016] FIGS. 4A-4C shows schematics of derepressible constructs for expression of AAV

genes in accordance with embodiments hereof.

[0017] FIG. 5 shows exemplary derepressible p5 promoters in accordance with embodiments

hereof.

[0018] FIG. 6 shows exemplary derepressible p19 promoters in accordance with embodiments

hereof.

[0019] FIG. 7A-7B shows exemplary derepressible p19 promoters, including an artificial

intron, in accordance with embodiments hereof’

[0020] FIGS. 8A-8B show the results of Rep-Cap expression and AAV titers using the Rep-

Cap vectors, in accordance with embodiments hereof.
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[0021] FIGS. 9A-9B show additional results of Rep-Cap expression and AAV titers using the

Helpers and Rep-Cap vectors, in accordance with embodiments hereof.

[0022] FIGS. 10A-10D show exemplary nucleic acid constructs encoding helper, AAV and

VA genes, in accordance with embodiments hereof.

[0023] FIGS. 11A-11E show exemplary nucleic acid constructs encoding helper, AAV, gene

of interest, and Rep-Cap vectors, in accordance with embodiments hereof.

[0024] FIGS. 12A-12B show exemplary nucleic acid constructs encoding TetR and TetR-

KRAB, in accordance with embodiments hereof.

DETAILED DESCRIPTION OF THE INVENTION

[0025] 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 consistent with the meaning

2«

of “one or more,” “at least one,” and “one or more than one.”

[0026] 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.

[0027] 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.”

[0028] 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,
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compositions, systems, cells, and/or nucleic acids of the invention can be used to achieve any of

the methods as described herein.

[0029] 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.
Described herein is a plasmid/helper virus-free AAV producer cell line, and methods of use
thereof, that provides 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.

[0030] Thus, in embodiments, provided herein is a mammalian cell for producing an adeno-

associated virus (AAV).

[0031] Asused 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 CHOK1 cell, a CHO-DXBI11 cell, a CHO-DG44 cell, a CHOK 1SV cell including
all variants (e.g. POTELLIGENT®, Lonza, Slough, UK), a CHOKI1SV GS-KO (glutamine
synthetase knockout) cell including all variants (e.g., XCEED™ Lonza, Slough, UK). Exemplary
human cells include human embryonic kidney (HEK) cells, such as HEK293, a HeLa cell, or a
HT1080 cell.

[0032] Mammalian cells include mammalian cell cultures which can be either adherent
cultures or suspension cultures. Adherent cultures refer to cells that are grown on a substrate
surface, for example a plastic plate, dish or other suitable cell 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 HEK293 clonal cells.
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[0033] 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 AAV11. 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).

[0034] 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 AVS, have been studied intensively and have provided the majority

of general information about adenoviruses.

[0035] In embodiments, the mammalian cell provided herein suitably includes a nucleic acid
molecule encoding a viral helper gene under control of a first derepressible promoter, a nucleic
acid molecule encoding an AAV gene under control of a second derepressible promoter, and a
nucleic acid molecule encoding a repressor element of the first and the second derepressible

promoters.

[0036] In exemplary embodiments, the nucleic acid molecules encoding the various
components for producing an AAV are contained within the mammalian cell in separate nucleic

acid molecules, for example separate plasmids or vectors. In other embodiments, the nucleic acid



WO 2020/132059 PCT/US2019/067156

molecules encoding the various components for producing an AAV are included on the same
plasmid or vector. In further embodiments, certain of the components are contained on the same
nucleic acid molecule (e.g., helper genes and AAV gens), while other genes are contained on

separate nucleic acid molecules (e.g., gene encoding the repressor element).

[0037] 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.

[0038] 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.

[0039] As described herein, suitably the mammalian cells include a nucleic acid molecule
encoding a viral helper gene. Viral helper genes include various adenoviral virus genes, herpes
virus genes and bocavirus genes (see, e.g., Guido ef al., “Human bocavirus: Current knowledge
and future challenges,” World J. Gateroenterol 22:83684-8697, 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 E40rf6 genes.
Suitably, an internal ribosome entry site (IRES) element is included between the E2A and E40rf6
genes. The IRES element initiates translation of the E4Orf6 gene after the E2A gene in a single

expression cassette, providing stability to the construct.

[0040] The various nucleic acid molecules encoding the various genes described herein are

suitably under control of a derepressible promoter. As used herein “under control” refers to a gene
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being 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” and “operably linked” 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. The term also refers to the linkage

of amino acid sequences in such a manner so that a functional protein is produced.

[0041] 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
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.

[0042] 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 a functional promoter and additional
elements or sequences capable of binding to a repressor element to cause repression of the
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
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“derepression” of the promoter, thereby allowing the promoter to proceed with the initiation of
transcription. A “functional promoter” refers to a promoter, that absent the action of the repressor
element, would be capable of initiation transcription. Various functional promoters that can be
used in the practice of the present invention are known in the art, and include for example, Pemv,
Pu1, P19, PS5, P40 and promoters of Adenovirus helper genes (e.g., E1A, E1B, E2A, E40rf6, and
VA).

[0043] 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 et
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).

[0044] In exemplary embodiments, the derepressible promoters comprise a functional
promoter and two tetracycline operator sequences (TetOz). A schematic showing an exemplary
depressible promoter system is provided in FIG. 1. A derepressible promoter including the Pcmv
promoter, and a derepressible promoter including the Pu1 promoter, are shown, both including two
TetO sequences (TetO2). As illustrated schematically, upon binding of two tetracycline repressor
proteins (TetR - the repressor elements for the TetO2 sequences), to the TetOz sequences, both the
Pcmyv promoter and the Pa1 promoter are repressed. That is, little or no transcription takes place
from these promoters. Upon binding of a binding partner for TetR (suitably Doxycycline (Dox),
the TetR proteins change conformation, release from the TetO: sequences, and the functional
promoters begin their normal transcription processes, as they would naturally. As illustrated
schematically in FIG. 1, this results in the change of the overall system from an “off” position
(where suitably no transcription is taking place from the Pcmv promoter and the Pui promoter), to
an “on” position when Dox is added, allowing the Pcmv promoter and the Pui1 promoter to return

to their natural state of transcribing the genes under their control.
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[0045] For example, as shown in FIG. 1, the Pcmv promoter with TetO2 sequences (suitably
the pcDNA4/TO promotor; INVITROGEN®), is in an “off” position when bound by TetR. When
Dox is added, the TetR changes conformation, release from the TetO2 sequences of the depressible
promoter, and the Pemv promotor proceeds to transcribe the adenoviral helper genes (e.g., E2A

and E4).

[0046] As described herein, and as illustrated in FIG. 1, the mammalian cell can further
comprise a nucleic acid encoding a viral-associated (VA), non-coding RNA under control of a
fourth derepressible promoter. As shown in FIG. 1, this derepressible promoter can include the
functional promoter Pui, and the TetO2 sequences controlling the expression of the non-coding
RNA (see, e.g., Wiederschain ef al., “Single-vector inducible lentiviral RNAi system for oncology
target validation, Cell Cycle 8:498-504 (2009), the disclosure of which is incorporated by reference
herein in its entirety, including for the disclosure of the promoter system and sequence). As shown
in FIG. 1, the Pu1 promoter with TetO2 sequences, is in an “off” position when bound by TetR.
When Dox is added, the TetR changes conformation, release from the TetO: sequences of the

depressible promoter, and the Pu1 promotor proceeds to transcribe the VA 1 non-coding RNA.

[0047] FIG. 2A shows an exemplary nucleic acid molecule that can be utilized in the various
mammalian cells and methods described herein. As illustrated, a CMV promoter is used upstream
of both E2A and E40rf6 genes, linked via a IRES element. The CMV promoter includes the CMV
enhancer and the tet operator (TetOz), for control, via derepression. Also illustrated in FIG. 2A is
an exemplary location for the H1 promotor, also including TetO: sequences, controlling the

expression of the VA non-coding RNA.

[0048] FIG. 1 and FIG. 2A also illustrate that, in embodiments, the mammalian cells can
include the repressor element under control of a constitutive promoter. As described herein,
suitably the repressor element that is encoded is a tetracycline repressor protein (TetR). As
illustrated in FIG. 1 and FIG. 2A, a suitable promotor for expression of the repressor element is an
hPGK promotor. By placing the repressor element under the control of a constitutive promotor,
production of the repressor element, suitably TetR, is always active. That is, TetR is being

produced upon introduction of the nucleic acid molecule into the mammalian cell. This provides



WO 2020/132059 PCT/US2019/067156

12

tight control of the various derepressible promoters that are repressed by the TetR binding to the

TetO2 sequences.

[0049] As shown in FIG. 2A, in exemplary embodiments, a nucleic acid encoding a
transcriptional repression domain in frame with the nucleic acid encoding the tetracycline
repressor protein, can be included. In FIG. 2A, this transcriptional repression domain is a
Krueppel-associated box (KRAB) sequence, fused in frame to the C-terminus of TetR (see, e.g.,
Szulc et al., “A versatile tool for conditional gene expression and knockdown,” Nature Methods
3:109-116 (2006)). The use of a KRAB sequence, or other transcriptional repression domain,
improves the repressive activity of the TetR when binding to TetOz, thereby minimizing the
amount of leakage or basal gene expression prior to derepression (i.e., prior to the addition of Dox).

FIG. 2B and FIG. 12A shows an exemplary nucleic acid molecule that lacks the KRAB sequence.

[0050] As shown in FIG. 12A, in exemplary embodiments, a nucleic acid encoding the
tetracycline repressor protein, can be included or stably expressed within a mammalian cell. In
FIG. 2A and FIG.12B, this transcriptional repression domain is a Krueppel-associated box
(KRAB) sequence, fused in frame to the C-terminus of TetR (see, e.g., Szulc ef al., “A versatile
tool for conditional gene expression and knockdown,” Nature Methods 3:109-116 (2006)). The
use of a KRAB sequence, or other transcriptional repression domain, improves the repressive
activity of the TetR when binding to TetO:z, thereby minimizing the amount of leakage or basal
gene expression prior to derepression (i.e., prior to the addition of Dox). FIG. 2B and FIG. 12A

show an exemplary nucleic acid molecule that lacks the KRAB sequence.

[0051] In embodiments, the AAV gene that is encoded by the nucleic acid molecule comprises
Rep and Cap genes. Other AAV genes that can be encoded by the nucleic acid molecules include
any gene from any AAV serotype. In some embodiments, the AAV gene is Rep78, Rep68, Rep52,
Rep40, VP1, VP2, VP3, or a combination thereof. In some embodiments, the AAV gene is from
adeno-associated virus type 2. In some embodiments, the AAV gene is from the adeno-associated

virus Anc80.

[0052] 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
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6 (HHV-6) rep gene which is also known to mediate AAV-2 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).

[0053] As referred to herein, the term “Cap” gene refers to the art-recognized region of the
AAYV genome which encodes the capsid proteins of the virus. [llustrative (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.

[0054] FIG. 4A shows the natural location and promoter drivers of Rep and Cap genes. As
known in the art, for successful production of AAV, the ratio of Rep78 and Rep52 genes must be
maintained at optimum levels. For example, as discussed in Li et al., “Role for Highly Regulated
rep Gene Expression in Adeno-Associated Virus Vector Production,” Journal of Virology
71:5236-5243 (1997) (the disclosure of which is incorporated by reference herein in its entirety),
control of the amount of Rep78 production can interference with DNA replication. In addition,
Rep78 can be toxic if overly produced in mammalian cells. See, e.g., Clark et al., “Cell Lines for
the Production of Recombinant Adeno-Associated Virus,” Human Gene Therapy 6:1329-1341
(1995), the disclosure of which is incorporated by reference herein in its entirety, discussing that
elevate rep protein levels can be associated with cytotoxicity. Also, the location of the promoter
for Rep32 expression (p19) is located within the coding region for Rep78. As described herein,
various modifications have been made to the natural locations of the Rep genes and promoters to

overcome these challenges.

[0055] In exemplary embodiments, the mammalian cell can include a nucleic acid encoding a
Rep78 gene under control of the second derepressible promoter and a Rep52 gene under control of

a third derepressible promoter. As shown in FIG. 4B, one way to achieve this arrangement is to
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remove the Rep52 gene from within the Rep78 gene, and place it downstream of the Rep78 and
Cap genes. The Rep78 gene can be under the control of a derepressible promoter (p5), that includes
the TetO2 sequences. In such embodiments, the natural p19 promoter within Rep78 is modified or
mutated to be silenced. The removed Rep52 gene is also placed under the control of a derepressible

promoter (p19) that includes TetO2 sequences.

[0056] FIG. 5 shows three potential locations for each of the TetO sequences, relative to the
TATA box, rep-binding element (RBE) and initiator element (INR), for modification to the p5
promotor of Rep78. The wild-type p5 promotor is also illustrated schematically. FIG. 6 shows
three potential locations for each of the TetO sequences, relative to the TATA boxes and the Spl
transcription factor, of the p19 promoter for Rep52. The wild-type p19 promotor is also illustrated
schematically. Additional locations of the TetO sequences are also encompassed herein and can

readily be envisioned by those of ordinary skill in the art.

[0057] In still further embodiments, the Rep78 gene can be under control of a derepressible
promoter, and the Rep52 gene can be under control of a derepressible promoter that is contained
within an artificial intron. Such an embodiment is represented schematically in FIG. 4C. As
illustrated, a derepressible p5 promoter (e.g., including TetO2 sequences as described herein) is
placed upstream of a Rep78 gene. A derepressible p19 promoter (e.g., including TetOz sequences)
contained within an intron (designated In-i-p19), controls the expression of Rep52. A schematic
of this embodiment is provided in FIG. 7A, where the two tet operator sequences are illustrated
within a chimeric intron. This chimeric intron can be inserted at various locations relative to the
components of the pl19 promoter. For example, as shown in FIG. 7B, the intron sequence is
suitably placed downstream of the TATA-2 of the p19 promoter. Spacing can be, for example,

between about 1 and 25 base pairs downstream from the TATA-2 sequence.

[0058] As described herein, in exemplary embodiments, the Cap gene that is encoded by the
nucleic acid molecules is suitably under the control of a native promoter. That is, the Cap gene
does not necessarily have to be under the control of a derepressible promoter, though a
derepressible promoter can be used if desired. In suitable embodiments, the Cap gene is under the

control of a p40 promoter.
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[0059] 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
AAYV 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.

[0060] For example, as illustrated in FIG. 10C, a gene of interest, such as the gene encoding

green fluorescent protein (EGFP) is flanked by two ITR sequences.

[0061] 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.

[0062] As referred to herein, the term “gene of interest” or “GOI” is used to describe a
heterologous gene. 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.

[0063] 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.

[0064] 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
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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.

[0065] As referred to herein, the term “gene of therapeutic interest” refers to any functionally
relevant nucleotide sequence. Thus, the gene of therapeutic interest 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.

[0066] In some embodiments, the mammalian cells provided herein are substantially free of
helper virus. As referred to herein, a “helper virus” is any non-AAV 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-AAYV virus that can replicate in the cell independently of any other virus.
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[0067] The AAV producer cells described herein provide a long-term and cost-efffective
solution for large scale AAV manufracturing. As constitutive expression of either helper or Rep
proteins can be cytotoxic, the stratagies described herein allow for control of their expression by

engineered, derepressible promoters.

[0068] In still further embodiments, provided herein is a mammalian cell for producing an
adeno-associated virus (AAV), comprising, in a single nucleic acid molecule, sequences encoding
an adenovirus helper gene comprising E2A and E40rf6 genes under control of a first derepressible
promoter, an AAV gene comprising Rep and Cap genes under control of a second derepressible
promoter, a viral-associated, non-coding RNA under control of a third depressible promoter, two
inverted terminal repeat (ITR) sequences, and a repressor element of the first, second and third
derepressible promoters. In such embodiments, this single nucleic acid molecule includes all of
the various sequences, along with other required elements, to enable the production of an AAV

within the cell.

[0069] FIG. 10A and 10B show exemplary nucleic acid molecules including these various

sequences that can be utilized in mammalian cells to produce AAVs.

[0070] 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.

[0071] As described herein and as shown in FIGS. 1, 2A-2B, and 10A-10B, suitably the single
nucleic acid molecule includes an internal ribosome entry site (IRES) element between the E2A

and E40rf6 genes.

[0072] Various constructs are described herein for encoding the Rep and Cap genes, including
Rep78 and Rep52 genes. In embodiments, a Rep78 gene is under control of the second
derepressible promoter and a Rep52 gene is under control of a fourth derepressible promoter (e.g.,
as shown in FIG. 4B, the Rep52 gene is separate from the Rep78 gene). In additional
embodiments, for example as described herein with reference to FIGS. 4C and 7A-7B, a Rep78

gene can be placed under control of the second derepressible promoter and a Rep52 gene can be
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placed under control of a fourth derepressible promoter contained within an artificial intron.

Suitably, the Cap gene is under control of a native promoter.

[0073] Various derepressible promoters are described herein, and in embodiments, the
derepressible promoters comprise a functional promoter and two tetracycline operator sequences
(TetO2). In embodiments, the functional promoter of the first derepressible promoter (i.e.,
controlling the expression of the adenovirus helper gene comprising E2A and E40rf6 genes) is a

cytomegalovirus (CMV) promoter.

[0074] As described herein, in embodiments and as illustrated in FIGS. 1, 2A-2B, and 10A-
10D, suitably the repressor element of the derepressible promoter is under control of a constitutive
promoter, such that it is produced at all times to limit expression of other genes under the control
of the derepressible promoters. Suitably, the repressor element that is encoded is a tetracycline
repressor protein, for binding to TetO: sequences to act as the derepressible promoter. In
embodiments, for example as shown in FIG. 2A, 10A and 10C, a nucleic acid encoding a
transcriptional repression domain (e.g., a KRAB sequence) is included in frame with the nucleic
acid encoding the tetracycline repressor protein. This transcriptional repression domain provides
for improved repressive activity of the TetR when binding to TetOz, thereby minimizing the

amount of leakage or basal gene expression prior to derepression.

[0075] Exemplary mammalian cells that can be used in the embodiments and methods
described herein are described throughout, and include for example, Chinese hamster ovary (CHO)

cells, as well as human cells, including human embryonic kidney (HEK, such as HEK293) cells.

[0076] As described herein, suitably the mammalian cells further include a nucleic acid
molecule encoding a gene of interest (GOI). As shown in FIGS. 10C-10D, suitably the GOI is

included between two ITR sequences.

[0077] Also provided herein is an isolated nucleic acid molecule encoding an adenovirus
helper gene comprising E2A and E40rf6 genes under control of a first derepressible promoter, an
AAYV gene comprising Rep and Cap genes under control of a second derepressible promoter, a

viral-associated, non-coding RNA under control of a third depressible promoter, two inverted
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terminal repeat (ITR) sequences, and a repressor element of the first, second and third derepressible

promoters.

[0078] 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.

[0079] For example, as shown in FIGS. 10A-10B, two plasmid constructs are shown. As
indicated, in embodiments, an internal ribosome entry site (IRES) element can be included
between the E2A and E40rf6 genes. As described herein with reference to FIG. 4B in
embodiments, a Rep78 gene is under control of the second derepressible promoter and a Rep52

gene is under control of a fourth derepressible promoter (i.e., separated from the Rep52 gene).

[0080] In further embodiments, as shown with reference to FIGS. 10A-10B, a Rep78 gene is
under control of a derepressible promoter (ip5 promoter as shown, and various iterations described
in FIG. 5) and a Rep52 gene is under control of a fourth derepressible promoter contained within
an artificial intron, illustrated as ip19, and described with reference to FIGS. 7A-7B. The isolated

nucleic acid further suitably includes the Cap gene under control of a native promoter (i.e., p40).

[0081] As described herein, various derepressible promoters can be included in the isolated
nucleic acid molecules, and suitably include a functional promoter and two tetracycline operator
sequences (TetO2). As shown in FIG. 10A and 10B, with regard to the helper genes E2 and E4,
suitably this functional promoter is a CMV promoter, which includes the TetO2 sequences. The
derepressible promoter for use with the viral-associated, non-coding RNA suitably includes an H1

promoter, as well as the TetO2 sequences.

[0082] As described herein and as shown in FIGS. 10A and 10B, the repressor element (e.g.,

a tetracycline repressor protein), is suitably under the control of a constitutive promoter, for
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example, a hPGK promoter. As shown in FIG. 10A and 12B, the isolated nucleic acid molecules
can further include a nucleic acid encoding a transcriptional repression domain (e.g., a KRAB
sequence) in frame with the nucleic acid encoding the tetracycline repressor protein. As shown in
FIGS. 10C-10D and FIG. 11B, the isolated nucleic acid molecules can further include a gene of
interest (GOI, e.g., a GFP), suitably between the two ITR sequences.

[0083] As described herein and as shown in FIGS. 12A-12B, the repressor element is suitably

flanked by an insulator, for example, a chicken hypersensitive site-4 (cHS4) sequence.

[0084] In embodiments, a nucleic acid encoding a transcriptional repression domain (such as
KRAB) is included in frame with the nucleic acid encoding the tetracycline repressor protein (e.g.,

TetR-KRAB).

[0085] Additional genetic and sequence elements for inclusion in the isolated nucleic acid
molecules described herein are known in the art and can be found illustrated schematically in

FIGS. 10A-10D and FIGS. 11A-11E.

[0086] The terms “sequence identity” or “% identity” in the context of nucleic acid sequences
described herein refers 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
compared. Methods of alignment for determination of sequence identity are well-known can be

performed using publicly available databases such as BLAST (blast.ncbi.nlm.nih.gov/Blast. CGL).

[0087] In some embodiments, nucleic acid molecules have at least about 70%, at least about
75%, at least about 80%, at least about 85%, at least about 90%, at least about 95%, at least about
97%, at least about 98%, at least about 99% or about 100% sequence identity with a reference
nucleic acid molecule, respectively (or a fragment of the reference polypeptide or nucleic acid
molecule). In certain embodiments of the disclosure, polypeptides or nucleic acid molecules have
at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 97%, at
least 98%, or at least 99% or 100% sequence identity with a reference nucleic acid molecule,

respectively (or a fragment of the reference nucleic acid molecule). In some embodiments, nucleic
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acid molecules have about 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5%

sequence identity with a reference nucleic acid molecule, respectively.

[0088] A “vector” or “expression vector” is a replicon, such as a plasmid, phage, virus, or
cosmid, to which a nucleic acid molecule described herein may be attached to bring about the
replication and/or expression of the attached nucleic acid molecule in a cell. “Vector” includes
episomal (e.g., plasmids) and non-episomal vectors. The term “vector” includes both viral and
nonviral means for introducing a nucleic acid molecule into a cell in vitro, in vivo, or ex vivo. The
term vector may include synthetic vectors. Vectors may be introduced into the desired host cells
by well-known methods, including, but not limited to, transfection, transduction, cell fusion, and

lipofection. Vectors can comprise various regulatory elements including promoters.

[0089] Also provided herein is a method of producing an adeno-associated virus (AAV) in a
mammalian cell. Suitably, the methods described herein include transfecting the mammalian cell
with an isolated nucleic acid molecule encoding an adenovirus helper gene comprising E2A and
E40rf6 genes under control of a first derepressible promoter, an AAV gene comprising Rep and
Cap genes under control of a second derepressible promoter, a viral-associated, non-coding RNA
under control of a third depressible promoter, two inverted terminal repeat (ITR) sequences, and a

repressor element of the first, second and third derepressible promoters.

[0090] “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
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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.

[0091] 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.

[0092] In exemplary embodiments, a vectors such as the PIGGYBAC™ transposon can be
used for the stable integration of these nucleic acid molecules, which allows one-step insertion of
large nucleic acid sequences in multiple copies randomly in a cell genome. The system consists
of a PIGGYBAC™ Vector and the Super PIGGYBAC™ Transposase which recognizes
transposon-specific inverted terminal repeats (ITRs) and efficiently integrates the ITRs and
intervening DNA into the genome at TTAA sites. The Super PIGGYBAC™ Transposase is
delivered to the cell via the Super PIGGYBAC™ Transposase Expression Vector, which is co-
transfected with one or more PIGGYBAC™ Vectors.

[0093] The methods further include treating the mammalian cell with a binding partner of the
repressor element. As described herein, in the presence of a repressor element, the functional
promoters of the derepressible promoters controlling the transcription of the various genes encoded
by the nucleic acid molecules, are repressed. That is, the genes are not actively being transcribed,
and are instead awaiting derepression. As noted herein, the repressor element of the derepressible
promoters is suitably under control of constitutive promoter, such that the repressor element is
being produced soon after transfection of the nucleic acid molecule into the mammalian cell. Upon
treatment with the binding partner of the repressor element, the repressor element binds to the
binding partner, changes conformation, and no longer represses the derepressible promoter. This
results in the activating of the first, second and third (and additional as needed) derepressible
promoters (i.e., the functional promoters of the derepressible promoters) within the mammalian

cell.

[0094] Following the activation, the various elements are transcribed and translated within the
mammalian cell, resulting in the production of the AAV. The AAV is then harvested using

methods known in the art.
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[0095] While the methods described herein can be utilized in any mammalian cell, including
a mammalian cell culture, suitably the mammalian cell culture is a suspension culture, including a

human cell such as an HEK suspension cell culture.

[0096] As described throughout the nucleic acid molecules can further include an internal
ribosome entry site (IRES) element between the E2A and E40rf6 genes. Exemplary constructs
related to the Rep78 and Rep 52 genes are described herein, including where a Rep78 gene is under
control of the second derepressible promoter and a Rep52 gene is under control of a fourth
derepressible promoter. In additional embodiments of the methods, a Rep78 gene is under control
of the second derepressible promoter and a Rep52 gene is under control of a fourth derepressible

promoter contained within an artificial intron.

[0097] As described herein, the use of an artificial intron allows for removal of the fourth
derepressible promoter following activating the derepressible promoters and prior to the producing
the AAV. As described herein, the derepressible promoter within the intron ensures the repression
of Rep52 gene expression before activation, while still allowing for the expression of the Rep78
protein following the removal of the intron during mRNA splicing. In exemplary embodiments of

the methods, the Cap gene is under control of a native promoter, such as p40.

[0098] In embodiments, the functional promoter of the derepressible promoter controlling the
expression of the helper genes is a cytomegalovirus (CMV) promoter. Suitably, the repressor
element that is encoded in the methods described herein is a tetracycline repressor protein, and
suitably the derepressible promoters comprise a functional promoter and two tetracycline operator
sequences (TetO2). In embodiments, the repressor element is under control of a constitutive
promoter, such as hPGK, for example when the repressor element that is encoded is a tetracycline

repressor protein.

[0099] As described herein, in embodiments utilizing the TetR and/or TetR-KRAB repressor
element, treating the cells with doxycycline changes the conformation of the TetR and activates

the transcription of the various genes.
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[00100] Various mammalian cells can be utilized in the methods described herein, including
human cells such as human embryonic kidney (HEK) cells, or other mammalian cells including

Chinese hamster ovary (CHO) cells.

[00101]  As described throughout, in embodiments, the AAV comprises a nucleic acid molecule
encoding a gene of interest. This GOI can be a reporter gene, a selection gene, or any other gene

of interest, including a gene of therapeutic interest.

[00102] 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.

[00103] 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, 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,
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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.

[00104] In embodiments and unless stated otherwise herein, the devices, facilities, and methods
described herein can also include any suitable unit operation and/or equipment not otherwise
mentioned, such as operations and/or equipment for separation, purification, and isolation of such
products. Any suitable facility and environment can be used, such as traditional stick-built
facilities, modular, mobile and temporary facilities, or any other suitable construction, facility,
and/or layout. For example, in some embodiments modular clean-rooms can be used. Additionally
and unless otherwise stated, the devices, systems, and methods described herein can be housed
and/or performed in a single location or facility or alternatively be housed and/or performed at

separate or multiple locations and/or facilities.

[00105] In further embodiments, provided herein is a method of treatment with an adeno-
associated virus (AAV) comprising: transfecting the mammalian cell with an isolated nucleic acid
molecule encoding: an adenovirus helper gene comprising E2A and E4Orf6 genes under control
of a first derepressible promoter, an AAV gene comprising Rep and Cap genes under control of a
second derepressible promoter, a viral-associated, non-coding RNA under control of a third
depressible promoter, two inverted terminal repeat (ITR) sequences, and a repressor element of
the first, second and third derepressible promoters, treating the mammalian cell with a binding
partner of the repressor element, activating the first, second and third derepressible promoters,

producing the AAV, harvesting the AAV, and administering the AAV to a mammalian patient.

[00106]  Suitably, the methods are used to treat a human patient with a gene of interest, including
a gene of therapeutic interest. Administration to a human patient can include, for example,
inhalation, injection, or intravenous administration, as well as other administration methods known

in the art.
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[00107] The methods of producing the AAV and the use of various derepressible promoters are

described herein.

[00108] In further embodiments, a method of producing an adeno-associated virus (AAV) is
provided and includes transfecting a mammalian cell stably expressing one or more nucleic acids
encoding TetR and/or TetR-KRAB with: a first nucleic acid encoding an adenovirus helper gene
comprising an E2A gene, a E4Orf gene and a viral-associated non-coding RNA, under control of
a first derepressible promoter, a second nucleic acid encoding an AAV gene comprising Rep and
Cap genes under control of a second derepressible promoter, optionally, a third nucleic acid
encoding a gene of interest under control of a third derepressible promoter; treating the mammalian
cell with a binding partner of the TetR; activating the first, second and third derepressible
promoters; producing the AAV; and harvesting the AAV.

[00109] As described herein, suitably the mammalian cell is a mammalian cell culture,

including a suspension culture

[00110] As described herein, suitably the mammalian cell is a Chinese hamster ovary (CHO)

cell or a human cell including a human embryonic kidney (HEK) cell.

[00111] As described herein, using 2 or 3 different nucleic acids or transposons to transfect
mammalian cells offers advantages over combining the nucleic acids in one plasmid, including the
ability to optimize the ratio of separate AAV-producing and packaging components and to exert

temporal control over expression of each transposon.

[00112] As described herein, suitably the nucleic acid encoding the E2A and E4Orf genes
further comprises an internal ribosome entry site (IRES) element between the E2A and E4Orf

genes.

[00113] As described herein, suitably the derepressible promoters comprise a functional

promoter and two tetracycline operator sequences (TetOz).

[00114] Asdescribed herein, suitably the functional promoter of the first derepressible promoter

is a cytomegalovirus (CMV) promoter.
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[00115] In some embodiments, the mammalian cell used to produce adeno-associated virus
(AAV) is stably expressing one or more nucleic acids encoding TetR and/or TetR-KRAB under

control of a constitutive promoter.

[00116] As described herein, stable expression of a TetR and/or TetR-KRAB in a mammalian
cell (prior to insertion of nucleic acids carrying the components of the virus, suitably via
transposons) maximizes the repression of potentially cytotoxic AAV genes introduced by

transfection and confers increased temporal control over the derepressible promoter elements.
[00117] In some embodiments, a KRAB repressor domain is fused in frame with the TetR.

[00118]  As described herein, fusing a KRAB repressor domain in frame with the TetR ensures
that “leaky” expression of the potentially cytotoxic AAV-packaging nucleic acids is less likely to
occur. A KRAB repressor domain fused in frame with the TetR repressor domain provides an

additional mechanism to accomplish high levels of repression of derepressible promoters.

[00119] In some embodiments, the mammalian cell produces a sufficient amounts of TetR. As
used herein, a “sufficient” of TetR is defined as the level of amount and/or activity of a repressor
(e.g., TetR) to stop expression and/or activity of a repressible and/or derepressible element (i.e.,

prior to addition of doxycycline).

[00120] As described herein, producing sufficient amounts of TetR is necessary for repression
of the derepressible promoters under normal conditions (e.g., before addition of doxycycline). If
sufficient amounts of TetR are not produced by the mammalian cell, the cell may prematurely

transcribe and translate potentially cytotoxic AAV-packaging nucleic acids.

[00121]  In further embodiments, the mammalian cell further comprises stable expression of
one or more nucleic acids encoding chicken hypersensitive site-4 (cHS4) flanking the TetR and/or
TetR-KRAB repressor sequences. As described herein, expression of cHS4 sequences flanking the
TetR and/or TetR-KRAB repressor sequences prevent the silencing of TetR expression and further

improve the stability of integrated repressors in the mammalian cell genome.

[00122] In further embodiments, the treating comprises treating with doxycycline to remove

repression of derepressible promoters.
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[00123] In further embodiments, each of the first, second and third nucleic acids are flanked by

transposon-specific inverted terminal repeats (ITRs).

[00124] In further embodiments, a method for producing an adeno-associated virus (AAV)
comprises stably transfecting a mammalian cell with: a nucleic acid encoding a TetR and/or TetR-
KRAB repressor, chicken hypersensitive site-4 (cHS4) sequences flanking the TetR and/or TetR-
KRAB repressor, and a selection gene; transfecting the stably transfected mammalian cell with a
first nucleic acid encoding an adenovirus helper gene comprising an E2A gene, a E4Orf gene and
a viral-associated non-coding RNA, under control of a first derepressible promoter, a second
nucleic acid encoding an AAV gene comprising Rep and Cap genes under control of a second
derepressible promoter, and optionally, a third nucleic acid encoding a gene of interest under
control of a third derepressible promoter; treating the mammalian cell with a binding partner of
the TetR; activating the first, second and third derepressible promoters; producing the AAV; and
harvesting the AAV.

[00125] In some embodiments, the mammalian cell further comprises a selection gene, such asa
zeocin resistance gene. Additional selection genes include other antibiotic resistance genes, such
as kanamycin and geneticin resistance genes. As described herein, expression of a zeocin
resistance gene allows for efficient selection of correctly integrated repressors in the mammalian

cell genome.
Additional Exemplary Embodiments

[00126] Embodiment 1 is a mammalian cell for producing an adeno-associated virus (AAV),
comprising a nucleic acid molecule encoding a viral helper gene under control of a first
derepressible promoter, a nucleic acid molecule encoding an AAV gene under control of a second
derepressible promoter, and a nucleic acid molecule encoding a repressor element of the first and

the second derepressible promoters.

[00127] Embodiment 2 includes the mammalian cell of embodiment 1, wherein the mammalian

cell is a mammalian cell culture.

[00128] Embodiment 3 includes the mammalian cell of embodiment 2, wherein the mammalian

cell culture is a suspension culture.
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[00129] Embodiment 4 includes the mammalian cell of any one of embodiments 1-3, wherein

the viral helper gene is an adenovirus helper gene.

[00130] Embodiment 5 includes the mammalian cell of embodiment 4, wherein the adenovirus

helper gene comprises E2ZA and E40rf6 genes.

[00131] Embodiment 6 includes the mammalian cell of embodiment 5, further comprising an

internal ribosome entry site (IRES) element between the E2A and E40rf6 genes.

[00132] Embodiment 7 includes the mammalian cell of any one of embodiments 1-6, wherein

the AAV gene comprises Rep and Cap genes.

[00133] Embodiment 8 includes the mammalian cell of embodiment 7, wherein a Rep78 gene
is under control of the second derepressible promoter and a Rep52 gene is under control of a third

derepressible promoter.

[00134] Embodiment 9 includes the mammalian cell of embodiment 7, wherein a Rep78 gene
is under control of the second derepressible promoter and a Rep52 gene is under control of a third

derepressible promoter contained within an artificial intron.

[00135] Embodiment 10 includes the mammalian cell of any one of embodiments 8 or 9,

wherein the Cap gene is under control of a native promoter.

[00136] Embodiment 11 includes the mammalian cell of any one of embodiments 1-10, wherein
each of the derepressible promoters comprise a functional promoter and two tetracycline operator

sequences (TetO2).

[00137] Embodiment 12 includes the mammalian cell of embodiment 11, wherein the

functional promoter of the first derepressible promoter is a cytomegalovirus (CMV) promoter.

[00138] Embodiment 13 includes the mammalian cell of any one of embodiments 1-12, wherein

the repressor element is under control of a constitutive promoter.

[00139] Embodiment 14 includes the mammalian cell of any one of embodiments 1-13, wherein

the repressor element is a tetracycline repressor protein.
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[00140] Embodiment 15 includes the mammalian cell of embodiment 14, further comprising a
nucleic acid encoding a transcriptional repression domain in frame with the nucleic acid encoding

the tetracycline repressor protein.

[00141] Embodiment 16 includes the mammalian cell of any one of embodiments 1-15, wherein

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

[00142] Embodiment 17 includes the mammalian cell of any one of embodiments 1-15, wherein

the mammalian cell is a human cell.

[00143] Embodiment 18 includes the mammalian cell of embodiment 17, wherein the human

cell is a human embryonic kidney (HEK) cell.

[00144] Embodiment 19 includes the mammalian cell of any one of embodiments 1-18, further

comprising a nucleic acid molecule including two inverted terminal repeat (ITR) sequences.

[00145] Embodiment 20 includes the mammalian cell of any one of embodiments 1-19, further

comprising a nucleic acid molecule encoding a gene of interest.

[00146] Embodiment 21 includes the mammalian cell of any one of embodiments 1-20, further
comprising a nucleic acid encoding a viral-associated, non-coding RNA under control of a fourth

derepressible promoter.

[00147] Embodiment 22 is a mammalian cell for producing an adeno-associated virus (AAV),
comprising a nucleic acid molecule encoding an adenovirus helper gene comprising E2A and
E40rf6 genes under control of a first derepressible promoter, an AAV gene comprising Rep and
Cap genes under control of a second derepressible promoter, a viral-associated, non-coding RNA
under control of a third depressible promoter, two inverted terminal repeat (ITR) sequences, and a

repressor element of the first, second and third derepressible promoters.

[00148] Embodiment 23 includes mammalian cell of embodiment 22, wherein the mammalian

cell is a mammalian cell culture.

[00149] Embodiment 24 includes the mammalian cell of embodiment 23, wherein the

mammalian cell culture is a suspension culture.
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[00150] Embodiment 25 includes the mammalian cell of any one of embodiments 22-24, further

comprising an internal ribosome entry site (IRES) element between the E2A and E4Orf6 genes.

[00151] Embodiment 26 includes the mammalian cell of any one of embodiments 22-25,
wherein a Rep78 gene is under control of the second derepressible promoter and a Rep52 gene is

under control of a fourth derepressible promoter.

[00152] Embodiment 27 includes the mammalian cell of any one of embodiments 22-25,
wherein a Rep78 gene is under control of the second derepressible promoter and a Rep52 gene is

under control of a fourth derepressible promoter contained within an artificial intron.

[00153] Embodiment 28 includes the mammalian cell of any one of embodiments 26 or 27,

wherein the Cap gene is under control of a native promoter.

[00154] Embodiment 29 includes the mammalian cell of any one of embodiments 22-28,
wherein each of the derepressible promoters comprise a functional promoter and two tetracycline

operator sequences (TetO2).

[00155] Embodiment 30 includes the mammalian cell of embodiment 29, wherein the

functional promoter of the first derepressible promoter is a cytomegalovirus (CMV) promoter.

[00156] Embodiment 31 includes the mammalian cell of any one of embodiments 22-30,

wherein the repressor element is under control of a constitutive promoter.

[00157] Embodiment 32 includes the mammalian cell of any one of embodiments 22-31,

wherein the repressor element is a tetracycline repressor protein.

[00158] Embodiment 33 includes the mammalian cell of embodiment 25, further comprising a
nucleic acid encoding a transcriptional repression domain in frame with the nucleic acid encoding

the tetracycline repressor protein.

[00159] Embodiment 34 includes the mammalian cell of any one of embodiments 22-33,

wherein the mammalian cell is a Chinese hamster ovary (CHO) cell.
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[00160] Embodiment 35 includes the mammalian cell of any one of embodiments 22-33,

wherein the mammalian cell is a human cell.

[00161] Embodiment 36 includes the mammalian cell embodiment 35, wherein the human cell

is a human embryonic kidney (HEK) cell.

[00162] Embodiment 37 includes the mammalian cell of any one of embodiments 22-36, further

comprising a nucleic acid molecule encoding a gene of interest.

[00163] Embodiment 38 is an isolated nucleic acid molecule encoding an adenovirus helper
gene comprising E2A and E40Orf6 genes under control of a first derepressible promoter, an AAV
gene comprising Rep and Cap genes under control of a second derepressible promoter, a viral-
associated, non-coding RNA under control of a third depressible promoter, two inverted terminal
repeat (ITR) sequences, and a repressor element of the first, second and third derepressible

promoters.

[00164] Embodiment 39 includes the isolated nucleic acid of embodiment 38, further
comprising an internal ribosome entry site (IRES) element between the E2A and E4Orf6 genes.

[00165] Embodiment 40 includes the isolated nucleic acid of any of embodiments 38-39,
wherein a Rep78 gene is under control of the second derepressible promoter and a Rep52 gene is

under control of a fourth derepressible promoter.

[00166] Embodiment 41 includes the isolated nucleic acid of any of embodiments 38-39
wherein a Rep78 gene is under control of the second derepressible promoter and a Rep52 gene is

under control of a fourth derepressible promoter contained within an artificial intron.

[00167] Embodiment 42 includes the isolated nucleic acid of any of embodiments 40 or 41,

wherein the Cap gene is under control of a native promoter.

[00168] Embodiment 43 includes the isolated nucleic acid of any of embodiments 38-42,
wherein each of the derepressible promoters comprise a functional promoter and two tetracycline

operator sequences (TetO2).
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[00169] Embodiment 44 includes the isolated nucleic acid of embodiment 43, wherein the

functional promoter of the first derepressible promoter is a cytomegalovirus (CMV) promoter.

[00170] Embodiment 45 includes the isolated nucleic acid of any of embodiments 38-44,

wherein the repressor element is under control of a constitutive promoter.

[00171] Embodiment 46 includes the isolated nucleic acid of any of embodiments 38-45,

wherein the repressor element is a tetracycline repressor protein.

[00172] Embodiment 47 includes the isolated nucleic acid of embodiment 46, further
comprising a nucleic acid encoding a transcriptional repression domain in frame with the nucleic

acid encoding the tetracycline repressor protein.

[00173] Embodiment 48 includes the isolated nucleic acid of any of embodiments 38-47, further

comprising a gene of interest.

[00174] Embodiment 49 is a method of producing an adeno-associated virus (AAV) in a
mammalian cell comprising transfecting the mammalian cell with an isolated nucleic acid
molecule encoding an adenovirus helper gene comprising E2A and E4Orf6 genes under control of
a first derepressible promoter, an AAV gene comprising Rep and Cap genes under control of a
second derepressible promoter, a viral-associated, non-coding RNA under control of a third
depressible promoter, two inverted terminal repeat (ITR) sequences, and a repressor element of
the first, second and third derepressible promoters, treating the mammalian cell with a binding
partner of the repressor element, activating the first, second and third derepressible promoters,

producing the AAV, and harvesting the AAV.

[00175] Embodiment 50 includes the method of embodiment 49, wherein the mammalian cell

is a mammalian cell culture.

[00176] Embodiment 51 includes the method of embodiment 50, wherein the mammalian cell

culture is a suspension culture.

[00177] Embodiment 52 includes the method of any of embodiments 49-51, further comprising
an internal ribosome entry site (IRES) element between the E2A and E4Orf6 genes.
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[00178] Embodiment 53 includes the method of any of embodiments 49-52, wherein a Rep78
gene is under control of the second derepressible promoter and a Rep52 gene is under control of a

fourth derepressible promoter.

[00179] Embodiment 54 includes the method of any of embodiments 49-52, wherein a Rep78
gene is under control of the second derepressible promoter and a Rep52 gene is under control of a

fourth derepressible promoter contained within an artificial intron.

[00180] Embodiment 55 includes the method of embodiment 54, wherein the fourth
derepressible promoter is removed following the activating the derepressible promoters and prior

to the producing the AAV.

[00181] Embodiment 56 includes the method of any of embodiments 53 or 54, wherein the Cap

gene is under control of a native promoter.

[00182] Embodiment 57 includes the method of any of embodiments 49-56, wherein each of
the derepressible promoters comprise a functional promoter and two tetracycline operator

sequences (TetO2).

[00183] Embodiment 58 includes the method of embodiment 57, wherein the functional

promoter of the first derepressible promoter is a cytomegalovirus (CMV) promoter.

[00184] Embodiment 59 includes the method of any of embodiments 49-58, wherein the

repressor element is under control of a constitutive promoter.

[00185] Embodiment 60 includes the method of any of embodiments 49-59, wherein the

repressor element that is a tetracycline repressor protein.

[00186] Embodiment 61 includes the method of embodiment 60, wherein the nucleic acid
further comprises a nucleic acid encoding a transcriptional repression domain in frame with the

nucleic acid encoding the tetracycline repressor protein.

[00187] Embodiment 62 includes the method of any of embodiments 60 or 61, wherein the

treating comprises treating with doxycycline.
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[00188] Embodiment 63 includes the method of any of embodiments 49-62, wherein the

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

[00189] Embodiment 64 includes the method of any of embodiments 49-63, wherein the

mammalian cell is a human cell.

[00190] Embodiment 65 includes the method of embodiment 64, wherein the human cell is a

human embryonic kidney (HEK) cell.

[00191] Embodiment 66 includes the method of any of embodiments 49-65, wherein the AAV

comprises a nucleic acid molecule encoding a gene of interest.

[00192] Embodiment 67 includes the method of embodiment 66, wherein the AAV comprises

a gene of therapeutic interest.

[00193] Embodiment 68 is a method of treatment with an adeno-associated virus (AAV)
comprising transfecting the mammalian cell with an isolated nucleic acid molecule encoding, an
adenovirus helper gene comprising E2A and E4Orf6 genes under control of a first derepressible
promoter, an AAV gene comprising Rep and Cap genes under control of a second derepressible
promoter, a viral-associated, non-coding RNA under control of a third depressible promoter, two
inverted terminal repeat (ITR) sequences; and a repressor element of the first, second and third
derepressible promoters; treating the mammalian cell with a binding partner of the repressor
element; activating the first, second and third derepressible promoters; producing the AAV;

harvesting the AAV; and administering the AAV to a mammalian patient.

[00194] Embodiment 69 includes the method of embodiment 68, wherein the mammalian cell

is a mammalian cell culture.

[00195] Embodiment 70 includes the method of embodiment 69, wherein the mammalian cell

culture is a suspension culture.

[00196] Embodiment 71 includes the method of any of embodiments 68-70, further comprising
an internal ribosome entry site (IRES) element between the E2A and E4Orf6 genes.
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[00197] Embodiment 72 includes the method of any of embodiments 68-71, wherein a Rep78
gene is under control of the second derepressible promoter and a Rep52 gene is under control of a

fourth derepressible promoter.

[00198] Embodiment 73 includes the method of any of embodiments 68-72, wherein a Rep78
gene is under control of the second derepressible promoter and a Rep52 gene is under control of a

fourth derepressible promoter contained within an artificial intron.

[00199] Embodiment 74 includes the method of embodiment 73, wherein the fourth
derepressible promoter is removed following the activating the derepressible promoters and prior

to the producing the AAV.

[00200] Embodiment 75 includes the method of any of embodiments 73 or 74, wherein the Cap

gene is under control of a native promoter.

[00201] Embodiment 76 includes the method of any of embodiments 68-75, wherein each of
the derepressible promoters comprise a functional promoter and two tetracycline operator

sequences (TetO2).

[00202] Embodiment 77 includes the method of embodiment 76, wherein the functional

promoter of the first derepressible promoter is a cytomegalovirus (CMV) promoter.

[00203] Embodiment 78 includes the method of any of embodiments 68-77, wherein the

repressor element is under control of a constitutive promoter.

[00204] Embodiment 79 includes the method of any of embodiments 68-78, wherein the

repressor element that is a tetracycline repressor protein.

[00205] Embodiment 80 includes the method of embodiment 79, wherein the nucleic acid
further comprises a nucleic acid encoding a transcriptional repression domain in frame with the

nucleic acid encoding the tetracycline repressor protein.

[00206] Embodiment 81 includes the method of any of embodiments 79 or 80, wherein the

treating comprises treating with doxycycline.
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[00207] Embodiment 82 includes the method of any of embodiments 68-81, wherein the

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

[00208] Embodiment 83 includes the method of any of embodiments 68-82, wherein the

mammalian cell is a human cell.

[00209] Embodiment 84 includes the method of embodiment 83, wherein the human cell is a

human embryonic kidney (HEK) cell.

[00210] Embodiment 85 includes the method of any of embodiments 68-84, wherein the AAV

comprises a nucleic acid molecule encoding a gene of interest.

[00211] Embodiment 86 includes the method of embodiment 87, wherein the AAV comprises

a gene of therapeutic interest.

[00212] Embodiment 87 includes the method of any of embodiments 68-86, wherein the

administering comprises inhalation, injection or intravenous administration.

[00213] Embodiment 88 is a method of producing an adeno-associated (AAV) virus,
comprising: transfecting a mammalian cell stably expressing one or more nucleic acids encoding
TetR and/or TetR with a first nucleic acid encoding an adenovirus helper gene comprising an E2A
gene, a E40rf gene and a viral-associated non-coding RNA under control of a first derepressible
promoter, a second nucleic acid encoding an AAV gene comprising Rep and Cap genes under
control of a second derepressible promoter, and, optionally, a third nucleic acid encoding a gene
of interest under control of a third derepressible promoter; treating the mammalian cell with a
binding partner of the TetR and/or TetR-KRAB; activating the first, second and third derepressible
promoters; producing the AAV; and harvesting the AAV.

[00214] Embodiment 89 includes the method of embodiment 88, wherein the mammalian cell

is a mammalian cell culture.

[00215] Embodiment 90 includes the method of any of embodiments 88-89, wherein the

mammalian cell is a Chinese hamster ovary (CHO) cell.
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[00216] Embodiment 91 includes the method of any of embodiments 88-90, wherein the

mammalian cell is a human cell.

[00217] Embodiment 92 includes the method of embodiment 91, wherein the human cell is a

human embryonic kidney (HEK) cell.

[00218] Embodiment 93 includes the method of embodiment 89, wherein the mammalian cell

culture is a suspension culture.

[00219] Embodiment 94 includes the method of any of embodiments 88-90, wherein the
mammalian cell further comprises an internal ribosome entry site (IRES) element between the
E2A and E40Orf6 genes.

[00220] Embodiment 95 includes the method of any of embodiments 88-91, wherein each of
the derepressible promoters comprise a functional promoter and two tetracycline operator

sequences (TetOa).

[00221] Embodiment 96 includes the method of embodiment 92, wherein the functional

promoter of the first derepressible promoter is a cytomegalovirus (CMV) promoter.

[00222] Embodiment 97 includes the method of any of embodiments 88-96, wherein the stably

expressed TetR and/or TetR-KRAB is under control of a constitutive promoter.

[00223] Embodiment 98 includes the method of embodiment 97, wherein the nucleic acid
encoding the TetR-KRAB comprises KRAB fused in frame with the TetR.

[00224] Embodiment 99 includes the method of any one of embodiments 88-98, wherein the

treating comprises treating with doxycycline.

[00225] Embodiment 100 includes the method of any one of embodiments 88-99, wherein each
of the first, second and third nucleic acids are flanked by transposon-specific inverted terminal

repeats (ITRs).

[00226] Embodiment 101 includes the method of any of embodiments 88-100, wherein the

mammalian cell expresses sufficient amounts of TetR and/or TetR-KRAB.
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[00227] Embodiment 102 includes the method of any of embodiments 88-101, wherein the

AAV comprises a gene of therapeutic interest.

[00228] Embodiment 103 includes the method of any of embodiments 88-102, wherein the
mammalian cell further comprises stable expression of one or more nucleic acids encoding chicken

hypersensitive site-4 (cHS4) flanking the TetR and/or TetR-KRAB repressor sequences.

[00229] Embodiment 104 includes the method of any of embodiments 88-103, wherein the

mammalian cell further comprises a zeocin resistance gene.

[00230] Embodiment 105 is a method for producing an adeno-associated virus (AAV),
comprising: stably transfecting a mammalian cell with: a nucleic acid encoding a TetR and/or
TetR-KRAB repressor; chicken hypersensitive site-4 (cHS4) sequences flanking the TetR and/or
TetR-KRAB repressor; and a selection gene; transfecting the stably transfected mammalian cell
with: a first nucleic acid encoding an adenovirus helper gene comprising an E2A gene, a E4Orf
gene and a viral-associated non-coding RNA, under control of a first derepressible promoter; a
second nucleic acid encoding an AAV gene comprising Rep and Cap genes under control of a
second derepressible promoter; and optionally, a third nucleic acid encoding a gene of interest
under control of a third derepressible promoter; treating the stably transfected mammalian cell
with a binding partner of the TetR; activating the first, second and third derepressible promoters;

producing the AAV; and harvesting the AAV.

[00231] Embodiment 106 includes the method of embodiment 105, wherein the stably

transfected mammalian cell produces a sufficient amounts of TetR.

[00232] Embodiment 107 includes the method of any of embodiments 106 and 107, wherein
the KRAB repressor domain is fused in frame with the TetR.
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EXAMPLES
Example 1: Design and Validation of Derepressible Helper Genes

[00233] To drive the expression of E2A and E4O0rf6 genes, a derepressible promoter from the
pcDNA4/TO vector (INVITROGEN) was utilized. This promoter includes the complete CMV
promoter with an insertion of two Tetracycline operator sequences (TetO2) between the TATA
box and transcriptional start site (TSS). In the presence of tetracycline repressor protein (TetR),
transcription initiation was blocked by the binding of TetR onto the TetO: sites. When Tetracycline
or Doxycycline is added into the medium, it 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 (FIG 1 showing OFF and ON conformations of TetR/TetO2 derepressible

promoter system).

[00234] To simplify the design and improve the stability, an Internal Ribosome Entry Site
(IRES) element was used to initiate the translation of E4Orf6 after E2A in a single expression

cassette, driven by a single inducible CMV promoter (FIG. 1).

[00235] Toinduce the VA I non-coding RNA, an H1 promoter with TetO:z insertion was applied
(see, e.g., Wiederschain et al., “Single-vector inducible lentiviral RNAi system for oncology target
validation, Cell Cycle 8:498-504 (2009)). Similarly, the addition of Doxycycline releases TetR and
turns on VA I expression (FIG. 1).

[00236] As mentioned, a TetR gene expression cassette is included for the control of the
derepressible promoters (see FIG. 1). A constitutive human PGK promoter is used to drive the
expression of TetR, followed by an IRES that directs the expression of puromycin N-

acetyltransferase used to select the transposon integrated cells (see FIG. 2A).

[00237] Toreduce the potential leaky expression from the derepressible promoters, an enhanced
version of TetR was also included (see, e.g., Szulc et al., “A versatile tool for conditional gene
expression and knockdown,” Nature Methods 3:109-116 (2006)). Briefly, a strong repressive
domain of KRAB was fused in-frame to the C-terminal of original TetR, which improves its

repressive activity and minimizes basal gene expression before induction. An SV40 Nuclear
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Localization Signal (NLS) was inserted as well to facilitate the nuclear entry of the larger TetR-
KRAB fusion protein (FIG. 2A, FIGS. 12A-12B).

[00238] The sequence of the pcDNA3.1-E2A-E4-VA-TetR vector shown in FIG. 2A is

provided below:

[00239] _iHelper 1/ pcDNA3 1-E2A-E4-VA-TetR (11, 986 bp)

[00240] GACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTACAATC
TGCTCTGATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGTGTTGGAGGTCG
CTGAGTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTTGACCGACAAT
TGCATGAAGAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCGCGATGTACGGGCC
AGATATACGCGTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGG
TCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGC
CCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTT
CCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGG
TAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATT
GACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGG
GACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGC
GGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAA
GTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACT
TTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTAC
GGTGGGAGGTCTATATAAGCAGAGCTCTCTGGCTAACTAGAGAACCCACTGCTTACT
GGCTTATCGAAATTAATACGACTCACTATAGGGAGACCCAAGCTGGCTAGCGTTTAA
ACTTAAGCTTGGTACCGAGCTCGGATCCACTAGTCCAGTGTGGTGGAATTCCTGCTT
CGCGATGTACGGGCCAGATATACGCGTTGACATTGATTATTGACTAGTTATTAATAG
TAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAA
CTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCA
ATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGG
GTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCA
AGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAG
TACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTA
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TTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACT
CACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGAACC
AAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATG
GGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTCCCTATCAGTGAT
AGAGATCTCCCTATCAGTGATAGAGATCGTCGACGAGCTCGTTTAGTGAACCGTCAG
ATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCG
ATCCAGCCTCCGGACTCTAGCGTTTAAACTTAAGCTTGCCACC Catggccagtcgggaagaggage
agcgcgaaaccacccccgagegeggacgeggtgcggegegacgteccccaaccatggaggacgtgtegteceegteceegtegecge
cgecteecccgggegecceccaaaaaageggatgaggeggcgtatcgagtecgaggacgaggaagactcatcacaagacgegetggtec
cgcgeacacccageecgeggecatcgacctcggeggeggatttggecattgecgeccaagaagaaaaagaagegeccttctceccaagee
cgagcgeecgecatcaccagaggtaatcgtggacagegaggaagaaagagaagatgtggegetacaaatggtgggtttcagcaaccea
ccggtgctaatcaageatggcaaaggaggtaagegeacagtecggeggctgaatgaagacgaccecagtggegegtggtatgeggacge
aagaggaagaggaagagceccagegaageggaaagtgaaattacggtgatgaacccgetgagtgtgecgategtgtetgegtgggagaa
gggcatggaggctgcgegcgegctgatggacaagtaccacgtggataacgatctaaaggegaacttcaaactactgectgaccaagteg
aagctctggeggecgtatgcaagacctggetgaacgaggageaccgegggttgeagetgaccttcaccagcaacaagacctttgtgacga
tgatggggcgattcctgcaggegtacctgeagtegtttgcagaggtgacctacaageatcacgageeccacgggctgegegttgtggctgca
ccgetgegetgagatcgaaggegagcettaagtetctacacggaagceattatgataaataaggageacgtgattgaaatggatgtgacgage
gaaaacgggceagcgegegcetgaaggageagtctagcaaggecaagatcgtgaagaaccggtggggccgaaatgtggtgcagatctee
aacaccgacgcaaggtgctgecgtecacgacgeggectgtecggecaatcagtittccggeaagtettgeggeatgttettctctgaaggceg
caaaggctcaggtggcttttaagcagatcaaggcettttatgcaggegetgtatcctaacgeccagaccgggeacggtcaccttttgatgecac
tacggtgegagtgcaactcaaagectgggeacgegecctttttgggaaggeagcetaccaaagttgacteegttcgeectgageaacgegg
aggacctggacgcggatctgatctccgacaagagegtgctggecagegtgecaccacccggegcetgatagtgttccagtgctgcaacectg
tgtatcgcaactcgegegegeagggeggaggecccaactgegacttcaagatatcggegeccgacctgcetaaacgegttggtgatggtec
gcagectgtggagtgaaaacttcaccgagetgecgeggatggttgtgcctgagtttaagtggageactaaacaccagtatcgeaacgtgte
cctgecagtggegcatagegatgegeggcagaaccectttgatttttaacccgggagttctagggatctgeccctctecctececceeccecta
acgttactggecgaagecgcettggaataaggecggtgtgcgtitgtctatatgttattttccaccatattgecgtettttggcaatgtgagggcee
ggaaacctggecctgtettcttgacgageattcctaggggtctttcecctetcgecaaaggaatgcaaggtetgttgaatgtegtgaaggaag
cagttcctctggaagcttcttgaagacaaacaacgtctgtagegaccctttgecaggeageggaaccccccacctggegacaggtgectctg
cggccaaaagecacgtgtataagatacacctgcaaaggeggeacaaccccagtgecacgttgtgagttggatagttgtggaaagagtcaa
atggctctcctcaagegtattcaacaaggggctgaaggatgeccagaaggtaceccattgtatgggatctgatetggggecteggtgcacat
gctttacatgtgtttagtcgaggttaaaaaaacgtctaggecceecgaaccacggggacgtggttttectttgaaaaacacgatgataaggat
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ccaccggaggecaccatgactacgtceggegttecatttggeatgacactacgaccaacacgatcteggttgteteggegeactecgtaca
gtagggatcgtetacctecttttgagacagaaacccgegcetaccatactggaggatcatcegetgetgeccgaatgtaacactttgacaatgc
acaacgtgagttacgtgcgaggtctticcctgeagtgtgggatttacgctgattcaggaatgggttgttccctgggatatggttctaacgeggga
ggagcttgtaatcctgaggaagtgtatgcacgtgtecctgtgttgteccaacattgatatcatgacgageatgatgatecatggttacgagtee
tgggctcteccactgteattgttccagtceceggtteccctgeagtgtatageccggegggcaggtittggccagetggtttaggatggtegtooatg
gcgcecatgtttaatcagaggtttatatggtaccgggaggtggtgaattacaacatgccaaaagaggtaatgtttatgtccagegtgtttatgag
gggtcgecacttaatctacctgegcttgtegtatgatggecacgteggttctgtegtccecgecatgagetttggatacagegecttgeactgt
gggattttgaacaatattgtggtgctgtgctgcagttactgtgctgatttaagtgagatcagggtgcgetgctgtgcccggaggacaaggege
cttatgctgcgggeggtecgaatcatcgetgaggagaccactgecatgttgtattectgcaggacggageggeggeggeageagtttatte
gegegetgetgeageaccaccgecctatcctgatgeacgattatgactctacceecatgtagGCGGCCGCTCGAGTCTAG
AGGGCCCGTTTAAACCCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATC
TGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTC
CTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTC
TGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAG
GCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTGGG
GCTCTAGGGGGTATCCCCggggttggegttececcttttccaagegcATCCAGCACAGTGGCGGCCGCa
atatttgcatgtcgctatgtottctgggaaatcaccataaacgtgaaatcectatcagtgatagagacttataagttccctatcagtgatagagaa
ccggtgggceactcttccgtggtctggtggataaaticgcaagggtatcatggeggacgaccggggticgagecccgtatceggecgtecg
ccgtgatccatgeggttaccgecegegtgtegaacccaggtgtecgacgtcagacaacgggggagtgctectttttgaattccactttggee
gcggcetcgagggggttgggottacgecttttccaaggeagecctgggtttgcgeagggacgeggctgctetgggegtggttccgggaaac
gcageggegecgaccetgggtetegeacattettcacgtecgttcgeagegtecacceggatettcgeegetacecettgtgggeeceecgge
gacgcttectgetccgeecctaagtcgggaaggttecttgeggttcgeggegtgccggacgtgacaaacggaagecgeacgtetecactagt
accctcgeagacggacagegecagggageaatggeagegegecgaccgegatgggetgtggecaatageggetgetcageagggceg
Cgcegagagrageggeccgggaageeeceotacgggagacggagtgtgggacagtagigtgggccctgticetgeccgegeggtgtic
cgcattctgcaagcectccggagegeacgteggeagteggcetecctegttgaccgaatcaccgacctcetcteccccagggggatetgtgagttt
ggggacccttgattgttctttctttttcgetattgtaaaattcatgttatatggagggggcaaagttttcagggtgttgtttagaatgggaagatgte
ccttgtatcaccatggaccctcatgataattttgtttctttcactttctactetgttgacaaccattgtetectcttattttettttcattttctgtaacttttte
gttaaactttagcttgcatttgtaacgaatttttaaattcacttttgtttatttgtcagattgtaagtactttctctaatcacttttttttcaaggcaatcagg
gtatattatattgtacttcagcacagttttagagaacaattgttataattaaatgataaggtagaatatttctgeatataaattctggetggegtega
aatattcttattggtagaaacaactacatcctggtcatcatcctgectttctetttatggttacaatgatatacactgtitgagatgaggataaaatac
tctgagtccaaaccgggeccctetgetaaccatgttcatgecttettctttttcctacagetectgggeaacgtgetggttattgtgctgteteate
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attttggcaaagaattgtaatacgactcactatagggcgaGCCA CCatggctagattagataaaagtaaagtgattaacagegcattaga
gctgcttaatgaggtcggaatcgaaggtttaacaacccgtaaactcgeccagaagetaggtgtagageagectacattgtattggeatgtaaa
aaataagcgggctttgctcgacgcecttagecattgagatgttagataggcaccatactcacttttgecctttagaaggggaaagetggcaaga
ttttttacgtaataacgctaaaagttttagatgtectttactaagtcatcgegatggageaaaagtacatttaggtacacggectacagaaaaaca
gtatgaaactctcgaaaatcaattagcectttttatgccaacaaggtttttcactagagaatgeCttatatgcactcagcgeCgtggggcatttta
ctttaggttgcgtattggaagatcaagageatcaagtcgctaaagaagaaagggaaacacctactactgatagtatgecgecattattacgac
aagctatcgaattatttgatcaccaaggtgcagagecagecttettattcggecttgaattgatcatatgecggattagaaaaacaacttaaatgt
gaaagtgggtccccaaaaaagaagagaaaggtcgacggeggtggtaoctttgtctcctcageactctgetgtcactcaaggaagtatcatca
agaacaaggagggcatggatgctaagtcactaactgectggteccggacactggtgaccttcaaggatgtatttgtggacttcaccaggga
ggagtggaagcetgetggacactgetcageagategtgtacagaaatgtgatgetggagaactataagaacctggtttecttgggttatcaget
tactaagccagatgtgatcctceggttggagaagggagaagagecctggetggtggagagagaaattcaccaagagaccecatectgatte
agagactgcatttgaaatcaaatcatcagtttaagcgtacageggetecegggagttctagggatetgeccceteteccteeccceeecctaac
gttactggccgaagecgcettggaataaggecggtgtgcgtitgtctatatgttattttccaccatattgecgtcttttggcaatgtgagggcccg
gaaacctggecctgtettettgacgagceattectaggggtetttccectetcgecaaaggaatgcaaggtetgttgaatgtegtgaaggaage
agttcctctggaagcettcttgaagacaaacaacgtetgtagegaccctttgcaggeageggaacccccecacctggegacaggtgcctetge
ggccaaaagecacgtgtataagatacacctgecaaaggeggeacaaccecagtgecacgttgteagttogatagttgtogaaagagtcaaat
ggctctectcaagegtattcaacaaggggctgaaggatgcccagaaggtaccecattgtatgggatctgatctggggectecggtgcacatg
ctttacatgtgtttagtcgaggttaaaaaaacgtctaggecccccgaaccacggggacgtggttttcctttgaaaaacacgatgataaggatce
accggagGCCACCatgaccgagtacaagecccacggtgegectcgecacccgegacgacgtccccagggecgtacgeaccctege
cgeegegttegecgactaceccgecacgegecacaccgtegatceggaccgecacatcgagegggteaccgagetgcaagaactettee
tcacgegegtegggctegacatcggeaaggtgtgggtegeggacgacggegecgeggtggeggtetggaccacgecggagagegtcg
aagcgggggcggtattcgecgagatcggeccgegeatggecgagttgageggtteccggetggecgegeageaacagatggaaggce
tecctggegecgeaccggeccaaggageccgegtggttectggecaccgteggegtetcgeccgaccaccagggcaagggtctggocag
cgeegtegtgctecceggagtggaggcggccgagegcgecggegtgccegecttectggagacctecgegeccegeaaccteeccttct
acgagcggcteggcttcaccgtcaccgecgacgtcgaggtgeccgaaggaccgegeacctggtgcatgacccgeaageecggtgcctg
aCCGCGTCTGGAACAATCAACCTCTGGATTACAAAATTTGTGAAAGATTGACTGGTA
TTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACGCTGCTTTAATGCCTTTGTAT
CATGCTATTGCTTCCCGTATGGCTTTCATTTTCTCCTCCTTGTATAAATCCTGGTTGCT
GTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACGTGGCGTGGTGTGCACTGT
GTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGCCACCACCTGTCAGCTCCTTTC
CGGGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGCCGCCTGCCTT
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GCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACAATTCCGTGGTGTTGTCG
GGGAAGCTGACGTCCTTTCCATGGCTGCTCGCCTGTGTTGCCACCTGGATTCTGCGC
GGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGCGGACCTTCCTTCCCGCG
GCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCTCAGACGAGTCG
GATCTCCCTTTGGGCCGCCTCCCCGCaAAATGACCGACCAAGCGACGCCCAACCTGC
CATCACGAGATTTCGATTCCACCGCCGCCTTCTATGAAAGGTTGGGCTTCGGAATCG
TTTTCCGGGACGCCGGCTGGATGATCCTCCAGCGCGGGGATCTCATGCTGGAGTTCT
TCGCCCACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCA
TCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAA
ACTCATCAATGTATCTTATCATGTCTGTATACCGTCGACCTCTAGCTAGAGCTTGGCG
TAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACA
ACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAA
CTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGC
CAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCG
CTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCG
GTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGC
AGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCC
GCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGA
CGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCC
CCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTG
TCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATC
TCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTC
AGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGAC
ACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTAT
GTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAG
AACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGG
TAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTTTTTTTGTTTGCAAGCA
GCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGG
GTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATC
AAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTA
AAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACC
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TATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAG
ATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCG
AGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGG
CCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTT
GCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCA
TTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGG
TTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAG
CTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATG
GTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTG
TGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTT
GCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAA
GTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTG
TTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTA
CTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAG
GGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTAT
TGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAG
AAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGT
C (SEQ ID NO:1)

[00241] The sequence of the pcDNA3.1-E2A-E4-VA-TetR-V2 vector shown in FIG. 2B is

provided below:

[00242] iHelper2/ pcDNA3.1-E2A-E4-VA-TetR-V2 (11, 641 bp)

[00243] GACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTACAATC
TGCTCTGATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGTGTTGGAGGTCG
CTGAGTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTTGACCGACAAT
TGCATGAAGAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCGCGATGTACGGGCC
AGATATACGCGTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGG
TCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGC
CCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTT
CCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGG
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TAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATT
GACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGG
GACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGC
GGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAA
GTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACT
TTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTAC
GGTGGGAGGTCTATATAAGCAGAGCTCTCTGGCTAACTAGAGAACCCACTGCTTACT
GGCTTATCGAAATTAATACGACTCACTATAGGGAGACCCAAGCTGGCTAGCGTTTAA
ACTTAAGCTTGGTACCGAGCTCGGATCCACTAGTCCAGTGTGGTGGAATTCCTGCTT
CGCGATGTACGGGCCAGATATACGCGTTGACATTGATTATTGACTAGTTATTAATAG
TAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAA
CTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCA
ATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGG
GTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCA
AGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAG
TACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTA
TTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACT
CACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGAACC
AAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATG
GGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTCCCTATCAGTGAT
AGAGATCTCCCTATCAGTGATAGAGATCGTCGACGAGCTCGTTTAGTGAACCGTCAG
ATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCG
ATCCAGCCTCCGGACTCTAGCGTTTAAACTTAAGCTTGCCAC Catggccagtcgggaagaggage
agcgegaaaccacceecgagegeggacgeggtgcggcgegacgtcceccaaccatggaggacgtgtegteccegtececgtegecge
cgecteececgggegeccccaaaaaageggatgaggeggegtatcgagtecgaggacgaggaagactcatcacaagacgegetggtac
cgegeacacccageccgeggecatcgacctcggeggeggatttggecattgegeccaagaagaaaaagaagegececttetcccaagee
cgagcgeccgecatcaccagaggtaatcgtggacagegaggaagaaagagaagatgtegegetacaaatggtgggtttcagcaaccea
ccggtgctaatcaageatggcaaaggaggtaagegeacagtgeggeggctgaatgaagacgacccagtggegegtggtatgeggacge
aagaggaagaggaagagceccagegaageggaaagtgaaattacggteatgaaccegetgagtgtgccgategtgtetgegtgggagaa
gggcatggaggctgcgegegegetgatggacaagtaccacgtggataacgatctaaaggegaacttcaaactactgectgaccaagtgg
aagctctggeggecgtatgcaagacctggetgaacgaggageaccgegggttgeagetgaccttcaccagcaacaagacctttgtgacga



WO 2020/132059 PCT/US2019/067156

48

tgatggggcgattcctgecaggegtacctgeagtegtitgcagaggtgacctacaageatcacgageeccacgggetgegegttgtggetgca
ccgetgegetgagatcgaaggegagcettaagtetctacacggaagceattatgataaataaggageacgtgattgaaatggatgtgacgage
gaaaacgggceagcgegegcetgaaggageagtctagcaaggecaagatcgtgaagaaccggtggggccgaaatgtggtgcagatctee
aacaccgacgcaaggtgctgcgtgcacgacgeggectgtecggecaatcagtittccggeaagtettgeggeatgttettctctgaaggcg
caaaggctcaggtggcttttaagcagatcaaggcettttatgcaggegetgtatcctaacgeccagaccgggeacggtcaccttttgatgecac
tacggtgcgagtgcaactcaaagectgggeacgegecctttttgggaaggcagetaccaaagttgacteegticgeectgageaacgegg
aggacctggacgcggatctgatctccgacaagagegtectggecagegtgecaccacccggegcetgatagtgttecagtgctgcaacectg
tgtatcgcaactcgegegegeagggeggaggecccaactgegacttcaagatatcggegeccgacctgcetaaacgegttggtgatggtec
gcagectgtggagtgaaaacttcaccgagetgecgeggatggttgtgcctgagtttaagtggageactaaacaccagtatcgeaacgtgte
cctgecagtggegceatagegatgegeggeagaaccectttgatttttaacccgggagttetagggatctgeececteteectecceccceecta
acgttactggccgaagecgcettggaataaggecggtgtgcgtitgtctatatgttattttccaccatattgecgtettttggcaatgtgagggcec
ggaaacctggecctgtettcttgacgageattcctaggggtctttcecctetcgecaaaggaatgcaaggtetgttgaatgtegtgaaggaag
cagttcctctggaagcttcttgaagacaaacaacgtctgtagegaccctttgecaggeageggaaccccccacctggegacaggtgectctg
cggccaaaagecacgtgtataagatacacctgcaaaggeggeacaaccccagtgecacgttgtgagttggatagttgtggaaagagtcaa
atggctctcctcaagegtattcaacaaggggctgaaggatgeccagaaggtaceccattgtatgggatctgatetggggecteggtacacat
gctttacatgtgtttagtcgaggttaaaaaaacgtctaggecceeccgaaccacggggacgtggttttectttgaaaaacacgatgataaggat
ccaccggaggecaccatgactacgteceggegttecatttggeatgacactacgaccaacacgatcteggttgtetcggegeactecgtaca
gtagggatcgtctacctecttitgagacagaaacccgegcetaccatactggaggatcatccgetgetgeccgaatgtaacactttgacaatge
acaacgtgagttacgtgcgaggtcttcectgcagtgtgggatttacgctgattcaggaatgggttgttcectgggatatggttctaacgeggga
ggagcttgtaatcctgaggaagtgtatgcacgtgtgcctgtattgteccaacattgatatcatgacgageatgatgateeatggttacgagtee
tgggctctecactgteattgttccagteccggttecctgeagtgtatageecggegggeaggttttggccagetggtttaggatggtggtggatg
gcgcecatgtttaatcagaggtttatatggtaccgggaggtegtgaattacaacatgeccaaaagaggtaatgtttatgtccagegtgtttatgag
gggtcgecacttaatctacctgegcettgtggtatgatggccacgtgggttetgtggtccccgecatgagctttggatacagegecttgeactgt
gggattttgaacaatattgtggtectgtectgcagttactgtectgatttaagtgagatcagggtgcgetgctgtgcceggaggacaaggcgec
cttatgctgegggcggtgcgaatcatcgetgaggagaccactgecatgtigtattcctgecaggacggageggeggcggcageagtttattce
gecgegcetgctgeageaccaccgecctatectgatgeacgattatgactctacceccatgtagGCGGCCGCTCGAGTCTAG
AGGGCCCGTTTAAACCCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATC
TGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTC
CTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTC
TGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAG
GCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTGGG
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GCTCTAGGGGGTATCCCCggggttggegttececcttttccaaggc ATCCAGCACAGTGGCGGCCGCa
atatttgcatgtcgctatgtottctgggaaatcaccataaacgtgaaatcectatcagtgatagagacttataagttcectatcagtgatagagaa
ccggtgggceactcttccgtggtctggtggataaaticgcaagggtatcatggeggacgaccggggticgagecccgtatceggecgtecg
ccgtgatccatgeggttaccgececgegtgtcgaacccaggtgtecgacgtcagacaacgggggagtgctectttttgaattecactttggee
gcggctcgagggggttggoottgcgcctittccaaggcagecctgggtttgecgecagggacgeggcetgetetgggcgtggticcgggaaac
gcageggegecgaccetgggtetegeacattettcacgtecgttegeagegtecacceggatcttcgecgetacecettgtgggeeceecgge
gacgcttectgetccgeecctaagtcgggaaggttecttgeggttcgeggegtgccggacgtgacaaacggaagecgeacgteteactagt
accctcgceagacggacagcegecagggageaatggeagegegecgaccgegatgggctgtggccaatageggetgetcagecaggecg
Cgcegagagrageggeccgggaageeacgataceeoagacggagtgtgggacggtagigtgggccectgticetgeccgegeggtgtic
cgcattctgcaagectecggagegeacgteggeagteggetecctegttgaccgaatcaccgacctetctceccagggggatetgtgagttt
ggggacccttgattgttctttctttttcgetattgtaaaattcatgttatatggagggggcaaagttttcagggtgttgtttagaatgggaagatgte
ccttgtatcaccatggaccctcatgataattttgtttctttcactttctactetgttgacaaccattgtetectcttattttettttcattttctgtaacttttte
gttaaactttagcttgcatttgtaacgaatttttaaattcacttttgtttatttgtcagattgtaagtactttctctaatcacttttttttcaaggcaatcagg
gtatattatattgtacttcagcacagttttagagaacaattgttataattaaatgataaggtagaatatttctgeatataaattctggetggegtega
aatattcttattggtagaaacaactacatcctggtcatcatcetgectttetctttatggttacaatgatatacactgtttgagatgaggataaaatac
tctgagtccaaaccgggeccctetgetaaccatgttcatgecttettetttttcctacagetectgggcaacgtgetggttattgtgctgtcteate
attttggcaaagaattgtaatacgactcactatagggcgaGCCACCatggctagattagataaaagtaaagtgattaacagcgeattaga
gctgcttaatgaggtcggaatcgaaggtttaacaacccgtaaactcgeccagaagetaggtgtagageagectacattgtattggcatgtaaa
aaataagcgggctttectcgacgecttagecattgagatgttagataggcaccatactcacttttgecctttagaaggggaaagetggeaaga
ttttttacgtaataacgctaaaagttttagatgtactttactaagtcatcgegatggageaaaagtacatttaggtacacggcectacagaaaaaca
gtatgaaactctcgaaaatcaattagectttttatgeccaacaaggtttttcactagagaatgeCttatatgecactcagegeCgtggggcatttta
ctttaggttgcgtattggaagatcaagageatcaagtcgctaaagaagaaagggaaacacctactactgatagtatgccgecattattacgac
aagctatcgaattatttgatcaccaaggtgcagagccagcecttcttattcggecttgaattgatcatatgecggattagaaaaacaacttaaatgt
gaaagtgggtecccaaaaaagaagagaaaggtcgacggcggtegttcagtttaagegtacageggcteccgggagttctagggatetge
ccceteteccteccccecccectaacgttactggecgaagecgcettggaataaggecggtgtgcgtttgtctatatgttattttccaccatattgee
gtcttttggeaatgtgagggeccggaaacctggecectgtettcttgacgageattectaggggtetttcecctetcgeccaaaggaatgcaagg
tetgttgaatgtcgtgaaggaageagttectetggaagettcttgaagacaaacaacgtctgtagegaccetttgecaggeageggaacceee
cacctggcgacaggtgcctctgeggecaaaagecacgtgtataagatacacctgcaaaggeggeacaaccccagtgecacgttgtgagtt
ggatagttgtegaaagagtcaaatggctctectcaagegtattcaacaaggggctgaaggatgcccagaaggtaccecattgtatgggatet
gatctggggcctcggtgcacatgctttacatgtgtttagtcgaggttaaaaaaacgtctaggecccccgaaccacggggacgtggttttccttt
gaaaaacacgatgataaggatccaccggagGCCACCatgaccgagtacaageccacggtecgectegecacccgegacgacgte
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cccagggecgtacgeacccetegecgecgegttcgecgactaceccgecacgegecacaccgtegatecggaccgecacatcgagegg

gtcaccgagetgeaagaactcettectcacgegegtcgggctegacatcggeaaggtgtegotegeggacgacggcgccgcegtegcge
tctggaccacgecggagagegtcgaagegggggcggtaticgecgagatcggeccgegeatggecgagtigageggttcccggetgge
cgcgeageaacagatggaaggectectggegecgeaccggeccaaggageecegegtggttectggecaccgteggegtetecgeecga
ccaccagggcaagggtetgggeagegecgtegtgeteeccggagtggaggeggecgagegegeeggggtgccegecttcetggagac
ctcegegeeccgeaacctecccttctacgageggeteggettcacegteaccgecgacgtcgaggtgecegaaggaccgegeacctggt
gcatgacccgcaagececggtgectgaCCGCGTCTGGAACAATCAACCTCTGGATTACAAAATTTGT
GAAAGATTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACGCTG
CTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCATTTTCTCCTCCTTG
TATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACGT
GGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGCCACC
ACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAAC
TCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACA
ATTCCGTGGTGTTGTCGGGGAAGCTGACGTCCTTTCCATGGCTGCTCGCCTGTGTTGC
CACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGC
GGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTT
CGCCCTCAGACGAGTCGGATCTCCCTTTGGGCCGCCTCCCCGCaAAATGACCGACCA
AGCGACGCCCAACCTGCCATCACGAGATTTCGATTCCACCGCCGCCTTCTATGAAAG
GTTGGGCTTCGGAATCGTTTTCCGGGACGCCGGCTGGATGATCCTCCAGCGCGGGGA
TCTCATGCTGGAGTTCTTCGCCCACCCCAACTTGTTTATTGCAGCTTATAATGGTTAC
AAATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCT
AGTTGTGGTTTGTCCAAACTCATCAATGTATCTTATCATGTCTGTATACCGTCGACCT
CTAGCTAGAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCC
GCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTG
CCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTC
GGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCG
GTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGT
TCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAG
AATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAG
GAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGA
GCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAA
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GATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCC
GCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGC
TCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTG
CACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAG
TCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGAT
TAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACT
ACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCT
TCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGT
TTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCT
TTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATT
TTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGA
AGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGC
TTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCT
GACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTG
CTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACC
AGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATC
CAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTG
CGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATG
GCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTG
TGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCC
GCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCAT
CCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGT
GTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCAC
ATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCT
CAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACT
GATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGC
AAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTC
TTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACA
TATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAA
AAGTGCCACCTGACGTC (SEQ ID NO:2)
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[00244] The entire transfer plasmid including the derepressible Helper (piHelperl) and TetR
expression cassettes was tested for use in AAV production by transient transfection. As shown in
FIG. 3, when the plasmids were co-transfected with control pRep-Cap and pAAV-GOI plasmids,
the addition of Dox activated the production of AAV to the level of approximately 30% of control
Helper vectors that supports constitutive helper gene expression. Therefore, the derepressible

helper construct was functional for AAV production upon induction.

Example 2: Design and Validation of Derepressible Rep-Cap Genes

[00245]  Challenges for producing Rep proteins are two-fold. First, the ratio of Rep78 and Rep52
needs to be maintained during induction for high titer AAV production. Second, the p19 promoter
required for Rep52 expression is located inside the coding region of Rep78, which creates
challenges for including a derepressible promoter. To overcome these challenges, two strategies

were developed (FIGS. 4A-4C).

[00246]  First, to retain the natural regulation of Rep gene expression (see FIG. 4A), the original
viral promoters were retained but modified by inserting two TetO sites surround the TATA box
and TSS. Two copies of TetO sites was inserted into the upstream truncated p5 promoter with core
elements including TATA box, Rep Binding Element (RBE), and YY1 site. In addition, a wildtype
copy of p5 promoter, serving as an enhancer, was placed downstream of cap gene to support both

Rep and Cap expression (FIG. 5) (See, e.g., U.S. Patent No. 5,622,856).

[00247] The sequences for the derepressible p5 promoters set forth in FIG. 5 are as follows

min-p5-il

[00248] TATTTAATCTCCCTATCAGTGATAGAGATCTCCCTATCAGTGATAGAGATC
GCCCGAGTGAGCACGCAGGGTCTCCATTTTGAAGCGGGAGGTTTGAACGCGCAGCC
GCC (SEQ ID NO: 3)

min-p5-i2

[00249] TATTTAAtcTCCCTATCAGTGATAGAGAtcGCCCGAGTGAGCACGCAGGGTC
TCCATTTTGATCCCTATCAGTGATAGAGAAGCGGGAGGTTTGAACGCGCAGCCGCC
(SEQ ID NO:4)
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min-p5-i3

[00250] TCCCTATCAGTGATAGAGAtcTATTTAAGCCCGAGTGAGCACGCAGTCCCT
ATCAGTGATAGAGAGGTCTCCATTTTGAAGCGGGAGGTTTGAACGCGCAGCCGCC
(SEQ ID NO:5)

[00251]  Similarly, two copies of TetO sites were also inserted into the p19 promoter next to
TSS site (FIG. 6). In order to minimize the interference of such insertion and maximize the original
activity of these viral promoters, three ways of insertion of TetO sites were designed for each
promoter for best performance. Thus, a total of 9 variations were examined (iRepCapl to

iRepCap9).

[00252] The sequences for the derepressible promoters including p19 illustrated schematically
in FIG. 6 are provided below:

pl9-il

[00253] ccagaaatggcgecggaggcgggaacaaggtggtegatgagtgctacatccccaattacttgetcecccaaaacccagee
tgagctccagtgggcgtggactaatatggaacagtatttaagcgcctgTCCCTATCAGTGATAGAGATCTCCCTAT
CAGTGATAGAGAtttgaatctcacggag (SEQ ID NO:6)

pl9-i2

[00254] ccagaaatggcgccggaggcgggaacaaggtggtegatgagtactacatceecaattacttgetccccaaaaccecagee
tgagTCCCTATCAGTGATAGAGACctccagtggecgtggactaatatggaacagtatttaagcgecctgTCCCTATC
AGTGATAGAGAtttgaatctcacggag (SEQ ID NO:7)

p19-i3

[00255] ccagaaatggcgccggaggcgggaacaaggtggtegatgagtactacatccccaattacttgctccccaaaacceagee
tgagctccagtgggcgtggactaatatggaaTCCCTATCAGTGATAGAGAcagtatttaagegectgTCCCTATC
AGTGATAGAGAtttgaatctcacggag (SEQ ID NO:8)

[00256] Two methods were developed for the placement of the derepressible p19 promoters. In

the first method, a separate expression cassette for Rep52 was generated, driven by the
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derepressible p19 promoters. In the first method shown in FIG. 4B, the original p19 promoter in
the Rep78 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. Rep78 was controlled by a derepressible p5 promoter.

[00257] In a second method, an artificial intron was created for the insertion of TetO sites in
the Rep78 ORF (FIG. 4C). The chimeric intron between introns from human B-globin and
immunoglobulin heavy chain genes was adopted by replacing the non-essential internal sequence
with the TetO2 sites (FIG. 7A). The new artificial intron was inserted 1bp or 25bp downstream of
TATA-2 of p19 promoter in situ (iRepCap-10 and iRepCapl1) (FIG. 4B and FIG. 7B). The new
pl9 promoter with adjacent TetO-containing intron ensured the repression of Rep52 gene
expression before induction, while still allowing for the expression of the Rep78 protein after the
removal of the intron during mRNA splicing. The efficiency of splicing is evaluated by PCR
analysis for the cDNA.

[00258] The nucleic acid sequences for the intron-based p19 promoters illustrated in FIGS. 7A-

7B are provided below.

In-p19-il

[00259] ccagaaatggcgccggaggcgggaacaaggtggtegatgagtactacatccecaattacttgetccccaaaacceagee
tgagctccagtgggcgtegactaatatggaacagtatttaaggtaagt TCCCTATCAGTGATAGAGATCTCCCTAT
CAGTGATAGAGAtactgacatccactttgectttetetccacagegectgtttgaatetcacggag (SEQ ID NO:9)

In-p19-i2

[00260] ccagaaatggcgccggaggcgggaacaaggtggtegatgagtactacatccecaattacttgctccccaaaacccagee
tgagctccagtgggcgtggactaatatggaacagtatttaagegectgtttgaatctcacggaaaggtaagt TCCCTATCAGTGA
TAGAGATCTCCCTATCAGTGATAGAGAtactgacatccactttgectttctetccacag (SEQ ID NO:10)

[00261] Totestthe activity of the 11 inducible Rep-Cap designs, HEK293 cells were transfected
with one of the vectors plus standard pHelper and pAAV-GFP for AAV production. Three days
after transfection, cells were harvested for Rep-Cap protein expression and AAYV titer analysis.

Western blot analysis revealed various expression levels of Rep and Cap proteins;, many
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maintained similar ratios of Rep78 vs Rep52 as control RepCap vector (FIG. 8A). gPCR analysis
of the AAV titer showed that the designs performed similarly or had higher titers compared to
control triple transfection (FIG. 8B).

[00262] To test the performance of both inducible helpers and inducible Rep-Cap designs
together, HEK293 cells were transfected with selected iRepCap vectors, iHelperl/2, and pAAV-
GFP, and left untreated or treated with Doxycycline for three days. As shown in FIG. 9A, the
protein expression of Rep and Cap was only induced by the addition of Dox, and the derepression
of the derepressible promoters. Accordingly, the AAYV titer was significantly increased over 10 to
25 fold upon derepression (FIG. 9B).

[00263] To stably integrate the iHelper and iRepCap, iHelper1/2 and iRepCap10 were chosen
with AAV-GFP to assemble the functional cassettes into a single PIGGYBAC™ transposon
transfer vector PB007 (Transposagen, Inc., Lexington, KY). FIGS. 10A-10D show the plasmid
constructs used for integration into mammalian cells, suitably HEK293 cells. To facilitate the
future addition of specific AAV genes of interest, the AAV-GFP was not included in some of the
transfer vectors (FIGS. 10A and 10B). HEK293 cells will be transfected with both the transfer
vectors and transposase mRNA and the integrated cell pool will be enriched by puromycin
selection. The single cell clones will be isolated and screened for AAV production with and

without Dox treatment to activate derepression.
[00264] The nucleic acid sequence of the vector illustrated in FIG. 10 A is provided below:

PBO007-iHelper1-iRepCap10/ PBBG7 (18, 281 bp)

[00265] ACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATG
AGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCAC
ATTTCCCCGAAAAGTGCCACCTAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCG
TTAAATTTTTGTTAAATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATC
CCTTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAAC
AAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTA
TCAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGAG
GTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGAC
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GGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGG
GCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCC
GCGCTTAATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAACTGT
TGGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGG
ATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTG
TAAAACGACGGCCAGTGAGCGCGCCTCGTTCATTCACGTTTTTGAACCCGTGGAGGA
CGGGCAGACTCGCGGTGCAAATGTGTTTTACAGCGTGATGGAGCAGATGAAGATGC
TCGACACGCTGCAGAACACGCAGCTAGATTAACCCTAGAAAGATAATCATATTGTG
ACGTACGTTAAAGATAATCATGCGTAAAATTGACGCATGTGTTTTATCGGTCTGTAT
ATCGAGGTTTATTTATTAATTTGAATAGATATTAAGTTTTATTATATTITACACTTACA
TACTAATAATAAATTCAACAAACAATTTATTTATGTTTATTTATTTATTAAAAAAAAA
CAAAAACTCAAAATTTCTTCTATAAAGTAACAAAACTTTTATCGAATTCCTGCAGCC
CGGGGGATCCACTAGTTCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTA
ATTACGTCCCTCCCCCGCTAGGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGT
CCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCACGG
GGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGC
AGACACCTGGGGGGATACGGGGAAAAGGCCTCCAAGGCCAGCTTCCCACAATAAGT
TGGGTGAATTTTGGCTCATTCCTCCTTTCTATAGGATTGAGGTCAGAGCTTTGTGATG
GGAATTCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCgcGATCgcTAGeGTTT
AAACTTAAGCTTGGTACCGAGCTCGGATCCACTAGTCCAGTGTGGTGGAATTCCTGC
TTCGCGATGTACGGGCCAGATATACGCGTTGACATTGATTATTGACTAGTTATTAAT
AGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACAT
AACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGT
CAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAAT
GGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGC
CAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCC
AGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGC
TATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGA
CTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGAA
CCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAAT
GGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTCCCTATCAGTG
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ATAGAGATCTCCCTATCAGTGATAGAGATCGTCGACGAGCTCGTTTAGTGAACCGTC
AGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGAC
CGATCCAGCCTCCGGACTCTAGCGTTTAAACTTAAGCTTGCCACC Catggccagtcgggaagagg
agcagcgegaaaccacceccgagegeggacgeggtgcggcgegacgteeecccaaccatggaggacgtgtegteccegtececgtege
cgeegecteeccgggegeccccaaaaaageggatgaggeggegtatcgagtccgaggacgaggaagactcatcacaagacgegceteg
tgcegegeacacccageccgeggecategaccteggeggeggatttggecattgecgeccaagaagaaaaagaagegecctteteecaa
gececgagegeccgecatcaccagaggtaatcgtggacagegaggaagaaagagaagatgtggcgctacaaatggtgggtttcageaac
ccaccggtgctaatcaagcatggcaaaggaggtaagegceacagtgeggeggctgaatgaagacgacccagtggegegtggtatgegga
cgcaagaggaagaggaagageccagegaageggaaagtgaaattacggtgatgaaccegetgagtgteccgategtgtetgegtegga
gaagggeatggaggctgcgegegegetgatggacaagtaccacgtggataacgatctaaaggegaacttcaaactactgectgaccaagt
ggaagctctggeggecgtatgcaagacctggetgaacgaggageaccgegggttgeagetgaccttcaccagcaacaagacctttgtga
cgatgatggggcgattcctgecaggegtacctgeagtegtttgcagaggtgacctacaageatcacgageccacgggetgcgegttgtegct
gcaccgcetgegcetgagatcgaaggegagcettaagtgtctacacggaagceattatgataaataaggageacgtgattgaaatggatgtgacg
agcgaaaacgggeagegcgcgctgaaggageagtetagecaaggecaagatcgtgaagaaccggteggeccgaaatgtegtecagate
tccaacaccgacgcaaggtgctgegtgcacgacgeggectgtecggecaatcagttttceggeaagtettgeggeatgttettctctgaagg
cgcaaaggctcaggtggcttttaagcagatcaaggcttttatgcaggegetgtatcctaacgecccagaccgggeacggtcaccttttgatge
cactacggtgcgagtgcaactcaaagectgggeacgegecctttttgggaaggcagetaccaaagttgactecgttcgecctgageaacge
ggaggacctggacgeggatctgatctccgacaagagegtgetggecagegtgcaccaccecggegcetgatagtgttccagtgetgecaacce
ctgtgtatcgcaactcgegegegeagggeggaggecccaactgegacttcaagatatcggegeccgacctgctaaacgegttggteateg
tgcgeagcectgtggagtgaaaacttcaccgagetgeegeggatggttatgcctgagtttaagtggageactaaacaccagtatcgeaacgt
gtcectgecagtggegeatagegatgegeggeagaaccectttgatttttaaccegggagttcetagggatctgecccteteccteeceeece
cctaacgttactggccgaagecgcettggaataaggeeggtatgcgtttatetatatgttattttccaccatattgeegtettttggeaatgtgagg
gcccggaaacctggecctgtettcttgacgagceattcctaggggtctttcccctctcgecaaaggaatgcaaggtetgttgaatgtegtgaag
gaagcagttcctctggaagettettgaagacaaacaacgtetgtagegaccectttgcaggeageggaacceecccacctggegacaggtec
ctctgeggecaaaagecacgtgtataagatacacctgcaaaggeggeacaaccccagtgecacgttgtgagttggatagttgtggaaaga
gtcaaatggctctectcaagegtattcaacaaggggctgaaggatgeccagaaggtaceccattgtatgggatctgatetggggecteggtg
cacatgctttacatgtgtttagtcgaggttaaaaaaacgtctaggecceccgaaccacggggacgtagttttcctttgaaaaacacgatgataa
ggatccaccggaggcecaccatgactacgtccggegttccatttggeatgacactacgaccaacacgatctcggtigtetcggegeacteegt
acagtagggatcgtctacctecttttgagacagaaacccgegcetaccatactggaggatcatcegetgetgecegaatgtaacactttgacaa
tgcacaacgtgagttacgtgcgaggtcettecctgeagtgtgggatttacgetgattcaggaatgggttgttccctgggatatggttctaacgeg
ggaggagcttgtaatcctgaggaagtgtatgcacgtgtgectgtgttgtgccaacattgatatcatgacgageatgatgatecatggttacga
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gtectgggetcteeactgteattgttccagteceggttcectgeagtgtatagecggegggeaggttttggecagetggtttaggatggtgete
gatggcgccatgtttaatcagaggtttatatggtaccgggaggtegtgaattacaacatgeccaaaagaggtaatgtttatgtccagegtgtttat

gaggggtcgccacttaatctacctgegcettgtggtatgatggecacgtgggtictgtggtecceccgecatgagcetttggatacagegecttgea
ctgtgggattttgaacaatattgtggtectgtgctgcagttactgtectgatttaagtgagatcagggtecgcetgctgtgcccggaggacaagg
cgccttatgetgegggeggtgcgaatcategetgaggagaccactgecatgttgtattcctgcaggacggageggeggeggeageagttt
attcgcgegcetgctgcageaccaccgecctatectgatgeacgattatgactctacceecatgtagGCGGCCGCTCGAGTCT
AGAGGGCCCGTTTAAACCCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCA
TCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTG
TCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTAT
TCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGC
AGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTG
GGGCTCTAGGGGGTATCCCCggggttegegttecgecttttccaagecATCCAGCACAGTGGCGGCC
GCaatatttgcatgtcgctatgtgttctgggaaatcaccataaacgtgaaatccctatcagtgatagagacttataagttccctatcagtgatag

agaaccggtgggcactcttccgtggtetggtggataaattcgeaagggtatcatggeggacgaccggggttcgageccegtateeggeeg
tccgecgtgatecatgeggttaccgeccgegtgtegaacccaggtgtgcgacgtcagacaacgggggagtgctectttttgaatteeactttg

geegeggctecgagggggttgggsttocgccttttccaaggcagecctgggtttgcgcagggacgeggctgctetgggcgtesttccggg
aaacgcagcggegecgacccetgggtetcgeacattettcacgtecgttcgeagegtecacecggatettcgecgetaccecttgtgggeccee
cggcegacgcttectgetccgeccctaagtecgggaaggtiecttgeggttcgeggegtgecggacgtgacaaacggaagecgeacgtctca
ctagtaccctcgcagacggacagegecagggageaatggeagegegecgaccgegatgggctgtegccaatageggcetgetcageag
£grgegregagageageggregggaaggoocggtacgggagacggagtategggocggtagtatgggaccetgttcctgeccgegeg
gtgttccgceattetgcaagectccggagegeacgteggeagteggeteectegttgacegaatcacecgacctetctecccagggggatetgt
gagtttggggacccttgattgttctttetttttcgetattgtaaaattcatgttatatggagegoocaaagttttcagegtattotttagaatggoaa
gatgtcccttgtatcaccatggaccctcatgataattttgtttctttcactttctactctgttgacaaccattgtctectcttattttcttttcattttctgta
actttttcgttaaactttagcttgcatttgtaacgaatttttaaattcacttttgtttatttotcagattgtaagtactttctctaatcacttttttttcaagge
aatcagggtatattatattgtacttcagcacagttttagagaacaattgttataattaaatgataaggtagaatatttctgcatataaattctggetgg
cgtggaaatattcttattggtagaaacaactacatcctggtcatcatcetgectttctetttatggttacaatgatatacactgtttgagatgaggat
aaaatactctgagtccaaaccgggceccctetgetaaccatgttcatgecttettetttttcctacagetectgggeaacgtgctggttattgtoctg
tctcatcattttggcaaagaattgtaatacgactcactatagggecgaGCCACCatggctagattagataaaagtaaagtgattaacageg
cattagagctgcttaatgaggtcggaatcgaaggtttaacaacccgtaaactcgeccagaagetaggtgtagageagectacattgtattggc
atgtaaaaaataagcgggctttgctcgacgcecttagecattgagatgttagataggcaccatactcacttttgecctitagaaggggaaagcetg
gcaagattttttacgtaataacgctaaaagttttagatgtgetttactaagtcatcgegatggagcaaaagtacatttaggtacacggectacag
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aaaaacagtatgaaactctcgaaaatcaattagectttttatgccaacaaggtttttcactagagaatgeCttatatgcactcagegeCgtggg
gcattttactttaggttgcgtattggaagatcaagagcatcaagtcgctaaagaagaaagggaaacacctactactgatagtatgecgecatta
ttacgacaagctatcgaattatttgatcaccaaggtgcagagcecagecttcttattcggecttgaattgatcatatgecggattagaaaaacaactt
aaatgtgaaagtgggtccccaaaaaagaagagaaaggtegacggeggtegtactttgtetectcageactetgetgteactcaaggaagtat
catcaagaacaaggagggcatggatgctaagtcactaactgectggteccggacactggtgaccttcaaggatgtatttgtggacttcacca
gggaggagtggaagctgetggacactgetcageagategtgtacagaaatgtgatgetggagaactataagaacctggtttecttgggttat
cagcttactaagccagatgtgatectceggttegagaagggagaagageectggetggtggagagagaaattcaccaagagacccatect
gattcagagactgcatttgaaatcaaatcatcagtttaagcgtacageggcetcccgggagttctagggatctgeccctetecctecceeccce
ctaacgttactggccgaagecgcttggaataaggecggtgtgcgtttatetatatgttattttccaccatattgeegtettttggeaatgtgaggeg
cccggaaacctggecctgtettettgacgageattcctaggggtctttcecctetcgecaaaggaatgeaaggtetgttgaatgtegteaagg
aagcagttcctetggaagcttettgaagacaaacaacgtetgtagegaccctttgeaggecageggaacccecceacctggegacaggtgect
ctgcggecaaaagecacgtgtataagatacacctgcaaaggeggeacaaccecagtgecacgttgteagttggatagttgtogaaagagt
caaatggctctcctcaagegtattcaacaaggggctgaaggatgcccagaaggtaccecattgtatgggatctgatctggggoccteggtac
acatgctttacatgtgtttagtcgaggttaaaaaaacgtctaggecceecgaaccacggggacgtggttttectttgaaaaacacgatgataag
gatccaccggagGCCACCatgaccgagtacaageccacggtgegectcgecaccegegacgacgteceeagggeegtacgeace
ctcgeegeegegttcgecgactaccccgeecacgegecacaccgtegatecggaccgecacatcgagegggteaccgagetgcaagaac
tettectcacgegegtegggctegacatcggeaaggtgteggetegcggacgacggcgecgeggtggcggtctggaccacgecggagag
cgtcgaagegggggcggtaticgeccgagatcggeccgegeatggecgagttgageggttcecggetggecgegeageaacagatgga
aggectectggegecgeaccggeccaaggageccgegtggttectggecaccgteggegtetcgeccgaccaccagggcaagggtetg
ggcagcegecegtegtgctecceggagtggaggeggecgagegegecggggtgccegecttectggagacctecgegeccegeaaccte
cccttetacgageggeteggcettcacegtecaccgecgacgtcgaggtgeccgaaggaccgegeacctggtgeatgacecgeaageecg
gtgcctgaCCGCGTCTGGAACAATCAACCTCTGGATTACAAAATTTGTGAAAGATTGACT
GGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACGCTGCTTTAATGCCTT
TGTATCATGCTATTGCTTCCCGTATGGCTTTCATTTTCTCCTCCTTGTATAAATCCTGG
TTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACGTGGCGTGGTGTGC
ACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGCCACCACCTGTCAGCTC
CTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGCCGCCT
GCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACAATTCCGTGGTGT
TGTCGGGGAAGCTGACGTCCTTTCCATGGCTGCTCGCCTGTGTTGCCACCTGGATTCT
GCGCGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGCGGACCTTCCTTCC
CGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCTCAGACG



WO 2020/132059 PCT/US2019/067156

60

AGTCGGATCTCCCTTTGGGCCGCCTCCCCGCaAAATGACCGACCAAGCGACGCCCAA
CCTGCCATCACGAGATTTCGATTCCACCGCCGCCTTCTATGAAAGGTTGGGCTTCGG
AATCGTTTTCCGGGACGCCGGCTGGATGATCCTCCAGCGCGGGGATCTCATGCTGGA
GTTCTTCGCCCACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAAT
AGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGT
CCAAACTCATCAATGTATCTTATCATGTCTGTAGCtGATcaATTgGCGCGCCGAATTCG
TTatctgcagaattcggcttggcggctgcgegttcaaaccteccgettcaaaatggagaccctgegtecteactcgggcttaaatacecag
cgtgaccacatggtgtcgcaaaatgtcgcaaaacactcacgtgacctctaatacaggacctctagageatggaaactagataagaaagaaa
tacgcagagaccaaagttcaactgaaacgaattaaacggtttattgattaacaagcaaactagtttacagattacgggteaggtaacgggtec
cgatggggcgaggctcagaataaacgecatttgtgtcaacagcaaagteeacatttgtagatttottgtagttggaagtgtattgaatctetgg
gttccagegtttgetgttttctttctgcageteecattcaatttccacgetgacctgtecggtgetgtactgegtgatgaacgacgcaaacttaget
ggactgaaggtagttogaggattcgcgggaacaggtgtattcttaatcaggatctgaggaggegggtatttcagtccaaagecteccatcag
cggcgagggatgaaagtgteccgtecgtgtgaggaatcttggeccagataggaccctgeaggtacacgtecceggtectgecagaccatgec
aggtaaggctccttgactgttgacggtecctgtagcaggageggtgttggecgattgcaggttagtggecacegtgecgtactettetgtgge
cactgggttggtagttttaatttcttectegttggttatcataacgttgtcaaggtecacgttgetatttccagetecctgtttcccaaatattaagact
ccgctcatcggaaaaaatttgtettegtegtecttgtgggtteccatagecgggaccgggatttaccagagagtetetgecattcagatgatactt
ggtggcaccggtccaggcaaagttgctgttgttattttgattggttgtettggagacgegttectgccggtagcagggeccgggtagecagttt
ttggcctgattcgecatgctactaggeccggectgagaaaattgcaacgtecgatttcctgeggtaccactegtggtetgagteccgagacag
gtagtacaggtactggtcgatgagggegsttcatcageecggtecaggetttggctgtecgegtagetgctgtgaaaaggeacgtectcaaac
gtgtagctgaactgaaagttgttgcecgttctcageatttgagaaggaaagtattccaggeagtagaaggaggaacggeecacggectgac
tgccattgttcagagtcaggtacccgtactgaggaatcatgaagacgtecgecgggaacggaggeaggeagecctggtacgeagagecg
aggacgtacgggagctggtattccgagtccgtaaagacctgaaccgtgctggtaaggttattggegatggtegtggteccatcattegtegt
gacctccttgacctggatgttgaagagcttgaagttgagettcttgggccggaatccccagtigttgttgatgagtecgetgecagtcacgtggt
gagaagtggcagtggaatctgttaaagtcaaaataccceccagggggtactgtagecgaagtaggtgttgtegttggtectgccteecgattg
gctggagatttgctigtagaggtggttottgtaggtggogagoocccaggticgggtectggtggtoatgactetgtecgeccagecatgtgg
aatcgcaatgccaatttcctgaggegttacceactcegtecggegecttegttattgtetgecattggagegecaccgectgeagecattgtatt
agatcccacaccagagggggctecgggogottctccgagtggttoaggotcgggcactgactetgagtegecagtetgeccaaagttga
gtctctttctecgegggctgetggectticttgecgatgeccgaagaggagtetggticctggggtgattgctctaccggtetcettctticcagga
geegtettagegecttectcaaccagaccgagaggttcgagaaccegcttettggectggaagactgetegeccgaggttgececcaaaag
acgtatcttcttgecagacgetectgaaactcggegteggegtggttataccgcaggtacggattgtcaccegcetttgagetgetggtegtagg
ccttgtegtgctegagggecgetgegteegeegegttgacgggcteecccttgtcgagtecgttgaagggtecgaggtacttgtagecagg
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aagcaccagaccccggecgtegtectgettttgetggttggctttgggtttcgggactecaggtttcaagtcccaccactegegaatgeecte
agagaggttgtcctcgagecaatctggaagataaccatcggeagecatacctgatttaaatcatttattgttcaaagatgeagtcatccaaate
cacattgaccagatcgcaggcagtgcaagegtctggceacctttcccatgatatgatgaatgtagcacagttictgatacgcectttttgacgaca
gaaacgggttoagattctgacacgggaaageactctaaacagtcetttctgtecgtgagtgaageagatatttgaattctgattcattetctegea
ttgtctgcagggaaacagcatcagattcatgeccacgtgacgagaacatttgttttggtacctgtctgegtagtigatcgaagettccgegtetg
acgtcgatggcetgegeaactgactcgegeaccegtitgggceteacttatatetgegtcactgggggegggtcttttettggetccaccectttttg
acgtagaattcatgctccacctcaaccacgtgatectttgeccaccggaaaaagtctttgacttectgettggteaccttceccaaagtcatgate
cagacggcgggtgagttcaaatttgaacatccggtcttgcaacggetgetggtgttcgaaggtegttgagticccgtcaatcacggegeaca
tgttggtettogagotoacgatcacgggagtcgggtctatetgggccgaggacttgeatttetggteccacgegeaccttgettecctecgagaa
tggcetttggececgacteccacgaccttggeggteatettceectecteccaccagatcaccatettgtcgacacagtegttgaagggaaagttete
attggtccagtttacgcacccgtagaagggeacagtgtgggctatggectecgegatgttggtettcceggtagttgcaggeeccaaacagee
agatggtgttcetettgecgaactttttcgtggcccatcccagaaagacggaagecgeatattggggategtaceegtttagttccaaaatttta
taaatccgattgctggaaatgtcctccacgggcetgetggeccaccaggtagtcgggggcggttttagtcaggctcataatctttcccgeattgt
ccaaggcagccttgatttgggaccgegagttggaggccgeattgaaggagatgtatgaggectggtectectggatccactgcttetecga
ggtaatccccttgtccacgagecaccegaccagetecatgtacetggetgaagtttttgatctgatcaccggegeatcagaattgggattctga
ttetetttgttetgetectgegtetgegacacgtgegtecagatgetgegecaccaaccgtttacgetecgtgagattcaaacaggegetgtega
gagaaaggcaaagtggatgtcagtaT[CTCTATCACTGATAGGGAGATCTCTATCACTGATAGGGAac
ttaccttaaatactgttccatattagtccacgeccactggagetcaggcetgggtittggogoagcaagtaattggggatgtagcactcatccace
accttgttccecgectccggegecatttetggtetttgtgaccgegaaccagtttggcaaagteggctegatcecgeggtaaattetctgaatca
gtttttcgegaatctgactcaggaaacgtcccaaaaccatggatttcaccecggtggtttccacgageacgtgcatgtggaagtagetctetee
cttctcaaattgcacaaagaaaagagcectecggggecttactcacacggegecattcegtcagaaagtegegetgcagetteteggecacg
gtcaggggtgcctgctcaatcagattcagatecatgtcagaatctggeggeaacteecattecttctecggecacccagttcacaaagetgtea
gaaatgccgggeagatgctegtcaaggtcgetggggaccttaatcacaatctegtaaaaccceggcatGGCGGCTGCGCGTT
CAAACCTCCCGCTTCAAAATGGAGACCCTGCGTGCTCACTCGGGCgaTCTCTATCACT
GATAGGGAGATCTCTATCACTGATAGGGAgaTTAAATAgaatggCTAggATCCGGCCGGe
cTGCAggTGTCCTCACAGGAACGAAGTCCCTAAAGAAACAGTGGCAGCCAGGTTTAG
CCCCGGAATTGACTGGATTCCTTTTTTAGGGCCCATTGGTATGGCTTTTTCCCCGTAT
CCCCCCAGGTGTCTGCAGGCTCAAAGAGCAGCGAGAAGCGTTCAGAGGAAAGCGAT
CCCGTGCCACCTTCCCCGTGCCCGGGCTGTCCCCGCACGCTGCCGGCTCGGGGATGC
GGGGGGAGCGCCGGACCGGAGCGGAGCCCCGGGCGGCTCGCTGCTGCCCCCTAGCG
GGGGAGGGACGTAATTACATCCCTGGGGGCTTTGGGGGGGGGCTGTCCCTCTAGAG
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CGGCCGCCACCGCGGTGGAGCTCCAGCTTTTGTTCCCTTTAGTGAGGGTTAATTAGA
TCTTAATACGACTCACTATAGGGCGAATTGGGTACCGGGCCCCCCCTCGAGGTCGAC
GGTATCGATAAGCTTGATATCTATAACAAGAAAATATATATATAATAAGTTATCACG
TAAGTAGAACATGAAATAACAATATAATTATCGTATGAGTTAAATCTTAAAAGTCAC
GTAAAAGATAATCATGCGTCATTTTGACTCACGCGGTCGTTATAGTTCAAAATCAGT
GACACTTACCGCATTGACAAGCACGCCTCACGGGAGCTCCAAGCGGCGACTGAGAT
GTCCTAAATGCACAGCGACGGATTCGCGCTATTTAGAAAGAGAGAGCAATATTTCA
AGAATGCATGCGTCAATTTTACGCAGACTATCTTTCTAGGGTTAATCTAGCTGCATC
AGGATCATATCGTCGGGTCTTTTTTCCGGCTCAGTCATCGCCCAAGCTGGCGCTATCT
GGGCATCGGGGAGGAAGAAGCCCGTGCCTTTTCCCGCGAGGTTGAAGCGGCATGGA
AAGAGTTTGCCGAGGATGACTGCTGCTGCATTGACGTTGAGCGAAAACGCACGTTTA
CCATGATGATTCGGGAAGGTGTGGCCATGCACGCCTTTAACGGTGAACTGTTCGTTC
AGGCCACCTGGGATACCAGTTCGTCGCGGCTTTTCCGGACACAGTTCCGGATGGTCA
GCCCGAAGCGCATCAGCAACCCGAACAATACCGGCGACAGCCGGAACTGCCGTGCC
GGTGTGCAGATTAATGACAGCGGTGCGGCGCTGGGATATTACGTCAGCGAGGACGG
GTATCCTGGCTGGATGCCGCAGAAATGGACATGGATACCCCGTGAGTTACCCGGCG
GGCGCGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTC
ACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTA
ATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGG
AAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTT
TGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCG
GCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAAT
CAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAA
CCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCA
TCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGAT
ACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCT
TACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCA
CGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCAC
GAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCC
AACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAG
CAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACG



WO 2020/132059 PCT/US2019/067156

63

GCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCG
GAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGT
TTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCT
TTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATT
TTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGA
AGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGC
TTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCT
GACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTG
CTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACC
AGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATC

CAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTG
CGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATG

GCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTG

TGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCC
GCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCAT
CCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGT

GTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCAC
ATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCT
CAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACT
GATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGC
AAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCAT (SEQ
ID NO:11)

[00266] The sequence of the vector illustrated in FIG. 10B is provided below.

PB007-iHelper2-iRepCap10/ PBBGS8 (17, 936 bp)

[00267] ACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATG
AGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCAC
ATTTCCCCGAAAAGTGCCACCTAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCG
TTAAATTTTTGTTAAATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATC
CCTTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAAC
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AAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTA
TCAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGAG
GTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGAC
GGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGG
GCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCC
GCGCTTAATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAACTGT
TGGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGG
ATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTG
TAAAACGACGGCCAGTGAGCGCGCCTCGTTCATTCACGTTTTTGAACCCGTGGAGGA
CGGGCAGACTCGCGGTGCAAATGTGTTTTACAGCGTGATGGAGCAGATGAAGATGC
TCGACACGCTGCAGAACACGCAGCTAGATTAACCCTAGAAAGATAATCATATTGTG
ACGTACGTTAAAGATAATCATGCGTAAAATTGACGCATGTGTTTTATCGGTCTGTAT
ATCGAGGTTTATTTATTAATTTGAATAGATATTAAGTTTTATTATATTITACACTTACA
TACTAATAATAAATTCAACAAACAATTTATTTATGTTTATTTATTTATTAAAAAAAAA
CAAAAACTCAAAATTTCTTCTATAAAGTAACAAAACTTTTATCGAATTCCTGCAGCC
CGGGGGATCCACTAGTTCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTA
ATTACGTCCCTCCCCCGCTAGGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGAGT
CCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCACGG
GGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGC
AGACACCTGGGGGGATACGGGGAAAAGGCCTCCAAGGCCAGCTTCCCACAATAAGT
TGGGTGAATTTTGGCTCATTCCTCCTTTCTATAGGATTGAGGTCAGAGCTTTGTGATG
GGAATTCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCgcGATCgcTAGeGTTT
AAACTTAAGCTTGGTACCGAGCTCGGATCCACTAGTCCAGTGTGGTGGAATTCCTGC
TTCGCGATGTACGGGCCAGATATACGCGTTGACATTGATTATTGACTAGTTATTAAT
AGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACAT
AACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGT
CAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAAT
GGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGC
CAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCC
AGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGC
TATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGA
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CTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGAA
CCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAAT
GGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTCCCTATCAGTG
ATAGAGATCTCCCTATCAGTGATAGAGATCGTCGACGAGCTCGTTTAGTGAACCGTC
AGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGAC
CGATCCAGCCTCCGGACTCTAGCGTTTAAACTTAAGCTTGCCACC Catggccagtcgggaagagg
agcagcgegaaaccacceccgagegeggacgeggtgcggegegacgteeecccaaccatggaggacgtgtegteccegtececgtege
cgcecgecteccegggegeccccaaaaaageggatgaggeggegtatcgagtccgaggacgaggaagactcatcacaagacgegetgg
tgeecgegeacaccecageccgeggecatcgaccteggeggeggatttggccattgegeccaagaagaaaaagaagegecctteteccaa
gcecgagegeccgecatcaccagaggtaatcgtggacagegaggaagaaagagaagatgtggegetacaaatggtgggtttcageaac
ccaccggtgctaatcaageatggcaaaggaggtaagegeacagtgeggeggctgaatgaagacgacecagtggegegtggtatgegga
cgcaagaggaagaggaagagcccagegaageggaaagtgaaattacggtgatgaaccegetgagtgtgcegategtgtetgegtegea
gaagggcatggaggctgcgegegegetgatggacaagtaccacgtggataacgatctaaaggcegaacttcaaactactgectgaccaagt
ggaagctctggcggecgtatgcaagacctggctgaacgaggageaccgegggttgcagetgaccttcaccageaacaagacctttgtga
cgatgatggggcgattcctgeaggegtacctgeagtegtttgeagaggtgacctacaageatcacgageccacgggetgegegttgtaget
geaccgetgegetgagatcgaaggcgagettaagtgtetacacggaageattatgataaataaggageacgtgattgaaatggatgteacg
agcgaaaacgggeagegcgcgctgaaggageagtctagcaaggecaagatcgtgaagaaccggteggeccgaaatgtegtecagate
tccaacaccgacgcaaggtgctgegtgcacgacgeggcectgtccggecaatcagttttccggeaagtcettgeggeatgttctictctgaagg
cgcaaaggctcaggtggcttttaagcagatcaaggcettttatgcaggegcetgtatcctaacgeccagaccgggeacggtcaccttttgatgce
cactacggtgcgagtgcaactcaaagectgggeacgegecctttttgggaaggcagetaccaaagttgactecgttcgecctgageaacge
ggaggacctggacgeggatctgatctccgacaagagegtgetggecagegtgeaccacecggegcetgatagtgttecagtgetgcaace
ctgtgtatcgcaactcgegegegeagggeggaggecccaactgegacttcaagatatcggegeccgacctgetaaacgegttggteateg
tgcgceagcectgtggagtgaaaacttcaccgagetgecgeggatggttgtgcctgagtitaagtggagcactaaacaccagtatcgcaacgt
gtcectgecagtggegeatagegatgegeggeagaaccectttgatttttaaccegggagttetagggatctgeccctetecectecceecce
cctaacgttactggccgaagecgcettggaataaggecggtgtocgtttgtctatatgttatittccaccatattgecgtettttggeaatgtgagg
gcecggaaacctggecctgtettettgacgagceattectaggggtcttteceetetcgecaaaggaatgcaaggtetgttgaatgtegtgaag
gaagcagttcctctggaagettettgaagacaaacaacgtetgtagegacectttgcaggeageggaacceeecacctggegacaggtec
ctctgecggecaaaagecacgtgtataagatacacctgcaaaggeggeacaaccccagtgecacgttgtgagttggatagttgtggaaaga
gtcaaatggetctcctcaagegtattcaacaaggggctgaaggatgcccagaaggtaceccattgtatgggatctgatetggggecteggtg
cacatgctttacatgtgtttagtcgaggttaaaaaaacgtctaggecccccgaaccacggggacgtggttticctitgaaaaacacgatgataa
ggatccaccggaggecaccatgactacgtecggegttecatttggeatgacactacgaccaacacgateteggttgtetcggegceacteegt
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acagtagggatcgtctacctecttttgagacagaaacccgegcetaccatactggaggatcatcegetgetgececgaatgtaacactttgacaa
tgcacaacgtgagttacgtgcgaggtettecctgcagtgteggoatttacgetgattcaggaatgggttottccctgggatatggttctaacgeg
ggaggagcttgtaatcctgaggaagtgtatgcacgtgtgectgtgttgtgccaacattgatatcatgacgageatgatgatccatggttacga
gtectgggcetctecactgteattgttccagteceggttecctgeagtgtatageeggegggcaggttttggecagetggtttaggatggtaote
gatggcgccatgtttaatcagaggtttatatggtaccgggaggtggtgaattacaacatgeccaaaagaggtaatgtitatgtccagegtgtttat
gaggggtcgecacttaatctacctgegettgtggtatgatggecacgtgggttctgtggtececcgecatgagctttggatacagegecttgea
ctgtgggattttoaacaatattgtggtoctgtgctgcagttactgtectgatttaagtgagatcagggetacgcetgctgtgcccggaggacaagg
cgccttatgetgegggcggtgcgaatcatcgetgaggagaccactgecatgttgtattcctgecaggacggageggeggeggeageagtit
attcgcgcegcetgetgeageaccaccgecctatectgatgeacgattatgactctacecccatgtagGCGGCCGCTCGAGTCT
AGAGGGCCCGTTTAAACCCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCA
TCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTG
TCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTAT
TCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGC
AGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTG
GGGCTCTAGGGGGTATCCCCggggttegesttecgecttttccaagecATCCAGCACAGTGGCGGCC
GCaatatttgcatgtcgctatgtgttctgggaaatcaccataaacgtgaaatccctatcagtgatagagacttataagttcectatcagtgatag

agaaccggtgggcactcttccgtggtetggtggoataaattcgcaagggtatcatggcggacgaccggggticgagecccgtatccggecg
tccgecgtgatccatgeggttaccgeccgegtgtcgaacccaggtgtgcgacgtcagacaacgggggagtgctcectttttgaattccactttg

gecgeggctcgaggggettgggsttocgccttttccaaggeageectgggtttgcgeagggacgeggctgctetgggcgtegttccggg
aaacgcageggegecgaccetgggtetcgeacattettcacgteegttcgeagegtecacecggatettcgecgetacceettgtgggeecce
cggcgacgcttectgetecgeccctaagtegggaaggttecttgeggttcgeggegtgecggacgtgacaaacggaagecgeacgtetea
ctagtaccctcgcagacggacagegecagggageaatggeagegegecgaccgegatgggctgtegecaatageggetgetcageag
ggrgrgecgagageageggerccgggaagggacggtacgggagacggagtgiggggcggtagtgtggaccetgticetgeecgegeg
gtgttccgeattetgcaagecteccggagegeacgteggeagteggeteectegttgacegaatcacecgacctetetecccagggggatctgt
gagtttggggacccttgattgttctttctttttcgctattgtaaaattcatgttatatggagggggcaaagttttcagggtottgtitagaatgggaa
gatgtcecttgtatcaccatggaccctcatgataattttgtttetttcactttctactctgttgacaaccattgtetectcttattttcttttcattttctgta
actttttcgttaaactttagcttgcatttgtaacgaatttttaaattcacttttgtttatttotcagattotaagtactttctctaatcacttttttttcaagge
aatcagggtatattatattgtacttcagcacagttttagagaacaattgttataattaaatgataaggtagaatatttctgcatataaattctggetgg
cgtggaaatattcttattggtagaaacaactacatcctggtcatcatcctgectttctetttatggttacaatgatatacactgtttgagatgaggat
aaaatactctgagtccaaaccgggececctctgetaaccatgttcatgecttettetttttcctacagetectgggeaacgtgctggttattgtactg
tctcatcattttggcaaagaattgtaatacgactcactataggegcgaGCCACCatggctagattagataaaagtaaagtgattaacageg
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cattagagctgcttaatgaggtcggaatcgaaggtttaacaaccegtaaactcgeccagaagetaggtgtagageagectacattgtattgge
atgtaaaaaataagcgggctttgctcgacgecttagecattgagatgttagataggcaccatacteacttttgecctttagaagggegaaagetg
gcaagattttttacgtaataacgctaaaagttttagatgtgctttactaagtcatcgcgatggagcaaaagtacatttaggtacacggectacag
aaaaacagtatgaaactctcgaaaatcaattagectttttatgccaacaaggtttttcactagagaatgeCttatatgcactcagegeCgtggg
gcattttactttaggttgcgtattggaagatcaagagcatcaagtcgctaaagaagaaagggaaacacctactactgatagtatgecgecatta
ttacgacaagctatcgaattatttgatcaccaaggtgcagagecagecttcttattcggecttgaattgatcatatgeggattagaaaaacaactt
aaatgtgaaagtgggtccccaaaaaagaagagaaaggtegacggeggtagttcagtttaagegtacageggetccegggagtictaggg
atctgcccctetecctecceecccecctaacgttactggecgaagecgettggaataaggecggtgtgegtitgtctatatgttattttccaccata
ttgeegtcttttggeaatgtgagggcccggaaacctggecectgtettcttgacgageattectaggggtetttccectetcgecaaaggaatgc
aaggtctgttgaatgtcgtgaaggaageagttectctggaagettcttgaagacaaacaacgtetgtagegaccctttgecaggeageggaac
cceecacctggegacaggtgectetgeggecaaaagecacgtgtataagatacacctgcaaaggeggeacaaccecagtgecacgttgt
gagttggatagttgtggaaagagtcaaatggctctcctcaagegtattcaacaaggggctgaaggatgeccagaaggtaccceattgtatgg
gatctgatctggggcectecggtgcacatgctttacatgtgtitagtcgaggttaaaaaaacgtctaggecceccgaaccacggggacgtggttt
tectttgaaaaacacgatgataaggatccaccggagGCCAC Catgaccgagtacaageccacggtgegectegecaccegegacga
cgtccecagggecgtacgeaccctcgecgeegegttcgecgactaceccgecacgegecacacegtegatceggacegeeacatcgag
cgggtcaccgagetgcaagaactettcctcacgegegtegggctcgacatcggeaaggtgteggtegeggacgacgecgceecggtes
cggtctggaccacgecggagagegtegaagegggegcggtattcgecgagatcggeccgegeatggecgagttgageggtteceeggcet
ggccgegeageaacagatggaaggcectectggegecgeaccggeccaaggageccgegtggttectggecaccgteggegtetegec
cgaccaccagggcaagggtctgggcagegecgtegtectecccggagtggaggcggecgagegegecggegtgcccgecttectgga
gacctcegegeeccgeaacctecccttctacgageggeteggettcacegtcaccgecgacgtcgaggtgccegaaggacegegeacct
ggtgcatgacccgcaageccggtecctgaCCGCGTCTGGAACAATCAACCTCTGGATTACAAAATTT
GTGAAAGATTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACGC
TGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCATTTTCTCCTCCT
TGTATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAAC
GTGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGCCA
CCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGA
ACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGA
CAATTCCGTGGTGTTGTCGGGGAAGCTGACGTCCTTTCCATGGCTGCTCGCCTGTGTT
GCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCA
GCGGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCC
TTCGCCCTCAGACGAGTCGGATCTCCCTTTGGGCCGCCTCCCCGCaAAATGACCGAC
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CAAGCGACGCCCAACCTGCCATCACGAGATTTCGATTCCACCGCCGCCTTCTATGAA
AGGTTGGGCTTCGGAATCGTTTTCCGGGACGCCGGCTGGATGATCCTCCAGCGCGGG
GATCTCATGCTGGAGTTCTTCGCCCACCCCAACTTGTTTATTGCAGCTTATAATGGTT
ACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATT
CTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTTATCATGTCTGTAGCtGATcaATTg
GCGCGCCGAATTCGTTatctgcagaattcggettggeggctecgegttcaaaccteccgettcaaaatggagacectgegtg
ctcactcgggcttaaatacccagegtgaccacatggtgtecgeaaaatgtcgeaaaacactcacgtgacctctaatacaggacctcetagagea
tggaaactagataagaaagaaatacgcagagaccaaagttcaactgaaacgaattaaacggtttattgattaacaagcaaactagtttacaga
ttacgggtgaggtaacgggteccgatggggcgaggctcagaataaacgecatttgtgtcaacagcaaagtecacatttgtagatttgttgtag
ttggaagtgtattgaatctctgggttccagegtttgetgttttetttctgcageteccattcaatttccacgetgaccetgteeggtgctgtactgegt
gatgaacgacgcaaacttagetggactgaaggtagttggaggattcgcgggaacaggtgtattcttaatcaggatctgaggaggegggtat
ttcagtccaaagcectcccatcageggegagggatgaaagtgtecgtecgtetgaggaatettggcccagataggaccetgeaggtacacgt
cccggtectgecagaccatgecaggtaaggcetecttgactgttgacggtecctgtagecaggageggtgttggecgattgecaggttagtgge
caccgtgecgtactcttctgtggecactgggttggtagttttaatttcttectegttggttatcataacgttgtcaaggtecacgttgctatttccag
ctcectgtttcccaaatattaagactecgetcatcggaaaaaatttgtettcgtegtecttgtggettgccatagegggaccgggatttaccaga
gagtctetgecattcagatgatacttggtggcaccggtccaggcaaagttgctgttgttattttgattggttotettggagacgegttgctgecgg
tagcagggcccgggtagecagtttttggectgattcgecatgetactaggeeecggectgagaaaattgcaacgtecgatttectgeggtace
actcgtggtctgagtccgagacaggtagtacaggtactggtcgatgagggggattcatcagecggteccaggetttggetgtgcgegtagetg
ctgtgaaaaggcacgtcctcaaacgtgtagetgaactgaaagttgttgccegttctcageatttgagaaggaaagtattccaggeagtagaa
ggaggaacggceccacggectgactgecattgttcagagtcaggtaccegtactgaggaatcatgaagacgtecegecgggaacggagge
aggcagceectggtgegeagagecgaggacgtacgggagetggtattccgagtecgtaaagacctgaacegtgetggtaaggttattggeg
atggtcgtggtgccatcattcgtegtgacctecttgacctggatgtteaagagettgaagttgagcettettgggccggaatceccagttgattatt
gatgagtcgctgecagtcacgtggtgagaagtggcagtggaatctgttaaagtcaaaatacccccagggggtgctgtagecgaagtaggt
gttgtegttggtectgcctccegattggetggagatttgcttotagaggtogttgttotaggtogooagoocccaggttcgggtectggtest
gatgactctgtcgeccagecatgtggaatcgcaatgecaatttcctgaggegttacccacteccgteggegecttegttattgtctgecattgga
gcgecaccgectgeagcecattgtattagatcccacaccagagggggctgeggggggttcteccgagtggttgagggtegggcactgactct
gagtcgecagtetgeccaaagttgagtetetttctcgegggcetgctggectticttgccgatgeccgaagaggagtetggttectggggotaatt
gctctaccggtetcettctttccaggagecgtcettagegecttcctcaaccagaccgagaggttcgagaaccegcttcttggectggaagactg
ctcgeeccgaggttgcccccaaaagacgtatettettgecagacgetectgaaacteggegtecggegtggttataccgcaggtacggattgtea
cccgcetttgagetgetggtegtaggecttgtegtgctecgagggecgetgegteegecgegttgacgggceteceecttgtcgagtecgttgaa
gggtecgaggtacttgtageccaggaageaccagacceecggecgtegtectgcettttgetggttggctttgggtttcggggactecaggtttcaa
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gtcecaccactcgegaatgecctcagagaggttgtectcgagecaatctggaagataaccatcggeagecatacctgatttaaatcatttattg
ttcaaagatgcagtcatccaaatccacattgaccagatcgeaggeagtgcaagegtetggeaccttteccatgatatgatgaatgtagcacag
tttctgatacgcectttttgacgacagaaacgggttgagatictgacacgggaaagcactctaaacagtcttictgtccgtgagtgaagceagatat
ttgaattctgattcattctetegeattgtetgecagggaaacageatcagattcatgeccacgtgacgagaacatttgttttggtacetgtetgegta
gttgatcgaagcttccgegtetgacgtcgatggetgegeaactgactcgegeaccegtitgggcteacttatatctgegtcactgggggcgg
gtcttttettggetecaccctttttgacgtagaattcatgetecacctcaaccacgtgatectttgecccaccggaaaaagtctttgacttectgettg
gtgaccttcccaaagtcatgatccagacggegggtoagttcaaatttgaacatccggtettgcaacggetgetggtattcgaaggtegttgag
ttccegtcaatcacggegceacatgttggtgttggaggoteacgatcacgggagtcgggtctatctgggecgaggacttgeatttctggtecac
gegeaccttgettecctccgagaatggctttggecgactccacgaccttggeggteatctteccctectcccaccagatcaccatettgtegaca
cagtcgttgaagggaaagttctcattggtecagtttacgcaccegtagaagggcacagtgtgggctatggectecgegatgttggtetteceg
gtagttgcaggcececaaacagecagatggtgttectettgecgaactttttcgtggeecatceccagaaagacggaagecgceatattggggate
gtacccgtttagttccaaaattttataaatccgattgetggaaatgtectccacgggetgctggeccaccaggtagtcggeggcggttttagte
aggctcataatctttcccgceattgtccaaggceagcecttgatttgggaccgegagtiggaggecgeattgaaggagatgtatgaggectggte
ctcetggatceactgettctccgaggtaatceecttgteccacgagecacccgaccagetecatgtacctggetgaagtttttgatctgatcace
ggcgcatcagaattgggattctgattctetttgttctgetectgegtetgegacacgtgegtecagatgetgegecaccaaccgtttacgeteegt
gagattcaaacaggcgctgtggagagaaaggcaaagtggatgtcagtaTCTCTATCACTGATAGGGAGATCTCT
ATCACTGATAGGGAacttaccttaaatactgttccatattagtccacgeccactggagetcaggetgggttttggggagcaagta
attggggatgtagcactcatccaccaccttgttcccgecteccggegecatttetggtetttgtgaccgegaaccagtttggcaaagtcggeteg
atcccgeggtaaattctctgaatcagtttttcgegaatetgactcaggaaacgteccaaaaccatggatttcaccecggtggtttccacgagea
cgtgcatgtggaagtagetctcteectictcaaattgcacaaagaaaagagectecggggccttactcacacggegecattcegtcagaaag
tcgegetgeagctteteggecacggtcaggggtgcctgetcaatcagattcagatceatgtcagaatetggeggeaacteccattectteteg
gccacccagttcacaaagetgtcagaaatgecgggeagatgetegtcaaggtegetggggaccttaatcacaatetcgtaaaacceeggea
tGGCGGCTGCGCGTTCAAACCTCCCGCTTCAAAATGGAGACCCTGCGTGCTCACTCG
GGCgaTCTCTATCACTGATAGGGAGATCTCTATCACTGATAGGGAgaTTAAATAgaatgg
CTAggATCCGGCCGGecTGCAggTGTCCTCACAGGAACGAAGTCCCTAAAGAAACAGT
GGCAGCCAGGTTTAGCCCCGGAATTGACTGGATTCCTTTTTTAGGGCCCATTGGTAT
GGCTTTTTCCCCGTATCCCCCCAGGTGTCTGCAGGCTCAAAGAGCAGCGAGAAGCGT
TCAGAGGAAAGCGATCCCGTGCCACCTTCCCCGTGCCCGGGCTGTCCCCGCACGCTG
CCGGCTCGGGGATGCGGGGGGAGCGCCGGACCGGAGCGGAGCCCCGGGCGGCTCG
CTGCTGCCCCCTAGCGGGGGAGGGACGTAATTACATCCCTGGGGGCTTTGGGGGGG
GGCTGTCCCTCTAGAGCGGCCGCCACCGCGGTGGAGCTCCAGCTTTTGTTCCCTTTA
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GTGAGGGTTAATTAGATCTTAATACGACTCACTATAGGGCGAATTGGGTACCGGGCC
CCCCCTCGAGGTCGACGGTATCGATAAGCTTGATATCTATAACAAGAAAATATATAT
ATAATAAGTTATCACGTAAGTAGAACATGAAATAACAATATAATTATCGTATGAGTT
AAATCTTAAAAGTCACGTAAAAGATAATCATGCGTCATTTTGACTCACGCGGTCGTT
ATAGTTCAAAATCAGTGACACTTACCGCATTGACAAGCACGCCTCACGGGAGCTCC
AAGCGGCGACTGAGATGTCCTAAATGCACAGCGACGGATTCGCGCTATTTAGAAAG
AGAGAGCAATATTTCAAGAATGCATGCGTCAATTTTACGCAGACTATCTTTCTAGGG
TTAATCTAGCTGCATCAGGATCATATCGTCGGGTCTTTTTTCCGGCTCAGTCATCGCC
CAAGCTGGCGCTATCTGGGCATCGGGGAGGAAGAAGCCCGTGCCTTTTCCCGCGAG
GTTGAAGCGGCATGGAAAGAGTTTGCCGAGGATGACTGCTGCTGCATTGACGTTGA
GCGAAAACGCACGTTTACCATGATGATTCGGGAAGGTGTGGCCATGCACGCCTTTAA
CGGTGAACTGTTCGTTCAGGCCACCTGGGATACCAGTTCGTCGCGGCTTTTCCGGAC
ACAGTTCCGGATGGTCAGCCCGAAGCGCATCAGCAACCCGAACAATACCGGCGACA
GCCGGAACTGCCGTGCCGGTGTGCAGATTAATGACAGCGGTGCGGCGCTGGGATAT
TACGTCAGCGAGGACGGGTATCCTGGCTGGATGCCGCAGAAATGGACATGGATACC
CCGTGAGTTACCCGGCGGGCGCGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTG
TGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGT
AAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTG
CCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGC
GCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCG
CTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATA
CGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCC
AGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTC
CGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCC
GACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCC
TGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTG
GCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCA
AGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTITATCCGGTA
ACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCA
CTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAG
TGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTG



WO 2020/132059 PCT/US2019/067156

71

AAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCAC
CGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGG
ATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAA
CTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCT
TTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTC
TGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGT
TCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTA
CCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGAT
TTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAAC
TTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTC
GCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACG
CTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTAC
ATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGT
CAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTC
TCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAG
TCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGG
GATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCT
TCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCC
ACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAG
CAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATG
TTGAATACTCAT (SEQ ID NO:12)

[00268] The sequence of the vector represented in FIG. 10C is provided below.

PB007-iHelperl-iRepCap10-AAV-GFP/ PBBG9 (21, 391 bp)

[00269] ACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATG
AGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCAC
ATTTCCCCGAAAAGTGCCACCTAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCG
TTAAATTTTTGTTAAATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATC
CCTTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAAC
AAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTA
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TCAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGAG
GTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGAC
GGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGG
GCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCC
GCGCTTAATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAACTGT
TGGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGG
ATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTG
TAAAACGACGGCCAGTGAGCGCGCCTCGTTCATTCACGTTTTTGAACCCGTGGAGGA
CGGGCAGACTCGCGGTGCAAATGTGTTTTACAGCGTGATGGAGCAGATGAAGATGC
TCGACACGCTGCAGAACACGCAGCTAGATTAACCCTAGAAAGATAATCATATTGTG
ACGTACGTTAAAGATAATCATGCGTAAAATTGACGCATGTGTTTTATCGGTCTGTAT
ATCGAGGTTTATTTATTAATTTGAATAGATATTAAGTTTTATTATATTITACACTTACA
TACTAATAATAAATTCAACAAACAATTTATTTATGTTTATTTATTTATTAAAAAAAAA
CAAAAACTCAAAATTTCTTCTATAAAGTAACAAAACTTTTATCGAATTCCTGCAGCC
CGGGGGATCCACTAGTTCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTA
ATTACGTCCCTCCCCCGCTAGGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGT
CCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCACGG
GGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGC
AGACACCTGGGGGGATACGGGGAAAAGGCCTCCAAGGCCAGCTTCCCACAATAAGT
TGGGTGAATTTTGGCTCATTCCTCCTTTCTATAGGATTGAGGTCAGAGCTTTGTGATG
GGAATTCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCgcGATCgcTAGeGTTT
AAACTTAAGCTTGGTACCGAGCTCGGATCCACTAGTCCAGTGTGGTGGAATTCCTGC
TTCGCGATGTACGGGCCAGATATACGCGTTGACATTGATTATTGACTAGTTATTAAT
AGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACAT
AACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGT
CAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAAT
GGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGC
CAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCC
AGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGC
TATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGA
CTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGAA
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CCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAAT
GGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTCCCTATCAGTG
ATAGAGATCTCCCTATCAGTGATAGAGATCGTCGACGAGCTCGTTTAGTGAACCGTC
AGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGAC
CGATCCAGCCTCCGGACTCTAGCGTTTAAACTTAAGCTTGCCACCatggccagtcgggaagagg
agcagcgegaaaccaccececgagegeggacgeggtgeggegegacgteeeecaaccatggaggacgtgtegteecegteceegtege
cgeegectecccgggegeccccaaaaaageggatgaggcggegtatcgagtccgaggacgaggaagactcatcacaagacgegcteg
tgeecgegeacacccageccgeggecatcgacctcggeggeggatttggccattgegeccaagaagaaaaagaagegceccttetcccaa
geecgagegeccgecatcaccagaggtaatcgtggacagegaggaagaaagagaagatgtggcgctacaaatggtgggtttcageaac
ccaccggtgctaatcaagecatggcaaaggaggtaagegeacagtgeggeggctgaatgaagacgacecagtggegegtegtatgegga
cgcaagaggaagaggaagageccagegaageggaaagtgaaattacggtgatgaaccegetgagtgtgeegategtgtetgegtggga
gaagggcatggaggctgcgegegegetgatggacaagtaccacgtggataacgatctaaaggegaacttcaaactactgectgaccaagt
ggaagctctggeggcecgtatgcaagacctggetgaacgaggageaccgegggtigcagetgacctticaccagcaacaagacctttgtga
cgatgatggggcgattcctgeaggegtacctgecagtegtttgcagaggtgacctacaageatcacgageccacgggetgegcgttgtegct
gcaccgetgegetgagatcgaaggegagettaagtgtetacacggaageattatgataaataaggageacgtgattgaaatggatgteacg
agcgaaaacgggceagegegegetgaaggageagtctagcaaggecaagatcgtgaagaaceggtgggoccgaaatgtggtecagate
tccaacaccgacgcaaggtgctgcgtgcacgacgeggectgtecggecaatcagttttccggeaagtettgeggeatgttettctctgaagg
cgcaaaggctcaggtggcttitaagcagatcaaggcttttatgcaggegetgtatcctaacgeccagaccgggeacggtecaccttttgatge
cactacggtgcgagtgcaactcaaagectgggcacgegecctttttgggaagecagcetaccaaagttgactecgttcgecctgageaacge
ggaggacctggacgeggatctgatctccgacaagagegtgetggecagegtgcaccacecggegcetgatagtgttecagtgctgcaacc
ctgtgtatcgcaactcgegegegeagggeggaggecccaactgegacttcaagatatcggegeccgacctgetaaacgegttggtgateg
tgcgeagcectgtggagtgaaaacttcaccgagetgecgeggatggttotecctgagtttaagtggageactaaacaccagtatcgeaacgt
gtcectgecagtggegceatagegatgegeggcagaacccctttgatttttaacccgggagttctagggatctgecccteteccteceecece
cctaacgttactggecgaagecgcettggaataaggeeggtatgcgtttgtetatatgttattttccaccatattgeegtettttggeaatgtgagg
gcecggaaacctggecctgtettcttgacgagceattcctaggggtctttcccctctcgecaaaggaatgcaaggtetgttgaatgtegtgaag
gaagcagttcctctggaagettettgaagacaaacaacgtetgtagegaccctttgecaggeageggaacceeccacctggegacaggtac
ctctgeggecaaaagecacgtgtataagatacacctgcaaaggeggeacaaccccagtgccacgttgtgagttggatagttotggaaaga
gtcaaatggctctcctcaagegtattcaacaaggggctgaaggatgecccagaaggtaccecattgtatgggatctgatctggggccteggtg
cacatgctttacatgtgtttagtcgaggttaaaaaaacgtctaggecececccgaaccacggggacgtagttttcctttgaaaaacacgatgataa
ggatccaccggaggecaccatgactacgtecggegttecatttggeatgacactacgaccaacacgateteggttgtetcggegceacteegt

acagtagggatcgtctacctecttttgagacagaaacccgegcetaccatactggaggatcatcegetgetgeccgaatgtaacactttgacaa
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tgcacaacgtgagttacgtgcgaggtcttecctgeagtgtgggatttacgetgattcaggaatgggttgttcectgggatatggttctaacgeg
ggaggagcttgtaatcctgaggaagtgotatocacgtetgcctgtgttgtgccaacattgatatcatgacgageatgatgatccatggttacga
gtcetgggctcetecactgteattgticcagteccggticcctgeagtgtatagecggegggeaggttttggccagetggtttaggatggteote
gatggcgccatgtttaatcagaggtttatatggtaccgggaggotesteaattacaacatgccaaaagaggtaatgtttatgtccagegtgtttat
gaggggotcgcecacttaatctacctgegcetigtggtatgatggecacgtgggtictgtggteccececgecatgagetttggatacagegecttgea
ctgtgggattttgaacaatattgtggtactgtgctgcagttactgtactgatttaagtgagatcagggtacgetgetgtgcccggaggacaagg
cgcecttatgetgegggeggtgcgaatcatcgetgaggagaccactgecatgttgtattcctgcaggacggageggeggeggeageagttt
attcgcgcegcetgcetgeageaccaccgecctatectgatgeacgattatgactctacecccatgtagGCGGCCGCTCGAGTCT
AGAGGGCCCGTTTAAACCCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCA
TCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTG
TCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTAT
TCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGC
AGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTG
GGGCTCTAGGGGGTATCCCCggggttegggttecgecttttccaagecATCCAGCACAGTGGCGGCC
GCaatatttgcatgtcgctatgtgttctgggaaatcaccataaacgtgaaatecctatcagtgatagagacttataagttccctatcagtgatag
agaaccggtgggcactcttccgtggtetggtegataaattcgcaagggtatcatggeggacgaccggggttcgagecccgtatcecggecg
tccgecgtgatecatgeggttaccgeccgegtgtecgaacccaggtgtgcgacgtcagacaacgggggagtgactectttttgaattecactttg
gcegeggctcgagggggottggaottocgecttttccaaggeagecctgggtitgcgecagggacgeggctgctetgggegtegttccgge
aaacgcageggegecgacccetgggtetcgeacattettcacgteegttcgeagegtecacccggatettcgecgetacecttgtgggeecce
cggcgacgcttectgetccgecectaagtcgggaaggttecttgeggttcgeggegtgecggacgtgacaaacggaageegeacgtetea
ctagtaccctcgeagacggacagegecagggageaatggeagegegecgaccgegatgggetgtggecaatageggcetgetcageag
£grgegregagageageggrcgggaagagocagtacgggagecggagtategggocggtagtgtgggaccetgttcctgeccgegeg
gtgttccgceattctgcaagectccggagegeacgteggeagteggeteectegttgaccgaatcaccgacctctetccccagggggatctgt
gagtttggggacccttgattgttctttetttttcgetattgtaaaattcatgttatatggaggeoocaaagttttcagggtattotttagaatgggaa
gatgtcccttgtatcaccatggaccctcatgataattttgtttctttcactttctactctgttgacaaccattgtctectcttattttcttttcattttctgta
actttttcgttaaactttagcttgeatttgtaacgaatttttaaattcacttttgtttatttgtcagattgtaagtactttctctaatcacttttttttcaagge
aatcagggtatattatattgtacttcagcacagttttagagaacaattgttataattaaatgataaggtagaatatttctgcatataaattetggeteg
cgtggaaatattcttattggtagaaacaactacatcctggtcatcatcctgectttetctitatggttacaatgatatacactgtttgagatgaggat
aaaatactctgagtccaaaccgggcccctetgetaaccatgttcatgecttettetttttcctacagetectgggeaacgtgctggttattgtacte
tctcatcattttggcaaagaattgtaatacgactcactatagggcgaGCCACCatggctagattagataaaagtaaagtgattaacageg
cattagagctgcttaatgaggtcggaatcgaaggtttaacaaccegtaaactcgeecagaagetaggtgtagageagectacattgtattgge
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atgtaaaaaataagcgggctttgctcgacgecttagecattgagatgttagataggeaccatacteacttttgecctttagaaggggaaagetg
gcaagattttttacgtaataacgctaaaagttttagatgtgctttactaagtcatcgegatggagcaaaagtacatttaggtacacggectacag
aaaaacagtatgaaactctcgaaaatcaattagectttttatgccaacaaggtttttcactagagaatgcCttatatgcactcagegeCgtggg
geattttactttaggttgcgtattggaagatcaagageatcaagtcgctaaagaagaaagggaaacacctactactgatagtatgecgecatta
ttacgacaagctatcgaattatttgatcaccaaggtgcagagcecagecttcttattcggecttgaattgatcatatgecggattagaaaaacaactt
aaatgtgaaagtgggtccccaaaaaagaagagaaaggtegacggeggtggtactttgtetectcageactetgetgtecactcaaggaagtat
catcaagaacaaggagggcatggatgctaagtcactaactgectggteccggacactggtgaccttcaaggatgtatttgtggacttcacca
gggaggagtggaagcetgctggacactgctcageagatcgtgtacagaaatgtgatgetggagaactataagaacctggtttcettgggttat
cagcttactaagccagatgtgatcctceggttggagaagggagaagagecctggetggtggagagagaaattcaccaagagacccatect
gattcagagactgcatttgaaatcaaatcatcagtttaagcgtacageggeteccgggagttctagggatetgeeccteteccteeecceece
ctaacgttactggccgaagecgcettggaataaggecggtgtgegtttgtetatatgttattticcaccatattgeegtcttttggeaatgtgaggg
ccecggaaacctggecectgtettettgacgageattcctaggggtctttcecctetcgecaaaggaatgcaaggtetgttgaatgtegteaagg
aagcagttcctctggaagcttcttgaagacaaacaacgtctgtagegaccctttgcaggeageggaaccceeccacctggegacaggtgect
ctgcggecaaaagecacgtgtataagatacacctgcaaaggeggeacaaccecagtgecacgttgteagttggatagttgtogaaagagt
caaatggctctectcaagegtattcaacaaggggctgaaggatgcccagaaggtaccecattgtatgggatctgatetggggecteggtac
acatgctttacatgtgtttagtcgaggttaaaaaaacgtctaggecceecgaaccacggggacgtggttttectttgaaaaacacgatgataag
gatccaccggagGCCACCatgaccgagtacaageccacggtgcgectegecaccegegacgacgtcececagggecgtacgeace
ctcgeegeegegttecgecgactaccccgeecacgegecacaccgtegatecggaccgecacatcgagegggteaccgagetgeaagaac
tettectcacgegegtegggctegacatcggeaaggtgtegetegeggacgacggcgecgeggteggcggtetggaccacgecggagag
cgtcgaagegggggcggtgttcgecgagatcggeccgegeatggecgagttgageggttceceggetggecgegeageaacagatgga
aggcctectggegecgeaccggeccaaggageccgegtggtteetggecaccgteggegtetcgeccgaccaccagggcaagggtetg
ggcagcegecegtegtgctecceggagtggaggeggecgagegegecggggtgccegecttcctggagacctecgegecccgeaaccte
cccttctacgageggcetcggcettcaccgtcaccgecgacgtecgaggtgcccgaaggaccgegeacctggtgcatgacccgeaageccg
gtgcctgaCCGCGTCTGGAACAATCAACCTCTGGATTACAAAATTTGTGAAAGATTGACT
GGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACGCTGCTTTAATGCCTT
TGTATCATGCTATTGCTTCCCGTATGGCTTTCATTTTCTCCTCCTTGTATAAATCCTGG
TTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACGTGGCGTGGTGTGC
ACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGCCACCACCTGTCAGCTC
CTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGCCGCCT
GCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACAATTCCGTGGTGT
TGTCGGGGAAGCTGACGTCCTTTCCATGGCTGCTCGCCTGTGTTGCCACCTGGATTCT
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GCGCGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGCGGACCTTCCTTCC
CGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCTCAGACG
AGTCGGATCTCCCTTTGGGCCGCCTCCCCGCaAAATGACCGACCAAGCGACGCCCAA
CCTGCCATCACGAGATTTCGATTCCACCGCCGCCTTCTATGAAAGGTTGGGCTTCGG
AATCGTTTTCCGGGACGCCGGCTGGATGATCCTCCAGCGCGGGGATCTCATGCTGGA
GTTCTTCGCCCACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAAT
AGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGT
CCAAACTCATCAATGTATCTTATCATGTCTGTAGCtGATcaATTgGCGCGCCGAATTCG
TTatctgcagaattcggcttggeggctgcgegttcaaaccteccgettcaaaatggagaccctgegtecteactcgggcttaaatacecag
cgtgaccacatggtgtcgcaaaatgtcgcaaaacactcacgtgacctctaatacaggacctetagageatggaaactagataagaaagaaa
tacgcagagaccaaagttcaactgaaacgaattaaacggtttattgattaacaagcaaactagtttacagattacgggtgaggtaacgggtgc
cgatggggecgaggctcagaataaacgecatttgtgtcaacagcaaagteeacatttgtagatttottgtagttggaagtgtattgaatctetgg
gttccagcegtttgetgttttctttctgcageteccattcaatttccacgetgacctgteccggtgctgtactgegtgatgaacgacgceaaacttaget
ggactgaaggtagttegaggattcgcgggaacaggtgtattcttaatcaggatctgaggaggcgggtgtttcagtccaaagecteccatcag
cggcgagggatgaaagtgteegteegtgtgaggaatettggeccagataggacectgeaggtacacgteceggtectgecagaccatgec
aggtaaggctccttgactgttgacggteectgtagcaggageggtgttggecgattgcaggttagtggecaccgtgecgtactettetgtgge
cactgggttggtagttttaatttcttectegttggttatcataacgttgtcaaggtecacgttgctatttccagetecctgtttcccaaatattaagact
ccgcetcatcggaaaaaatttgtettcgtegtecttgtgggttgccatagegggaccgggatttaccagagagtctctgecattcagatgatactt
ggtggcaccggtccaggcaaagttgctgttgttattttgattggttatcttggagacgegttectgccggtagecagggcccgggtagecagttt
ttggectgattcgecatgetactaggececggectgagaaaattgcaacgtecgatttectgeggtaccactegtggtetgagtccgagacag
gtagtacaggtactggtcgatgagggggttcatcageecggtecaggetttggetgtgcgegtagetgetgtgaaaaggeacgtectcaaac
gtgtagctgaactgaaagttgttgcecgttctcageatttgagaaggaaagtattccaggeagtagaaggaggaacggeecacggectgac
tgccattgttcagagtcaggtacccgtactgaggaatcatgaagacgtccgecgggaacggaggcaggeagecctggtgegecagagecg
aggacgtacgggagctggtattccgagtccgtaaagacctgaaccgtgctggtaaggttattggcgatggtegtggtaccatcattegtegt
gacctccttgacctggatgttgaagagcettgaagttgagettcttgggecggaatccccagtigttgttgatgagtecgetgecagtcacgtggt
gagaagtggcagtggaatctgttaaagtcaaaatacccccagggggtactgtagecgaagtaggtgttgtegttggtgctgecteeegattg
gctggagatttecttgtagagetggttottgtageteggocagogccecaggttcgegtectggtggteatgactetgtegeccagecatgteg
aatcgcaatgccaatttcctgaggegttacccactccgteggegecttegttattgtctgecattggagegecaccgectgeagecattgtatt
agatcccacaccagagggggctegcgggogottctccgagtggtteaggotegggocactgactetgagtegecagtetgeccaaagttga
gtctetttctecgegggcetgetggectticttgecgatgeccgaagaggagtetggticctggggtgattgetctaccggtetcettctticcagga
geegtettagegecttectcaaccagaccgagaggttcgagaaccegcttettggectggaagactgetegeccgaggttgececccaaaag
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acgtatcttcttgcagacgetectgaaactcggegteggegtggttataccgcaggtacggattgtcaccegcetttgagetgctggtegtagg
ccttgtegtectcgagggccgetgegtecgecgegttgacgggceteccecttgtegagtecgttgaagggtecgaggtacttgtagecagg
aagcaccagaccccggecgtegtectgettttgetggttggctttgggtttcggggctccaggtttcaagtcccaccactcgegaatgeccte
agagaggttgtcctcgagecaatctggaagataaccatcggeagecatacetgatttaaatcatttattgttcaaagatgcagtcatccaaatce
cacattgaccagatcgcaggceagtgcaagegtetggeacctttcccatgatatgatgaatgtageacagtttctgatacgectttttgacgaca
gaaacgggttgagattctgacacgggaaageactctaaacagtctttctgtcegtgagtgaageagatatttgaattctgattcattetctcgea
ttgtctgcagggaaacageatcagattcatgeccacgtgacgagaacatttgttttggtacetgtetgegtagttgatcgaagettecgegtetg
acgtcgatggctgegceaactgactcgegeaccegtttgggcetcacttatatctgegtecactgggggcgggtcttttcttggetccaccctttttg
acgtagaattcatgctccacctcaaccacgtgatectttgeccaccggaaaaagtetttgacttectgettggtegaccttceccaaagtcatgate
cagacggcgggtgagttcaaatttgaacatccggtettgcaacggetgetggtattcgaaggtegttgagttcecegteaatcacggegeaca
tgttggtattggaggteacgatcacgggagtcgggtetatetgggecgaggacttgeatttetggteccacgegeaccttgettecctecgagaa
tggcetttggcegactecacgaccttggeggteatettceectecteccaccagatcaccatettgtcgacacagtegttgaagggaaagttete
attggtccagtttacgcacccgtagaagggcacagtgtgggctatggectccgegatgttggtcttcccggtagttgcaggeccaaacagec
agatggtgttcctettgecgaactttttcgtggcccatcccagaaagacggaagecgeatattggggatcgtaccegtttagttccaaaatttta
taaatccgattgctggaaatgtectccacgggetgetggeccaccaggtagtcggggacggttttagtcaggceteataatettteccgeattgt
ccaaggcagccttgatttgggaccgegagttggaggccgcattgaaggagatgtatgaggectggtectectggatccactgcttetecga
ggtaatccccttgtccacgagecaccegaccagetecatgtacctggetgaagttttteatctgatcaccggegeatcagaattgggattctga
ttetetttgttctgetectgegtetgegacacgtgegtcagatgetgegecaccaaccgtttacgetccgtgagatticaaacaggegetgtgga
gagaaaggcaaagtggatgtcagtaTCTCTATCACTGATAGGGAGATCTCTATCACTGATAGGGAac
ttaccttaaatactgttccatattagtccacgeccactggagetcaggetgggtittggggageaagtaattggggatgtageactcatecace
accttgttccegectccggegecatttetggtetttgtgaccgegaaccagtttggcaaagteggctegatcecgeggtaaattetctgaatca
gtttttcgegaatctgactcaggaaacgtcccaaaaccatggatttcaccecggtggtttccacgageacgtgcatgtggaagtagetctetee
cttctcaaattgcacaaagaaaagagectccggggcecttactcacacggegecattccgtcagaaagtcgegetgeagettctecggecacg
gtcaggggtgcctgctcaatcagattcagatccatgtcagaatctggeggcaactceecattecttctecggecacccagttcacaaagetgtea
gaaatgccgggcagatgctegtcaaggtcgetggggaccttaatcacaatctegtaaaaccccggcatGGCGGCTGCGCGTT
CAAACCTCCCGCTTCAAAATGGAGACCCTGCGTGCTCACTCGGGCgaTCTCTATCACT
GATAGGGAGATCTCTATCACTGATAGGGAgaTTAAATAgaatggCTAggATCCGGCCGGe
cTGCAggTGTCCTCACAGGAACGAAGTCCCTAAAGAAACAGTGGCAGCCAGGTTTAG
CCCCGGAATTGACTGGATTCCTTTTTTAGGGCCCATTGGTATGGCTTTTTCCCCGTAT
CCCCCCAGGTGTCTGCAGGCTCAAAGAGCAGCGAGAAGCGTTCAGAGGAAAGCGAT
CCCGTGCCACCTTCCCCGTGCCCGGGCTGTCCCCGCACGCTGCCGGCTCGGGGATGC
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GGGGGGAGCGCCGGACCGGAGCGGAGCCCCGGGCGGCTCGCTGCTGCCCCCTAGCG
GGGGAGGGACGTAATTACATCCCTGGGGGCTTTGGGGGGGGGCTGTCCCTCTAGAG
CGGCCGCCACCGCGGTGGAGCTCCAGCTTTTGTTCCCTTTAGTGAGGGTTAATTAGA
TCTTAATACGACTCACTATAGGGCGAATTGGGTACCGGGCCCCCCCTCGAGGTCGAC
GGTATCGCCTCCAAGGCCAGCTTCCCACAATAAGTTGGGTGAATTTTGGCTCATTCC
TCCTTTCTATAGGATTGAGGTCAGAGCTTTGTGATGGGAATTCTGTGGAATGTGTGT
CAGTTAGGGTGTGGAAAGTCCCgcGATCgcTAGCAAACGCCAGCAACGCGGCCTTTTT
ACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTCCTGCAGGCAGCTGCGCGCT
CGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTCGGGCGACCTTTGGTCG
CCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGAGTGGCCAACTCCATCACTA
GGGGTTCCTGCGGCCGCACGCGTGGAGCTAGTTATTAATAGTAATCAATTACGGGGT
CATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCC
CGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTC
CCATAGTAACGTCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGT
AAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTG
ACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGG
ACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCG
GTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAG
TCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGCACCAAAATCAACGGGACTTT
CCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACG
GTGGGAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATCGCCTGGAGAC
GCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTCCGCG
GATTCGAATCCCGGCCGGGAACGGTGCATTGGAACGCGGATTCCCCGTGCCAAGAG
TGACGTAAGTACCGCCTATAGAGTCTATAGGCCCACAAAAAATGCTTTCTTCTTTTA
ATATACTTTTTTGTTTATCTTATTTCTAATACTTTCCCTAATCTCTTTCTTTCAGGGCA
ATAATGATACAATGTATCATGCCTCTTTGCACCATTCTAAAGAATAACAGTGATAAT
TTCTGGGTTAAGGCAATAGCAATATTTCTGCATATAAATATTTCTGCATATAAATTGT
AACTGATGTAAGAGGTTTCATATTGCTAATAGCAGCTACAATCCAGCTACCATTCTG
CTTTTATTTTATGGTTGGGATAAGGCTGGATTATTCTGAGTCCAAGCTAGGCCCTTTT
GCTAATCATGTTCATACCTCTTATCTTCCTCCCACAGCTCCTGGGCAACGTGCTGGTC
TGTGTGCTGGCCCATCACTTTGGCAAAGAATTGGGATTCGAACATCGATTGAATTCT
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GAATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAG
CTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGA
TGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGT
GCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTA
CCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGT
CCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGG
TGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTC
AAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACA
ACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATC
CGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACAC
CCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTC
CGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCG
TGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTACTCAGATCTCG
AGCTCAAGTAGGGATCCTCTAGAGTCGACCTGCAGAAGCTTGCCTCGAGCAGCGCT
GCTCGAGAGATCTACGGGTGGCATCCCTGTGACCCCTCCCCAGTGCCTCTCCTGGCC
CTGGAAGTTGCCACTCCAGTGCCCACCAGCCTTGTCCTAATAAAATTAAGTTGCATC
ATTTTGTCTGACTAGGTGTCCTTCTATAATATTATGGGGTGGAGGGGGGTGGTATGG
AGCAAGGGGCAAGTTGGGAAGACAACCTGTAGGGCCTGCGGGGTCTATTGGGAACC
AAGCTGGAGTGCAGTGGCACAATCTTGGCTCACTGCAATCTCCGCCTCCTGGGTTCA
AGCGATTCTCCTGCCTCAGCCTCCCGAGTTGTTGGGATTCCAGGCATGCATGACCAG
GCTCAGCTAATTTTTGTTTTTTTGGTAGAGACGGGGTTTCACCATATTGGCCAGGCTG
GTCTCCAACTCCTAATCTCAGGTGATCTACCCACCTTGGCCTCCCAAATTGCTGGGA
TTACAGGCGTGAACCACTGCTCCCTTCCCTGTCCTTCTGATTTTGTAGGTAACCACGT
GCGGACCGAGCGGCCGCAGGAACCCCTAGTGATGGAGTTGGCCACTCCCTCTCTGC
GCGCTCGCTCGCTCACTGAGGCCGGGCGACCAAAGGTCGCCCGACGCCCGGGCTTT
GCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAGCTGCCTGCAGGGGCGCCTGAT
GCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCATACGTCgtaGCtGATc
aATTgGCGCGCCGAATTCGTTAACAAGCTITAATTAaCGCgtAcgATAAGCTTGATATCT
ATAACAAGAAAATATATATATAATAAGTTATCACGTAAGTAGAACATGAAATAACA
ATATAATTATCGTATGAGTTAAATCTTAAAAGTCACGTAAAAGATAATCATGCGTCA
TTTTGACTCACGCGGTCGTTATAGTTCAAAATCAGTGACACTTACCGCATTGACAAG
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CACGCCTCACGGGAGCTCCAAGCGGCGACTGAGATGTCCTAAATGCACAGCGACGG
ATTCGCGCTATTTAGAAAGAGAGAGCAATATTTCAAGAATGCATGCGTCAATTTTAC
GCAGACTATCTTTCTAGGGTTAATCTAGCTGCATCAGGATCATATCGTCGGGTCTTTT
TTCCGGCTCAGTCATCGCCCAAGCTGGCGCTATCTGGGCATCGGGGAGGAAGAAGC
CCGTGCCTTTTCCCGCGAGGTTGAAGCGGCATGGAAAGAGTTTGCCGAGGATGACTG
CTGCTGCATTGACGTTGAGCGAAAACGCACGTTTACCATGATGATTCGGGAAGGTGT
GGCCATGCACGCCTTTAACGGTGAACTGTTCGTTCAGGCCACCTGGGATACCAGTTC
GTCGCGGCTTTTCCGGACACAGTTCCGGATGGTCAGCCCGAAGCGCATCAGCAACCC
GAACAATACCGGCGACAGCCGGAACTGCCGTGCCGGTGTGCAGATTAATGACAGCG
GTGCGGCGCTGGGATATTACGTCAGCGAGGACGGGTATCCTGGCTGGATGCCGCAG
AAATGGACATGGATACCCCGTGAGTTACCCGGCGGGCGCGCTTGGCGTAATCATGG
TCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGA
GCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATT
AATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCA
TTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGC
TTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGC
TCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGA
ACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCT
GGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAG
TCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAA
GCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTT
TCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCG
GTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGAC
CGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTA
TCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGG
TGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATT
TGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTG
ATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGAT
TACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGA
CGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAA
GGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTA
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TATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCT
CAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAAC
TACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACC
CACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAG
CGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGG
GAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCT
ACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCC
AACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCT
TCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTA
TGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGAC
TGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTC
TTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCT
CATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAG
ATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTC
ACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAA
TAAGGGCGACACGGAAATGTTGAATACTCAT (SEQ ID NO:13)

[00270] The sequence of the vector illustrated in FIG. 10D is provided below.

PB007-iHelper2-iRepCap10-AAV-GFP/ PBBG10 (21, 046 bp)

[00271] ACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATG
AGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCAC
ATTTCCCCGAAAAGTGCCACCTAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCG
TTAAATTTTTGTTAAATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATC
CCTTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAAC
AAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTA
TCAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGAG
GTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGAC
GGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGG
GCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCC
GCGCTTAATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAACTGT



WO 2020/132059 PCT/US2019/067156

82

TGGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGG
ATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTG
TAAAACGACGGCCAGTGAGCGCGCCTCGTTCATTCACGTTTTTGAACCCGTGGAGGA
CGGGCAGACTCGCGGTGCAAATGTGTTTTACAGCGTGATGGAGCAGATGAAGATGC
TCGACACGCTGCAGAACACGCAGCTAGATTAACCCTAGAAAGATAATCATATTGTG
ACGTACGTTAAAGATAATCATGCGTAAAATTGACGCATGTGTTTTATCGGTCTGTAT
ATCGAGGTTTATTTATTAATTTGAATAGATATTAAGTTTTATTATATTTACACTTACA
TACTAATAATAAATTCAACAAACAATTTATTTATGTTTATTTATTTATTAAAAAAAAA
CAAAAACTCAAAATTTCTTCTATAAAGTAACAAAACTTTTATCGAATTCCTGCAGCC
CGGGGGATCCACTAGTTCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTA
ATTACGTCCCTCCCCCGCTAGGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGT
CCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCACGG
GGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGC
AGACACCTGGGGGGATACGGGGAAAAGGCCTCCAAGGCCAGCTTCCCACAATAAGT
TGGGTGAATTTTGGCTCATTCCTCCTTTCTATAGGATTGAGGTCAGAGCTTTGTGATG
GGAATTCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCgcGATCgcTAGeGTTT
AAACTTAAGCTTGGTACCGAGCTCGGATCCACTAGTCCAGTGTGGTGGAATTCCTGC
TTCGCGATGTACGGGCCAGATATACGCGTTGACATTGATTATTGACTAGTTATTAAT
AGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACAT
AACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGT
CAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAAT
GGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGC
CAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCC
AGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGC
TATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGA
CTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGAA
CCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAAT
GGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTCCCTATCAGTG
ATAGAGATCTCCCTATCAGTGATAGAGATCGTCGACGAGCTCGTTTAGTGAACCGTC
AGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGAC
CGATCCAGCCTCCGGACTCTAGCGTTTAAACTTAAGCTTGCCACC Catggccagtcgggaagagg
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agcagcgcgaaaccaccececgagegeggacgeggtgeggegegacgteeececaaccatggaggacgtgtegteecegteceegtege
cgeegecteecccgggegeccccaaaaaageggatgaggcggegtatcgagtccgaggacgaggaagactcatcacaagacgegcteg
tgcecgegeacacccageccgeggecatcgacctcggeggeggatttggecattgegeccaagaagaaaaagaagegeccttctcccaa
geccgagegeccgecatcaccagaggtaatcgtggacagegaggaagaaagagaagatgtggcgctacaaatggtgggatttcageaac
ccaccggtgctaatcaageatggcaaaggaggtaagegeacagtgeggeggctgaatgaagacgacecagtggegegtegtatgegga
cgcaagaggaagaggaagageccagegaageggaaagtgaaattacggtgatgaaccegetgagtgtgecgategtgtetgegtggga
gaagggcatggaggctgcgegegegctgatggacaagtaccacgtggataacgatctaaaggegaacttcaaactactgectgaccaagt
ggaagctctggeggecgtatgcaagacctggetgaacgaggageaccgegggtigcagetgacctticaccagcaacaagacctttgtga
cgatgatggggcgattectgeaggegtacctgecagtegtttgcagaggtgacctacaageatcacgageccacgggetgegegttgtegct
gcaccgetgegetgagatcgaaggegagettaagtgtetacacggaageattatgataaataaggageacgtgattgaaatggatgteacg
agcgaaaacgggeagegegcgetgaaggageagtctageaaggecaagatcgtgaagaaccggtggggccgaaatgtggtacagate
tccaacaccgacgcaaggtgctgcgtgcacgacgeggectgtecggecaatcagttttccggeaagtettgeggeatgttettctctgaagg
cgcaaaggctcaggtggcttitaagcagatcaaggcttttatgcaggegetgtatcctaacgeccagaccgggeacggtecaccttttgatge
cactacggtgcgagtgcaactcaaagectgggcacgegecctttttgggaagecagcetaccaaagttgactecgttcgecctgageaacge
ggaggacctggacgeggatctgatctccgacaagagegtgetggecagegtgcaccacecggegcetgatagtgttecagtgctgcaacc
ctgtgtatcgcaactcgegegegeagggeggaggecccaactgegacttcaagatatcggegeccgacctgetaaacgegtiggtgatgg
tgcgeagcectgtggagtgaaaacttcaccgagetgeegeggatggttotecctgagtttaagtggageactaaacaccagtatcgeaacgt
gtcectgecagtggegceatagegatgegeggcagaacccctttgatttttaacccgggagttctagggatctgecccteteccteceeccece
cctaacgttactggecgaagecgcettggaataaggeecggtatgcgtttgtetatatgttattttccaccatattgeegtettttggcaatgtgagg
gcecggaaacctggecctgtettettgacgagceattectaggggtctttecectetcgecaaaggaatgcaaggtetgttgaatgtegtgaag
gaagcagttcctctggaagettettgaagacaaacaacgtetgtagegaccctttgecaggeageggaacceeccacctggegacaggtac
ctctgeggecaaaagecacgtgtataagatacacctgcaaaggeggeacaaccccagtgccacgttgtgagttggatagttotggaaaga
gtcaaatggctctcctcaagegtattcaacaaggggctgaaggatgecccagaaggtaccccattgtatgggatctgatctggggccteggtg
cacatgctttacatgtgtttagtcgaggttaaaaaaacgtctaggecececcgaaccacggggacgtagttttectttgaaaaacacgatgataa
ggatccaccggaggcecaccatgactacgtccggegttccatttggeatgacactacgaccaacacgatctecggttgtetcggegeacteegt
acagtagggatcgtctacctecttttgagacagaaacccgegcetaccatactggaggatcatcegetgetgececgaatgtaacactttgacaa
tgcacaacgtgagttacgtgcgaggtettecctgcagtgteggatttacgetgattcaggaatgggttotteccctgggatatggttctaacgeg
ggaggagcttgtaatcctgaggaagtgtatgcacgtgtgectgtgttgtgccaacattgatatcatgacgagceatgatgatccatggttacga
gtectgggcetctecactgteattgttccagteceggttecctgeagtgtatageeggegggcaggttttggecagetggtttaggatggtgote
gatggcgcecatgtttaatcagaggtttatatggtaccgggaggetggtaaattacaacatgecaaaagaggtaatgtttatgtccagegtgtttat
gaggggtcgecacttaatctacctgegettgtggtatgatggecacgtgggttctgtggtececcgecatgagctttggatacagegecttgea
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ctgtgggattttgaacaatattgtggtactgtgctgcagttactgtactgatttaagtgagatcagggtacgetgetgtgcccggaggacaagg
cgcecttatgetgegggeggtgcgaatcatcgetgaggagaccactgecatgttgtattcctgcaggacggageggeggeggeageagttt
attcgcgcegcetgcetgecageaccaccgecctatectgatgeacgattatgactctaceccccatgtagGCGGCCGCTCGAGTCT
AGAGGGCCCGTTTAAACCCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCA
TCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTG
TCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTAT
TCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGC
AGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTG
GGGCTCTAGGGGGTATCCCCggggtteggggttecgecttttccaagecATCCAGCACAGTGGCGGCC
GCaatatttgcatgtcgctatgtgttctgggaaatcaccataaacgtgaaatecctatcagtgatagagacttataagttccctatcagtgatag
agaaccggtgggceactcttecgtggtetggtggataaattcgcaagggtatcatggeggacgaccggggttcgagececgtatcecggecg
tccgecgtgatecatgeggttaccgeccgegtgtegaacccaggtgtgcgacgtcagacaacgggggagtgactectttttgaattecactttg
geegeggctcgagggggottggaottocgecttttccaaggeagecctgggtitgcgecagggacgeggctgctetgggegtegttccgge
aaacgcagcggegecgacccetgggtetcgeacattettcacgteegttecgeagegteacccggatettcgecgetacecttgtgggcccee
cggcgacgcttectgetccgecectaagtcgggaaggttecttgeggttcgeggegtgecggacgtgacaaacggaageegeacgtetea
ctagtaccctcgcagacggacagegecagggageaatggeagegegecgaccgegatgggctgtegccaatageggctgetcageag
£grgegregagageageggrcgggaagagocagtacgggagecggggtateggocggtagtgtgggccetgttcctgeccgegeg
gtgttccgceattctgcaagectccggagegeacgteggeagteggeteectegttgaccgaatcaccgacctctetccccagggggatctgt
gagtttggggoacccttgattgttctttetttttcgetattgtaaaattcatgttatatggageggoocaaagttttcagggtattotttagaatgggaa
gatgtcccttgtatcaccatggaccctcatgataattttgtttetttcactttctactctgttgacaaccattgtetectettattttcttttcattttctgta
actttttcgttaaactttagcttgeatttgtaacgaatttttaaattcacttttgtttatttgtcagattgtaagtactttctctaatcacttttttttcaagge
aatcagggtatattatattgtacttcagcacagttttagagaacaattgttataattaaatgataaggtagaatatttctgcatataaattetggeteg
cgtggaaatattcttattggtagaaacaactacatcctggtcatcatcctgectttetctitatggttacaatgatatacactgtttgagatgaggat
aaaatactctgagtccaaaccgggcccctetgctaaccatgttcatgecttettetttttcctacagetectgggeaacgtgctggttattgtacte
tctcatcattttggcaaagaattgtaatacgactcactatagggegaGCCACCatggctagattagataaaagtaaagtgattaacageg
cattagagctgcttaatgaggtcggaatcgaaggtttaacaaccegtaaactcgeecagaagetaggtgtagageagectacattgtattgge
atgtaaaaaataagcgggctttgctcgacgcecttagecattgagatgttagataggcaccatacteacttttgecctttagaaggggaaagetg
gcaagattttttacgtaataacgctaaaagttttagatgtgctttactaagtcatcgcgatggagcaaaagtacatttaggtacacggectacag
aaaaacagtatgaaactctcgaaaatcaattagectttttatgccaacaaggtttttcactagagaatgeCttatatgcactcagegeCgtggg
gcattttactttaggttgcgtattggaagatcaagagcatcaagtcgctaaagaagaaagggaaacacctactactgatagtatgecgecatta

ttacgacaagctatcgaattatttgatcaccaaggtgcagagcecagecttcttattcggecttgaattgatcatatgecggattagaaaaacaactt
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aaatgtgaaagtgggtccccaaaaaagaagagaaaggtegacggeggtagttcagtttaagegtacageggetecegggagttctaggg
atctgeccctcteecteceecccecctaacgttactggecgaageegcettggaataaggecggtgtecgtttgtetatatgttattttccaccata
ttgcegtcttttggcaatgtgagggcccggaaacctggecctgtettcttgacgagceattcctaggggtctttccectetcgecaaaggaatge
aaggtctgttgaatgtcgtgaaggaageagttectctggaagettcttgaagacaaacaacgtetgtagegaceetttgecaggcageggaac
cceecacctggegacaggtgcctetgeggecaaaagecacgtgtataagatacacctgecaaaggeggeacaaccecagtgecacgttgt
gagttggatagttgtggaaagagtcaaatggctctcctcaagegtattcaacaaggggctgaaggatgeccagaaggtaceccattgtatgg
gatctgatctggggoccteggtgcacatgctttacatgtgtttagtcgaggttaaaaaaacgtcetaggecceccgaaccacggggacgtegttt
tcctttgaaaaacacgatgataaggatccaccggagGCCAC Catgaccgagtacaageccacggtgegectegecacecegegacga
cgtccecagggecgtacgeaccctegecgeecgegttcgecgactaceccgecacgegecacaccgtegatccggaccgecacatcgag
cgggtcaccgagcetgcaagaactettcctcacgegegtegggetcgacatcggeaaggtetgggtegeggacgacggegeegeggteg
cggtctggaccacgecggagagegtegaagegggggeggtgttcgecgagateggeccgegeatggeecgagttgageggtteceegget
ggccgegeageaacagatggaaggectectggegecgeaccggeccaaggageecgegtggttectggecaccgteggegtetegee
cgaccaccagggcaagggtctgggcagegecgtegtgctccccggagtggaggeggecgagegegecggggtgcccgecttectgga
gacctccgegeeccgeaacctecccttctacgageggeteggettcacegtecaccgecgacgtcgaggtgccegaaggacegegeacct
ggtecatgaccecgeaageccggtgcctgaCCGCGTCTGGAACAATCAACCTCTGGATTACAAAATTT
GTGAAAGATTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACGC
TGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCATTTTCTCCTCCT
TGTATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAAC
GTGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGCCA
CCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGA
ACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGA
CAATTCCGTGGTGTTGTCGGGGAAGCTGACGTCCTTTCCATGGCTGCTCGCCTGTGTT
GCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCA
GCGGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCC
TTCGCCCTCAGACGAGTCGGATCTCCCTTTGGGCCGCCTCCCCGCaAAATGACCGAC
CAAGCGACGCCCAACCTGCCATCACGAGATTTCGATTCCACCGCCGCCTTCTATGAA
AGGTTGGGCTTCGGAATCGTTTTCCGGGACGCCGGCTGGATGATCCTCCAGCGCGGG
GATCTCATGCTGGAGTTCTTCGCCCACCCCAACTTGTTTATTGCAGCTTATAATGGTT
ACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATT
CTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTTATCATGTCTGTAGCtGATcaATTg
GCGCGCCGAATTCGTTatctgcagaattcggettggeggctecgegttcaaaccteccgettcaaaatggagacectgegtg
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ctcactcgggcttaaatacccagegtgaccacatggtgtcgeaaaatgtcgcaaaacactcacgtgacctctaatacaggacctcetagagea
tggaaactagataagaaagaaatacgcagagaccaaagttcaactgaaacgaattaaacggtttattgattaacaagcaaactagtttacaga
ttacgggtgaggtaacgggteccgatgggocgagectcagaataaacgecatttgtgtcaacagcaaagtccacatttgtagatttgttgtag
ttggaagtgtattgaatctctgggttccagegtttgctgttttetttctgcageteccattcaatttccacgetgaccetgteeggtgctgtactgegt
gatgaacgacgcaaacttagctggactgaaggtagttggaggattcgecgggaacaggtgtattcttaatcaggatctgaggaggegggtat
ttcagtccaaagcecteccatcageggegagggatgaaagtgtecgtecgtgtgaggaatcttggeccagataggaccetgeaggtacacgt
cceggtectgecagaccatgecaggtaaggcetecttgactgttgacggtecctgtagcaggageggtettggecgattgcaggttagtegc
caccgtgecgtactcttctgtggecactgggttggtaottttaatttcttcctegttggttatcataacgttgtcaaggtccacgttgctatttccag
ctcectgtttcccaaatattaagactecgetcatcggaaaaaatttgtettcgtegtecttgtgggtteccatagegggaccgggatttaccaga
gagtctctgecattcagatgatacttggtggcaceggtccaggeaaagttgetgttgttattttgattggttotettggagacgegttgctgeegg
tagcagggeccgggtagecagtttttggectgattcgecatgetactaggeceggectgagaaaattgeaacgtecgatttecctgeggtace
actcgtggtctgagtccgagacaggtagtacaggtactggtegatgagggggttcatcagecggtecaggetttggetgtecgegtagetg
ctgtgaaaaggcacgtcctcaaacgtgtagetgaactgaaagttgttgcccgttctcageatttgagaaggaaagtattccaggecagtagaa
ggaggaacggcccacggectgactgecattgttcagagtcaggtaccegtactgaggaatcatgaagacgtecgecgggaacggaggc
aggcagcectggtgegeagagecgaggacgtacgggagetggtattccgagtecgtaaagacctgaacegtgetggtaaggttattgacg
atggtcgtggteccatcattcgtegtgacctecttgacctggatgttgaagagettgaagttgagettettggeccggaatceccagttgttatt
gatgagtcgetgccagtcacgtggtgagaagtggcagtggaatctgttaaagtcaaaatacccccagggggtectgtagecgaagtaggt
gttgtegttggtgctgectecccgattggetggagatttgcttgtagaggtggttgttgtaggteggegagagacccaggttcgggtectggtegt
gatgactctgtcgeccagecatgtggaatcgeaatgecaatttectgaggegttacccacteecgteggegecttegttattgtctgecattgga
gcgecaccgectgeagcecattgtattagatcccacaccagagggggctgcggggggttcteccgagtggttgaggategggcactgactct
gagtcgecagtetgeccaaagttgagtetetttctcgegggcetgetggectttcttgecgatgeccgaagaggagtetggttectggggtgatt
gctetaccggtetcttetttccaggagecgtettagegecttectcaaccagaccgagaggttcgagaaccegcttcttggectggaagactg
ctcgeccgaggttgeccccaaaagacgtatcttcttgcagacgetectgaaactcggegteggegtggttataccgecaggtacggattgtca
ccegctttgagetgctggtegtaggecttgtegtectegagggecgetgegteegecgegttgacgggctececcttgtcgagtecgttgaa
gggtccgaggtacttgtagccaggaagcaccagaccccggecgtegtectgettttgetggttggctttgggtitcggggactccaggtttcaa
gtcecaccactcgegaatgecctcagagaggttgtectcgagecaatctggaagataaccatcggeagecatacctgatttaaatcatttattg
ttcaaagatgcagtcatccaaatccacattgaccagatcgeaggeagtgcaagegtetggeaccttteccatgatatgatgaatgtagcacag
tttctgatacgcectttttgacgacagaaacgggttgagatictgacacgggaaagcactctaaacagtcttictgtccgtgagtgaagceagatat
ttgaattctgattcattctetegeattgtetgcagggaaacageatcagattcatgeccacgtgacgagaacatttgttttggtacetgtetgegta
gttgatcgaagcttccgegtetgacgtegatggetgegeaactgactcgegeaceegtttgggeteacttatatetgegteactgggggcgg
gtcttttettggetecaccctttttgacgtagaattcatgetecacctcaaccacgtgatectttgecccaccggaaaaagtctttgacttectgettg
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gtgaccttcccaaagtcatgatccagacggegggtgagttcaaatttgaacatccggtettgcaacggetgetggtgtticgaaggtegttgag
ttccegtcaatcacggegeacatgttggtottggagotgacgatcacgggagtegggtetatctgggecgaggacttgeatttetggtecac
gcgceaccttgcettcctccgagaatggctttggecgactccacgaccttggeggtceatcttccectectcccaccagatcaccatettgtcgaca
cagtcgttoaagggaaagttctcattggtecagtttacgeaccegtagaagggeacagtgtgggctatggectecgegatgttggtetteccg
gtagttgcaggcccaaacagcecagatggtgttectettgecgaactttttcgtggeccatcccagaaagacggaagecgeatattggggate
gtacccgtttagttccaaaattttataaatccgattgetggaaatgtectccacgggetgctggeccaccaggtagtegggggeggttttagte
aggctcataatctttccegeattgtccaaggeagecttgatttgggaccgegagttggaggcegeattgaaggagatgtatgaggectggte
ctcetggatccactgcettctccgaggtaatccccttgtccacgagecacccgaccagetecatgtacctggetgaagtttttgatctgatcace
ggcgcatcagaattgggattctgattetetttgttctgetectgegtetgegacacgtgegtcagatgctgegecaccaacegtttacgeteegt
gagattcaaacaggcegctgtggagagaaaggcaaagtggatgtcagtaTCTCTATCACTGATAGGGAGATCTCT
ATCACTGATAGGGAacttaccttaaatactgttccatattagtccacgeccactggagcetcaggetgggttttggogagcaagta
attggggatgtagcactcatccaccaccttgttccegectecggegecatttetggtetttgtgaccgegaaccagtttggcaaagteggeteg
atcccgeggtaaattctctgaatcagtttttcgegaatctgactcaggaaacgtcccaaaaccatggatttcaccccggtggtttccacgagea
cgtgcatgtggaagtagetctcteccttctcaaattgcacaaagaaaagagectecggggccttactcacacggegecattcegtcagaaag
tcgegetgeagettetcggecacggtcaggggtecctgetcaatcagattcagatcecatgtcagaatctggeggeaacteccattectteteg
gccacccagttcacaaagetgtcagaaatgecgggeagatgetegtcaaggtegetggggaccttaatcacaatctcgtaaaaccceggea
tGGCGGCTGCGCGTTCAAACCTCCCGCTTCAAAATGGAGACCCTGCGTGCTCACTCG
GGCgaTCTCTATCACTGATAGGGAGATCTCTATCACTGATAGGGAgaTTAAATAgaatgg
CTAggATCCGGCCGGecTGCAgegTGTCCTCACAGGAACGAAGTCCCTAAAGAAACAGT
GGCAGCCAGGTTTAGCCCCGGAATTGACTGGATTCCTTTTTTAGGGCCCATTGGTAT
GGCTTTTTCCCCGTATCCCCCCAGGTGTCTGCAGGCTCAAAGAGCAGCGAGAAGCGT
TCAGAGGAAAGCGATCCCGTGCCACCTTCCCCGTGCCCGGGCTGTCCCCGCACGCTG
CCGGCTCGGGGATGCGGGGGGAGCGCCGGACCGGAGCGGAGCCCCGGGCGGCTCG
CTGCTGCCCCCTAGCGGGGGAGGGACGTAATTACATCCCTGGGGGCTTTGGGGGGG
GGCTGTCCCTCTAGAGCGGCCGCCACCGCGGTGGAGCTCCAGCTTTTGTTCCCTTTA
GTGAGGGTTAATTAGATCTTAATACGACTCACTATAGGGCGAATTGGGTACCGGGCC
CCCCCTCGAGGTCGACGGTATCGCCTCCAAGGCCAGCTTCCCACAATAAGTTGGGTG
AATTTTGGCTCATTCCTCCTTTCTATAGGATTGAGGTCAGAGCTTTGTGATGGGAATT
CTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCgcGATCgcTAGCAAACGCCAG
CAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTCCTGC
AGGCAGCTGCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTCG
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GGCGACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGAGTGG
CCAACTCCATCACTAGGGGTTCCTGCGGCCGCACGCGTGGAGCTAGTTATTAATAGT
AATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAAC
TTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAA
TAATGACGTATGTTCCCATAGTAACGTCAATAGGGACTTTCCATTGACGTCAATGGG
TGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAA
GTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGT
ACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTAT
TACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTC
ACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGCACCAA
AATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGG
CGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCGTC
AGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGAC
CGATCCAGCCTCCGCGGATTCGAATCCCGGCCGGGAACGGTGCATTGGAACGCGGA
TTCCCCGTGCCAAGAGTGACGTAAGTACCGCCTATAGAGTCTATAGGCCCACAAAA
AATGCTTTCTTCTTTTAATATACTTTTTTGTTTATCTTATTTCTAATACTTTCCCTAATC
TCTTTCTTTCAGGGCAATAATGATACAATGTATCATGCCTCTTTGCACCATTCTAAAG
AATAACAGTGATAATTTCTGGGTTAAGGCAATAGCAATATTTCTGCATATAAATATT
TCTGCATATAAATTGTAACTGATGTAAGAGGTTTCATATTGCTAATAGCAGCTACAA
TCCAGCTACCATTCTGCTTTITATTTTATGGTTGGGATAAGGCTGGATTATTCTGAGTC
CAAGCTAGGCCCTTTTGCTAATCATGTTCATACCTCTTATCTTCCTCCCACAGCTCCT
GGGCAACGTGCTGGTCTGTGTGCTGGCCCATCACTTTGGCAAAGAATTGGGATTCGA
ACATCGATTGAATTCTGAATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGT
GCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCG
GCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACC
ACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTG
CAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCC
ATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTA
CAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGC
TGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTAC
AACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAA
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GGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACC
ACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCAC
TACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACAT
GGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTA
CAAGTACTCAGATCTCGAGCTCAAGTAGGGATCCTCTAGAGTCGACCTGCAGAAGCT
TGCCTCGAGCAGCGCTGCTCGAGAGATCTACGGGTGGCATCCCTGTGACCCCTCCCC
AGTGCCTCTCCTGGCCCTGGAAGTTGCCACTCCAGTGCCCACCAGCCTTGTCCTAAT
AAAATTAAGTTGCATCATTTTGTCTGACTAGGTGTCCTTCTATAATATTATGGGGTGG
AGGGGGGTGGTATGGAGCAAGGGGCAAGTTGGGAAGACAACCTGTAGGGCCTGCG
GGGTCTATTGGGAACCAAGCTGGAGTGCAGTGGCACAATCTTGGCTCACTGCAATCT
CCGCCTCCTGGGTTCAAGCGATTCTCCTGCCTCAGCCTCCCGAGTTGTTGGGATTCCA
GGCATGCATGACCAGGCTCAGCTAATTTTTGTTTTTTTGGTAGAGACGGGGTTTCAC
CATATTGGCCAGGCTGGTCTCCAACTCCTAATCTCAGGTGATCTACCCACCTTGGCC
TCCCAAATTGCTGGGATTACAGGCGTGAACCACTGCTCCCTTCCCTGTCCTTCTGATT
TTGTAGGTAACCACGTGCGGACCGAGCGGCCGCAGGAACCCCTAGTGATGGAGTTG
GCCACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGGCCGGGCGACCAAAGGTCGCC
CGACGCCCGGGCTTTGCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAGCTGCCT
GCAGGGGCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCG
CATACGTCgtaGCtGATcaATTgGCGCGCCGAATTCGTTAACAAGCTITAATTAaCGCgtAc
SATAAGCTTGATATCTATAACAAGAAAATATATATATAATAAGTTATCACGTAAGTA
GAACATGAAATAACAATATAATTATCGTATGAGTTAAATCTTAAAAGTCACGTAAA
AGATAATCATGCGTCATTTTGACTCACGCGGTCGTTATAGTTCAAAATCAGTGACAC
TTACCGCATTGACAAGCACGCCTCACGGGAGCTCCAAGCGGCGACTGAGATGTCCT
AAATGCACAGCGACGGATTCGCGCTATTTAGAAAGAGAGAGCAATATTTCAAGAAT
GCATGCGTCAATTTTACGCAGACTATCTTTCTAGGGTTAATCTAGCTGCATCAGGAT
CATATCGTCGGGTCTTTTTTCCGGCTCAGTCATCGCCCAAGCTGGCGCTATCTGGGCA
TCGGGGAGGAAGAAGCCCGTGCCTTTTCCCGCGAGGTTGAAGCGGCATGGAAAGAG
TTTGCCGAGGATGACTGCTGCTGCATTGACGTTGAGCGAAAACGCACGTTTACCATG
ATGATTCGGGAAGGTGTGGCCATGCACGCCTTTAACGGTGAACTGTTCGTTCAGGCC
ACCTGGGATACCAGTTCGTCGCGGCTTTTCCGGACACAGTTCCGGATGGTCAGCCCG
AAGCGCATCAGCAACCCGAACAATACCGGCGACAGCCGGAACTGCCGTGCCGGTGT
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GCAGATTAATGACAGCGGTGCGGCGCTGGGATATTACGTCAGCGAGGACGGGTATC
CTGGCTGGATGCCGCAGAAATGGACATGGATACCCCGTGAGTTACCCGGCGGGCGC
GCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAAT
TCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAG
TGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACC
TGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGT
ATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGC
GGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGG
GATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTA
AAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACA
AAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAG
GCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCG
GATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTG
TAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACC
CCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCC
GGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAG
CGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACA
CTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAA
GAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTG
TTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATC
TTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTC
ATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTT
AAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATC
AGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCC
CCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAA
TGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCA
GCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCT
ATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAAC
GTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCAT
TCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAA
AAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGT
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TATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAG
ATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCG
GCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCA
GAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGA
TCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTC
AGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGC
CGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCAT (SEQ ID NO:14)

[00272] Sequences of additional vectors for use in the practice of the present invention:
[00273] iRepCapl/pKan-Anc80-RepCap-p5i1-p19il (10,497 bp)

[00274]  cctcgaggeGCTAGCcattcTATTTAAtcTCCCTATCAGTGATAGAGATCTCCCTATC
AGTGATAGAGAtcGCCCGAGTGAGCACGCAGGGTCTCCATTTTGAAGCGGGAGGTTT
GAACGCGCAGCCGCCatgccggggttttacgagattgtgattaaggtcceccagegaccttgacgageatctgeccggeatttet
gacagctttgtgaactgggtegccgagaaggaatgggagttgccgecagattctgacatggatcetgaatctgattgageaggeacceetga
ccgtggeccgagaagetgcagegegactttetgacggaatggegecgtgtgagtaaggecccggaggctcttttetttgtgcaatttgagaag
ggagagagctacttccacatgcacgtgctcgtggaaaccaccggggtgaaatccatggttttgggacgtttcctgagtcagattcgecgaaaa
actgattcagagaatttaccgcgggatcgagecgactttgecaaactggttcgeggtcacaaagaccagaaatggegecggagecggga
acaaggtggtggatgagtgctacatecceaattacttgetceccaaaaccecagectgagetccaAtggecAtggacCaaCatggaaca
gtaCCtCagcgcectgtttgaatctcacggagegtaaacggttggtegegeageatetgacgeacgtgtcgcagacgeaggageagaac
aaagagaatcagaatcccaattctgatgecgecggtgatcagatcaaaaacttcagecaggtacatggagetggtcgggtgactegtggaca
aggggattacctcggagaagcagtggatccaggaggaccaggcectcatacatetecttcaatgeggectecaactcgeggteccaaatea
aggctgccttggacaatgegggaaagattatgagectgactaaaaccgeecccgactacctggteggccageageecgtggaggacattt
ccagcaatcggatttataaaattttggaactaaacgggtacgatccccaatatgeggcttecgtetttctgggatgggccacgaaaaagttcg
gcaagaggaacaccatctggetgtttgggectgeaactaccgggaagaccaacatcgeggaggecatageecacactgtgececttetacg
ggtecgtaaactggaccaatgagaactttcecttcaacgactgtgtcgacaagatggtgatetggtegggaggagogsaagatgaccgeea
aggtcgtggagtcggccaaagecattctcggaggaagcaaggtgcgegtggaccagaaatgcaagtectcggeccagatagaccegact
ccegtgatcgtcacctccaacaccaacatgtgegecgtgattgacgggaactcaacgaccttcgaacaccageageegttgcaagacceg
atgttcaaatttgaactcacccgecgtctggatcatgactttoggaaggetecaccaageaggaagtcaaagactttttccggtgggcaaaggat
cacgtggttgaggtggagcatgaattctacgtcaaaaagggtggagcecaagaaaagacccgeccccagtgacgeagatataagtgagec

caaacgggtgcgcgagtcagttgcgcagecatcgacgtcagacgeggaagettcgatcaactacgeagacaggtaccaaaacaaatgttc
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tcgtcacgtgggcatgaatctgatgcetgtttcecctgcagacaatgcgagagaatgaatcagaattcaaatatetgettcactcacggacagaa
agactgtttagagtgctttcccgtgtcagaatctcaaccegttictgtcgtcaaaaaggegtatcagaaactgtgctacattcatcatatcatggg
aaaggtgccagacgcttgcactgectgegatctggtcaatgtggatttggatgactgcatctttgaacaataaatgatttaaatcaggtatggcet
gecgatggttatcttccagattggetcgaggacaacctetetgagggeattcgegagtggtgggacttgaaacctggagecccgaaacccea
aagccaaccagcaaaagcaggacgacggecggggtetggtacttcetggetacaagtaccteggacccticaacggactcgacaaggg
ggagcecgtcaacgeggeggacgeageggecctcgageacgacaaggectacgaccageagetcaaagegggtgacaatecgtacct
gcggtataaccacgecgacgecgagtttcaggagegtetgcaagaagatacgtettttgggggcaacctegggegageagtettccagge
caagaagcgggttctcgaacctctcggtcetggtigaggaaggcgctaagacggctcctggaaagaagagaccggtagagcaatcaccee
aggaaccagactcctcttcgggeatcggeaagaaaggecageageccgegagaaagagactcaactttgggeagactggegactcaga
gtcagtgcccgaccctcaaccactcggagaaccecccgeagecccctetggtagtgggatcetaatacaatggetgcaggeggtggcgcetee
aatggcagacaataacgaaggcgecgacggagtgggtaacgectcaggaaattggeattgegattccacatggetgggcgacagagtca
tcaccaccagcacccgaacctgggecctcceccacctacaacaaccacctctacaageaaatctccagecaatcgggaggeageaccaac
gacaacacctacttcggctacagcaccccctgggggtattttgactttaacagattccactgecacttctcaccacgtgactggecagegacte
atcaacaacaactggggattccggcccaagaagcetcaacttcaagetcttcaacatccaggtcaaggaggtcacgacgaatgatggeace
acgaccatcgccaataaccttaccagcacggttcaggtctttacggactcggaataccageteccgtacgtecteggetetgegeaccagg
getgecetgecteegtteccggeggacgtctteatgattectcagtacgggtacctgactctgaacaatggeagtecaggecgtgggeegttect
ccttctactgectggaatactttecttctcaaatgetgagaacgggcaacaactttcagttcagetacacgtttgaggacgtgccttttcacagea
gctacgecgeacagcecaaagectggaccggcetgatgaaccccctcatcgaccagtacctgtactacctgtectcggactcagaccacgagtg
gtaccgcaggaaatcggacgttgeaattttctcaggeegggectagtageatggegaatcaggecaaaaactggetaccegggecctget
accggcagcaacgcgtctccaagacaaccaatcaaaataacaacagcaactttgectggaccggtgecaccaagtatcatctgaatggcea
gagactctctggtaaatcccggteccgetatggeaacccacaaggacgacgaagacaaattttttccgatgageggagtcettaatatttggoa
aacagggagctggaaatagcaacgtggaccttgacaacgttatgataaccaacgaggaagaaattaaaaccaccaacccagtggecaca
gaagagtacggcacggtggccactaacctgcaatcggecaacaccgetectgetacagggaccgtcaacagtcaaggagecttacctgg
catggtctggcaggaccgggacgtgtacctgcagggtectatctgggecaagattectcacacggacggacactttcatcectegeegcetg
atgggaggctttggactgaaacacccgectcctcagatcctgattaagaatacacctgttcccgegaatccteccaactaccttcagteccaget
aagtttgcgtegttcatcacgcagtacagcaccggacaggtcagegtggaaattgaatgggagetgcagaaagaaaacagcaaacgceteg
aacccagagattcaatacacttccaactacaacaaatctacaaatgtggactttgctgttgacacaaatggcegtttattctgagectegeeccat
cggcacccgttacctcacccgtaatctgtaaactagtttgettgttaatcaataaaccgtttaattcgtttcagttgaactttggtctctgegtatttct
ttcttatctagtttccatgetctagaggtectgtattagaggtcacgtgagtgttttecgacattttgegacaccatgtggtecacgetgggtatttaa
gcecgagtgageacgeagggtetecattttgaagegggaggtttgaacgegeagecgecaagecgaattctgecagatatcggggttgggg
ttgegecttttccaaggeagecectgggtitgegeagggacgeggctgetetgggcgtagticcgggaaacgeageggegecgacectgg
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gtctegeacattettcacgtecgttcgeagegteacceggatettcgeegcetaceettgtgggeecceccggegacgettectgeteegeeect
aagtcgggaaggttecttgeggttcgeggegtgecggacgtgacaaacggaageecgeacgtetcactagtacectcgecagacggacage
gccagggageaatggeagegegecgaccgegatgggctgtggecaatageggetgctcagcagggegegeegagageageggecg
ggaagggecegtacgggagecegegtatagoocgatagtatggaccetgttcctgeccgegeggtgatteccgeattctgcaagectecg
gagcgcacgtcggceagtcggcteectegttgaccgaatcaccgacctetctccccagAAGCTCCCGGGAGCTTGTATA
TCCATTTTCGGATCTGATCAGCACGTGTTGACAATTAATCATCGGCATAGTATATCG
GCATAGTATAATACGACAAGGTGAGGAACgccaccATGGCCAAGCCTTTGTCTCAAGA
AGAATCCACCCTCATTGAAAGAGCAACGGCTACAATCAACAGCATCCCCATCTCTG
AAGACTACAGCGTCGCCAGCGCAGCTCTCTCTAGCGACGGCCGCATCTTCACTGGTG
TCAATGTATATCATTTTACTGGGGGACCTTGTGCAGAACTCGTGGTGCTGGGCACTG
CTGCTGCTGCGGCAGCTGGCAACCTGACTTGTATCGTCGCGATCGGAAATGAGAACA
GGGGCATCTTGAGCCCCTGCGGACGGTGCCGACAGGTGCTTCTCGATCTGCATCCTG
GGATCAAAGCCATAGTGAAGGACAGTGATGGACAGCCGACGGCAGTTGGGATTCGT
GAATTGCTGCCCTCTGGTTATGTGTGGGAGGGCTAAGCACTTCGTGGCCGAGGAGCA
GGACTGACACGTGCTACGAGATTTCGATTCCACCGCCGCCTTCTATGAAAGGTTGGG
CTTCGGAATCGTTTTCCGGGACGCCGGCTGGATGATCCTCCAGCGCGGGGATCTCAT
GCTGGAGTTCTTCGCCCACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAAATAA
AGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGT
GGTTTGTCCAAACTCATCAATGTATCTTAGCGCTCACTGCCCGCTTTCCAGTCGGGA
AACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTT
GCGTATTGGGCGCTCTCCTAGGccagaaatggcgecggaggcgggaacaaggtggtegatgagtgctacatcceca
attacttgctccccaaaacccagectgagcetccagtgggcgtggactaatatggaacagtatttaagegectgTCCCTATCAGTG
ATAGAGATCTCCCTATCAGTGATAGAGA(tttgaatctcacggagegtaaacggttggtggcgcageatctGTT
TAAACgcagacgcaggagcagaacaaagagaatcagaatcccaattctgatgegecggtgatcagatcaaaaacttcagecaggtac
atggagcetggtcgggtgactcgtggacaagggoattacctcggagaageagtggattcaggaggaccaggcectcatacatctecttcaatg
cggcctecaactcgeggteccaaatcaaggetgecttggacaatgegggaaagattatgagectgactaaaaccgeecccgactacctggt
gggccageageeccgtggaggacatttccagcaatcggatttataaaattttggaactaaacgggtacgatccccaatatgeggcetteegtett
tctgggatgggccacgaaaaagticggcaagaggaacaccatctggetgtitgggcctgecaactaccgggaagaccaacatcgeggagg
ccatagcccacactgtgeccttctacgggtgcgtaaactggaccaatgagaactttcecttcaacgactgtgtcgacaagatggteatctggt
gggaggaggggoaagatgaccgecaaggtegtggagtcggccaaagecattctcggaggaageaaggtecgcgtggaccagaaatgea
agtcctcggeccagatagacccgacteeegtgategtcacctccaacaccaacatgtgegeegtgattgacgggaactcaacgaccttcga
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acaccagcagccgttgcaagaccggatgttcaaatttgaactcacccgecgtetggatcatgactttgggaaggtcaccaageaggaagtc
aaagactttttccggtgggcaaaggatcacgtegttgagatggagcatgaattctacgtcaaaaagggtggagecaagaaaagacccgee
cccagtgacgcagatataagtgagcccaaacgggtgcgegagtcagttgegeagecatcgacgtcagacgeggaagettcgatcaacta
cgcagacaggtaccaaaacaaatgttctcgtcacgtgggcatgaatetgatgcetgtitcectgecagacaatgecgagagaatgaatcagaatt
caaatatctgcttcactcacggacagaaagactgtttagagtgctttcccgtgtcagaatctcaaccegtttetgtecgtcaaaaaggegtatcag
aaactgtgctacattcatcatatcatgggaaaggtgccagacgcettgeactgectgegatetggtcaatgtggatttggatgactgeatctttga
acaataaACTAGTTTGCTTGTTAATCAATAAACCGTTTAATTCGTTTCAGTTGAACTTTGG
TCTCTGCGTATTTCTTTCTTATCTAGTTTCCATGCTCTAGAGTATACgatatccatcacactggeg
geegetegactagageggecgeeaccgeggtggagetecagcettttgttcgegegettggegtaatcatggteatagetgtttectgtgtgaa
attccacagcctggggtgcctaattgegttgcgeteactgeccgctttccagtcgggaaacctgtegtgecagetgeattaatgaatcggeca
acgcgeggggagaggeggtitgegtattgggegcetettcegcettectegetcactgactegetgegeteggtegtteggetgeggegageg
gtatcagctcactcaaaggeggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggecageaaaa
ggccaggaaccgtaaaaaggcecgegttgetggegtttttccataggetccgecccectgacgageatcacaaaaatcgacgetcaagtca
gaggtggcgaaacccgacaggactataaagataccaggegtttcceectggaagetecctegtgegetcetectgttcegacectgecgetta
ccggatacctgtcegecttteteccttcgggaagegtggegcetttctcatagetcacgetgtaggtatcteagttcggtgtaggtegttegetee
aagctgggctgtgtgcacgaacceeccgttcageccgaccgetgegecttatccggtaactategtettgagtccaacceggtaagacacg
acttatcgccactggcageagecactggtaacaggattagcagagegaggtatgtaggcggtoctacagagttettgaagtegtogcctaa
ctacggctacactagaagaacagtatttggtatctgcgctctgetgaagecagttaccttcggaaaaagagttggtagetcttgatccggeaa
acaaaccaccgctggtageggtegtttttttgtttgcaageageagattacgcgecagaaaaaaaggatctcaagaagatectttgatettttcta
cggggtctgacgctcagtggaacgaaaactcacgttaagggattttggteatgagattatcaaaaaggatcttcacctagatccttttaaattaa
aaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagaaataataaaaaagecggattaataatctggctttttatattete
tctctagtatataaacgcagaaaggeccacccgaaggtgagecagtgtgactctagtattattagaaaaactcatcgageatcaaatgaaact
gcaatttattcatatcaggattatcaataccatatttttgaaaaagccgtttctgtaatgaaggagaaaactcaccgaggcagttccaaagaatg
gcaaggtcetggtaacggtetgegattccgaccegtecaacatcaatacaacctattaatttcecctcgtcaaaaataaggttatcaagtgaga
aatcaccatgagtgacgactgaatccggtgagaatggcaagagcettgtgcatttctttccagacttgttcaacaggccagcecattacgetegte
atcaaaatcactcgcatcaaccaaaccgttattcatgegtgattgegectgagcaagacgaaatacacgatcgetgttaaaaggacaattaca
aacaggaatcgaatgtaaccggegeaggaacacggecagegeatcaacaatattttcacctgaatcaggatattcttctaatacctggaagg
ctgttttcccaggaatcgeggtggtgagtaaccacgeatcatcaggagtacggataaaatgettgatggtecgggagaggcataaactecgte
agccagttgagacggaccatctcatctgtaacatcattggcaacgetacctttgecatgtttcagaaacaactctggegeatcgggcetteecat
acaagcgatagattgtcgcacctgattgecccgacattatcgcgageccatttatacccatataaatcagegtecatgttggagtttaagegegg
acgggagcaagacgtttcccgttgaatatggetcataacaccecttgtattactgtttatgtaagcagacagttttattgttcatgatgatatattttt
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atcttgtgcaatgtaacatcagagattttgagacacaacgtggcetttgttgaataaatcgaacttttgctgagttgaaggatcagetctagtaaaa
taataaaaaagccggattaataatctggctttttatattctetetctagtatataaacgeagaaaggeccacccgaaggtgagecagtgtgacg

gcacatttccccgaaaagtgecacctaaattgtaagegttaatattttgttaaaattcgegttaaatttttgttaaatcagcetcattttttaaccaatag
gccgaaatcggcaaaateccttataaatcaaaagaatagaccgagatagggtteagtottattceagtttggaacaagagtecactattaaag
aacgtggactccaacgtcaaagggcgaaaaaccgtctatcagggcgatggeccactacgtgaaccatcaccctaatcaagttttttgggote
gaggtgccgtaaageactaaatcggaaccctaaagggageccccgatttagagettgacggggaaagecggegaacgtggegagaaag
gaagggaagaaagcgaaaggagcgggcectagggcgctegcaagtgtageggteacgetgegegtaaccaccacacecgecgegctt
aatgcgccgctacagggcegcegteccattcgecattcaggetgegeaactgttgggaagggcgatcggtgcgggcectcticgetattacgec
agctggcgaaagggggatgtectgcaaggegattaagtteggataacgccagggttttcccagtcacgacgttgtaaaacgacggecagtg

agcgegeggegaattgggtaccgggeccee (SEQ ID NO:15)

[00275] iRepCap2/ pKan-Anc80-RepCap-p5i2-p19il1 (10,495 bp)

[00276] cctcgaggGCTAGCcattcTATTTAAtcTCCCTATCAGTGATAGAGAtcGCCCGAGT
GAGCACGCAGGGTCTCCATTTTGATCCCTATCAGTGATAGAGAAGCGGGAGGTTTGA
ACGCGCAGCCGCCatgccggggttttacgagattgtgattaaggtccccagegaccttgacgageatctgeccggeatttctgac
agctttgtgaactgggtggccgagaaggaatgggagttgccgecagatictgacatggatctgaatctgattgagecaggceaccectgaccg
tggccgagaagetgeagegegactttctgacggaatggegecgtgtgagtaaggecccggaggectettttetttgtecaatttgagaaggegea
gagagctacttccacatgeacgtgctegtggaaaccaccggggtgaaatccatggttttgggacgtttcetgagtcagattcgegaaaaact
gattcagagaatttaccgcgggatcgageegactttgecaaactggticgeggtcacaaagaccagaaatggegeecggaggcgggaaca
aggtggtegatgagtectacatceccaattacttgetccccaaaacccagectgagetccaAtgggc AtggacCaaCatggaacagta
CCtCagcgcctgtttgaatctcacggagegtaaacggttggtggegeageatctgacgeacgtgtegecagacgeaggageagaacaaa
gagaatcagaatcccaattctgatgegecggtgatcagatcaaaaacttcagecaggtacatggagetggtegggatggctegtggacaagg
ggattacctcggagaageagtggatccaggaggaccaggecteatacatetecttcaatgeggectecaactcgeggtcccaaatcaagg
ctgecttggacaatgecgggaaagattatgagectgactaaaaccgeccccgactacctggtgggecageageccgtggaggacatttcca
gcaatcggatttataaaattttggaactaaacgggtacgatccccaatatgeggettecgtetttctgggatgggccacgaaaaagttcggea
agaggaacaccatctggcetgtttgggcctgcaactaccgggaagaccaacatcgeggaggcecatageccacactgtgeccttctacgggt
gcgtaaactggaccaatgagaacttteecttcaacgactgtgtcgacaagatggtgatctggtgggaggaggggaagatgaccgecaagg
tcgtggagtcggecaaagecattctcggaggaageaaggtgcgcgtggaccagaaatgeaagtectcggeccagatagacccgacteee
gtgatcgtcacctccaacaccaacatgtgegecgtgattgacgggaactcaacgaccttcgaacaccageagecgtigcaagaccggatgt
tcaaatttgaactcacccgecgtetggatcatgactttgggaaggtcaccaageaggaagtcaaagactttttccggtegecaaaggatcac
gtggttgaggtggageatgaattctacgtcaaaaagggtggagecaagaaaagaccegeccccagtgacgeagatataagtgageeccaa
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acgggtgcgegagtcagttgcgeagecatcgacgtcagacgeggaagettcgatcaactacgcagacaggtaccaaaacaaatgticteg
tcacgtgggcatgaatctgatgetgtttccetgecagacaatgcgagagaatgaatcagaattcaaatatetgettcactcacggacagaaaga
ctgtttagagtgctttcccgtgtcagaatctcaacccgttictgtcgtcaaaaaggcegtatcagaaactgtgcetacattcatcatatcatgggaaa
ggtgccagacgcettgecactgectgegatetggteaatgtggatttggatgactgcatetttgaacaataaatgatttaaatcaggtatggetgce
gatggttatcttccagattggetcgaggacaacctetctgagggeattcgegagtggteggacttgaaacctggageccegaaacccaaag
ccaaccagcaaaagcaggacgacggcecggggtetggtacticetggetacaagtacctcggacccticaacggactcgacaaggggga
gceegtcaacgeggeggacgeageggecctcgageacgacaaggectacgaccageagetcaaagegggtgacaatcegtacctgeg
gtataaccacgccgacgecgagtttcaggagegtctgcaagaagatacgtcttttgggggcaacctcgggegageagtcttccaggecaa
gaagcgggttctcgaaccteteggtetggttgaggaaggcgctaagacggcetectggaaagaagagaccggtagageaatcaccecagg
aaccagactcctcttcgggeatcggecaagaaaggecageageccgegagaaagagactcaactttgggeagactggegactcagagtea
gtgeecgaccctcaaccactcggagaacceccegeagecccctctggtgtggeatctaatacaatggetgeaggeggtggegetecaatg
gcagacaataacgaaggcgecgacggagtgggtaacgectcaggaaattggeattgegattccacatggetgggegacagagtcatcac
caccagcacccgaacctgggeccteeccacctacaacaaccacctctacaageaaatctccagecaatcgggaggeageaccaacgaca
acacctacttcggctacagcacccectgggggtattttgactttaacagattccactgecacttctcaccacgtgactggeagegactcatcaa
caacaactggggattccggeccaagaagetcaacttcaagetcttcaacatccaggtcaaggaggtcacgacgaatgatggeaccacgac
catcgccaataaccttaccagcacggttcaggtctttacggactcggaataccageteccgtacgtecteggetetgegeaccagggetgce
tgecteegtteccggeggacgtettcatgattectcagtacgggtacctgactetgaacaatggeagtcaggeegtgggecgttectectteta
ctgectggaatactttecttctcaaatgctgagaacgggcaacaactttcagttcagetacacgtttgaggacgtgccttttcacagcagcetacg
cgcacagccaaagectggaccggcetgatgaaccccctcatcgaccagtacctgtactacctgtetcggactcagaccacgagtggtaceg
caggaaatcggacgttgcaattttctcaggecgggectagtageatggegaatcaggecaaaaactggetaccecgggecctgctaccgge
agcaacgcgtctccaagacaaccaatcaaaataacaacagcaactttgectggaccggtgecaccaagtatcatctgaatggcagagacte
tctggtaaatcceggtecegetatggecaacccacaaggacgacgaagacaaattttttccgatgageggagtcttaatatttgggaaacagg
gagctggaaatagcaacgtggaccttgacaacgttatgataaccaacgaggaagaaattaaaaccaccaacccagtggecacagaagagt
acggcacggtggccactaacctgcaatcggecaacaccgetectgetacagggaccgtcaacagtcaaggagecttacctggeatggtet
ggcaggaccgggacgtgtacctgcagggtectatctgggccaagattcctcacacggacggacactttcatcectcgecgetgatgggag
gctttggactgaaacaccegcectectcagatectgattaagaatacacctgttccegegaatectccaactaccttcagtccagetaagtttge
gtcgttcatcacgcagtacagecaccggacaggtcagegtggaaattgaatgggagetgcagaaagaaaacageaaacgetggaacccag
agattcaatacacttccaactacaacaaatctacaaatgtggactttgcetgttgacacaaatggegtttattctgagectcgecccatecggeacce
cgttacctcacccgtaatctgtaaactagtttgettgttaatcaataaaccgtttaattcgtttcagttgaactttggtetetgegtatttctttcttatct
agtttccatgctctagaggtcctgtattagaggtcacgtgagtgtttitgcgacattttgecgacaccatgtggtcacgetgggtatttaageccga
gtgagcacgcagggtctecattttgaagegggaggtttgaacgegeagecgecaagecgaattctgeagatatcggggttgggsttacge
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cttttccaaggcagecctgggtttgcgcagggacgeggetgctetgggegtggticcgggaaacgeageggegecgacectgggteteg
cacattcttcacgtecgttcgcagegteaceeggatcttcgecgetaceettgtgggecceccggegacgcttectgetecgecectaagteg

ggaaggttccttgeggticgeggegtgecggacgtgacaaacggaagecgeacgtctcactagtaccctcgecagacggacagegecag
ggagcaatggeagegegecgaccgegatgggctgtggccaatageggetgctcageagggegcgecgagageagegecceggaag
gggcggtgcgggagacgeggtatggagcggtagtgteggecctgttcctgeccegegeggtgttcegeattetgeaagecteceggagege
acgtcggcagtcggctcectegttgaccgaatcaccgacctetctccccagAAGCTCCCGGGAGCTTGTATATCCA
TTTTCGGATCTGATCAGCACGTGTTGACAATTAATCATCGGCATAGTATATCGGCAT
AGTATAATACGACAAGGTGAGGAACgccaccATGGCCAAGCCTTTGTCTCAAGAAGAA
TCCACCCTCATTGAAAGAGCAACGGCTACAATCAACAGCATCCCCATCTCTGAAGAC
TACAGCGTCGCCAGCGCAGCTCTCTCTAGCGACGGCCGCATCTTCACTGGTGTCAAT
GTATATCATTTTACTGGGGGACCTTGTGCAGAACTCGTGGTGCTGGGCACTGCTGCT
GCTGCGGCAGCTGGCAACCTGACTTGTATCGTCGCGATCGGAAATGAGAACAGGGG
CATCTTGAGCCCCTGCGGACGGTGCCGACAGGTGCTTCTCGATCTGCATCCTGGGAT
CAAAGCCATAGTGAAGGACAGTGATGGACAGCCGACGGCAGTTGGGATTCGTGAAT
TGCTGCCCTCTGGTTATGTGTGGGAGGGCTAAGCACTTCGTGGCCGAGGAGCAGGAC
TGACACGTGCTACGAGATTTCGATTCCACCGCCGCCTTCTATGAAAGGTTGGGCTTC
GGAATCGTTTTCCGGGACGCCGGCTGGATGATCCTCCAGCGCGGGGATCTCATGCTG
GAGTTCTTCGCCCACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGC
AATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTT
TGTCCAAACTCATCAATGTATCTTAGCGCTCACTGCCCGCTTTCCAGTCGGGAAACC
TGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGT
ATTGGGCGCTCTCCTAGGccagaaatggcgecggaggcgggaacaaggtggtggatgagtgctacatceccaattactt
gctceccaaaacccagectgagetecagtgggcgtggactaatatggaacagtatttaagegecctgTCCCTATCAGTGATAG
AGATCTCCCTATCAGTGATAGAGA(tttgaatctcacggagegtaaacggttggtggcgcagcatctGTTTAAA
Cgcagacgcaggagcagaacaaagagaatcagaatcccaattctgatgcgecggtgatcagatcaaaaacttcageccaggtacatggag
ctggtcgggtggetcgtggacaaggggattacctcggagaageagtggattcaggaggaccaggectceatacatctecttcaatgeggect
ccaactcgcggtcccaaatcaaggetgecttggacaatgcgggaaagattatgagectgactaaaacegeccccgactacctggtgggce
agcagcccgtggaggacatttccagcaatcggatttataaaattttggaactaaacgggtacgatccccaatatgeggcettccgtetttetggg
atgggccacgaaaaagttcggcaagaggaacaccatctggetgtitgggcctgcaactaccgggaagaccaacatcgeggaggecatag
cccacactgtgeccttctacgggtgcgtaaactggaccaatgagaactttcccttcaacgactgtgtcgacaagatggtgatctggtgggag

gaggggaagatgaccgecaaggtegtggagteggccaaagecattctcggaggaageaaggtgcgegtggaccagaaatgcaagtect
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cggcccagatagaccegactccegtgategtcacctccaacaccaacatgtgegecgtgattgacgggaactcaacgaccttcgaacace

agcagccegttecaagaccggatgttcaaatttgaactcacccgecgtetggatcatgactttgggaaggtcaccaageaggaagtcaaaga

ctitttccggtgggcaaaggatcacgtggtigaggtggageatgaattctacgtcaaaaagggtggagecaagaaaagacccgeccccagt
gacgcagatataagtgageccaaacgggtgcgegagteagttgcgeagecatcgacgtcagacgeggaagettcgatcaactacgeaga
caggtaccaaaacaaatgttctcgtcacgtgggcatgaatctgatgctgtttccctgcagacaatgecgagagaatgaatcagaattcaaatat

ctgcttcactcacggacagaaagactgtttagagtgcttteccgtgtcagaatctcaaccegtttctgtegtcaaaaaggegtatcagaaactgt
gctacattcatcatatcatgggaaaggteccagacgettgcactgectgcgatctggtcaatgtggatttogateactgcatctttgaacaataa
ACTAGTTTGCTTGTTAATCAATAAACCGTTTAATTCGTTTCAGTTGAACTTTGGTCTC

TGCGTATTTCTTTCTTATCTAGTTTCCATGCTCTAGAGTATACgatatccatcacactggeggecgcet
cgactagagcggcecgecaccgeggtggagetecagettttgttcgegegettggegtaatcatggteatagetgttteetgtgtgaaattcea

cagcctggggtacctaattgegttacgcteactgecegctttccagtegggaaacctgtegtgecagcetgeattaatgaatcggecaacgeg
cggggagaggcggtttgcgtattgggcgcetcttcegettectegetcactgactegetgegeteggtegttcggctgeggegageggtatca
gctecactcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggecageaaaaggeea

ggaaccgtaaaaaggecgegttgctggegtttttccataggetccgeeccecctgacgageatcacaaaaatcgacgctcaagtcagaggtg
gcgaaacccgacaggactataaagataccaggegtttceecctggaagetecctegtgegeteteetgttcegacectgecgcettaccggat
acctgtcegectttetcecttcgggaagegtggegctttctcatagetcacgetgtaggtatctcagttcggtgtaggtegttcgetecaagetg
ggctgtgtgcacgaacceeecgttcageccgaccgetgegecttatecggtaactategtettgagtecaaccecggtaagacacgacttate

gccactggeagceagecactggtaacaggattagcagagegaggtatgtaggeggtgctacagagttcttgaagtggtggcctaactacgg

ctacactagaagaacagtatttggtatctgcgcetctgctgaagecagttaccttcggaaaaagagttggtagetettgatccggcaaacaaac

caccgctggtageggtggtttttttgtitgcaagcageagattacgcgcagaaaaaaaggatctcaagaagatectttgatettttctacggggt
ctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaatga
agttttaaatcaatctaaagtatatatgagtaaacttggtctgacagaaataataaaaaagecggattaataatctggctttttatattctetetctag
tatataaacgcagaaaggcccacccgaaggtgagecagtgtgactctagtattattagaaaaactcatcgagcatcaaatgaaactgcaattt
attcatatcaggattatcaataccatatttttgaaaaagccegtttctgtaatgaaggagaaaactcaccgaggeagttccaaagaatggcaagg
tcctggtaacggtctgegattccgaccegtccaacatcaatacaacctattaatttccecctcgtcaaaaataaggttatcaagtgagaaatcace
atgagtgacgactgaatccggtgagaatggeaagagcettgtgcatttetttccagacttgttcaacaggecagecattacgetegtcatcaaaa
tcactcgcatcaaccaaaccgttattcatgegtgattgegectgageaagacgaaatacacgatcgetgttaaaaggacaattacaaacagg
aatcgaatgtaaccggcegcaggaacacggccagegcatcaacaatattttcacctgaatcaggatattcttctaatacctggaaggcetgttttc
ccaggaatcgeggtegtoagtaaccacgeatcatcaggagtacggataaaatgcttgatggtecgggagaggcataaactcegtecageeag
ttgagacggaccatctcatctgtaacatcattggecaacgctacctttgecatgtttcagaaacaactetggegeatcgggctteccatacaage

gatagattgtcgeacctgattgeccgacattatcgegageccatttatacccatataaatcagegtecatgttggagtttaagcgeggacggg
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agcaagacgtttccegttgaatatggctcataacaccecttgtattactgtttatgtaagcagacagttttattgttcatgatgatatatttttatcttgt
gcaatgtaacatcagagattttgagacacaacgtggctttgttgaataaatcgaacttttgctgagttgaaggatcagetctagtaaaataataa
aaaagccggattaataatctggctttttatattctctctctagtatataaacgcagaaaggeccacccgaaggtgagecagtgtgacggeacat
ttccccgaaaagtgecacctaaattgtaagegttaatattttgttaaaattcgegttaaatttttgttaaatcagetcattttttaaccaataggecga
aatcggcaaaatcccttataaatcaaaagaatagaccgagatagggttgagtgttgticcagtttggaacaagagtccactattaaagaacgt
ggactccaacgtcaaagggcgaaaaaccgtctatcagggegatggeccactacgtgaaccatcaccctaatcaagttttttgggotcgagg
tgcegtaaageactaaatcggaaccctaaagggageccccgatttagagettgacggggaaagecggegaacgtggegagaaaggaag
ggaagaaagcgaaaggagegggcgctagggcgetggcaagtgtageggtcacgetgegegtaaccaccacaccegecgegettaatg
cgecgcetacagggegegteecattcgecattcaggetgegeaactgttgggaagggegatcggtacgggcectettcgetattacgecaget

ggcgaaagggggatgtgctgcaaggegattaagttgggotaacgccagggttttcccagtcacgacgttgtaaaacgacggecagtgageg
cgeggegaattgggtaccgggeccee (SEQ ID NO:16)

[00277] iRepCap3/ pKan-Anc80-RepCap-p5i3-p19il (10,493 bp)

[00278]  cctcgaggGCTAGCcattc TCCCTATCAGTGATAGAGAtcTATTTAAGCCCGAGTG
AGCACGCAGTCCCTATCAGTGATAGAGAGGTCTCCATTTTGAAGCGGGAGGTTTGAA
CGCGCAGCCGCCatgecggggttttacgagattgtgattaaggtccccagegaccttgacgageatctgeccggceatttctgaca
gctttgtgaactgggtggccgagaaggaatgggagttgccgecagattetgacatggatctgaatctgattgageaggcaccectgacegt
ggccgagaagcetgeagegegactttctgacggaatggegeegtgtgagtaaggecceggaggctcttttetttgtgcaatttgagaagggea
gagagctacttccacatgcacgtgetegtggaaaccaccggggtgaaatceatggtittgggacgtttcetgagtcagattcgegaaaaact
gattcagagaatttaccgegggatcgagecgactttgecaaactggttcgeggtcacaaagaccagaaatggegecggaggcgggaaca
aggtggtegatgagtectacatceecaattacttgetccccaaaacccagectgagetccaAtgggc AtggacCaaCatggaacagta
CCtCagcgcctgtttgaatctcacggagegtaaacggttggtegcgcageatctgacgeacgtgtcgecagacgeaggageagaacaaa
gagaatcagaatcccaattctgatgegecggtgatcagatcaaaaacttcagecaggtacatggagetggtegggtgectegtggacaagg
ggattacctcggagaagcagtggatccaggaggaccaggcectcatacatctecttcaatgeggectccaactcgeggteccaaatcaagg
ctgecttggacaatgcgggaaagattatgagectgactaaaaccgeccecgactacetggtgggccageageecgtggaggacattteca
gcaatcggatttataaaattttggaactaaacgggtacgatccccaatatgeggcettccgtetttctgggatgggccacgaaaaagttcggea
agaggaacaccatctggctgtttgggcctgcaactaccgggaagaccaacatcgeggaggecatageecacactgtgeecttctacgggt
gcgtaaactggaccaatgagaactttcecttcaacgactgtgtcgacaagatggtoatctggtgegaggagggoaagatgaccgecaagg
tcgtggagtcggccaaagecatictcggaggaageaaggtgcgegtggaccagaaatgecaagtectcggeccagatagacccgactece
gtgatcgtcacctccaacaccaacatgtgegecgtgattgacgggaactcaacgaccttcgaacaccageagecgttgcaagaccggatgt

tcaaatttgaactcacccgecgtctggatcatgactitgggaaggtcaccaagcaggaagtcaaagactttttccggtgggcaaaggatcac
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gtggttgaggtogagcatgaattctacgtcaaaaagggtegagecaagaaaagacccgeccccagtgacgeagatataagtgageccaa
acgggtgcgegagtcagttgcgeagecatcgacgtcagacgeggaagettcgatcaactacgcagacaggtaccaaaacaaatgtteteg
tcacgtgggcatgaatctgatgetgtitccctgcagacaatgecgagagaatgaatcagaattcaaatatctgettcactcacggacagaaaga
ctgtttagagtgctttccegtgtcagaatctcaaccegttictgtcgtcaaaaaggegtatcagaaactgtgetacattcatcatatcatgggaaa
ggtgccagacgcttgecactgectgegatctggtcaatgtggatttggatgactgeatcetttgaacaataaatgatttaaatcaggtatggetgece
gatggttatcttccagattggctcgaggacaacctetctgagggeattcgegagtggtegeacttgaaacctggageccegaaacccaaag
ccaaccagcaaaagcaggacgacggecggggtetggtacttcetggetacaagtacctcggacccttcaacggactcgacaaggggga
gcecgtcaacgeggeggacgeageggecctcgageacgacaaggectacgaccageagetcaaagegggtgacaatecgtacetgeg
gtataaccacgccgacgecgagtttcaggagegtctgcaagaagatacgtettttgggggcaacctcgggegageagtcttccaggecaa
gaagcgggttctcgaaccteteggtetggttgaggaaggegetaagacggcetectggaaagaagagaccggtagageaatcaccccagg
aaccagactcctcttcgggeatcggcaagaaaggecageageccgegagaaagagactcaactttgggeagactggegactcagagtea
gtgcecgaccctcaaccactcggagaacceccegeageecectetggtgtgggatctaatacaatggetgcaggeggtagegetecaatg
gcagacaataacgaaggcegecgacggagtgggtaacgectcaggaaattggcattgegattccacatggetgggcgacagagtcatcac
caccagcacccgaacctgggececteececcacctacaacaaccacctctacaageaaatctccagecaatcgggaggeageaccaacgaca
acacctacttcggctacagcaccccctgggggtattttgactttaacagattccactgecacttctcaccacgtgactggeagegactcatcaa
caacaactggggattccggeccaagaagetcaacttcaagetcttcaacatccaggtcaaggaggtcacgacgaatgatggeaccacgac
catcgccaataaccttaccagcacggttcaggtctttacggactcggaataccageteccgtacgtecteggetetgegeaccagggetgcee
tgectecgttccecggeggacgtcttcatgattcctcagtacgggtacctgactctgaacaatggeagtcaggecgtgggecgttectecttcta
ctgcctggaatactttcctictcaaatgetgagaacgggcaacaactttcagttcagetacacgtitgaggacgtgecttttcacageagetacg
cgcacagccaaagectggaccggcetgatgaaccccctcatcgaccagtacctgtactacctgtetcggactcagaccacgagtggtaceg
caggaaatcggacgttgcaattttctcaggccgggectagtagecatggegaatcaggecaaaaactggetaccegggecctgctaccgge
agcaacgcgtctccaagacaaccaatcaaaataacaacagcaactttgectggaccggtgecaccaagtatcatctgaatggcagagacte
tctggtaaatcccggteccgcetatggcaacccacaaggacgacgaagacaaattttttccgatgageggagtcttaatatttgggaaacagg
gagctggaaatagcaacgtggaccttgacaacgttatgataaccaacgaggaagaaattaaaaccaccaacccagtggecacagaagagt
acggcacggtggccactaacctgcaatcggecaacaccgetectgetacagggaccgtcaacagtcaaggagecttacctggeatggtet
ggcaggaccgggacgtgtacctgeagggtectatetgggccaagattcctcacacggacggacactttcateectcgecgetgatgggag
gctttggactgaaacacccgcectectcagatectgattaagaatacacctgttccegegaatectccaactaccttcagtccagetaagtttge
gtcgttcatcacgcagtacagcaccggacaggtcagegtggaaattgaatgggagetgcagaaagaaaacagcaaacgetggaacccag
agattcaatacacttccaactacaacaaatctacaaatgtggactttgctgttgacacaaatggcegtttattctgagectegecccateggeace
cgttacctcacccgtaatctgtaaactagtttgettgttaatcaataaaccgtttaattcgtttcagttgaactttggtetctgegtatttetticttatct
agtttccatgctctagaggtcctgtattagaggtcacgtgagtgttttgcgacattttgecgacaccatgtggtcacgetgggtatttaagecega
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gtgagcacgcagggtctecattttgaagegggaggtttgaacgegeageecgecaagecgaattetgcagatatcggggttggggttacgc
cttttccaaggcagecctgggtttocgcagggacgeggctgctetgggegtggtticcgggaaacgeageggegecgaccetgggteteg
cacattcttcacgtccgttcgecagegtcacccggatcttcgecgetaccettgtgggecceccggegacgcettectgetcegeccctaagtcg
ggaaggttecttgcggttcgeggegtgecggacgtgacaaacggaageecgeacgteteactagtacectcgecagacggacagegecag
ggagcaatggeagegegecgaccgegatgggetgtggecaatageggetgetcageagggegegeegagageageggecgggaag
gggcggtgcgggaggcggggtatgggacggtagtgtaggecctgttcctgeccegegeggtgttecegeattetgeaagectceggagege
acgtcggcagtcggctecctegttgaccgaatcaccgacctetctccccagAAGCTCCCGGGAGCTTGTATATCCA
TTTTCGGATCTGATCAGCACGTGTTGACAATTAATCATCGGCATAGTATATCGGCAT
AGTATAATACGACAAGGTGAGGAACgccaccATGGCCAAGCCTTTGTCTCAAGAAGAA
TCCACCCTCATTGAAAGAGCAACGGCTACAATCAACAGCATCCCCATCTCTGAAGAC
TACAGCGTCGCCAGCGCAGCTCTCTCTAGCGACGGCCGCATCTTCACTGGTGTCAAT
GTATATCATTTTACTGGGGGACCTTGTGCAGAACTCGTGGTGCTGGGCACTGCTGCT
GCTGCGGCAGCTGGCAACCTGACTTGTATCGTCGCGATCGGAAATGAGAACAGGGG
CATCTTGAGCCCCTGCGGACGGTGCCGACAGGTGCTTCTCGATCTGCATCCTGGGAT
CAAAGCCATAGTGAAGGACAGTGATGGACAGCCGACGGCAGTTGGGATTCGTGAAT
TGCTGCCCTCTGGTTATGTGTGGGAGGGCTAAGCACTTCGTGGCCGAGGAGCAGGAC
TGACACGTGCTACGAGATTTCGATTCCACCGCCGCCTTCTATGAAAGGTTGGGCTTC
GGAATCGTTTTCCGGGACGCCGGCTGGATGATCCTCCAGCGCGGGGATCTCATGCTG
GAGTTCTTCGCCCACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGC
AATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTT
TGTCCAAACTCATCAATGTATCTTAGCGCTCACTGCCCGCTTTCCAGTCGGGAAACC
TGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGT
ATTGGGCGCTCTCCTAGGccagaaatggcgecggaggcgggaacaaggtggtggatgagtgctacatceecaattactt
gctceccaaaacccagectgagetccagtgggcgtegactaatatggaacagtatttaagcgcctgTCCCTATCAGTGATAG
AGATCTCCCTATCAGTGATAGAGACtttgaatctcacggagegtaaacggttggtegcgcagcatct GTTTAAA
Cgcagacgcaggagcagaacaaagagaatcagaatcccaattctgatgegecggtgatcagatcaaaaacttcagecaggtacatggag
ctggtcgggtggctegtegacaaggggattacctcggagaageagtggattcaggaggaccaggecteatacatctecttcaatgeggect
ccaactcgcggtcccaaatcaaggetgecttggacaatgecgggaaagattatgagectgactaaaaccgeccccgactacctggtgggece
agcagcccgtggaggacatttccagcaatcggatttataaaattttggaactaaacgggtacgatccccaatatgeggctteegtetttetggg
atgggccacgaaaaagttcggcaagaggaacaccatctggetgtitgggectgcaactaccgggaagaccaacatcgeggaggeceatag
cccacactgtgeccttctacgggtgcgtaaactggaccaatgagaactttcecttcaacgactgtgtcgacaagatggtgatetggtgggag
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gagggoaagatgaccgecaaggtegtggagtcggecaaagecattctcggaggaageaaggtgcgegtggaccagaaatgeaagtect

cggeccagatagacccgactceegtgategtcacctccaacaccaacatgtgegecgtgattgacgggaactcaacgaccttcgaacace
agcagccgttgcaagaccggatgttcaaatttgaactcacccgecgtctggatcatgactttgggaaggtcaccaagcaggaagtcaaaga
ctttttccggtgggcaaaggatcacgtggttgagetegagcatgaattctacgtcaaaaagggteggagccaagaaaagaccegeeeccagt
gacgcagatataagtgageccaaacgggtgcgegagteagttgcgeagecatcgacgtcagacgeggaagettcgatcaactacgeaga
caggtaccaaaacaaatgttctcgtcacgtgggeatgaatctgatgcetgtttcecetgecagacaatgegagagaatgaatcagaattcaaatat
ctgcttcactcacggacagaaagactgtttagagtectttccegtgtcagaatctcaaccegtttctgtegtcaaaaaggegtatcagaaactgt
gctacattcatcatatcatgggaaaggtgccagacgcettgeactgectgegatctggtcaatgtggatttggatgactgcatctitgaacaataa
ACTAGTTTGCTTGTTAATCAATAAACCGTTTAATTCGTTTCAGTTGAACTTTGGTCTC
TGCGTATTTCTTTCTTATCTAGTTTCCATGCTCTAGAGTATACgatatccatcacactggeggecgcet
cgactagagcggcecgecaccgeggtggagetecagettttgttcgegegettggegtaatcatggteatagetgttteetgtgtgaaattcca
cagcctggggtocctaattgegttecgctecactgecegctttccagtegggaaacctgtegtgecagetgeattaatgaatcggecaacgeg
cggggagaggcggtitgcgtattgggcgctcticcgettcctecgetcactgactegetgegeteggtegttcggetgeggegageggtatca
gctcactcaaaggeggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggecageaaaaggeca
ggaaccgtaaaaaggecgegttgctggegtttttccataggetcegeeccecctgacgageatcacaaaaatcgacgetcaagtcagaggtg
gcgaaacccgacaggactataaagataccaggegtttcececctggaagetecctegtgegeteteetgttcegacectgecgcettaccggat
acctgtcegectttctcecttcgggaagegtggegctttctcatagetcacgetgtaggtatetcagttcggtgtaggtegttcgetecaagetg
ggctgtgtgcacgaaccccccgticageccgaccgetgegecttatccggtaactategtettgagtccaacccggtaagacacgacttate
gccactggeageagecactggtaacaggattagcagagegaggtatgtaggeggtactacagagttcttgaagtggtegcctaactacgg
ctacactagaagaacagtatttggtatctgcgetctgetgaagecagttaccttcggaaaaagagttggtagetettgatcecggeaaacaaac
caccgctggtageggtggtttttttgtitgcaagcageagattacgcgcagaaaaaaaggatctcaagaagatectttgatettttctacggggt
ctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatecttttaaattaaaaatga
agttttaaatcaatctaaagtatatatgagtaaacttggtctgacagaaataataaaaaagccggattaataatctggcetttttatattctctctctag
tatataaacgcagaaaggcccacccgaaggtgagecagtgtgactctagtattattagaaaaactcatcgageatcaaatgaaactgcaattt
attcatatcaggattatcaataccatatttttgaaaaagccgtttctgtaatgaaggagaaaactcaccgaggceagttccaaagaatggcaagg
tectggtaacggtetgegattccgaceegtecaacatcaatacaacctattaatttcecctegtcaaaaataaggttatcaagtgagaaatcace
atgagtgacgactgaatccggtgagaatggcaagagcettgtecatttetttccagacttgttcaacaggecagecattacgetegtcatcaaaa
tcactcgcatcaaccaaaccgttattcatgegtgattgegectgagcaagacgaaatacacgatcgetgttaaaaggacaattacaaacagg
aatcgaatgtaaccggegcaggaacacggecagegeatcaacaatattttcacctgaatcaggatattettctaatacctggaaggctgtttte
ccaggaatcgecggtegteagtaaccacgeatcatcaggagtacggataaaatgettgatggtcgggagaggeataaactcegtcageeag

ttgagacggaccatctcatctgtaacatcattggcaacgetacctttgecatgtttcagaaacaactctggegeatcgggettcccatacaage
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gatagattgtcgcacctgattgcccgacattatcgegageccatttatacccatataaatcagegtccatgttggagtttaagegeggacggg
agcaagacgtttccecgttgaatatggcetcataacaccecttgtattactgtttatgtaagcagacagttttattgttcatgatgatatatttttatcttgt
gcaatgtaacatcagagattttgagacacaacgtggctttgttgaataaatcgaacttttgctgagtigaaggatcagetctagtaaaataataa
aaaagccggattaataatctggctttttatattctctetctagtatataaacgcagaaaggeccaccegaaggtgagecagtgtgacggceacat
ttccccgaaaagtgecacctaaattgtaagegttaatattttgttaaaattcgegttaaatttttgttaaatcagcetcattttttaaccaataggecga
aatcggcaaaatcccttataaatcaaaagaatagaccgagatagggttgagtgttgttccagtttggaacaagagtccactattaaagaacgt
ggactccaacgtcaaagggcgaaaaaccgtctatcagggegatggeccactacgtgaaccatcaccctaatcaagttttttggggtcgagg
tgccgtaaagcactaaatcggaaccctaaagggageccecgatttagagettgacggggaaagecggegaacgtggcgagaaaggaag
ggaagaaagcgaaaggagegggcgctagggegetggcaagtgtageggteacgetgegegtaaccaccacaccegecgegettaatg
cgeecgcetacagggegegteccattcgecattcaggetgegeaactgttgggaagggegatcggtacgggcctettcgetattacgecaget

ggcgaaagggggatgtectgcaaggegattaagttgggtaacgecagggttttcccagtecacgacgttgtaaaacgacggecagtgageg
cgeggegaattgggtaccgggcccee (SEQ ID NO:17)

[00279] iRepCap4/ pKan-Anc80-RepCap-p5il-p19i2 (10,495 bp)

[00280] cctcgageGCTAGCcattcTATTTAAtcTCCCTATCAGTGATAGAGATCTCCCTATC
AGTGATAGAGAtcGCCCGAGTGAGCACGCAGGGTCTCCATTTTGAAGCGGGAGGTTT
GAACGCGCAGCCGCCatgccggggttttacgagattgteattaaggtccccagegaccttgacgageatctgeccggceatttet
gacagctttgtgaactgggetegccgagaaggaatgggagttgccgecagattctgacatggatctgaatcetgattgageaggeaccectga
ccgtggecgagaagetgeagegegactttctgacggaatggegecgtgtgagtaaggeecccggaggctcttttetttgtgeaatttgagaag
ggagagagctacttccacatgeacgtgetcgtggaaaccaccggggtgaaatccatggttttgggacgtttectgagtecagattcgegaaaa
actgattcagagaatttaccgcgggatcgagecgactttgccaaactggttcgeggtcacaaagaccagaaatggegecggagecggga
acaaggtggtggatgagtgctacatccccaattacttgetceccaaaacccagectgagetccaAtgggcAtggacCaaCatggaaca
gtaCCtCagcgcectgtttgaatctcacggagegtaaacggttggtogegcageatetgacgeacgtgtcgecagacgeaggageagaac
aaagagaatcagaatcccaattctgatgcgecggtgatcagatcaaaaacttcagecaggtacatggagetggtegggtggctegtggaca
aggggattacctcggagaageagtggatccaggaggaccaggectcatacatctecttcaatgeggectecaactegeggteccaaatea
aggctgecttggacaatgcgggaaagattatgagectgactaaaaccgeccccgactacctggtgggccageageccgtggaggacattt
ccagcaatcggatttataaaattttggaactaaacgggtacgatccccaatatgecggcttecgtetttctgggatggeccacgaaaaagttcg
gcaagaggaacaccatctggcetgtttoggcctgcaactaccgggaagaccaacatcgeggaggecatageecacactgtgeecttetacg
ggtgcgtaaactggaccaatgagaactttcccttcaacgactgtgtcgacaagatggtgatctggtegggagogagoooaagatgaccgeca
aggtcgtggagtcggccaaagecattctcggaggaageaaggtgcgegtggaccagaaatgeaagtectcggeccagatagacecgact

cccgtgatcgtcacctccaacaccaacatgtgecgecgtgattgacgggaactcaacgaccticgaacaccageagecgttgcaagaccgg



WO 2020/132059 PCT/US2019/067156

104

atgttcaaatttgaactcacccgecgtctggatcatgactttgggaaggtcaccaagcaggaagtcaaagactttttccggtgggcaaaggat
cacgtggttgaggtggagcatgaattctacgtcaaaaagggtggagecaagaaaagacccgeeccccagtgacgeagatataagtgagee
caaacgggtgcgcegagtcagttgcgeagecatcgacgtcagacgeggaagettcgatcaactacgcagacaggtaccaaaacaaatgttc
tcgtcacgtgggceatgaatctgatgctgtttcecctgecagacaatgecgagagaatgaatcagaattcaaatatetgettcactcacggacagaa
agactgtttagagtgctttcccgtgtcagaatctcaaccegtttctgtcgtcaaaaaggegtatcagaaactgtgctacattcatcatatcatggg
aaaggtgccagacgcttgeactgectgegatetggteaatgtggatttggatgactgcatetttgaacaataaatgatttaaatcaggtatggcet
gecgatggttatcttccagattggetcgaggacaacctetetgagggeattcgegagtggtgggacttgaaacctggagecccgaaacccea
aagccaaccagcaaaagcaggacgacggccggggtetggtgcttcctggetacaagtacctcggacccttcaacggactcgacaaggg
ggagccecgtcaacgeggeggacgeageggecctcgageacgacaaggectacgaccageagetcaaagegggtgacaateegtacct
geggtataaccacgecgacgecgagtttcaggagegtetgcaagaagatacgtettttgggggcaacctcgggegageagtcttccagge
caagaagcgggtictcgaacctcteggtetggtigaggaaggcgcetaagacggetectggaaagaagagaccggtagageaatcacece
aggaaccagactcctcttcgggeatcggeaagaaaggecageageccgegagaaagagactcaactttgggeagactggegactcaga
gtcagtgcccgaccctcaaccactcggagaaccccccgeagecccctetggtgtgggatctaatacaatggetgeaggeggtggegetee
aatggcagacaataacgaaggcgecgacggagtgggtaacgectcaggaaattggeattgegattccacatggetgggegacagagtca
tcaccaccagcacccgaacctgggecctececcacctacaacaaccacctctacaagecaaatctccagecaatcgggaggeageaccaac
gacaacacctacttcggctacagecaccccctgggggtattttgactttaacagattccactgecacttctcaccacgtgactggeagegactc
atcaacaacaactggggattccggcccaagaagcetcaacttcaagetettcaacatccaggtcaaggaggtcacgacgaatgatggeace
acgaccatcgccaataaccttaccagcacggttcaggtctttacggactcggaataccagetccegtacgtectecggetctgegeaccagg
getgectgectecgttceceggeggacgtcttcatgattcctcagtacgggtacctgactetgaacaatggeagtcaggecgtgggecgttect
ccttctactgectggaatactttccttctcaaatgetgagaacgggceaacaactttcagttcagetacacgtttgaggacgtgccttttcacagea
gctacgegeacagecaaagectggaccggctgatgaacceectcatcgaccagtacctgtactacctgtetcggactcagaccacgagtg
gtaccgcaggaaatcggacgttgeaattttctcaggeegggectagtageatggegaatcaggecaaaaactggetaccegggecctget
accggcagcaacgcgtctccaagacaaccaatcaaaataacaacagcaactttgectggaccggtgecaccaagtatcatctgaatggea
gagactctctggtaaatcccggteccgetatggeaacccacaaggacgacgaagacaaattttttccgatgageggagtcttaatatttggea
aacagggagctggaaatagcaacgtggaccttgacaacgttatgataaccaacgaggaagaaattaaaaccaccaacccagtggecaca
gaagagtacggcacggtggccactaacctgcaatcggecaacaccgetectgetacagggaccgtcaacagtcaaggagecttacctgg
catggtctggcaggaccgggacgtgtacctgcagggtectatctgggecaagattectcacacggacggacactttcatcectegeegcetg
atgggaggctttggactgaaacacccgectcctcagatcctgattaagaatacacctgttcccgegaatccteccaactaccttcagtccaget
aagtttgcgtegttcatcacgcagtacagecaccggacaggtcagegtggaaattgaatgggagetgcagaaagaaaacagcaaacgctgg
aacccagagattcaatacacttccaactacaacaaatctacaaatgtggactttgetgttgacacaaatggegtttattctgagectcgecccat

cggcacccegttacctcaccegtaatctgtaaactagtttgcttgttaatcaataaaccgtttaattcgtttcagttgaactttggtctetgegtatttet
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ttcttatctagtttccatgetetagaggteetgtattagaggteacgtgagtgttttgcgacattttgegacaccatgtggtcacgetgggtatttaa
gcccgagtgageacgeagggtetecattttgaagegggaggtttgaacgegeagecgecaagecgaattetgeagatatcggggttgeeg
ttgcgecttttccaaggceagecctgggtttgecgecagggacgeggcetgetctgggegtggticcgggaaacgeageggegecgaccctgg
gtctegeacattettcacgtecgttcgecagegteacceggatettecgeegetaceettgtgggecceccggegacgcttectgetecgeeect
aagtcgggaaggttecttgeggttcgeggegtgecggacgtgacaaacggaagecgeacgtetcactagtacectcgcagacggacage
gccagggageaatggeagegegecgaccgegatgggctgtggecaatageggetgetcagcagggegegeegagageageggcecg
ggaaggggcegtgcgggagecegogtotogoocaotagtgtggaceetgttcctgeecgegeggtgatteccgeattctgecaagectecg
gagcgcacgtcggcagtcggcteectegttgaccgaatcaccgacctetctccccagAAGCTCCCGGGAGCTTGTATA
TCCATTTTCGGATCTGATCAGCACGTGTTGACAATTAATCATCGGCATAGTATATCG
GCATAGTATAATACGACAAGGTGAGGAACgccaccATGGCCAAGCCTTTGTCTCAAGA
AGAATCCACCCTCATTGAAAGAGCAACGGCTACAATCAACAGCATCCCCATCTCTG
AAGACTACAGCGTCGCCAGCGCAGCTCTCTCTAGCGACGGCCGCATCTTCACTGGTG
TCAATGTATATCATTTTACTGGGGGACCTTGTGCAGAACTCGTGGTGCTGGGCACTG
CTGCTGCTGCGGCAGCTGGCAACCTGACTTGTATCGTCGCGATCGGAAATGAGAACA
GGGGCATCTTGAGCCCCTGCGGACGGTGCCGACAGGTGCTTCTCGATCTGCATCCTG
GGATCAAAGCCATAGTGAAGGACAGTGATGGACAGCCGACGGCAGTTGGGATTCGT
GAATTGCTGCCCTCTGGTTATGTGTGGGAGGGCTAAGCACTTCGTGGCCGAGGAGCA
GGACTGACACGTGCTACGAGATTTCGATTCCACCGCCGCCTTCTATGAAAGGTTGGG
CTTCGGAATCGTTTTCCGGGACGCCGGCTGGATGATCCTCCAGCGCGGGGATCTCAT
GCTGGAGTTCTTCGCCCACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAAATAA
AGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGT
GGTTTGTCCAAACTCATCAATGTATCTTAGCGCTCACTGCCCGCTTTCCAGTCGGGA
AACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTT
GCGTATTGGGCGCTCTCCTAGGccagaaatggcgecggaggcgggaacaaggtggtegatgagtgctacatcceca
attacttgctccccaaaacccagectgagTCCCTATCAGTGATAGAGAc ctccagtgggcgtggactaatatggaacagtat
ttaagcgcctgTCCCTATCAGTGATAGAGA(tttgaatctcacggagegtaaacggttgsteggcgcageatctGTTTA
AACgcagacgcaggagcagaacaaagagaatcagaatcccaattctgatgegecggtgatcagatcaaaaacttcagecaggtacatg
gagctggtcgegtgactcgtggacaaggggattacctcggagaagceagtggattcaggaggaccaggcectcatacatctecttcaatgeg
gectecaactcgeggteecaaatcaaggetgecttggacaatgegggaaagattatgagectgactaaaaccgeecccgactacctggte
ggccagcageccgtggaggacatttccagcaatcggatttataaaattttggaactaaacgggtacgatccccaatatgeggcetteegtettte
tgggatgggccacgaaaaagtticggcaagaggaacaccatctggetgtttgggectgecaactaccgggaagaccaacatcgeggaggce
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atagcccacactgtgeccttctacgggtgegtaaactggaccaatgagaactttcccttcaacgactgtgtcgacaagatggtgatctggteg
gaggagggoaagatgaccgecaaggtegtegagtcggccaaagecattetcggaggaageaaggtecgegtggaccagaaatgeaag
tccteggeccagatagacccgacteecgtgatcgtcacctccaacaccaacatgtgegecgtgattgacgggaactcaacgaccttcgaac
accagcagecgttgcaagaccggatgttcaaatttgaactcacccgeegtetggatcatgactttgggaaggtcaccaagecaggaagtcaa
agactttttccggtgggcaaaggatcacgtggttgaggteggagcatgaattctacgtcaaaaagggtggagecaagaaaagacccgecce
cagtgacgcagatataagtgagcccaaacgggtgegegagteagttgegeagecatcgacgtecagacgeggaagettcgatcaactacg
cagacaggtaccaaaacaaatgttctcgtcacgtgggcatgaatctgatgetgtttcectgcagacaatgecgagagaatgaatcagaattcaa
atatctgcttcactcacggacagaaagactgtttagagtgctttcccgtgtcagaatctcaaccegtttctgtcgtcaaaaaggegtatcagaaa
ctgtgctacattcatcatatcatgggaaaggteccagacgettgcactgectgcgatctggtcaatgtggatttggatgactgcatctttgaaca
ataaACTAGTTTGCTTGTTAATCAATAAACCGTTTAATTCGTTTCAGTTGAACTTTGGTC
TCTGCGTATTTCTTTCTTATCTAGTTTCCATGCTCTAGAGTATACgatatccatcacactggeggcc
gctegactagageggecgecaccgeggtggagetecagettttattcgegegettggegtaatcatggteatagetgtttectgtatgaaatte
cacagcctggggtocctaattgegttgegetcactgeccgcetttccagtcgggaaacctgtegtgeccagetgeattaatgaatcggecaacg
cgeggggagaggcggtttgcgtattgggcgctcttcegettectegetcactgactegetgegeteggtegttcggctgcggegageggtat
cagctcactcaaaggcggtaatacggttatccacagaatcaggggataacgeaggaaagaacatgtgageaaaaggecageaaaaggec
caggaaccgtaaaaaggecgegttectggegtttttccataggetecgeccecctgacgageatcacaaaaatcgacgetcaagtcagag
gtggcgaaacccgacaggactataaagataccaggegtttceceetggaagceteectegtgegcetetectgttccgaccetgeegcettaceg
gatacctgtccgectttctcecttcgggaagegtggegcetttctcatagetcacgetgtaggtatctcagttcggtgtaggtegticgetccaag
ctgggctgtgtgcacgaacceeccgttcageccgaccgetgegecttatccggtaactategtettgagtccaacceggtaagacacgactt
atcgccactggeageagecactggtaacaggattagcagagegaggtatgtaggcggetgctacagagttcttgaagtggtegcctaactac
ggctacactagaagaacagtatttggtatctgegetctgetgaagecagttaccttcggaaaaagagttggtagetcttgatccggeaaacaa
accaccgctggtageggtggtttttttotttgcaagcagecagattacgcgcagaaaaaaaggatctcaagaagatectttgatettttctacgg
ggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaa
tgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagaaataataaaaaagecggattaataatctggctttttatattctctcte
tagtatataaacgcagaaaggcccacccgaaggtgagecagtgtgactctagtattattagaaaaactcatcgagcatcaaatgaaactgea
atttattcatatcaggattatcaataccatatttttgaaaaagccgtttctgtaatgaaggagaaaactcaccgaggeagttccaaagaatggcea
aggtcctggtaacggtctgegattccgaccegtecaacatcaatacaacctattaatttcecctegtcaaaaataaggttatcaagtgagaaat
caccatgagtgacgactgaatccggtgagaatggcaagagcettgtgcatttctttccagacttgttcaacaggecagcecattacgetcgteate
aaaatcactcgcatcaaccaaaccgttattcatgegtgattgcgectgagcaagacgaaatacacgatcgetgttaaaaggacaattacaaa
caggaatcgaatgtaaccggcgeaggaacacggecagegeatcaacaatattttcacctgaatcaggatattcttctaatacctggaagget

gttttcccaggaatcgeggtggtoagtaaccacgeatcatcaggagtacggataaaatgcttgatggtcgggagaggcataaactecgtea
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gccagttgagacggaccatctcatctgtaacatcattggcaacgcetacctttgecatgtttcagaaacaactctggegeatcgggetteccata
caagcgatagattgtcgcacctgattgeccgacattatcgegageccatttatacccatataaatcagegtccatgttggagtttaagegegga
cgggagcaagacgtttcccgttgaatatggctcataacaccecttgtattactgtttatgtaagcagacagttttattgttcatgatgatatattttta
tcttgtgcaatgtaacatcagagattttgagacacaacgtggctttgttgaataaatcgaacttttgetgagttgaaggatcagetctagtaaaat
aataaaaaagccggattaataatctggctttttatattctctctctagtatataaacgcagaaaggceccacccgaaggtgagecagtgtgacgg
cacatttccccgaaaagtgcecacctaaattgtaagegttaatattttgttaaaattcgegttaaatttttgttaaatcagetcattttttaaccaatagg
ccgaaatcggcaaaatcccttataaatcaaaagaatagaccgagatagggttgagtgttgttccagtttggaacaagagtccactattaaaga
acgtggactccaacgtcaaagggcgaaaaaccgtctatcagggegatggeccactacgtgaaccatcaccctaatcaagtttittggggtcg
aggtgccgtaaagcactaaatcggaaccctaaagggageccccgatttagagettgacggggaaagecggegaacgtggcgagaaagg
aagggaagaaagcgaaaggagegggcgctagggegetggcaagtgtageggteacgetgegegtaaccaccacaccegeecgegctta
atgcgcecgcetacagggegegteccattcgecattcaggetgegeaactgttgggaagggcgateggtgcgggectettcgetattacgeca
gctggcgaaagggggatgtgctgcaaggegattaagttgggataacgecagggttttcccagtcacgacgttgtaaaacgacggecagtga
gegcgeggegaattgggtaccggeccece (SEQ ID NO: 18)

[00281] iRepCap5/ pKan-Anc80-RepCap-p5i2-p19i2 (10,493 bp)

[00282] cctcgaggGCTAGCcattcTATTTAAtcTCCCTATCAGTGATAGAGAtcGCCCGAGT
GAGCACGCAGGGTCTCCATTTTGATCCCTATCAGTGATAGAGAAGCGGGAGGTTTGA
ACGCGCAGCCGCCatgccggggttttacgagattgtgattaaggtccccagegaccttgacgageatctgeccggeatttctgac
agctttgtgaactgggtggccgagaaggaatgggagttgccgecagattctgacatggatctgaatetgattgagecaggeaceectgaceg
tggccgagaagetgcagegegactttctgacggaatggegecgtgtgagtaaggecccggaggctettttetttgtgcaatttgagaaggegea
gagagctacttccacatgecacgtgctegtggaaaccaccggggtgaaatceatggttttgggacgtttcetgagtcagattcgegaaaaact
gattcagagaatttaccgcgggatcgageegactttgccaaactggttcgeggtcacaaagaccagaaatggegecggaggegggaaca
aggtggtegatgagtectacatceecaattacttgetccccaaaacccagectgageteccaAtgggc AtggacCaaCatggaacagta
CCtCagcgcctgtttgaatctcacggagegtaaacggttggtggcgeageatctgacgeacgtgtcgecagacgecaggageagaacaaa
gagaatcagaatcccaattctgatgegecggtgatcagatcaaaaacttcagecaggtacatggagetggteggatggctegtggacaagg
ggattacctcggagaagcagtggatccaggaggaccaggcectcatacatctecttcaatgeggectccaactcgeggteccaaatcaagg
ctgccttggacaatgcgggaaagattatgagectgactaaaaccgeccecgactacetggtgggccageageecgtggaggacatttcca
gcaatcggatttataaaattttggaactaaacgggtacgatccccaatatgeggetteegtetttctgggatgggccacgaaaaagttcggca
agaggaacaccatctggctgtttgggcctgcaactaccgggaagaccaacatcgeggaggcecatageccacactgtgeccttctacgggt
gcgtaaactggaccaatgagaacttteecttcaacgactgtgtcgacaagatggteatctggtgggaggaggooaagatgaccgecaagg
tcgtggagtcggecaaagecattctcggaggaageaaggtgcgegtggaccagaaatgecaagtectcggeccagatagacccgactece
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gtgatcgtcacctecaacaccaacatgtgegecgtgattgacgggaactcaacgaccttcgaacaccageagecgttgcaagaccggatgt
tcaaatttgaactcacccgecgtetggatcatgactttgggaaggtcaccaagcaggaagtcaaagactttttccggtgggeaaaggatcac
gtggttgaggtggagceatgaattctacgtcaaaaagggtggagccaagaaaagacccgeccccagtgacgeagatataagtgageccaa
acgggtgcgegagtcagttgcgeagecatcgacgtcagacgeggaagettcgatcaactacgcagacaggtaccaaaacaaatgtteteg
tcacgtgggcatgaatctgatgetgtttccetgecagacaatgegagagaatgaatcagaattcaaatatetgettcactcacggacagaaaga
ctgtttagagtgctttccegtgtcagaatctcaaccegttictgtegtcaaaaaggegtatcagaaactgtgctacattcatcatatcatgggaaa
ggtgccagacgcettgecactgectgegatetggteaatgtggatttggatgactgcatetttgaacaataaatgatttaaatcaggtatggetgce
gatggttatcttccagattggctcgaggacaacctctctgagggcaticgegagtggtgggacttgaaacctggagecccgaaacccaaag
ccaaccagcaaaagcaggacgacggecggggtctggtacttcetggctacaagtacctcggacecttcaacggactcgacaaggggga
geeegtcaacgeggeggacgeageggecctcgageacgacaaggectacgaccageagetcaaagegggtgacaatecgtacctgeg
gtataaccacgccgacgecgagtttcaggagegtetgcaagaagatacgtetittgggggcaacctcgggegageagtcttccaggecaa
gaagcgggttctcgaaccteteggtetggttgaggaaggegctaagacggetectggaaagaagagaccggtagageaatcaccccagg
aaccagactcctcttcgggeatcggcaagaaaggecageageccgegagaaagagactcaactttgggeagactggegactcagagtca
gtgeccgaccctcaaccactcggagaacceceegeageccectetggtgtgggatctaatacaatggetgcaggeggtegegetecaatg
gcagacaataacgaaggcgecgacggagtgggtaacgectcaggaaattggeattgegattccacatggetgggegacagagtcatcac
caccagcacccgaacctgggecectcececcacctacaacaaccacctctacaagcaaatctccagecaatcgggaggeageaccaacgaca
acacctacttcggctacagcacccectgggggtattttgactttaacagattccactgecacttctcaccacgtgactggeagegactcatcaa
caacaactggggattccggcccaagaagctcaacttcaagetctticaacatccaggtcaaggaggtcacgacgaatgatggeaccacgac
catcgccaataaccttaccagcacggttcaggtctttacggactcggaataccageteccgtacgtecteggetetgegeaccagggetgce
tgecteegtteccggeggacgtettcatgattectcagtacgggtacetgactctgaacaatggeagtcaggeegtgggecgttectectteta
ctgectggaatactttectictcaaatgetgagaacgggcaacaactttcagttcagetacacgtttgaggacgtgcecttttcacageagetacg
cgcacagccaaagectggaccggetgatgaaccecctcatcgaccagtacctgtactacctgtetcggactcagaccacgagtggtaceg
caggaaatcggacgttgcaattttctcaggeccgggcectagtagecatggegaatcaggecaaaaactggcetaccegggecctgetaccgge
agcaacgcgtctccaagacaaccaatcaaaataacaacagcaactttgectggaccggtgecaccaagtatcatctgaatggeagagacte
tctggtaaatcccggteccgcetatggcaacccacaaggacgacgaagacaaattttttccgatgageggagtcttaatatttgggaaacagg
gagctggaaatagcaacgtggaccttgacaacgttatgataaccaacgaggaagaaattaaaaccaccaacccagtggecacagaagagt
acggcacggtggccactaacctgcaatcggecaacaccgetectgetacagggaccgtcaacagtcaaggagecttacctggeatggtet
ggcaggaccgggacgtgtacctgcagggtectatctgggcecaagattcctcacacggacggacactttcatcectcgecgetgatgggag
gctttggactgaaacacccgcectectcagatectgattaagaatacacctgttccegegaatectccaactaccttcagtccagetaagtttge
gtcgttcatcacgcagtacagecaccggacaggtcagegtggaaattgaatgggagetgcagaaagaaaacageaaacgetggaacceag

agattcaatacacttccaactacaacaaatctacaaatgtggactttgctgttgacacaaatggegtttattctgagectcgeeccateggeace
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cgttacctcacccgtaatctgtaaactagtttgettgttaatcaataaaccgtttaattcgtttcagttgaactttggtetctgegtatttctttcttatet
agtttccatgctctagaggtectgtattagaggtcacgtgagtgttttocgacattttgcgacaccatgtggteacgetgggtatttaageccga
gtgagcacgcagggtctccattttgaagegggaggtitgaacgegecagecgecaagecgaattctgecagatatcggggttgggoottagcge
cttttccaaggcagecctgggtttocgcagggacgeggctgctetgggegtggticcgggaaacgeageggegecgaccetgggteteg
cacattcttcacgtccgttcgecagegtcacccggatcttcgecgcetaccettgtgggecceccggegacgcettectgetccgeccctaagtcg
ggaaggttecttgeggttcgeggegtgecggacgtgacaaacggaagecgeacgtcteactagtaceetegecagacggacagegecag
ggagcaatggcagegegecgaccgegatgggctetggccaatageggetgetcageagggcgcgecgagageagegeeceggaag
gggcggtecgggagocgeegtetgooocagtagtgtggeccctgttcctgeccgegeggtgticcgeattctgcaagecteccggagege
acgtcggcagtcggctecctegttgaccgaatcaccgacctetctccccagAAGCTCCCGGGAGCTTGTATATCCA
TTTTCGGATCTGATCAGCACGTGTTGACAATTAATCATCGGCATAGTATATCGGCAT
AGTATAATACGACAAGGTGAGGAACgccaccATGGCCAAGCCTTTGTCTCAAGAAGAA
TCCACCCTCATTGAAAGAGCAACGGCTACAATCAACAGCATCCCCATCTCTGAAGAC
TACAGCGTCGCCAGCGCAGCTCTCTCTAGCGACGGCCGCATCTTCACTGGTGTCAAT
GTATATCATTTTACTGGGGGACCTTGTGCAGAACTCGTGGTGCTGGGCACTGCTGCT
GCTGCGGCAGCTGGCAACCTGACTTGTATCGTCGCGATCGGAAATGAGAACAGGGG
CATCTTGAGCCCCTGCGGACGGTGCCGACAGGTGCTTCTCGATCTGCATCCTGGGAT
CAAAGCCATAGTGAAGGACAGTGATGGACAGCCGACGGCAGTTGGGATTCGTGAAT
TGCTGCCCTCTGGTTATGTGTGGGAGGGCTAAGCACTTCGTGGCCGAGGAGCAGGAC
TGACACGTGCTACGAGATTTCGATTCCACCGCCGCCTTCTATGAAAGGTTGGGCTTC
GGAATCGTTTTCCGGGACGCCGGCTGGATGATCCTCCAGCGCGGGGATCTCATGCTG
GAGTTCTTCGCCCACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGC
AATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTT
TGTCCAAACTCATCAATGTATCTTAGCGCTCACTGCCCGCTTTCCAGTCGGGAAACC
TGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGT
ATTGGGCGCTCTCCTAGGccagaaatggcgecggaggcgggaacaaggtggtggatgagtgctacatceecaattactt
gcteeccaaaacccagectgag TCCCTATCAGTGATAGAGAcctccagtgggegtegactaatatggaacagtatttaage
gcctgTCCCTATCAGTGATAGAGACtttgaatctcacggagegtaaacggttggtgecgcageatct GTTTAAACge
agacgcaggagcagaacaaagagaatcagaatcccaattctgatgegecggtgatcagatcaaaaacttcageccaggtacatggagetgg
tcgggtegctegtggacaaggggattacctcggagaageagtggattcaggaggaccaggectcatacatctecttcaatgeggectccaa
ctcgeggteccaaatcaaggetgecttggacaatgegggaaagattatgageetgactaaaaccgeeccegactacctggtgggccagea

gccegtggaggacatttccageaatcggatttataaaattttggaactaaacgggtacgatccccaatatgeggcettecgtetttctgggatgg
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gccacgaaaaagttcggcaagaggaacaccatctggetgtttgggectgecaactaccgggaagaccaacatcgeggaggecatageeca
cactgtgececttetacgggtgcgtaaactggaccaatgagaactttcecttcaacgactgtgtcgacaagatggtgatetggteggaggagy
ggaagatgaccgccaaggtegtggagtcggcecaaagecattctcggaggaageaaggtgcgegtggaccagaaatgcaagtectecgge
ccagatagacccgactcecegtgatcgteacctccaacaccaacatgtgegecgtgattgacgggaactcaacgaccttcgaacaccagea

gcegttgcaagaccggatgttcaaatttgaactcacccgecgtetggatcatgactttgggaaggtcaccaagcaggaagtcaaagacttttt
ccggtgggcaaaggatcacgtggttgaggtggageatgaattctacgtcaaaaagggtggagecaagaaaagaccegeecccagtgac

gcagatataagtgageccaaacgggtecgegagteagttecgcagecatcgacgtcagacgeggaagettcgatcaactacgcagacag
gtaccaaaacaaatgttctcgtcacgtgggceatgaatctgatgctgtttccctgecagacaatgegagagaatgaatcagaattcaaatatetge
ttcactcacggacagaaagactgtttagagtgctttcccgtgtcagaatctcaaccegtttctgtcgtcaaaaaggegtatcagaaactgtacta
cattcatcatatcatgggaaaggtgccagacgcttgcactgectgegatetggteaatgtagatttggatgactgcatctttgaacaataaAC

TAGTTTGCTTGTTAATCAATAAACCGTTTAATTCGTTTCAGTTGAACTTTGGTCTCTG

CGTATTTCTTTCTTATCTAGTTTCCATGCTCTAGAGTATACgatatccatcacactggeggecgetega
ctagagcggcecgecaccgeggtggagetccagettttgticgegegcettggegtaatcatggtcatagetgtttcctgtgtgaaattccacag

cctggggtacctaattgegttgcgeteactgecegctttccagtegggaaacctgtegtgccagetgcattaatgaatcggecaacgegegg
ggagaggceggtttgegtattgggegctettecgettectegetecactgactegetgegeteggtegticggetgcggegageggtatcaget

cactcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggecagcaaaaggecagga
accgtaaaaaggecgegttgetggegtttttccataggetecgeececeectgacgageatcacaaaaatcgacgetcaagtcagaggtegcg
aaacccgacaggactataaagataccaggcegtttcccectggaagetccctegtgegetctectgttccgaccctgecgettaccggatace
tgtcecgecttteteccttcgggaagegtggegctttctcatagetcacgetgtaggtatcteagttcggtgtaggtegttcgetccaagetgggc
tgtgtgcacgaacccccegttcageecgaccgetgegecttatccggtaactategtettgagtccaacceggtaagacacgacttatcgec

actggcagcagecactggtaacaggattagcagagegaggtatgtaggeggtgctacagagttcttgaagtggtggcctaactacggetac
actagaagaacagtatttggtatctgegetetgetgaagecagttaccttcggaaaaagagttggtagetettgatccggeaaacaaaccace
gcetggtageggtggtttttttgtttgcaagcageagattacgecgcagaaaaaaaggatctcaagaagatcectttgatcttttctacggggtctga
cgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttt
taaatcaatctaaagtatatatgagtaaacttggtctgacagaaataataaaaaagccggattaataatctggctttttatattctctctctagtatat
aaacgcagaaaggcecacccgaaggtgagecagtgtgactctagtattattagaaaaactcatcgageatcaaatgaaactgeaatttattca
tatcaggattatcaataccatatttttgaaaaagccegtttctgtaatgaaggagaaaactcaccgaggeagttccaaagaatggeaaggtectg
gtaacggtctgcgattccgacccgtccaacatcaatacaacctattaatttccectcgtcaaaaataaggttatcaagtgagaaatcaccatga

gtgacgactgaatccggtgagaatggcaagagettgtgcatttetttccagacttgttcaacaggecagecattacgetegteatcaaaatcac
tcgcatcaaccaaaccgttattcatgegtgattgegectgagcaagacgaaatacacgategetgttaaaaggacaattacaaacaggaate

gaatgtaaccggcgcaggaacacggecagegeatcaacaatattttcacctgaatcaggatattcttctaatacctggaaggetgttttceca
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ggaatcgeggtggtgagtaaccacgcatcatcaggagtacggataaaatgettgatggtecgggagaggeataaactcegtcagecagttg
agacggaccatctcatctgtaacatcattggecaacgctacctttgccatgtttcagaaacaactctggegeatcgggctteccatacaagegat
agattgtcgcacctgattgcccgacattatcgegageccatttatacccatataaatcagegtecatgttggagtttaagegeggacgggage
aagacgtttcccgttgaatatggetcataacaccecttgtattactgtttatgtaagcagacagttttattgttcatgatgatatatttttatcttgteca
atgtaacatcagagattttgagacacaacgtggctttgttgaataaatcgaacttttgctgagttgaaggatcagetctagtaaaataataaaaa
agccggattaataatctggctttttatattctctetetagtatataaacgcagaaaggeccacccgaaggtgagecagtgtgacggeacatttee
ccgaaaagtgccacctaaattgtaagegttaatattttgttaaaattcgegttaaatttttgttaaatcagetcattttttaaccaataggecgaaate
ggcaaaatcccttataaatcaaaagaatagaccgagatagggttgagtgttgticcagtttggaacaagagtccactattaaagaacgtggac
tccaacgtcaaagggcgaaaaaccgtctatcagggegatggcceactacgtgaaccatcacectaatcaagttttttggootegaggtece
gtaaagcactaaatcggaaccctaaagggageecccgatttagagettgacggggaaagecggegaacgtggegagaaaggaaggea
agaaagcgaaaggagcgggcegctagggegcetggcaagtgtageggteacgetgegegtaaccaccacacccgecgegettaatgege
cgctacagggcgegteccattcgecattcaggetgegeaactgttgggaaggecgateggtgcgggcctettcgetattacgecagetggec
gaaagggggoatgtoctgcaaggcgattaagttgggtaacgccagggttttcccagtcacgacgttgtaaaacgacggecagtgagegcge
ggcgaattgggtaccgggeccee (SEQ ID NO: 19)

[00283] iRepCap6/ pKan-Anc80-RepCap-p5i3-p19i2 (10,491 bp)

[00284] cctcgaggeGCTAGCcattc TCCCTATCAGTGATAGAGAtcTATTTAAGCCCGAGTG
AGCACGCAGTCCCTATCAGTGATAGAGAGGTCTCCATTTTGAAGCGGGAGGTTTGAA
CGCGCAGCCGCCatgccggggttttacgagattgtgattaaggtccccagegaccttgacgageatetgeccggeatttetgaca
gctttgtgaactgggtggccgagaaggaatgggagttgccgecagattetgacatggatctgaatctgattgageaggcaccectgacegt
ggccgagaagcetgeagegegactttctgacggaatggegeegtgtgagtaaggecceggaggctcttttctttgtgcaatttgagaaggga
gagagctacttccacatgecacgtgctegtggaaaccaccggggtgaaatccatggttttgggacgtttcetgagtcagattcgcgaaaaact
gattcagagaatttaccgcgggatcgagecgactttgecaaactggticgeggtcacaaagaccagaaatggegecggaggcgggaaca
aggtggtogatgagtgctacatcceccaattacttgetccccaaaacccagectgagetccaAtgggc AtggacCaaCatggaacagta
CCtCagcgcctgtttgaatctcacggagegtaaacggttggtegcgcageatctgacgeacgtgtcgecagacgeaggageagaacaaa
gagaatcagaatcccaattctgatgcgecggtgatcagatcaaaaactticagecaggtacatggagetggtegggtegctcgtggacaagg
ggattacctcggagaageagtggatccaggaggaccaggectcatacatctecttcaatgeggectecaactcgeggtcccaaatcaagg
ctgecttggacaatgcgggaaagattatgagectgactaaaaccgeccecgactacetggteggecageageecgtggaggacattteca
gcaatcggatttataaaattttggaactaaacgggtacgatccccaatatgeggcettccgtetttctgggatgggccacgaaaaagttcggea
agaggaacaccatctggctgtttgggcctgcaactaccgggaagaccaacatcgeggaggecatageecacactgtgeecttctacgggt
gcgtaaactggaccaatgagaactttcccttcaacgactgtgtcgacaagatggtgatctggtgggaggaggogaagatgaccgecaagg
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tcgtggagtcggecaaagecattctcggaggaageaaggtgegegtggaccagaaatgeaagtectcggeccagatagacccgacteee
gtgatcgtcacctecaacaccaacatgtgegecgtgattgacgggaactcaacgaccttcgaacaccageagecgttgcaagaccggatgt
tcaaatttgaactcacccgecgtctggatcatgactitgggaaggtcaccaagcaggaagtcaaagactttitccggtgggcaaaggatcac
gtggttgaggtggagcatgaattctacgtcaaaaagggtegagecaagaaaagacccgeccccagtgacgeagatataagtgageccaa
acgggtgcgegagtcagttgcgeagecatcgacgtcagacgeggaagettcgatcaactacgcagacaggtaccaaaacaaatgttcteg
tcacgtgggcatgaatctgatgetgtttccctgeagacaatgegagagaatgaatcagaattcaaatatctgettcactcacggacagaaaga
ctgtttagagtgctttccegtgtcagaatctcaaccegttictgtcgtcaaaaaggegtatcagaaactgtgetacattcatcatatcatgggaaa
ggtgccagacgcttgecactgectgegatctggtcaatgtggatttggatgactgeatctttgaacaataaatgatttaaatcaggtatggetgece
gatggttatcttccagattggctcgaggacaacctetetgagggeattcgegagtggtgggacttgaaacctggagecccgaaacccaaag
ccaaccagcaaaagcaggacgacggecggggtetggtacttcetggetacaagtacctcggaccctticaacggactcgacaaggggga
gceegtecaacgeggeggacgeageggecctcgageacgacaaggectacgaccageagetcaaagegggtgacaatcegtacctgeg
gtataaccacgccgacgecgagtttcaggagegtetgcaagaagatacgtettttgggggeaacctcgggegageagtcttccaggecaa
gaagcgggttctcgaacctctcggtetggttgaggaaggcgctaagacggetcctggaaagaagagaccggtagageaatcaceccagg
aaccagactcctcttcgggeatcggecaagaaaggecageageccgegagaaagagactcaactttgggeagactggegactcagagtea
gtgcecgaccctcaaccactcggagaacceccegeagececcctetggtgtgggatctaatacaatggetgecaggeggtagegetecaatg
gcagacaataacgaaggcgecgacggagtgggtaacgectcaggaaattggeattgegattccacatggetgggcgacagagtcatcac
caccagcacccgaacctgggececteececcacctacaacaaccacctctacaageaaatctccagecaatcgggaggeageaccaacgaca
acacctacttcggctacagcaccccctgggggtattttgactttaacagattccactgecacttctcaccacgtgactggecagegactcatcaa
caacaactggggattccggeccaagaagetcaacttcaagetcttcaacatccaggtcaaggaggtcacgacgaatgatggeaccacgac
catcgccaataaccttaccagcacggttcaggtctttacggactcggaataccageteccgtacgtecteggetetgegeaccagggetgce
tgecteegtteccggeggacgtettcatgattectcagtacgggtacctgactetgaacaatggeagtcaggecgtgggecgttectectteta
ctgcctggaatactttectictcaaatgetgagaacgggcaacaactttcagttcagetacacgtttgaggacgtgecttttcacageagetacg
cgcacagccaaagectggaccggetgatgaaccceectcatcgaccagtacctgtactacctgtetcggactcagaccacgagtggtaceg
caggaaatcggacgttgcaattttctcaggecgggectagtageatggegaatcaggecaaaaactggetaccecgggecctgetacegge
agcaacgcgtctccaagacaaccaatcaaaataacaacagcaactttgectggaccggtgecaccaagtatcatctgaatggeagagacte
tctggtaaatcceggteccgetatggcaacccacaaggacgacgaagacaaattttttccgatgageggagtcttaatatttgggaaacagg
gagctggaaatagcaacgtggaccttgacaacgttatgataaccaacgaggaagaaattaaaaccaccaacccagtggecacagaagagt
acggcacggtggccactaacctgcaatcggcecaacaccgetectgetacagggaccgtcaacagtcaaggagcecttacctggeatggtct
ggeaggaccgggacgtgtacctgecagggtectatetgggecaagattcctcacacggacggacactttcatcectcgecgetgatgggag
gctttggactgaaacaccegcectectcagatectgattaagaatacacctgttccegegaatectccaactaccttcagtccagetaagtttge

gtegttcatcacgeagtacageaccggacaggtcagegtggaaattgaatgggagetgcagaaagaaaacageaaacgetggaacceag
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agattcaatacacttccaactacaacaaatctacaaatgtggactttgctgttgacacaaatggcegtttattctgagectcgecccatcggeace
cgttacctcacccgtaatctgtaaactagtttgcttgttaatcaataaaccgtttaattcgtttcagttgaactttggtetctgcgtatttetttettatet
agtttccatgctctagaggtcctgtattagaggtcacgtgagtgttttgcgacattttgecgacaccatgtggtcacgetgggtatttaageccga
gtgagcacgcagggtetecattttgaagegggaggtttgaacgegeagecgecaagecgaattetgecagatatcggggttgggsttacec
cttttccaaggcagecctgggtttecgcagggacgeggcetgetetgggegtggticcgggaaacgeageggegecgaccetgggteteg
cacattcttcacgtcegttcgcagegtcacceggatettcgecgetacecttgtgggecccceggegacgcettectgetecgeccctaagteg
ggaaggttecttgcggttcgeggegtgecggacgtgacaaacggaageecgeacgteteactagtacectcgecagacggacagegecag
ggagcaatggcagcgegecgaccgegatgggctgtggccaatageggetgetcagecagggegegecgagageageggecgggaag
gggcggtecgggagecggggtotggoocggtagtgtogaccetgttcctgececgegeggtattcegeattetgeaagectecggagege
acgtcggcagtcggctecctegttgaccgaatcaccgacctetctccccagAAGCTCCCGGGAGCTTGTATATCCA
TTTTCGGATCTGATCAGCACGTGTTGACAATTAATCATCGGCATAGTATATCGGCAT
AGTATAATACGACAAGGTGAGGAACgccaccATGGCCAAGCCTTTGTCTCAAGAAGAA
TCCACCCTCATTGAAAGAGCAACGGCTACAATCAACAGCATCCCCATCTCTGAAGAC
TACAGCGTCGCCAGCGCAGCTCTCTCTAGCGACGGCCGCATCTTCACTGGTGTCAAT
GTATATCATTTTACTGGGGGACCTTGTGCAGAACTCGTGGTGCTGGGCACTGCTGCT
GCTGCGGCAGCTGGCAACCTGACTTGTATCGTCGCGATCGGAAATGAGAACAGGGG
CATCTTGAGCCCCTGCGGACGGTGCCGACAGGTGCTTCTCGATCTGCATCCTGGGAT
CAAAGCCATAGTGAAGGACAGTGATGGACAGCCGACGGCAGTTGGGATTCGTGAAT
TGCTGCCCTCTGGTTATGTGTGGGAGGGCTAAGCACTTCGTGGCCGAGGAGCAGGAC
TGACACGTGCTACGAGATTTCGATTCCACCGCCGCCTTCTATGAAAGGTTGGGCTTC
GGAATCGTTTTCCGGGACGCCGGCTGGATGATCCTCCAGCGCGGGGATCTCATGCTG
GAGTTCTTCGCCCACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGC
AATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTT
TGTCCAAACTCATCAATGTATCTTAGCGCTCACTGCCCGCTTTCCAGTCGGGAAACC
TGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGT
ATTGGGCGCTCTCCTAGGccagaaatggcgecggaggcgggaacaaggtggtegatgagtgctacatceccaattactt
gctecccaaaacccagectgagTCCCTATCAGTGATAGAGActccagtgggegtggactaatatggaacagtatttaage
gcctgTCCCTATCAGTGATAGAGA(tttgaatctcacggagegtaaacggttggtggcgcageatct GTTTAAACge
agacgcaggagcagaacaaagagaatcagaatcccaattctgatgegecggtgatcagatcaaaaacttcagecaggtacatggageteg
tcgggtggctegtggacaaggggattacctcggagaageagtggattcaggaggaccaggectcatacatctecttcaatgeggectccaa
ctcgeggteccaaatcaaggetgecttggacaatgegggaaagattatgagectgactaaaaccgecccegactacctggtgggecagea
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gcecgtggaggacatttccageaatcggatttataaaattttggaactaaacgggtacgatccccaatatgeggctteegtetttctgggatgg
gccacgaaaaagttcggcaagaggaacaccatctggetgtttggecctgcaactaccgggaagaccaacatcgeggaggecatageeca
cactgtgcccttctacgggtgcgtaaactggaccaatgagaactttcecttcaacgactgtgtcgacaagatggtgatctggtgggaggage
ggaagatgaccgecaaggtegtggagtcggccaaagecattctcggaggaageaaggtecgcgtggaccagaaatgeaagtectcggc
ccagatagacccgactccegtgatcgtcacctccaacaccaacatgtgegecgtgattgacgggaactcaacgaccttcgaacaccagea

gcegttgcaagaccggatgttcaaatttgaactcaccegecgtetggatcatgactitgggaaggteaccaagecaggaagtcaaagacttttt
ccggtggecaaaggatcacgtggttgaggtegagcatgaattctacgtcaaaaagggtegagccaagaaaagaccegeecccagtgac

gcagatataagtgagcccaaacgggtgcgegagtcagttgegeagecatcgacgtcagacgeggaagettcgatcaactacgcagacag
gtaccaaaacaaatgttctcgtcacgtgggcatgaatctgatgetgtttccctgcagacaatgegagagaatgaatcagaattcaaatatcetge
ttcactcacggacagaaagactgtttagagtgctttccegtgtcagaatctcaaccegtttctgtcgtcaaaaaggegtatcagaaactgtgcta
cattcatcatatcatgggaaaggtgccagacgcettgcactgectgegatetggteaatgtggatttggatgactgceatctttgaacaataaAC

TAGTTTGCTTGTTAATCAATAAACCGTTTAATTCGTTTCAGTTGAACTTTGGTCTCTG

CGTATTTCTTTCTTATCTAGTTTCCATGCTCTAGAGTATACgatatccatcacactggeggecgetega
ctagagcggcecgecaccgeggtegagetecagettttgttcgegegettggcgtaatcatggteatagetgtttectgtgtgaaattccacag

cctggggtacctaattgegttgcgcteactgecegctttccagtcgggaaacctgtegtgecagetgeattaatgaatcggecaacgegegg
ggagaggcggtttgcgtattgggcgctcttecgettectegetecactgactegetgegeteggtegttcggctgcggcgageggtatcaget

cactcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggecagcaaaaggecagga
accgtaaaaaggccgcegttgetggegtttttccataggetccgeccecctgacgageatcacaaaaatcgacgcetcaagtcagaggtggcg
aaacccgacaggactataaagataccaggcegtttcceectggaagetecctegtgegetcetectgttccgacectgecgettaccggatace

tgtcegectttetcecttcgggaagegtggegctttctcatagetcacgetgtaggtatcteagttcggtgtaggtegttcgetccaagetggge
tgtgtgcacgaacceeccgttcagececgaccgetgegecttatcecggtaactategtettgagtccaacceggtaagacacgacttatcgec

actggcagcagccactggtaacaggattagcagagegaggtatgtaggcggtectacagagttcttgaagtegtggcctaactacggetac
actagaagaacagtatttggtatctgcgcetctgetgaagecagttaccticggaaaaagagttggtagetcttgatccggcaaacaaaccace
gctggtageggtggtttttttgtttgcaagcageagattacgcgcagaaaaaaaggatctcaagaagatcctttgatcttttctacggggtetga
cgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttt
taaatcaatctaaagtatatatgagtaaacttggtctgacagaaataataaaaaagccggattaataatctggctttttatattctetctctagtatat
aaacgcagaaaggcccacccgaaggtgagecagtgteactetagtattattagaaaaactcatcgageatcaaatgaaactgeaatttattca
tatcaggattatcaataccatatttttgaaaaagccgtttctgtaatgaaggagaaaactcaccgaggcagticcaaagaatggcaaggtcctg
gtaacggtctgecgattcegacccgtecaacatcaatacaacctattaatttcccctegtcaaaaataaggttatcaagtgagaaatcaccatga

gtgacgactgaatccggtgagaatggcaagagettgtgcatttetttccagacttgttcaacaggecagecattacgetegteatcaaaatcac

tcgcatcaaccaaaccgttattcatgegtgattgegectgagcaagacgaaatacacgatcgetgttaaaaggacaattacaaacaggaatc
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gaatgtaaccggcgeaggaacacggecagegeatcaacaatattttcacctgaatcaggatattettctaatacctggaaggctgttttceca

ggaatcgcggtggtgagtaaccacgeatcatcaggagtacggataaaatgcettgatggtcgggagaggceataaactcegtcagecagttg

agacggaccatctcatctgtaacatcattggcaacgctacctttgecatgtttcagaaacaactctggegeatcgggcettcccatacaagegat
agattgtcgcacctgattgccecgacattatcgecgageccatttatacccatataaatcagegtecatgttggagtttaagegeggacgggage
aagacgtttcccgttgaatatggctcataacaccecttgtattactgtttatgtaagcagacagttttattgttcatgatgatatatttttatcttgtgca
atgtaacatcagagattttgagacacaacgtggctttgttgaataaatcgaacttttgctgagttgaaggatcagetctagtaaaataataaaaa

agccggattaataatctggctttttatattctetctetagtatataaacgcagaaaggeccacccgaaggtgagecagtgtgacggeacatttee
ccgaaaagtgccacctaaattgtaagegttaatattttgttaaaattcgegttaaatttttgttaaatcagctcattttttaaccaataggecgaaate
ggcaaaatcccttataaatcaaaagaatagaccgagatagggttgagtgttgttccagtitggaacaagagtccactattaaagaacgtggac
tccaacgtcaaagggcgaaaaaccgtctatcagggegatggeccactacgtgaaccatcaccctaatcaagttttttggggtegaggtace

gtaaagcactaaatcggaaccctaaagggageccccgatttagagettgacggggaaagecggegaacgtggcgagaaaggaaggga

agaaagcgaaaggagcgggegctagggegetggeaagtgtageggteacgetgegegtaaccaccacaccecgecgegettaatgege

cgctacagggcegegteccattcgecatticaggetgegeaactgtigggaagggcgateggtgcgggectettcgetattacgecagetgge
gaaagggggatgtgctgcaaggcgattaagttgggtaacgecagggttttcccagtcacgacgttgtaaaacgacggccagtgagegege
ggcgaattgggtaccgggeccee (SEQ ID NO:20)

[00285] iRepCap7/ pKan-Anc80-RepCap-p5il-p19i3 (10,495 bp)

[00286] cctcgageGCTAGCcattcTATTTAAtcTCCCTATCAGTGATAGAGATCTCCCTATC
AGTGATAGAGAtcGCCCGAGTGAGCACGCAGGGTCTCCATTTTGAAGCGGGAGGTTT
GAACGCGCAGCCGCCatgccggggttttacgagattgtgattaaggtccccagegaccttgacgageatctgeccggeatttct
gacagctttgtgaactgggtagccgagaaggaatgggagttgccgecagattctgacatggatctgaatctgattgageaggeacceetga
ccgtggeccgagaagetgcagegegactttectgacggaatggegecgtgtgagtaaggecccggaggctcttttetttgtgcaatttgagaag
ggagagagctacttccacatgeacgtgetcgtggaaaccaccggggtgaaatecatggttttgggacgtttcctgagtcagattcgegaaaa
actgattcagagaatttaccgcgggatcgagecgactttgecaaactggttcgeggtcacaaagaccagaaatggegecggaggeggga
acaaggtggtggatgagtgctacatccccaattacttgetceccaaaacccagectgagetccaAtgggcAtggacCaaCatggaaca
gtaCCtCagcgcctgtttgaatctcacggagegtaaacggttggtggecgeageatctgacgecacgtgtecgecagacgecaggageagaac
aaagagaatcagaatcccaattctgatgecgecggtgatcagatcaaaaacttcagecaggtacatggagetggtcgggtggctegtggaca
aggggattacctcggagaageagtggatccaggaggaccaggectcatacatetecttcaatgeggectecaactcgeggteccaaatca
aggctgccttggacaatgcgggaaagattatgagectgactaaaaccgeccccgactacctggtgggccageageccgtggaggacattt
ccagcaatcggatttataaaattttggaactaaacgggtacgatccccaatatgeggcttecgtetttctgggatggeccacgaaaaagttcg
gcaagaggaacaccatctggcetgtttggocctgcaactaccgggaagaccaacatcgeggaggecatageccacactgtgeccttctacg
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ggtecgtaaactggaccaatgagaactttcccticaacgactgtgtcgacaagatggtgatctggtgggaggaggggaagatgaccgeca
aggtcgtggagtcggccaaagcecattctcggaggaageaaggtgcgegtggaccagaaatgeaagtecteggeccagatagacecgact
cccgtgatcgtcacctccaacaccaacatgtgecgecgtgattgacgggaactcaacgaccticgaacaccageagecgttgcaagaccgg
atgttcaaatttgaactcacccgecgtctggatcatgactttgggaaggtcaccaagcaggaagtcaaagactttttccggtgggcaaaggat
cacgtggttgaggtggagcatgaattctacgtcaaaaagggtggagecaagaaaagaccegeccccagtgacgeagatataagtgagec
caaacgggtgcgcgagtcagttgcgcagecatcgacgtcagacgeggaagcettcgatcaactacgcagacaggtaccaaaacaaatgtte
tcgtcacgtgggceatgaatctgatgctgtttcecctgecagacaatgegagagaatgaatcagaattcaaatatetgettcactcacggacagaa
agactgtttagagtgctttcccgtgtcagaatctcaacccgtttctgtcgtcaaaaaggegtatcagaaactgtgctacattcatcatatcatggg
aaaggtgccagacgcttgeactgectgegatetggtcaatgtggatttggatgactgeatctttgaacaataaatgatttaaatcaggtatggcet
geegatggttatcttccagattggetcgaggacaacctctetgagggeattcgegagtggtgggacttgaaacctggageecegaaaccea
aagccaaccagcaaaagcaggacgacggccggggtetggtecticetggetacaagtaccteggacccettcaacggactcgacaaggg
ggagcccgtcaacgeggeggacgeageggecctcgageacgacaaggectacgaccageagetcaaagegggtgacaatecgtacct
gcggtataaccacgecgacgecgagtttcaggagegtctgcaagaagatacgtettttgggggcaacctcgggegageagtcttccagge
caagaagcgggttctcgaacctctcggtetggttgaggaaggegetaagacggetectggaaagaagagaccggtagageaatcaceec
aggaaccagactcctcttcgggeatcggeaagaaaggecageageccgegagaaagagactcaactttgggeagactggegactcaga
gtcagtgcccgaccctcaaccactcggagaaccecccgeageccectetggtatgggatctaatacaatggetgcaggeggtggcgcetee
aatggcagacaataacgaaggcgecgacggagtgggtaacgectcaggaaattggeattgegattccacatggetgggegacagagtca
tcaccaccagcacccgaacctgggecctecccacctacaacaaccacctctacaagceaaatctccagecaatcgggaggcageaccaac
gacaacacctacttcggctacagecaccccctgggggtattttgactttaacagattccactgecacttctcaccacgtgactggeagegacte
atcaacaacaactggggattccggcccaagaagcetcaacttcaagetettcaacatccaggtcaaggaggtcacgacgaatgatggeace
acgaccatcgccaataaccttaccagcacggttcaggtctttacggactcggaataccageteccgtacgtecteggetetgegeaccagg
gctgectgecteegttceceggeggacgtcttcatgattcctcagtacgggtacctgactctgaacaatggeagtcaggecgtgggecgttect
ccttctactgectggaatactttcctictcaaatgetgagaacgggcaacaactttcagttcagetacacgtttgaggacgtgecttttcacagea
gctacgegeacagecaaagectggaccggcetgatgaacceectcatcgaccagtacetgtactacctgtetcggactcagaccacgagtg
gtaccgcaggaaatcggacgttgceaattitctcaggecgggcectagtagecatggegaatcaggecaaaaactggetacccgggecctget
accggcagcaacgcegtctccaagacaaccaatcaaaataacaacagcaactttgectggaccggtgccaccaagtatcatctgaatggca
gagactctctggtaaatcccggteccgetatggeaacccacaaggacgacgaagacaaattttttccgatgageggagtcttaatatttggga
aacagggagctggaaatagcaacgtggaccttgacaacgttatgataaccaacgaggaagaaattaaaaccaccaacccagtggecaca
gaagagtacggcacggtggecactaacctgecaatcggecaacaccgcetectgetacagggaccgtcaacagtcaaggagecttacetgg
catggtctggcaggaccgggacgtgtacctgecagggtectatctgggecaagattectcacacggacggacactttcatcectegeegcetg

atgggaggctttggactgaaacacccgectectcagatectgattaagaatacacctgttccegegaatcectccaactaccttcagtccaget
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aagtttgcgtegttcatcacgcagtacagecaccggacaggtcagegtggaaattgaatgggagetgcagaaagaaaacagcaaacgetgg
aacccagagattcaatacacttccaactacaacaaatctacaaatgtggactttoctgttgacacaaatggegtttattctgagectcgeeccat
cggcacccgttacctcacccgtaatctgtaaactagtttgettgttaatcaataaaccgtttaattcgtttcagttgaactttggtctctgegtatttct
ttcttatctagtttccatgetctagaggteetgtattagaggteacgtgagtgttttocgacattttgecgacaccatgtggtcacgetgggtatttaa
gcecgagtgageacgceagggtetecattttgaagegggaggtttgaacgegecagecgecaagecgaattctgecagatatcggggtigggg
ttgegecttttccaaggcageectgggtttacgeagggacgeggcetgetetgggegtggticcgggaaacgeageggegecgaceeteg
gtctegeacattettcacgtecgttcgeagegteacceggatettegecgetaceettgtgggeeceeccggegacgettectgetecegeeect
aagtcgggaaggttccttgeggticgeggegtgccggacgtgacaaacggaagecgeacgtctcactagtaccctcgecagacggacage
gccagggageaatggeagegegecgaccgegatgggctgtggccaatageggetgctcageagggegegecgagagcageggccs
ggaaggggcggtgcgggagecegegtatagascgatagtgtgggccctgticctgeccgegeggtattecgeattctgecaagectecg
gagcgcacgtcggcagtcggctecctegttgaccgaatcaccgacctctctccccagAAGCTCCCGGGAGCTTGTATA
TCCATTTTCGGATCTGATCAGCACGTGTTGACAATTAATCATCGGCATAGTATATCG
GCATAGTATAATACGACAAGGTGAGGAACgccaccATGGCCAAGCCTTTGTCTCAAGA
AGAATCCACCCTCATTGAAAGAGCAACGGCTACAATCAACAGCATCCCCATCTCTG
AAGACTACAGCGTCGCCAGCGCAGCTCTCTCTAGCGACGGCCGCATCTTCACTGGTG
TCAATGTATATCATTTTACTGGGGGACCTTGTGCAGAACTCGTGGTGCTGGGCACTG
CTGCTGCTGCGGCAGCTGGCAACCTGACTTGTATCGTCGCGATCGGAAATGAGAACA
GGGGCATCTTGAGCCCCTGCGGACGGTGCCGACAGGTGCTTCTCGATCTGCATCCTG
GGATCAAAGCCATAGTGAAGGACAGTGATGGACAGCCGACGGCAGTTGGGATTCGT
GAATTGCTGCCCTCTGGTTATGTGTGGGAGGGCTAAGCACTTCGTGGCCGAGGAGCA
GGACTGACACGTGCTACGAGATTTCGATTCCACCGCCGCCTTCTATGAAAGGTTGGG
CTTCGGAATCGTTTTCCGGGACGCCGGCTGGATGATCCTCCAGCGCGGGGATCTCAT
GCTGGAGTTCTTCGCCCACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAAATAA
AGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGT
GGTTTGTCCAAACTCATCAATGTATCTTAGCGCTCACTGCCCGCTTTCCAGTCGGGA
AACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTT
GCGTATTGGGCGCTCTCCTAGGccagaaatggegecggaggeggeaacaaggtegtegatgagtgctacateccca
attacttgctccccaaaacccagectgagcetccagtgggcgtggactaatatggaaTCCCTATCAGTGATAGAGAccagtat
ttaagcgectgTCCCTATCAGTGATAGAGAtttgaatctcacggagegtaaacggttggtegcgcageatctGTTTA
AACgcagacgcaggagcagaacaaagagaatcagaatcccaattctgatgegecggtgatcagatcaaaaacttcagecaggtacatg
gagctggtegggtagctegtggacaaggggattacctcggagaageagtggattcaggaggaccaggectcatacatctecttcaatgeg
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gcctecaactcgeggteecaaatcaaggetgecttggacaatgegggaaagattatgagectgactaaaaccgeececcgactacctggtg

ggccageageccgtggaggacatttccageaatcggatttataaaattttggaactaaacgggtacgatececaatatgeggcttecgtettte
tgggatgggccacgaaaaagttcggcaagaggaacaccatctggetgtttgggcctgcaactaccgggaagaccaacatcgeggaggcee
atagcccacactgtgeccttetacgggtgcgtaaactggaccaatgagaactttcecttcaacgactgtgtcgacaagatggtgatctggteg
gaggaggggaagatgaccgecaaggtegtggagtcggecaaageceattctcggaggaageaaggtgcgegtggaccagaaatgeaag
tecteggeccagatagaccegactecegtgategtcacctecaacaccaacatgtgegecgtgattgacgggaactcaacgaccttcgaac
accagcagecgttgcaagaccggatgttcaaatttgaactcacccgeegtetggatcatgactttgggaaggtcaccaagecaggaagtcaa

agactttttccggtgggcaaaggatcacgtggtigaggteggagcatgaattctacgtcaaaaagggtggagecaagaaaagacccgecce

cagtgacgcagatataagtgagcccaaacgggtgcgegagteagttgecgeagecatcgacgtecagacgeggaagettegatcaactacg

cagacaggtaccaaaacaaatgttctcgtcacgtgggcatgaatctgatgctgtttcectgecagacaatgegagagaatgaatcagaattcaa
atatctgcttcactcacggacagaaagactgtttagagtgctttcecgtgtcagaatctcaacceegtttctgtcgtcaaaaaggegtatcagaaa
ctgtgctacattcatcatatcatgggaaaggteccagacgettgcactgectgegatctggtcaatgtggatttggatgactgeatctttgaaca
ataaACTAGTTTGCTTGTTAATCAATAAACCGTTTAATTCGTTTCAGTTGAACTTTGGTC
TCTGCGTATTTCTTTCTTATCTAGTTTCCATGCTCTAGAGTATACgatatccatcacactggeggcec
gctegactagageggecgecaccgeggtggagetecagettttgttcgegegettggegtaatcatggteatagetgtttectgtgtgaaatte
cacagcctggggtgcctaattgegttgegetcactgeccgetttccagtcgggaaacctgtegtgecagetgcattaatgaatcggecaacg
cgeggggagaggcggtttgegtattgggcgetcttcegettectegetcactgactegetgegeteggtegttcggetgeggegageggtat
cagctcactcaaaggceggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggecagcaaaaggce

caggaaccgtaaaaaggecgegttgctggegtttttccataggetecgeccecctgacgageatcacaaaaatcgacgetcaagtcagag

gtggcgaaacccgacaggactataaagataccaggegtttceceetggaagceteectegtgegcetetectgtteccgaccetgeegcttaceg
gatacctgtccgcectttcteccttcgggaagegtggegctttetcatagetcacgetgtaggtatcteagttcggtataggtegttegetccaag
ctgggctgtgtgcacgaacceeccgttcageccgaccgetgegecttatccggtaactategtettgagtccaacceggtaagacacgactt
atcgccactggcagcagecactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagticttgaagtggtggectaactac
ggctacactagaagaacagtatttggtatctgcgetctgctgaagecagttaccttcggaaaaagagttggtagetettgatccggeaaacaa
accaccgcetggtagcggtggtttttitgtitgcaagcagcagattacgecgcagaaaaaaaggatctcaagaagatcctttgatcttttctacgg

ggtctgacgetcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatecttttaaattaaaaa
tgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagaaataataaaaaagecggattaataatctggctttttatattctetcte
tagtatataaacgcagaaaggcccacccgaaggtgagecagtgtgactctagtattattagaaaaactcatcgagcatcaaatgaaactgea
atttattcatatcaggattatcaataccatatttttgaaaaagccgtttctgtaatgaaggagaaaactcaccgaggeagttccaaagaatggca

aggtcctggtaacggtctgegattccgaccegtccaacatcaatacaacctattaatttcccctcgtcaaaaataaggttatcaagtgagaaat

caccatgagtgacgactgaatccggtgagaatggcaagagettgtgcatttctttccagacttgttcaacaggecagecattacgetegteate
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aaaatcactcgcatcaaccaaaccgttattcatgegtgattgcgectgagcaagacgaaatacacgatcgetgttaaaaggacaattacaaa

caggaatcgaatgtaaccggcgeaggaacacggecagegeatcaacaatattttcacctgaatcaggatattcttctaatacctggaagget

gttttcccaggaatcgeggtggtgagtaaccacgcatcatcaggagtacggataaaatgcttgatggtcgggagaggcataaactccgteca

gccagttgagacggaccatctcatctgtaacatcattggcaacgcetacctttgecatgtttcagaaacaactctggegeatcgggetteccata
caagcgatagattgtcgcacctgattgcccgacattatcgegageccatttatacccatataaatcagegtecatgttggagtttaagegegga
cgggagcaagacgtttcecgttgaatatggctcataacaccecttgtattactgtttatgtaagcagacagttttattgttcatgatgatatattttta
tcttgtgcaatgtaacatcagagattttgagacacaacgtggctttgttgaataaatcgaacttttgetgagttgaaggatcagetctagtaaaat

aataaaaaagccggattaataatctggctttttatattctctctctagtatataaacgcagaaaggeccacccgaaggtgagecagtgtgacgg
cacatttccccgaaaagtgcecacctaaattgtaagegttaatattttgttaaaattcgegttaaatttttgttaaatcagetcattttttaaccaatagg
ccgaaatcggcaaaatcccttataaatcaaaagaatagaccgagatagggttgagtgttgttccagtttggaacaagagtccactattaaaga
acgtggactccaacgtcaaagggcgaaaaaccgtctatcagggegatggeccactacgtgaaccatcaccctaatcaagttttttggggteg
aggtgccgtaaagcactaaatcggaaccctaaagggageccccgatttagagettgacggggaaagecggegaacgtggegagaaagg
aagggaagaaagcgaaaggagegggcgctagggcgctggcaagtgtageggtcacgetgegegtaaccaccacacccgecgegcetta
atgcgccgcetacagggegegteccattcgecattcaggetgegeaactgttgggaagggegateggtgegggectcttcgetattacgeca
gctggegaaagggggatgtgctgcaaggegattaagttgggataacgecagggttttcccagtcacgacgttgtaaaacgacggecagtga
gegegeggegaattgggtaccggeccece (SEQ ID NO:21)

[00287] iRepCap8/ pKan-Anc80-RepCap-p5i2-p19i3 (10,493 bp)

[00288] cctcgaggGCTAGCcattcTATTTAAtcTCCCTATCAGTGATAGAGAtcGCCCGAGT
GAGCACGCAGGGTCTCCATTTTGATCCCTATCAGTGATAGAGAAGCGGGAGGTTTGA
ACGCGCAGCCGCCatgccggggttttacgagattgtgattaaggtccccagegaccttgacgageatctgeecggceatttctgac
agctttgtgaactgggtgoccgagaaggaatgggagtteccgccagattctgacatggatctgaatetgattgagecaggeaceectgaccg
tggccgagaagetgcagegegactttctgacggaatggegecgtetgagtaaggecceggaggctettttetttotgcaatttgagaaggoa
gagagctacttccacatgeacgtgetcgtggaaaccaccggggtgaaatccatggttttgggacgtttcctgagtcagattcgegaaaaact
gattcagagaatttaccgegggatcgageegactttgecaaactggttcgeggtcacaaagaccagaaatggegecggaggcgggaaca
aggtggtogatgagtgctacatccccaattacttgetcecccaaaacccagectgagetccaAtgggc AtggacCaaCatggaacagta
CCtCagcgcctgtttgaatctcacggagegtaaacggttggtegcgcageatctgacgeacgtgtcgeagacgeaggageagaacaaa
gagaatcagaatcccaattctgatgegecggtgatcagatcaaaaacttcagecaggtacatggagetggtegggtgectegtggacaagg
ggattacctcggagaagcagtggatccaggaggaccaggcectcatacatctecttcaatgeggectccaactcgeggteccaaatcaagg
ctgecttggacaatgcgggaaagattatgagectgactaaaaccgeccecgactacetggtgggccageageecgtggaggacattteca
gcaatcggatttataaaattttggaactaaacgggtacgatccccaatatgeggcettccgtetttctgggatgggccacgaaaaagttcggea
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agaggaacaccatctggetgtttggocctgcaactaccgggaagaccaacatcgeggaggecatageccacactgtgeccttctacgggt
gcgtaaactggaccaatgagaactttcccttcaacgactgtgtcgacaagatggtgatetggtgggaggaggggaagatgaccgecaagg
tcgtggagtcggccaaagecatictcggaggaageaaggtgcgegtggaccagaaatgecaagtectcggeccagatagacccgactece
gtgatcgtcacctecaacaccaacatgtgegecgtgattgacgggaactcaacgaccttcgaacaccageagecgttgcaagaccggatgt
tcaaatttgaactcacccgecgtctggatcatgactttgggaaggtcaccaagcaggaagtcaaagactttttccggtgggcaaaggatcac
gtggttgaggtogagcatgaattctacgtcaaaaagggtggagecaagaaaagacccgeccccagtgacgeagatataagtgageccaa
acgggtgcgegagtcagttgcgeagecatcgacgtcagacgeggaagettcgatcaactacgcagacaggtaccaaaacaaatgtteteg
tcacgtgggcatgaatctgatgetgtitccctgcagacaatgecgagagaatgaatcagaattcaaatatctgettcactcacggacagaaaga
ctgtttagagtgctttccegtgtcagaatctcaaccegttictgtcgtcaaaaaggegtatcagaaactgtgetacattcatcatatcatgggaaa
ggtgccagacgcettgecactgectgegatetggteaatgtggatttggatgactgcatetttgaacaataaatgatttaaatcaggtatggetgce
gatggttatcttccagattggctcgaggacaacctetctgagggeattcgegagtggtegeacttgaaacctggageccegaaacccaaag
ccaaccagcaaaagcaggacgacggecggggtetggtacttcetggetacaagtacctcggacccetticaacggactcgacaaggggga
gcecgtcaacgeggeggacgeageggecctcgageacgacaaggectacgaccageagetcaaagegggtgacaatecgtacetgeg
gtataaccacgccgacgecgagtttcaggagegtetgcaagaagatacgtcttttgggggcaacctcgggegageagtcttccaggecaa
gaagcgggttctcgaaccteteggtetggttgaggaaggegetaagacggetectggaaagaagagaccggtagageaatcaccccagg
aaccagactcctcttcgggeatcggcaagaaaggecageageccgegagaaagagactcaactttgggeagactggegactcagagtea
gtgcecgaccctcaaccactcggagaacceceegeageccectetggtgtgggatctaatacaatggetgcaggeggtggegetecaatg
gcagacaataacgaaggcegecgacggagtgggtaacgectcaggaaattggeattgegattccacatggetgggegacagagtcatcac
caccagcacccgaacctgggececteececcacctacaacaaccacctctacaageaaatctccagecaatcgggaggeageaccaacgaca
acacctacttcggctacagcaccccctgggggtattttgactttaacagattccactgecacttctcaccacgtgactggeagegactcatcaa
caacaactggggattccggeccaagaagcetcaacttcaagetcttcaacatccaggtcaaggaggtcacgacgaatgatggeaccacgac
catcgccaataaccttaccagcacggttcaggtctttacggactcggaataccageteccgtacgtectcggetetgegeaccagggetgce
tgectecgttcccggeggacgtcttcatgattcctcagtacgggtacctgactctgaacaatggeagtcaggecgtgggcecgttectecttcta
ctgcctggaatactttcctictcaaatgetgagaacgggcaacaactttcagttcagetacacgtttgaggacgtgecttttcacageagetacg
cgcacagccaaagectggaccggcetgatgaaccecctcatcgaccagtacctgtactacctgtetcggactcagaccacgagtggtaceg
caggaaatcggacgttgcaattttctcaggecgggectagtagecatggegaatcaggecaaaaactggetaccegggecctgctacegge
agcaacgcgtctccaagacaaccaatcaaaataacaacagcaactttgectggaccggtgecaccaagtatcatctgaatggeagagacte
tctggtaaatcccggteccgetatggcaacccacaaggacgacgaagacaaattttttccgatgageggagtcttaatatttgggaaacagg
gagctggaaatagcaacgtggaccttgacaacgttatgataaccaacgaggaagaaattaaaaccaccaacccagtggecacagaagagt
acggcacggtggccactaacctgcaatcggecaacaccgetectgetacagggaccgtcaacagtcaaggagecttacctggeatggtet

ggcaggaccgggacgtgtacctgeagggtectatctgggecaagattcctcacacggacggacactttcatcectcgecgetgatgggag
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gctttggactgaaacaccegectectcagatectgattaagaatacacctgttccegegaatectccaactaccttcagtecagetaagtttge
gtcgttcatcacgcagtacageaccggacaggtcagegtggaaattgaatgggagetgcagaaagaaaacagcaaacgetggaacccag
agattcaatacacttccaactacaacaaatctacaaatgtggactttgctgttgacacaaatggegtttattctgagectcgecccatecggeacce
cgttacctcacccgtaatctgtaaactagtttgcttgttaatcaataaaccgtttaattcgtttcagttgaactttggtetctgegtatttetttettatet
agtttccatgctctagaggtcctgtattagaggtcacgtgagtgttitgcgacattttgecgacaccatgtggtcacgetgggtatttaageccga
gtgagcacgcagggtctecattttgaagegggaggtttgaacgegeageecgecaagecgaattctgeagatatcggggttggggttacgc
cttttccaaggcagecctgggtttocgcagggacgeggctgctetgggegtggticcgggaaacgeageggegecgaccetgggteteg
cacattcttcacgtccgttcgcagegtcacccggatcttcgecgcetacccttgtgggeccccecggegacgcettectgetccgeccctaagteg
ggaaggttecttgcggttcgeggegtgccggacgtgacaaacggaagecgeacgteteactagtacectcgecagacggacagegecag
ggagcaatggeagegegecgaccgegatgggetgtggccaatageggetgetcageagggegegeegagageageggecgggaag
gggcggtgcgggaggcggggtatgggacggtagtgtaggecctgttcctgececegegeggtgttcegeattetgeaagectceggagege
acgtcggcagtcggctecctegttgaccgaatcaccgacctetctccccagAAGCTCCCGGGAGCTTGTATATCCA
TTTTCGGATCTGATCAGCACGTGTTGACAATTAATCATCGGCATAGTATATCGGCAT
AGTATAATACGACAAGGTGAGGAACgccaccATGGCCAAGCCTTTGTCTCAAGAAGAA
TCCACCCTCATTGAAAGAGCAACGGCTACAATCAACAGCATCCCCATCTCTGAAGAC
TACAGCGTCGCCAGCGCAGCTCTCTCTAGCGACGGCCGCATCTTCACTGGTGTCAAT
GTATATCATTTTACTGGGGGACCTTGTGCAGAACTCGTGGTGCTGGGCACTGCTGCT
GCTGCGGCAGCTGGCAACCTGACTTGTATCGTCGCGATCGGAAATGAGAACAGGGG
CATCTTGAGCCCCTGCGGACGGTGCCGACAGGTGCTTCTCGATCTGCATCCTGGGAT
CAAAGCCATAGTGAAGGACAGTGATGGACAGCCGACGGCAGTTGGGATTCGTGAAT
TGCTGCCCTCTGGTTATGTGTGGGAGGGCTAAGCACTTCGTGGCCGAGGAGCAGGAC
TGACACGTGCTACGAGATTTCGATTCCACCGCCGCCTTCTATGAAAGGTTGGGCTTC
GGAATCGTTTTCCGGGACGCCGGCTGGATGATCCTCCAGCGCGGGGATCTCATGCTG
GAGTTCTTCGCCCACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGC
AATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTT
TGTCCAAACTCATCAATGTATCTTAGCGCTCACTGCCCGCTTTCCAGTCGGGAAACC
TGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGT
ATTGGGCGCTCTCCTAGGcecagaaatggcgecggaggcgggaacaaggtggtggatgagtgctacatceecaattactt
gcteeccaaaacccagectgagetecagtggecgtegactaatatggaaTCCCTATCAGTGATAGAGAcagtatttaage
gcctgTCCCTATCAGTGATAGAGACtttgaatctcacggagegtaaacggttggtggcgcageatct GTTTAAACge

agacgcaggagcagaacaaagagaatcagaatcccaattctgatgegecggteatcagatcaaaaacttcagccaggtacatggagetgg
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tcgggtggetcgtggacaaggggattacctcggagaageagtggattcaggaggaccaggectcatacatctecttcaatgeggectecaa
ctcgeggteccaaatcaaggetgccttggacaatgegggaaagattatgagectgactaaaaccgecceecgactacctggtgggccagea
gcecgtggaggacatttccagceaatcggatttataaaattttggaactaaacgggtacgatccccaatatgeggcttecgtcttictgggatgg
gccacgaaaaagttcggcaagaggaacaccatctggetgtttgggcctgcaactaccgggaagaccaacatcgeggaggecatageeca
cactgtgececttetacgggtgegtaaactggaccaatgagaactttcecttcaacgactgtgtcgacaagatggtgatetggteggaggagg
ggaagatgaccgccaaggtegtggagtcggecaaagecattctcggaggaageaaggtgcgegtggaccagaaatgeaagtectcggc
ccagatagacccgactcecegtgategtcacctccaacaccaacatgtgegecgtgattgacgggaactcaacgaccttcgaacaccagea

gcegttgcaagaccggatgttcaaatttgaactcacccgecgtctggatcatgactttgggaaggtcaccaagcaggaagtcaaagacttttt
ccggtggocaaaggatcacgtggttgaggtegageatgaattctacgtcaaaaagggtegagecaagaaaagaccegeecccagtgac

gcagatataagtgagcccaaacgggtgcgegagteagttgcgeagecatcgacgtcagacgeggaagettcgatcaactacgcagacag
gtaccaaaacaaatgttctegtcacgtgggeatgaatctgatgetgtttccctgcagacaatgegagagaatgaatcagaattcaaatatcetge
ttcactcacggacagaaagactgtttagagtgctttccecgtgtcagaatctcaaccegtttctgtcgtcaaaaaggegtatcagaaactgtecta
cattcatcatatcatgggaaaggtgccagacgettgcactgectgegatctggtcaatgtggatttggatgactgcatctttgaacaataaAC

TAGTTTGCTTGTTAATCAATAAACCGTTTAATTCGTTTCAGTTGAACTTTGGTCTCTG

CGTATTTCTTTCTTATCTAGTTTCCATGCTCTAGAGTATACgatatccatcacactggecggecgetega
ctagagcggecgecaccgeggtegagetecagettttgttcgegegettggcgtaatcatggteatagetgtttectgtgtgaaattccacag

cctggggtacctaattgegttgcgeteactgecegctttccagtegggaaacctgtegtgecagetgeattaatgaatcggecaacgegegg
ggagaggcggtttgcgtattggecgctcttccgettectecgetcactgactecgetgegeteggtegttcggetgeggcgageggtatcaget

cactcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggecagcaaaaggecagga
accgtaaaaaggecgegttgetggegtttttccataggetecgeececcectgacgageatcacaaaaatcgacgetcaagtcagaggtegeg
aaacccgacaggactataaagataccaggcegtttcccectggaagetecctegtgegetetectgttecgacectgecgettaccggatace
tgtcecgectttetcecttcgggaagegtggcgctttctcatagetcacgetgtaggtatcteagttcggtgtaggtegttcgetccaagetggge
tgtgtgcacgaaccccccgticageccgaccgetgegecttatccggtaactategtettgagtccaacccggtaagacacgacttatcgec

actggcagcagccactggtaacaggattagcagagegaggtatgtaggcggtactacagagttcttgaagtggtggcctaactacggcetac
actagaagaacagtatttggtatctgcgetctgetgaagecagttaccticggaaaaagagttggtagetcttgatccggecaaacaaaccace
gctggtageggtggtttttttgtttgcaagcageagattacgcgcagaaaaaaaggatctcaagaagatectttgatcttttctacggggtetga
cgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatecttttaaattaaaaatgaagttt
taaatcaatctaaagtatatatgagtaaacttggtctgacagaaataataaaaaagccggattaataatctggctttttatattctctctctagtatat
aaacgcagaaaggcccacccgaaggtgagecagtgteactctagtattattagaaaaactcatcgageatcaaatgaaactgeaatttattca
tatcaggattatcaataccatatttttgaaaaagccgtttctgtaatgaaggagaaaactcaccgaggcagticcaaagaatggcaaggtcctg

gtaacggtctgcgattecgacccgtccaacatcaatacaacctattaatttcecctegtcaaaaataaggttatcaagtgagaaatcaccatga
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gtgacgactgaatccggtgagaatggcaagagettgtgcatttctttccagacttgttcaacaggecagecattacgetegtcatcaaaatcac
tcgcatcaaccaaaccgttattcatgegtgattgegectgagcaagacgaaatacacgatcgetgttaaaaggacaattacaaacaggaatc

gaatgtaaccggcegceaggaacacggccagegcatcaacaatattttcacctgaatcaggatattcttctaatacctggaaggcetgttttccca

ggaatcgcggtggteagtaaccacgeatcatcaggagtacggataaaatgcettgatggtcgggagaggcataaactecgtecagecagttg

agacggaccatctcatctgtaacatcattggcaacgctacctttgecatgtitcagaaacaactctggegeatcgggcettcccatacaagegat
agattgtcgceacctgattgcccgacattatcgegagceccatttatacccatataaatcagegtecatgttggagtttaagegeggacgggage
aagacgtttcccgttgaatatggctcataacaccecttgtattactgtttatgtaagcagacagttttattgttcatgatgatatatttttatcttgtgea
atgtaacatcagagattttgagacacaacgtggctttgttgaataaatcgaacttttgctgagttgaaggatcagctctagtaaaataataaaaa

agccggattaataatctggctttttatattctetctetagtatataaacgcagaaaggeccacccgaaggtgagecagtgtgacggeacatttee
ccgaaaagtgccacctaaattgtaagegttaatattttgttaaaattcgegttaaatttttgttaaatcagcetcattttttaaccaataggecgaaate
ggcaaaatcccttataaatcaaaagaatagaccgagatagggttgagtgttgttccagtitggaacaagagtecactattaaagaacgtggac
tccaacgtcaaagggcgaaaaaccgtctatcagggegatggeccactacgtgaaccatcaccctaatcaagttttttggggtegaggtace

gtaaagcactaaatcggaaccctaaagggageccccgatttagagettgacggggaaagecggegaacgtggcgagaaaggaaggga

agaaagcgaaaggagcgggegctagggegetggeaagtgtageggteacgetgegegtaaccaccacaccecgecgegettaatgege

cgctacagggcegcegtececattcgecattcaggetgegeaactgttgggaagggcgatcggtgegggcctcettegetattacgecagetgge
gaaagggggatgtectgcaaggcgattaagttgggtaacgecagggttttcccagtcacgacgttgtaaaacgacggecagtgagegege
ggcgaattgggtaccgggeccee (SEQ ID NO:22)

[00289] iRepCap9/ pKan-Anc80-RepCap-p5i3-p19i3 (10,491 bp)

[00290] cctcgaggGCTAGCcattc TCCCTATCAGTGATAGAGAtcTATTTAAGCCCGAGTG
AGCACGCAGTCCCTATCAGTGATAGAGAGGTCTCCATTTTGAAGCGGGAGGTTTGAA
CGCGCAGCCGCCatgccggggttttacgagattgtgattaaggtccccagegaccttgacgageatetgeccggceatttetgaca
gctttgtgaactgggtggccgagaaggaatgggagttgeccgecagattetgacatggatetgaatcetgattgageaggeaccectgacegt
ggccgagaagcetgecagegegactttctgacggaatggegecgtgtgagtaaggecccggaggcetcettttctttgtgcaatttgagaaggea
gagagctacttccacatgeacgtgctegtggaaaccaccggggtgaaatccatggttttgggacgtttcetgagtcagattcgcgaaaaact
gattcagagaatttaccgcgggatcgagecgactttgeccaaactggticgeggtcacaaagaccagaaatggegecggaggcgggaaca
aggtggtegatgagtectacatceecaattacttgetccccaaaacccagectgagetccaAtgggcAtggacCaaCatggaacagta
CCtCagcgcctgtttgaatctcacggagegtaaacggttgetggcgcageatctgacgeacgtgtcgcagacgcaggageagaacaaa
gagaatcagaatcccaattctgatgcgecggtgatcagatcaaaaacttcagecaggtacatggagetggtegggtegctcgtggacaagg
ggattacctcggagaageagtggatccaggaggaccaggcecteatacatctecttcaatgeggectecaactcgeggtecccaaatcaagg
ctgecttggacaatgcgggaaagattatgagectgactaaaaccgecececgactacetggtgggecageageeccgtggaggacattteca
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gcaatcggatttataaaattttggaactaaacgggtacgatccccaatatgeggetteegtettictgggatgggccacgaaaaagttcggea
agaggaacaccatctggetgtttagggcctgcaactaccgggaagaccaacatcgeggaggecatageccacactgtgeccttetacgggt
gcgtaaactggaccaatgagaactttcccttcaacgactgtgtcgacaagatggtgatctggtgggaggaggooaagatgaccgecaagg
tcgtggagtcggecaaagecattctcggaggaageaaggtgegegtggaccagaaatgeaagtectcggeccagatagacccgactece
gtgatcgtcacctccaacaccaacatgtgegecgtgattgacgggaactcaacgaccttcgaacaccageagecgttgcaagaccggatgt
tcaaatttgaactcacccgecgtctggatecatgactitgggaaggtcaccaagcaggaagtcaaagactttttccggtgggcaaaggatcac
gtggttgaggtegagcatgaattctacgtcaaaaagggtegagecaagaaaagacccgeccccagtgacgeagatataagtgageccaa
acgggtgcgcgagtcagttgcgcagecatcgacgtcagacgeggaagettcgatcaactacgcagacaggtaccaaaacaaatgttctcg
tcacgtgggcatgaatctgatgetgtttccetgeagacaatgcgagagaatgaatcagaattcaaatatctgettcactcacggacagaaaga
ctgtttagagtgctttccegtgtcagaatctcaaccegttictgtcgtcaaaaaggegtatcagaaactgtgetacattcatcatatcatgggaaa
ggtgccagacgcettgecactgectgegatetggteaatgtggatttggatgactgcatetttgaacaataaatgatttaaatcaggtatggetgce
gatggttatcttccagattggetcgaggacaacctcetctgagggeattcgegagtggteggacttgaaacctggageccegaaacccaaag
ccaaccagcaaaagcaggacgacggecggggtctggtgcticctggetacaagtacctcggacccttcaacggactcgacaaggggga
geeegtcaacgeggeggacgeageggecctcgageacgacaaggectacgaccageagetcaaagegggtgacaatccgtacctgeg
gtataaccacgccgacgecgagtttcaggagegtetgcaagaagatacgtcetittgggggeaacctcgggegageagtcttccaggecaa
gaagcgggttctcgaaccteteggtetggttgaggaaggcgctaagacggcetectggaaagaagagaccggtagageaatcaccccagg
aaccagactcctcttcgggeatcggecaagaaaggecageageccgegagaaagagactcaactttgggeagactggegactcagagtea
gtgcecgaccctcaaccactcggagaaccecccgeageccectetggtgtgggatctaatacaatggetgecaggeggtggegetecaatg
gcagacaataacgaaggcgecgacggagtgggtaacgectcaggaaattggeattgegattccacatggetgggegacagagtcatcac
caccagcacccgaacctgggecectcececcacctacaacaaccacctctacaageaaatctccagecaatcgggaggeageaccaacgaca
acacctacttcggctacagcaccccctgggggtattttgactttaacagattccactgecacttctcaccacgtgactggeagegactcatcaa
caacaactggggattccggeccaagaagetcaacttcaagetcttcaacatccaggtcaaggaggtcacgacgaatgatggeaccacgac
catcgccaataaccttaccagcacggttcaggtctttacggactcggaataccagetcecgtacgtectecggetctgegeaccagggcetgec
tgecteegtteccggeggacgtcttcatgattectcagtacgggtacetgactetgaacaatggeagtcaggecgtgggccgttectectteta
ctgecctggaatactttecttctcaaatgetgagaacgggcaacaactttcagttcagetacacgtttgaggacgtgecttttcacagcagetacg
cgcacagccaaagectggaccggcetgatgaacececctcatcgaccagtacctgtactacctgtetcggactcagaccacgagtggtaceg
caggaaatcggacgttgcaattttctcaggecgggectagtageatggegaatcaggecaaaaactggetaccecgggecctgctaccgge
agcaacgcgtctccaagacaaccaatcaaaataacaacagcaactttgectggaccggtgcecaccaagtatcatctgaatggcagagactc
tctggtaaatcceggtecegetatggecaacccacaaggacgacgaagacaaattttttccgatgageggagtcttaatatttgggaaacagg
gagctggaaatagcaacgtggaccttgacaacgttatgataaccaacgaggaagaaattaaaaccaccaacccagtggecacagaagagt

acggceacggtggccactaacctgeaatcggecaacaccgetectgetacagggaccgtcaacagtcaaggagecttacctggeatggtet
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ggcaggaccgggacgtgtacctgcagggtectatctgggecaagattcctcacacggacggacactttcatcectecgecgetgatgggag
gctttggactgaaacaccegectectcagatectgattaagaatacaccetgttcccgegaatectccaactaccttcagtccagetaagtttge
gtcgttcatcacgcagtacagcaccggacaggtcagegtggaaattgaatgggagetgcagaaagaaaacagcaaacgetggaacccag
agattcaatacacttccaactacaacaaatctacaaatgtggactttgctgttgacacaaatggcegtttattctgagectcgecccatcggeace
cgttacctcacccgtaatctgtaaactagtttgettgttaatcaataaaccgtttaattcgtttcagttgaactttggtetctgegtatttetticttatct
agtttccatgctctagaggtectgtattagaggtcacgtgagtgttttacgacattttgcgacaccatgtggteacgetgggtatttaageecega
gtgagcacgcagggtctecattttgaagegggaggtttgaacgegeagecgecaagecgaattetgecagatatcggggttgegattacec
cttttccaaggcagcecctgggtttgegeagggacgeggetgetetgggegtggttccgggaaacgeageggegecgaccetgggtceteg
cacattcttcacgtccgttcgeagegteacceggatettcgecgetacecttgtgggcccceeggegacgcettectgetecgeccctaagteg
ggaaggttecttgeggttcgeggegtgecggacgtgacaaacggaageegeacgtcteactagtaceetcgecagacggacagegecag
ggagcaatggeagegegecgaccgegatgggetgtggecaatageggetgetcageagggegegeegagageageggecgggaag
gggcggtecoggagecgeggtotggoocagtagtatogacccetgttcctgeccegegeggtgttcegeattetgcaagecteceggagege
acgtcggcagtcggctecctegttgaccgaatcaccgacctetctccccagAAGCTCCCGGGAGCTTGTATATCCA
TTTTCGGATCTGATCAGCACGTGTTGACAATTAATCATCGGCATAGTATATCGGCAT
AGTATAATACGACAAGGTGAGGAACgccaccATGGCCAAGCCTTTGTCTCAAGAAGAA
TCCACCCTCATTGAAAGAGCAACGGCTACAATCAACAGCATCCCCATCTCTGAAGAC
TACAGCGTCGCCAGCGCAGCTCTCTCTAGCGACGGCCGCATCTTCACTGGTGTCAAT
GTATATCATTTTACTGGGGGACCTTGTGCAGAACTCGTGGTGCTGGGCACTGCTGCT
GCTGCGGCAGCTGGCAACCTGACTTGTATCGTCGCGATCGGAAATGAGAACAGGGG
CATCTTGAGCCCCTGCGGACGGTGCCGACAGGTGCTTCTCGATCTGCATCCTGGGAT
CAAAGCCATAGTGAAGGACAGTGATGGACAGCCGACGGCAGTTGGGATTCGTGAAT
TGCTGCCCTCTGGTTATGTGTGGGAGGGCTAAGCACTTCGTGGCCGAGGAGCAGGAC
TGACACGTGCTACGAGATTTCGATTCCACCGCCGCCTTCTATGAAAGGTTGGGCTTC
GGAATCGTTTTCCGGGACGCCGGCTGGATGATCCTCCAGCGCGGGGATCTCATGCTG
GAGTTCTTCGCCCACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGC
AATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTT
TGTCCAAACTCATCAATGTATCTTAGCGCTCACTGCCCGCTTTCCAGTCGGGAAACC
TGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGT
ATTGGGCGCTCTCCTAGGccagaaatggcgecggaggcgggaacaaggtggtggatgagtgctacatceccaattactt
gctecccaaaacccagectgagetecagtgggcgtegactaatatggaaTCCCTATCAGTGATAGAGAcagtatttaage
gcctgTCCCTATCAGTGATAGAGAtttgaatctcacggagegtaaacggttggtegcgcagecatct GTTTAAACge
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agacgcaggagcagaacaaagagaatcagaatcceaattctgatgegecggtgatcagatcaaaaacttcagecaggtacatggagetgg
tcgggtogctegtggacaaggggattacctcggagaageagtggattcaggaggaccaggectcatacatctecttcaatgeggectccaa
ctcgeggtcccaaatcaaggcetgecttggacaatgegggaaagattatgagectgactaaaaccgeccccgactacctggtgggecagea
geecgtggaggacatttccageaatcggatttataaaattttggaactaaacgggtacgatccccaatatgeggcttecgtetttctgggatgg
gccacgaaaaagttcggcaagaggaacaccatctggetgtttgggcctgecaactaccgggaagaccaacatcgeggaggecatageeca
cactgtgeccttctacgggtgegtaaactggaccaatgagaactttcccttcaacgactgtgtcgacaagatggtgatetggteggaggagg
ggaagatgaccgecaaggtegtggagtcggccaaagecattctcggaggaageaaggtecgcgtggaccagaaatgeaagtectcggc
ccagatagacccgactcccgtgatcgtcacctccaacaccaacatgtgegecgtgattgacgggaactcaacgaccttcgaacaccagea

gecgttgcaagaccggatgttcaaatttgaactcacccgecgtetggatcatgactttgggaaggteaccaagcaggaagtcaaagacttttt
ccggtgggecaaaggatcacgtggttgaggtggagceatgaattctacgtcaaaaagggtggagecaagaaaagaccegeecccagtgac

gcagatataagtgagcccaaacgggtgcgegagteagttgcgeagecatcgacgtcagacgeggaagettcgatcaactacgeagacag
gtaccaaaacaaatgttctcgtcacgtgggeatgaatctgatgetgtttccctgcagacaatgcgagagaatgaatcagaattcaaatatetge
ttcactcacggacagaaagactgtttagagtgctttcccgtgtcagaatctcaaccegtttctgtcgtcaaaaaggegtatcagaaactgtgcta
cattcatcatatcatgggaaaggtegccagacgcttgcactgectgcgatctggteaatgtggatttggatgactgeatctttgaacaataaAC

TAGTTTGCTTGTTAATCAATAAACCGTTTAATTCGTTTCAGTTGAACTTTGGTCTCTG

CGTATTTCTTTCTTATCTAGTTTCCATGCTCTAGAGTATACgatatccatcacactggcggecgetcga
ctagagcggecgecaccgeggtggagetecagettttgttcgegegettggegtaatcatggteatagetgtttectgtgtgaaattccacag

cctggggtgcctaattgegttgegetcactgeccgcetttccagtcgggaaacctgtegtgccagetgeattaatgaatcggecaacgegegg
ggagaggcggtttgcgtattgggcgctettecgettectegeteactgactegetgegeteggtegttcggctgcggcgageggtatcaget

cactcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggecagcaaaaggecagga
accgtaaaaaggcecgegttgetggegtttttccataggetecgecceectgacgageatcacaaaaatcgacgetcaagtcagaggtagcg
aaacccgacaggactataaagataccaggcegtttcceectggaagetecctegtgcgetetectgttccgacectgecgettaccggatace

tgtccgecttteteccticgggaagegtggcgctttctcatagetcacgetgtaggtatctcagticggtgtaggtegttcgetccaagetgggce
tgtgtgcacgaacceccegttcageeecgaccgetgegecttatceggtaactategtettgagteccaacceggtaagacacgacttatcgec

actggcagcagccactggtaacaggattagcagagcegaggtatgtaggeggtgctacagagttcttgaagtggtggcctaactacggetac
actagaagaacagtatttggtatctgegcetetgetgaagecagttaccttcggaaaaagagttggtagetettgatccggeaaacaaaccace
gctggtageggtggtttttttgtttgcaagcageagattacgcgcagaaaaaaaggatctcaagaagatectttgatcttttctacggggtetga
cgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatccttitaaattaaaaatgaagttt
taaatcaatctaaagtatatatgagtaaacttggtctgacagaaataataaaaaagccggattaataatctggctttttatattctetctctagtatat
aaacgcagaaaggcccacccgaaggtgagecagtgtgactctagtattattagaaaaactcatcgagcatcaaatgaaactgcaatttattca

tatcaggattatcaataccatatttttgaaaaagccgtttctgtaatgaaggagaaaactcaccgaggeagttccaaagaatggcaaggtectg
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gtaacggtetgcgattccgaccegtccaacatcaatacaacctattaatttccectegtcaaaaataaggttatcaagtgagaaatcaccatga

gtgacgactgaatccggtgagaatggeaagagettgtgcatttctttccagacttgttcaacaggecagcecattacgetegtcatcaaaatcac
tcgcatcaaccaaaccgttattcatgegtgattgegectgagecaagacgaaatacacgatcgetgttaaaaggacaattacaaacaggaatc

gaatgtaaccggcgcaggaacacggecagegceatcaacaatattttcacctgaatcaggatattettctaatacctggaaggetgttttceca

ggaatcgcggtggteagtaaccacgeatcatcaggagtacggataaaatgettgatggtcgggagaggcataaactecgtcagecagttg

agacggaccatctcatctgtaacatcattggcaacgetacctttgecatgtttcagaaacaactctggegeatcgggcettcccatacaagegat
agattgtcgcacctgattgccecgacattatcgecgagceccatttatacccatataaatcagegtecatgttggagtttaagegeggacgggage
aagacgtttcccgttgaatatggctcataacaccecttgtattactgtttatgtaagcagacagttttattgttcatgatgatatatttttatcttgtgea
atgtaacatcagagattttgagacacaacgtggctttgttgaataaatcgaacttttgctgagttgaaggatcagetctagtaaaataataaaaa

agccggattaataatctggctttttatattctetctetagtatataaacgcagaaaggeccacccgaaggtgagecagtgtgacggeacatttee
ccgaaaagtgccacctaaattgtaagegttaatattttgttaaaattcgegttaaatttttgttaaatcagcetcattttttaaccaataggecgaaate
ggcaaaatcccttataaatcaaaagaatagaccgagatagggttgagtgttgttccagtitggaacaagagtccactattaaagaacgtggac
tccaacgtcaaagggcgaaaaaccgtctatcagggcegatggceccactacgtgaaccatcaccctaatcaagttitttggggtcgaggtecc

gtaaagcactaaatcggaaccctaaagggageccccgatttagagettgacggggaaagecggegaacgtggcgagaaaggaaggga

agaaagcgaaaggagcgggegctagggegetggeaagtgtageggteacgetgegegtaaccaccacaccecgecgegettaatgege

cgctacagggcgcegteccattcgecattcaggetgegeaactgttgggaagggcgatcggtgegggcctettcgetattacgecagetgge
gaaagggggatgtgctgcaaggegattaagttgggtaacgecagggttttcccagtcacgacgttgtaaaacgacggccagtgagegege
ggcgaattgggtaccgggeccee (SEQ ID NO: 23)

[00291] iRepCap10/ pKan-Anc80-intron-inducibleRepCap (7,567 bp)

[00292]  cctcgageGCTAGCcattcTATTTAAtcTCCCTATCAGTGATAGAGATCTCCCTATC
AGTGATAGAGAtcGCCCGAGTGAGCACGCAGGGTCTCCATTTTGAAGCGGGAGGTTT
GAACGCGCAGCCGCCatgccggggttttacgagattgtgattaaggtccccagegaccttgacgagceatctgeccggeatttct
gacagctttgtgaactgggtgoccgagaaggaatgggagttegccgecagatictgacatggatctgaatctgattgagecaggeaccectga
ccgtggeccgagaagetgcagegegactttetgacggaatggegecgtgtgagtaaggecccggaggctcttttetttgtgcaatttgagaag
ggagagagctacttccacatgcacgtgctcgtggaaaccaccggggtgaaatccatggttttgggacgtttcctgagtcagattcgecgaaaa
actgattcagagaatttaccgcgggatcgagecgactttgecaaactggttcgeggtcacaaagaccagaaatggegecggagecggga
acaaggtggtggatgagtgctacatccceaattacttgetceccaaaaccecagectgageteccagtgggegtegactaatatggaacagtat
ttaaggtaagt TCCCTATCAGTGATAGAGATCTCCCTATCAGTGATAGAGAtactgacatccactttge
ctttctctccacagegectgtttgaatctcacggagegtaaacggttggtggcgeageatctgacgeacgtgtcgecagacgeaggageaga
acaaagagaatcagaatcccaattctgatgegecggtgatcagatcaaaaacttcagecaggtacatggagetggtegggtggoctegtgga



WO 2020/132059 PCT/US2019/067156

128

caaggggattacctcggagaagcagtggatccaggaggaccaggcecteatacatetecttcaatgeggectecaactcgeggteecaaat
caaggctgccttggacaatgegggaaagattatgagectgactaaaaccgeccecgactacctggtgggccageageeccgtggaggaca
tttccagcaatcggatttataaaattttggaactaaacgggtacgatccccaatatgeggcettecgtetttctgggatgggccacgaaaaagttc
ggcaagaggaacaccatctggetgtttgggcctgcaactaccgggaagaccaacatcgeggaggecatageccacactgtgeccttctac
gggtocgtaaactggaccaatgagaactttccctticaacgactgtgtcgacaagatggtgatctggtgggaggaggggaagatgaccgce
aaggtcgtggagtcggecaaagecattctcggaggaageaaggtgcgegtggaccagaaatgeaagtectcggeccagatagaccega
ctcecgtgatcgteacctccaacaccaacatgtgegecgtgattgacgggaactcaacgaccttcgaacaccageagecgttgcaagace
ggatgttcaaatttgaactcacccgecgtctggatcatgactttgggaaggtcaccaagcaggaagtcaaagactttttccggtgggcaaag
gatcacgtggttgaggtegagcatgaattctacgtcaaaaagggtggagecaagaaaagacccgecceccagtgacgcagatataagtea
gcccaaacgggtecgegagteagttecgcagecatcgacgtcagacgeggaagettcgatcaactacgcagacaggtaccaaaacaaat
gttctegtcacgtgggcatgaatctgatgetgtttcectgeagacaatgegagagaatgaatcagaattcaaatatctgettcactcacggaca
gaaagactgtttagagtgctttcccgtgtcagaatctcaaccegtttctgtegtcaaaaaggegtatcagaaactgtgctacattcatcatateat
gggaaaggtgccagacgcttgecactgectgegatctggtcaatgtggatttggatgactgcatctttgaacaataaatgatttaaatcaggtat
ggctgecgatggttatettccagattggetcgaggacaacctetetgagggeattcgegagtggteggacttgaaacctggageccegaaa
cccaaagccaaccagcaaaageaggacgacggecggggtetggtacttcetggetacaagtacctcggaccecttcaacggactcgacaa
gggggagcccgtcaacgeggeggacgeageggecctegageacgacaaggectacgaccageagetcaaagegggtgacaatecgt
acctgecggtataaccacgecgacgecgagtttcaggagegtetgcaagaagatacgtettttgggogcaacctcgggegageagtetteea
ggccaagaagegggttctcgaaccteteggtetggttgaggaaggcgctaagacggetectggaaagaagagaccggtagageaatcac
cccaggaaccagactectettcgggeatcggcaagaaaggecageageccgegagaaagagactcaactttgggcagactggegacte
agagtcagtgcccgacccetcaaccactcggagaaccecccgeageccectetggtgteggatctaatacaatggetgeaggeggtegeg
ctccaatggcagacaataacgaaggegecgacggagtgggtaacgectcaggaaattggeattgegattccacatggetgggegacaga
gtcatcaccaccagcacccgaacctgggeccteeccacctacaacaaccacctctacaagecaaatctccagecaatcgggaggeageac
caacgacaacacctacttcggctacagcaccccctgggggtattttgactttaacagattccactgecacttctcaccacgtgactggeageg
actcatcaacaacaactggggattccggeccaagaagetcaacttcaagetcttcaacatccaggtcaaggaggteacgacgaatgatggc
accacgaccatcgccaataaccttaccagcacggttcaggtctttacggactcggaataccagcetcccgtacgtectecggetctgegeacca
gggctgectgectecgttcceggeggacgtcettcatgattcctcagtacgggtacctgactctgaacaatggeagtcaggecgtgggecgtt
cctecttetactgectggaatactttecttctcaaatgetgagaacgggcaacaactttcagttcagetacacgtttgaggacgtgccttttcaca
gcagctacgcgcacagecaaagectggaccggcetgatgaaccecctcatcgaccagtacctgtactacctgtctcggactcagaccacga
gtggtaccgcaggaaatcggacgttgcaattttctcaggecgggcctagtageatggegaatcaggecaaaaactggetaccecgggecect
gctaccggeageaacgegtetccaagacaaccaatcaaaataacaacageaactttgectggaceggtgccaccaagtatcatctgaatgg

cagagactctctggtaaatcecggtcccgetatggeaacccacaaggacgacgaagacaaattttttccgatgageggagtcttaatatttgg
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gaaacagggagctggaaatagcaacgtggaccttgacaacgttatgataaccaacgaggaagaaattaaaaccaccaacccagtggeca
cagaagagtacggcacggtggccactaacctgcaatcggecaacaccgetectgetacagggaccgtcaacagtcaaggagecttacct
ggcatggtctggcaggaccgggacgtgtacctgecagggtectatctgggccaagattcctcacacggacggacactttcatcecctegecge
tgatgggaggctttggactgaaacacccgectectcagatectgattaagaatacacctgttcccgegaatectccaactaccttcagtecag
ctaagtttgcgtcgttcatcacgcagtacagcaccggacaggtcagegtggaaattgaatgggagetgcagaaagaaaacagcaaacgcet
ggaacccagagattcaatacacttccaactacaacaaatctacaaatgtggactttgctgttgacacaaatggcegtttattctgagectegeee
catcggcacccgttacctcacccgtaatctgtaaactagtttgcttgttaatcaataaaccgtttaattegtttcagttgaactttggtetetgegtat
ttctttcttatctagtttccatgetctagaggtectgtattagaggtcacgtgagtgttttgcgacattttgegacaccatgtggtcacgetgggtatt
taagcccgagtgageacgeagggtetccattttgaagegggaggtttgaacgegeagecgecaagecgaattetgecagatatccatcacac
tggcggecgcetcgactagageggecgecaccgeggtggagetecagcttttgticgegegcettggegtaatcatggtcatagetgttteetgt
gtgaaattccacagectggggtgcctaattgegttacgctcactgeccgcetttccagtcgggaaacctgtegtgecagetgeattaatgaate
ggecaacgegeggggagaggceggtitgegtattgggegetettececgettcetegetcactgactegetgegeteggtegtteggetgeggc
gagcggtatcagctcactcaaaggceggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggecag
caaaaggccaggaaccgtaaaaaggccgegttgetggcgtttttccataggetcegeeceectgacgageatcacaaaaatcgacgetca
agtcagaggtggcgaaacccgacaggactataaagataccaggcegtttcccectggaagcetecctegtgegcetetectgttccgacceetge
cgcttaccggatacctgtccgecttteteccttcgggaagegtggegetttetecatagetcacgetgtaggtatetcagttcggtgtaggtegtt
cgctccaagetgggetgtgtgecacgaacceccegttcageccgaccgetgegecttatccggtaactategtettgagtccaaccecggtaag
acacgacttatcgccactggcagcagcecactggtaacaggattagcagagegaggtatgtaggeggtgctacagagttcttgaagtggteg
cctaactacggctacactagaagaacagtatttggtatctgegetetgetgaagecagttaccttcggaaaaagagttggtagcetcttgateeg
gcaaacaaaccaccgctggtageggtagtttttttgtttacaagcageagattacgcgcagaaaaaaaggatctcaagaagatectttgatctt
ttctacggggtetgacgetcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatecttttaa
attaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagaaataataaaaaagecggattaataatctggctttttata
ttctetctctagtatataaacgcagaaaggeccacccgaaggtgagecagtgtgactctagtattattagaaaaactcatcgagceatcaaatga
aactgcaatttattcatatcaggattatcaataccatatttttgaaaaagcecgtttctgtaatgaaggagaaaactcaccgaggeagttccaaag
aatggcaaggtcctggtaacggtctgcgatticcgacccgtccaacatcaatacaacctattaatttcccctegtcaaaaataaggttatcaagt
gagaaatcaccatgagtgacgactgaatccggtgagaatggcaagagcettgtgeatttctttccagacttgticaacaggecagecattacge
tcgtcatcaaaatcactcgeatcaaccaaaccgttattcatgegtgattgegectgageaagacgaaatacacgatcgetgttaaaaggacaa
ttacaaacaggaatcgaatgtaaccggcgcaggaacacggcecagegceatcaacaatattttcacctgaatcaggatattcttctaatacctgg
aaggctgttttcccaggaatcgeggtggteagtaaccacgeatcatcaggagtacggataaaatgcettgatggtcgggagaggcataaact
ccgtcagecagttgagacggaccatctcatctgtaacatcattggcaacgcetacctitgecatgtttcagaaacaactctggegeatcgggcett

cccatacaagcgatagattgtcgeacctgattgeccgacattatcgegageccatttatacccatataaatcagegtecatgttggagtttaag
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cgeggacgggagcaagacgtttecegttgaatatggetcataacaccecttgtattactgtttatgtaagcagacagttttattgttcatgatgat
atatttttatcttgtgcaatgtaacatcagagattttgagacacaacgtggctttgttgaataaatcgaacttttgetgagttgaaggatcagetceta
gtaaaataataaaaaagccggattaataatctggctttttatattctctctctagtatataaacgcagaaaggeccacccgaaggtgagecagt

gtgacggcacatttccccgaaaagtgccacctaaattgtaagegttaatattttgttaaaattcgegttaaatttttgttaaatcagetcattttttaa

ccaataggccgaaatcggceaaaatcccttataaatcaaaagaatagaccgagatagggttgagtgttgttccagtitggaacaagagtccact
attaaagaacgtggactccaacgtcaaagggegaaaaaccgtctatcagggegatggeccactacgtgaaccatcacectaatcaagttttt
tggggtcgaggtgccgtaaageactaaatcggaaccctaaagggageccecgatttagagettgacggggaaageeggcgaacgtegc

gagaaaggaagggaagaaagcgaaaggagegggcgcetagggegetggcaagtgtageggtcacgetgegegtaaccaccacacccg
ccgegcettaatgegeegctacagggegegteccattcgecattcaggctgcgeaactgttgggaagggcgatcggtecgggcctettcget
attacgccagctggegaaagggggatgtgctgcaaggegattaagttgggtaacgecagggtttteccagtcacgacgttgtaaaacgacg
gccagtgagegegeggegaattgggtaccgggeccee (SEQ ID NO: 24)

[00293] iRepCapll/ pKan-Anc80-intron-inducibleRepCap-d2 (7,567 bp)

[00294]  cctcgaggGCTAGCcattcTATTTAAtcTCCCTATCAGTGATAGAGATCTCCCTATC
AGTGATAGAGAtcGCCCGAGTGAGCACGCAGGGTCTCCATTTTGAAGCGGGAGGTTT
GAACGCGCAGCCGCCatgcecggggttttacgagattgtgattaaggtccccagegaccttgacgagceatctgeccggcatttet
gacagctttgtgaactgggtegccgagaaggaatgggagtteccgecagattctgacatggatctgaatctgattgageaggeaccectga
ccgtggeccgagaagetgeagegegactttctgacggaatggcgecgtgtgagtaaggececcggaggctcttttetttgtgeaatttgagaag
ggagagagctacttccacatgeacgtgetcgtggaaaccaccggggtgaaatccatggttttgggacgtticctgagtcagattcgegaaaa
actgattcagagaatttaccgcgggatcgagecgactttgecaaactggttcgeggtcacaaagaccagaaatggegecggagecggga
acaaggtggtggatgagtgctacatecceaattacttgetceccaaaacccagectgageteccagtgggegtegactaatatggaacagtat
ttaagcgcctgtttgaatctcacggaaaggtaagt TCCCTATCAGTGATAGAGATCTCCCTATCAGTGATA
GAGAtactgacatccactttgectttetctccacaggaaacggttggtegegeageatctgacgeacgtgtecgecagacgeaggageaga
acaaagagaatcagaatcccaattctgatgegecggtgatcagatcaaaaacttcagecaggtacatggagetggtegggtggoctegtgga
caaggggattacctcggagaageagtggatccaggaggaccaggectcatacatctecttcaatgeggectccaactcgeggteccaaat
caaggctgecttggacaatgcgggaaagattatgagectgactaaaaccgececeegactacctggtgggccageageeccgtggaggaca
tttccagcaatcggatttataaaattttggaactaaacgggtacgatceccaatatgeggcetteegtetttctgggatggeccacgaaaaagtte
ggcaagaggaacaccatctggetgtttggecctgcaactaccgggaagaccaacatcgeggaggecatageccacactgtgeccttctac
gggtocgtaaactggaccaatgagaactttcccticaacgactgtgtcgacaagatggtgatctggtgggaggaggagaagatgaccgee
aaggtcgtggagteggccaaagecattctcggaggaageaaggtecgegtegaccagaaatgeaagtecteggeccagatagaccega

ctcecgtgatcgtcacctccaacaccaacatgtgegecgtgattgacgggaactcaacgaccttcgaacaccageagecgttgecaagace
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ggatgttcaaatttgaactcaccecgecgtctggatcatgactttgggaaggtcaccaagcaggaagtcaaagactttttccggtgggcaaag
gatcacgtggttgaggtggagcatgaattctacgtcaaaaagggtggagecaagaaaagacccgeccccagtgacgcagatataagtga
gcccaaacgggtgcgegagteagttgegeagecatcgacgtcagacgeggaageticgatcaactacgcagacaggtaccaaaacaaat
gttctegtcacgtgggcatgaatctgatgetgtttcectgecagacaatgegagagaatgaatcagaattcaaatatetgcttcactcacggaca
gaaagactgtttagagtgctttcccgtgtcagaatctcaaccegtttctgtcgtcaaaaaggegtatcagaaactgtgctacattcatcatatcat
gggaaaggtgccagacgettgeactgectgegatctggtcaatgtggatttggatgactgcatetitgaacaataaatgatttaaatcaggtat
ggctgeccgatggttatcttccagattggetcgaggacaacctetetgagggeattcgegagtggtgggacttgaaacctggageccegaaa
cccaaagccaaccagcaaaagceaggacgacggecggggtctggtgcticctggctacaagtacctcggacccttcaacggactcgacaa
gggggageccgteaacgeggeggacgeageggecctegageacgacaaggectacgaccageagetcaaagegggtgacaateegt
acctgcggtataaccacgccgacgecgagtttcaggagegtctgeaagaagatacgtcttttgggggcaacctcgggegageagtetteca
ggccaagaagegggttctcgaaccteteggtctggtigaggaaggcgetaagacggetectggaaagaagagaccggtagageaatcac
cccaggaaccagactcctcttcgggcatcggeaagaaaggecageageccgegagaaagagactcaactttgggcagactggegacte
agagtcagtgcccgaccctcaaccactcggagaaccccccgeageccectetggtgtgggatctaatacaatggetgcaggeggtegecg
ctccaatggcagacaataacgaaggegecgacggagtgggtaacgectcaggaaattggeattgegattccacatggetgggegacaga
gtcatcaccaccageacccgaacctgggeccteeeccacctacaacaaccacctctacaageaaatctccagecaatcgggaggeageac
caacgacaacacctacttcggctacagcaccccctgggggtattttgactttaacagattccactgecacttctcaccacgtgactggeageg
actcatcaacaacaactggggattccggeccaagaagetcaacttcaagetcttcaacatccaggtcaaggaggtcacgacgaatgatggc
accacgaccatcgccaataaccttaccagcacggttcaggtctttacggactcggaataccagcetcccgtacgtectecggetctgegeacca
gggctgectgectecgttceceggeggacgtcttecatgattectcagtacgggtacctgactctgaacaatggeagtcaggeegtgggccgtt
cctecttctactgectggaatactttecttctcaaatgetgagaacgggcaacaactttcagttcagetacacgtttgaggacgtgccttttcaca
gcagctacgegeacagecaaagectggaccggetgatgaaccecctcatcgaccagtacetgtactacctgtetcggactcagaccacga
gtggtaccgcaggaaatcggacgttgeaattttctcaggecgggectagtageatggegaatcaggecaaaaactggetaccegggeect
gctaccggeagceaacgegtctccaagacaaccaatcaaaataacaacagcaactttgectggaccggtgecaccaagtatcatctgaatgg
cagagactctctggtaaatcccggtecegetatggcaacccacaaggacgacgaagacaaattttttccgatgageggagtcttaatatttgg
gaaacagggagctggaaatagcaacgtggaccttgacaacgttatgataaccaacgaggaagaaattaaaaccaccaacccagtggeca
cagaagagtacggcacggtggccactaacctgcaatcggecaacaccgetectgetacagggaccegtcaacagtcaaggagecttacet
ggcatggtctggcaggaccgggacgtgtacctgeagggtectatctgggccaagattcctcacacggacggacactttcatcectecgecge
tgatgggaggctttggactgaaacacccgectcctcagatcctgattaagaatacacctgttcccgegaatcectccaactaccttcagtecag
ctaagtttgcgtegttcatcacgcagtacagcaccggacaggtcagegtggaaattgaatgggagetgcagaaagaaaacagcaaacgcet
ggaacccagagattcaatacacttccaactacaacaaatctacaaatgtggactttgctgttgacacaaatggcegtttattctgagectegece

catcggceacccgttacctcacccgtaatctgtaaactagtttgcttgttaatcaataaaccgtttaattcgtttcagttgaactttggtcetetgegtat
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ttctttcttatctagtttecatgetctagaggtectgtattagaggtecacgtgagtgttttgegacattttgegacaccatgtggteacgetgggtatt
taagcccgagtgagceacgeagggtctccattttgaagegggaggtttgaacgegeagecgecaagecgaattetgeagatatccatcacac
tggeggecgcetcgactagageggecgecaccgeggtggagetccagettttgticgegegettggegtaatcatggtcatagetgtttectgt
gtgaaattccacagectggggtgcctaattgegttgcgeteactgecegcetttccagtcgggaaacctgtegtgccagetgeattaatgaate
ggccaacgegeggggagagacggatttocgtattgggcgctcettccgettcctegetcactgactegetgegeteggtegttcggetgcgge
gagcggtatcagctcactcaaaggeggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggecag
caaaaggccaggaaccgtaaaaaggcecgegttgetggegtttttccataggetcegeeceectgacgageatcacaaaaatcgacgetca
agtcagaggtggcgaaacccgacaggactataaagataccaggcegtttccccctggaagcetecctegtgegetctectgttccgaceetge
cgcttaccggatacctgtccgecttteteccttcgggaagegtggegetttetcatagetcacgetgtaggtatetcagttcggtgtaggtegtt
cgctccaagetgggetgtgtgecacgaacceceegttcageccgaccgetgegecttatccggtaactategtettgagtccaaccecggtaag
acacgacttatcgccactggcageagecactggtaacaggattagcagagegaggtatgtaggeggtactacagagttcttgaagtggteg
cctaactacggctacactagaagaacagtatttggtatctgegetetgetgaagecagttaccttcggaaaaagagttggtagcetcttgatceg
gcaaacaaaccaccgcetggtageggtggtttttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatcctttgatctt
ttctacggggtetgacgetcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatecttttaa
attaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagaaataataaaaaagecggattaataatctggctttttata
ttctetetctagtatataaacgcagaaaggeccacccgaaggtgagecagtgtgactctagtattattagaaaaactcatcgageatcaaatga
aactgcaatttattcatatcaggattatcaataccatatttttgaaaaagcecgtttctgtaatgaaggagaaaactcaccgaggceagttccaaag
aatggcaaggtcctggtaacggtctgegatticcgacccgtccaacatcaatacaacctattaatttcccctegtcaaaaataaggttatcaagt
gagaaatcaccatgagtgacgactgaatccggtgagaatggcaagagcettgtgeatttctttccagacttgttcaacaggecagecattacge
tcgtcatcaaaatcactcgeatcaaccaaaccgttattcatgegtgattgegectgageaagacgaaatacacgatcgetgttaaaaggacaa
ttacaaacaggaatcgaatgtaaccggcgeaggaacacggecagegeatcaacaatattttcacctgaatcaggatattctictaatacctgg
aaggctgttttcccaggaatcgeggtggtgagtaaccacgeatcatcaggagtacggataaaatgcttgatggtcgggagaggcataaact
ccgtcagecagttgagacggaccatctcatctgtaacatcattggcaacgcetacctitgecatgtttcagaaacaactctggegeatcgggcett
cccatacaagcgatagattgtcgeacctgattgececgacattatcgecgagceccatttatacccatataaatcagegtecatgttggagtttaag
cgcggacgggagcaagacgtttcccgttgaatatggctcataacaccecttgtattactgtttatgtaagcagacagttttattgttcatgatgat
atatttttatcttgtgcaatgtaacatcagagattttgagacacaacgtggcetttgttgaataaatcgaacttttgctgagttgaaggatcagcetcta
gtaaaataataaaaaagccggattaataatctggctttttatattctetetctagtatataaacgcagaaaggeccacccgaaggtgagecagt
gtgacggcacatttccccgaaaagtgecacctaaattgtaagegttaatattttgttaaaattcgegttaaatttttgttaaatcagcetcattttttaa
ccaataggccgaaatcggceaaaatcecttataaatcaaaagaatagaccgagatagggttgagtottgttccagtttggaacaagagtecact
attaaagaacgtggactccaacgtcaaagggcegaaaaaccgtctatcagggegatggeccactacgtgaaccatcaccctaatcaagttttt

tggggtcgaggteccgtaaagcactaaatcggaaccctaaagggageccccgatttagagettgacggggaaageeggegaacgtggc
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gagaaaggaaggeaagaaagegaaaggageggecgctagggegetggcaagtgtageggteacgetgegegtaaccaccacacceg
ccgegcttaatgegecgetacagggcgegteccattcgecattcaggctgegeaactgttgggaaggocgatcggtgegggcctettcget
attacgccagctggcgaaagggggatgtgctgcaaggcegattaagttgggtaacgecagggtittcccagtcacgacgttgtaaaacgacg

gecagtgagegegeggegaattgggtaccgggeccee (SEQ ID NO: 25)

[00295] The sequence for the PBBG-iHelper-Puro construct illustrated in in FIG. 11A is shown

below:
[00296] PBBG-iHelper-Puro (11,801 bp)

[00297] ACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATG
AGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCAC
ATTTCCCCGAAAAGTGCCACCTAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCG
TTAAATTTTTGTTAAATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATC
CCTTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAAC
AAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTA
TCAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGAG
GTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGAC
GGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGG
GCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCC
GCGCTTAATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAACTGT
TGGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGG
ATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTG
TAAAACGACGGCCAGTGAGCGCGCCTCGTTCATTCACGTTTTTGAACCCGTGGAGGA
CGGGCAGACTCGCGGTGCAAATGTGTTTTACAGCGTGATGGAGCAGATGAAGATGC
TCGACACGCTGCAGAACACGCAGCTAGATTAACCCTAGAAAGATAATCATATTGTG
ACGTACGTTAAAGATAATCATGCGTAAAATTGACGCATGTGTTTTATCGGTCTGTAT
ATCGAGGTTTATTTATTAATTTGAATAGATATTAAGTTTTATTATATTITACACTTACA
TACTAATAATAAATTCAACAAACAATTTATTTATGTTTATTTATTTATTAAAAAAAAA
CAAAAACTCAAAATTTCTTCTATAAAGTAACAAAACTTTTATCGAATTCCTGCAGCC
CGGGGGATCCACTAGTTCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTA
ATTACGTCCCTCCCCCGCTAGGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGAGT
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CCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCACGG
GGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGC
AGACACCTGGGGGGATACGGGGAAAAGGCCTCCAAGGCCAGCTTCCCACAATAAGT
TGGGTGAATTTTGGCTCATTCCTCCTTTCTATAGGATTGAGGTCAGAGCTTTGTGATG
GGAATTCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCgcGATCgcTAGeGTTT
AAACTTAAGCTTGGTACCGAGCTCGGATCCACTAGTCCAGTGTGGTGGAATTCCTGC
TTCGCGATGTACGGGCCAGATATACGCGTTGACATTGATTATTGACTAGTTATTAAT
AGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACAT
AACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGT
CAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAAT
GGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGC
CAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCC
AGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGC
TATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGA
CTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGAA
CCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAAT
GGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTCCCTATCAGTG
ATAGAGATCTCCCTATCAGTGATAGAGATCGTCGACGAGCTCGTTTAGTGAACCGTC
AGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGAC
CGATCCAGCCTCCGGACTCTAGCGTTTAAACTTAAGCTTGCCACCatggccagtcgggaagagg
agcagcgegaaaccacceecgagegeggacgeggtgeggegegacgteeececaaccatggaggacgtgtegteecegteeeegtege
cgeegectecccgggegeeccccaaaaaageggatgaggcggegtatcgagtcecgaggacgaggaagactcatcacaagacgegcteg
tgeecgegeacacccageccgeggecatcgacctcggeggeggatttggecattgegeccaagaagaaaaagaagegeccttctcccaa
geecgagegeccgecatcaccagaggtaatcgtggacagegaggaagaaagagaagatgtggcgctacaaatggtgggatttcageaac
ccaccggtgctaatcaagcatggcaaaggaggtaagegeacagtgeggeggctgaatgaagacgacecagtggegegtagtatgegga
cgcaagaggaagaggaagageccagegaageggaaagtgaaattacggtgatgaaccegetgagtgtgcegategtgtetgegtggga
gaagggcatggaggctegcgcgegcgetgatggacaagtaccacgtggataacgatctaaaggegaacttcaaactactgectgaccaagt
ggaagctctggeggecgtatgcaagacctggetgaacgaggageaccgegggtigcagetgacctticaccagcaacaagacctttgtga
cgatgatggggcgattectgeaggegtacctgecagtegtttgcagaggtgacctacaageatcacgageccacgggetgegegttgtegct
gcaccgcetgegetgagatcgaaggegagcettaagtgtctacacggaagceattatgataaataaggageacgtgattgaaatggatgtgacg
agcgaaaacgggeagegegcgetgaaggageagtctageaaggecaagatcgtgaagaaccggtggggccgaaatgtggtacagate
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tccaacaccgacgeaaggtgctgegtgecacgacgeggectgtecggecaatcagttttccggeaagtettgeggeatgttettetctgaagg
cgcaaaggctcaggtggcttttaagcagatcaaggcttttatgcaggegcetgtatecctaacgeccagaccgggeacggtcaccttttgatece
cactacggtgcgagtgcaactcaaagectgggeacgegecctitttgggaaggcagcetaccaaagttgactccgticgecctgageaacge
ggaggacctggacgeggatctgatctccgacaagagegtectggecagegtecaccacccggegctgatagtgattecagtgctgcaacc
ctgtgtatcgcaactcgegegegeagggeggaggecccaactgegacttcaagatatcggegeccgacctgetaaacgegttggteateg
tgcgeagcectgtggagtgaaaacttcaccgagetgecgeggatggttgtgcetgagtttaagtggageactaaacaccagtatcgcaacgt
gtcectgecagtggegeatagegatgegeggcagaaccectttgatttttaaccegggagttetagggatctgeccctetcectecceecce
cctaacgttactggccgaagecgcettggaataaggecggtgtgcgtttgtctatatgttatittccaccatattgecgtettttggeaatgtgagg
gcccggaaacctggecctgtettettgacgagceattectaggggtctttecectetcgecaaaggaatgcaaggtctgttgaatgtegtgaag
gaagcagttcctctggaagettcttgaagacaaacaacgtctgtagegacectttgcaggeageggaacceeccacctggegacaggtac
ctctgeggecaaaagecacgtgtataagatacacctgcaaaggeggeacaaccccagtgecacgttgtgagttggatagttgtggaaaga
gtcaaatggctctcctcaagegtattcaacaagggectgaaggatgeccagaaggtaceccattgtatgggatctgatetggggecteggtg
cacatgctttacatgtgtttagtcgaggttaaaaaaacgtctaggecccccgaaccacggggacgtggttttcctitgaaaaacacgatgataa
ggatccaccggaggecaccatgactacgtecggegttecatttggcatgacactacgaccaacacgateteggttgtetcggegeacteegt
acagtagggatcgtctacctecttttgagacagaaacccgegcetaccatactggaggatcatcegetgetgecegaatgtaacactttgacaa
tgcacaacgtgagttacgtgcgaggtettecctgcagtgtgggatttacgctgattcaggaatgggttgttccctgggatatggttctaacgeg
ggaggagcttgtaatcctgaggaagtgatatgcacgtetgcctgtgttgtgccaacattgatatcatgacgageatgatgatecatggttacga
gtcetgggctetecactgteattgticcagteccggttcecctgeagtgtatagecggegggeaggttttggccagetggtttaggatggte ot
gatggcgccatgtttaatcagaggtttatatggtaccgggaggtegteaattacaacatgccaaaagaggtaatgtttatgtccagegtgtttat
gaggggtcgecacttaatctacctgegettgtggtatgatggecacgtgggttctgtggtececcgecatgagctttggatacagegecttgea
ctgtgggattttgaacaatattgtggtactgtgctgcagttactgtactgatttaagtgagatcagggtgcgetgetgtgcccggaggacaagg
cgcecttatgetgegggeggtgcgaatcatcgetgaggagaccactgecatgttgtattecctgcaggacggageggeggeggeageagttt
attcgcgcgcetgcetgeageaccaccgecctatectgatgeacgattatgactctacccccatgtagGCGGCCGTCGAGTCTA
GAGGGCCCGTTTAAACCCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCAT
CTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGT
CCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATT
CTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCA
GGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTGG
GGCTCTAGGGGGTATCCCCGGCGCGCCgeeetTGAGCTATTCCAGAAGTAGTGAAGAG
GCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTCCGGATCGATtggggttgcgccttttccaagg
cTTTTCCCCGTATCCCCCCAGGTGTCTGCAGGCTCAAAGAGCAGCGAGAAGCGTTCA
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GAGGAAAGCGATCCCGTGCCACCTTCCCCGTGCCCGGGCTGTCCCCGCACGCTGCCG
GCTCGGGGATGCGGGGGGAGCGCCGGACCGGAGCGGAGCCCCGGGCGGCTCGCTG
CTGCCCCCTAGCGGGGGAGGGACGTAATTACATCCCTGGGGGCTTTGGGGGGGGGC
TGTCCCTCTAGGGGATCCTCTAGGGCCTCTGAGCTATTCCAGAAGTAGTGAAGAGGC
TTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTCCGGATCGATCGAGCGGATCCAGCA
CAGTGGCGGCCGCaatatttgcatgtcgctatgtgttctgggaaatcaccataaacgtgaaatcectatcagtgatagagacttata
agttccctatcagtgatagagaaccggtgggcactcttcegtggtetggtegataaattcgcaagggtatcatggeggacgaccggggttcg
agccccgtatccggecgtecgecgtgatecatgeggttaccgeccgegtgtcgaacccaggtgtgcgacgtcagacaacgggggagtec
tectttttgaattccactttggecgeggctcgagTGAGCTATTCCAGAAGTAGTGAAGAGGCTTTTTTGGA
GGCCTAGGCTTTTGCAAAAAGCTCCGGATCGATGCCCGGGGGATCCACTAGTTCTAG
AGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTAATTACGTCCCTCCCCCGCTAG
GGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGTCCGGCGCTCCCCCCGCATCC
CCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCACGGGGAAGGTGGCACGGGATCG
CTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGCAGACACCTGGGGGGATACG
GGGAAAAGGCCTCCAAGGCCAGCTTCCCACAATAAGTTGGGTGAATTTTGGCTGAG
CTATTCCAGAAGTAGTGAAGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTC
CGGATCGATCATATATGGCAGATATACGCGTTGACATTGATTATTGACTAGTTATTA
ATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTAC
ATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGAC
GTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCA
ATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATAT
GCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGC
CCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATC
GCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTT
GACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGG
CACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCA
AATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTCTGGCTAA
CTATCGTCGACGAGCTCGTTTAGTGAACCGTCAGATCGCCTGGAGACGCCATCCACG
CTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTCCGGACTCTAGCGTT
TAAACTTAAGCTTGCCACCatgaccgagtacaagcccacggtgegectcgecacccgegacgacgtecccagggecgt

acgcaccctcgecgecgegttcgecgactaccccgecacgegecacaccgtegatccggacegecacatcgagegggtcaccgagetg
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caagaactcttcctcacgegegtegggetegacatcggeaaggtatgggtegeggacgacggegeegeggtggeggtetggaccacge
cggagagcgtcgaagegggggcggtattcgecgagatcggeccgegeatggecgagttgageggtteceggetggecgegeageaac
agatggaaggcctcctggegeegeaccggeeccaaggageecgegtggttcetggecacegteggegtetcgeecgaccaccagggea
agggtctgggcagegecgtegtgcteeccggagtggaggeggecgagegegecggggtgccegecttectggagacctecgegeece
gcaacctceccttetacgageggeteggettcaccgtcaccgecgacgtegaggtgeccgaaggaccgegeacctggtgeatgaceege
aagcecggtgcctgaAGCGCGGGGATCTCATGCTGGAGTTCTTCGCCCACCCCAACTTGTTTA
TTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAG
CATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTTATCAT
GTCTGTAGCtGATgtATAcCTAggATCCGGCCGGecTGCAggTGTCCTCACAGGAACGAA
GTCCCTAAAGAAACAGTGGCAGCCAGGTTTAGCCCCGGAATTGACTGGATTCCTTTT
TTAGGGCCCATTGGTATGGCTTTTTCCCCGTATCCCCCCAGGTGTCTGCAGGCTCAAA
GAGCAGCGAGAAGCGTTCAGAGGAAAGCGATCCCGTGCCACCTTCCCCGTGCCCGG
GCTGTCCCCGCACGCTGCCGGCTCGGGGATGCGGGGGGAGCGCCGGACCGGAGCGG
AGCCCCGGGCGGCTCGCTGCTGCCCCCTAGCGGGGGAGGGACGTAATTACATCCCT
GGGGGCTTTGGGGGGGGGCTGTCCCTCTAGAGCGGCCGCCACCGCGGTGGAGCTCC
AGCTTTTGTTCCCTTTAGTGAGGGTTAATTAGATCTTAATACGACTCACTATAGGGCG
AATTGGGTACCGGGCCCCCCCTCGAGGTCGACGGTATCGATAAGCTTGATATCTATA
ACAAGAAAATATATATATAATAAGTTATCACGTAAGTAGAACATGAAATAACAATA
TAATTATCGTATGAGTTAAATCTTAAAAGTCACGTAAAAGATAATCATGCGTCATTT
TGACTCACGCGGTCGTTATAGTTCAAAATCAGTGACACTTACCGCATTGACAAGCAC
GCCTCACGGGAGCTCCAAGCGGCGACTGAGATGTCCTAAATGCACAGCGACGGATT
CGCGCTATTTAGAAAGAGAGAGCAATATTTCAAGAATGCATGCGTCAATTTTACGCA
GACTATCTTTCTAGGGTTAATCTAGCTGCATCAGGATCATATCGTCGGGTCTTTTTTC
CGGCTCAGTCATCGCCCAAGCTGGCGCTATCTGGGCATCGGGGAGGAAGAAGCCCG
TGCCTTTTCCCGCGAGGTTGAAGCGGCATGGAAAGAGTTTGCCGAGGATGACTGCTG
CTGCATTGACGTTGAGCGAAAACGCACGTTTACCATGATGATTCGGGAAGGTGTGGC
CATGCACGCCTTTAACGGTGAACTGTTCGTTCAGGCCACCTGGGATACCAGTTCGTC
GCGGCTTTTCCGGACACAGTTCCGGATGGTCAGCCCGAAGCGCATCAGCAACCCGA
ACAATACCGGCGACAGCCGGAACTGCCGTGCCGGTGTGCAGATTAATGACAGCGGT
GCGGCGCTGGGATATTACGTCAGCGAGGACGGGTATCCTGGCTGGATGCCGCAGAA
ATGGACATGGATACCCCGTGAGTTACCCGGCGGGCGCGCTTGGCGTAATCATGGTCA
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TAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCC
GGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAAT
TGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTA
ATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTC
CTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCA
CTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACA
TGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGC
GTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCA
GAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCT
CCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTICT
CCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGT
GTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCG
CTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATC
GCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTG
CTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTG
GTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGAT
CCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTA
CGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACG
CTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGG
ATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATAT
ATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAG
CGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTAC
GATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCAC
GCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGC
AGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAA
GCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACA
GGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAAC
GATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCG
GTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGG
CAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGG
TGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTG
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CCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCA
TCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGAT
CCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCAC
CAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATA
AGGGCGACACGGAAATGTTGAATACTCAT (SEQ ID NO: 26)

[00298] The sequence for the PBBG-ITRGFP construct illustrated in in FIG. 11B is shown

below:
[00299] PBBG-ITRGFP (7,798 bp)

[00300] ACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATG
AGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCAC
ATTTCCCCGAAAAGTGCCACCTAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCG
TTAAATTTTTGTTAAATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATC
CCTTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAAC
AAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTA
TCAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGAG
GTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGAC
GGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGG
GCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCC
GCGCTTAATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAACTGT
TGGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGG
ATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTG
TAAAACGACGGCCAGTGAGCGCGCCTCGTTCATTCACGTTTTTGAACCCGTGGAGGA
CGGGCAGACTCGCGGTGCAAATGTGTTTTACAGCGTGATGGAGCAGATGAAGATGC
TCGACACGCTGCAGAACACGCAGCTAGATTAACCCTAGAAAGATAATCATATTGTG
ACGTACGTTAAAGATAATCATGCGTAAAATTGACGCATGTGTTTTATCGGTCTGTAT
ATCGAGGTTTATTTATTAATTTGAATAGATATTAAGTTTTATTATATTTACACTTACA
TACTAATAATAAATTCAACAAACAATTTATTTATGTTTATTTATTTATTAAAAAAAAA
CAAAAACTCAAAATTTCTTCTATAAAGTAACAAAACTTTTATCGAATTCCTGCAGCC
CGGGGGATCCACTAGTTCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTA
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ATTACGTCCCTCCCCCGCTAGGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGAGT
CCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCACGG
GGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGC
AGACACCTGGGGGGATACGGGGAAAAGGCCTCCAAGGCCAGCTTCCCACAATAAGT
TGGGTGAATTTTGGCTCATTCCTCCTTTCTATAGGATTGAGGTCAGAGCTTTGTGATG
GGAATTCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCgcGATCgcTAGCAAA
CGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATG
TCCTGCAGGCAGCTGCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGG
GCGTCGGGCGACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGG
GAGTGGCCAACTCCATCACTAGGGGTTCCTGCGGCCGCACGCGTGGAGCTAGTTATT
AATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTA
CATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGA
CGTCAATAATGACGTATGTTCCCATAGTAACGTCAATAGGGACTTTCCATTGACGTC
AATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATA
TGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATG
CCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCAT
CGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTT
TGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTITG
CACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCA
AATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCGTTTAGTGA
ACCGTCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCGCGGATTCGAATCCCGGCCGGGAACGGTGCATTGGAAC
GCGGATTCCCCGTGCCAAGAGTGACGTAAGTACCGCCTATAGAGTCTATAGGCCCA
CAAAAAATGCTTTCTTCTTTTAATATACTTTTTTGTTTATCTTATTTCTAATACTTTCC
CTAATCTCTTTCTTTCAGGGCAATAATGATACAATGTATCATGCCTCTTTGCACCATT
CTAAAGAATAACAGTGATAATTTCTGGGTTAAGGCAATAGCAATATTTCTGCATATA
AATATTTCTGCATATAAATTGTAACTGATGTAAGAGGTTTCATATTGCTAATAGCAG
CTACAATCCAGCTACCATTCTGCTTTTATTTTATGGTTGGGATAAGGCTGGATTATTC
TGAGTCCAAGCTAGGCCCTTTTGCTAATCATGTTCATACCTCTTATCTTCCTCCCACA
GCTCCTGGGCAACGTGCTGGTCTGTGTGCTGGCCCATCACTTTGGCAAAGAATTGGG
ATTCGAACATCGATTGAATTCTGAATGGTGAGCAAGGGCGAGGAGCTGTTCACCGG
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GGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCG
TGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATC
TGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTAC
GGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAG
TCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGG
CAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCA
TCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTG
GAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGG
CATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCG
CCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGAC
AACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGA
TCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGA
GCTGTACAAGTACTCAGATCTCGAGCTCAAGTAGGGATCCTCTAGAGTCGACCTGCA
GAAGCTTGCCTCGAGCAGCGCTGCTCGAGAGATCTACGGGTGGCATCCCTGTGACCC
CTCCCCAGTGCCTCTCCTGGCCCTGGAAGTTGCCACTCCAGTGCCCACCAGCCTTGT
CCTAATAAAATTAAGTTGCATCATTTTGTCTGACTAGGTGTCCTTCTATAATATTATG
GGGTGGAGGGGGGTGGTATGGAGCAAGGGGCAAGTTGGGAAGACAACCTGTAGGG
CCTGCGGGGTCTATTGGGAACCAAGCTGGAGTGCAGTGGCACAATCTTGGCTCACTG
CAATCTCCGCCTCCTGGGTTCAAGCGATTCTCCTGCCTCAGCCTCCCGAGTTGTTGGG
ATTCCAGGCATGCATGACCAGGCTCAGCTAATTTTTGTTTTTTTGGTAGAGACGGGG
TTTCACCATATTGGCCAGGCTGGTCTCCAACTCCTAATCTCAGGTGATCTACCCACCT
TGGCCTCCCAAATTGCTGGGATTACAGGCGTGAACCACTGCTCCCTTCCCTGTCCTTC
TGATTTTGTAGGTAACCACGTGCGGACCGAGCGGCCGCAGGAACCCCTAGTGATGG
AGTTGGCCACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGGCCGGGCGACCAAAGG
TCGCCCGACGCCCGGGCTTTGCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAGC
TGCCTGCAGGGGCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCAC
ACCGCATACGTCgtaGCtGATcaATTgGCGCGCCGAATTCGTTAACAAGCTITAATTAaCG
CgtATAcCTAggATCCGGCCGGecTGCAgeTGTCCTCACAGGAACGAAGTCCCTAAAGA
AACAGTGGCAGCCAGGTTTAGCCCCGGAATTGACTGGATTCCTTTTTTAGGGCCCAT
TGGTATGGCTTTTTCCCCGTATCCCCCCAGGTGTCTGCAGGCTCAAAGAGCAGCGAG
AAGCGTTCAGAGGAAAGCGATCCCGTGCCACCTTCCCCGTGCCCGGGCTGTCCCCGC
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ACGCTGCCGGCTCGGGGATGCGGGGGGAGCGCCGGACCGGAGCGGAGCCCCGGGC
GGCTCGCTGCTGCCCCCTAGCGGGGGAGGGACGTAATTACATCCCTGGGGGCTTTGG
GGGGGGGCTGTCCCTCTAGAGCGGCCGCCACCGCGGTGGAGCTCCAGCTTTTGTTCC
CTTTAGTGAGGGTTAATTAGATCTTAATACGACTCACTATAGGGCGAATTGGGTACC
GGGCCCCCCCTCGAGGTCGACGGTATCGATAAGCTTGATATCTATAACAAGAAAAT
ATATATATAATAAGTTATCACGTAAGTAGAACATGAAATAACAATATAATTATCGTA
TGAGTTAAATCTTAAAAGTCACGTAAAAGATAATCATGCGTCATTTTGACTCACGCG
GTCGTTATAGTTCAAAATCAGTGACACTTACCGCATTGACAAGCACGCCTCACGGGA
GCTCCAAGCGGCGACTGAGATGTCCTAAATGCACAGCGACGGATTCGCGCTATTITAG
AAAGAGAGAGCAATATTTCAAGAATGCATGCGTCAATTTTACGCAGACTATCTTTCT
AGGGTTAATCTAGCTGCATCAGGATCATATCGTCGGGTCTTTTTTCCGGCTCAGTCAT
CGCCCAAGCTGGCGCTATCTGGGCATCGGGGAGGAAGAAGCCCGTGCCTTTTCCCG
CGAGGTTGAAGCGGCATGGAAAGAGTTTGCCGAGGATGACTGCTGCTGCATTGACG
TTGAGCGAAAACGCACGTTTACCATGATGATTCGGGAAGGTGTGGCCATGCACGCCT
TTAACGGTGAACTGTTCGTTCAGGCCACCTGGGATACCAGTTCGTCGCGGCTTTTCC
GGACACAGTTCCGGATGGTCAGCCCGAAGCGCATCAGCAACCCGAACAATACCGGC
GACAGCCGGAACTGCCGTGCCGGTGTGCAGATTAATGACAGCGGTGCGGCGCTGGG
ATATTACGTCAGCGAGGACGGGTATCCTGGCTGGATGCCGCAGAAATGGACATGGA
TACCCCGTGAGTTACCCGGCGGGCGCGCTTGGCGTAATCATGGTCATAGCTGTTTCC
TGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAA
GTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTC
ACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCA
ACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGA
CTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGT
AATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAA
GGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAG
GCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAA
ACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCT
CTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAG
CGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGC
TCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCC
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GGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCA
GCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTT
GAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCT
GCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAA
CCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAA
AAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACG
AAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGA
TCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTT
GGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTAT
TTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGG
GCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTC
CAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCT
GCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGT
AGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTG
TCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGA
GTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATC
GTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCAT
AATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAA
CCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAA
TACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAA
CGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATG
TAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTG
GGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACG
GAAATGTTGAATACTCAT (SEQ ID NO: 27)

[00301] The sequence for the PBBG-iRC8 construct illustrated in in FIG. 11C is shown below:
[00302] PBBG-iRCS8 (9,399 bp)

[00303] ACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATG
AGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCAC
ATTTCCCCGAAAAGTGCCACCTAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCG
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TTAAATTTTTGTTAAATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATC
CCTTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAAC
AAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTA
TCAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGAG
GTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGAC
GGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGG
GCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCC
GCGCTTAATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAACTGT
TGGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGG
ATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTG
TAAAACGACGGCCAGTGAGCGCGCCTCGTTCATTCACGTTTTTGAACCCGTGGAGGA
CGGGCAGACTCGCGGTGCAAATGTGTTTTACAGCGTGATGGAGCAGATGAAGATGC
TCGACACGCTGCAGAACACGCAGCTAGATTAACCCTAGAAAGATAATCATATTGTG
ACGTACGTTAAAGATAATCATGCGTAAAATTGACGCATGTGTTTTATCGGTCTGTAT
ATCGAGGTTTATTTATTAATTTGAATAGATATTAAGTTTTATTATATTTACACTTACA
TACTAATAATAAATTCAACAAACAATTTATTTATGTTTATTTATTTATTAAAAAAAAA
CAAAAACTCAAAATTTCTTCTATAAAGTAACAAAACTTTTATCGAATTCCTGCAGCC
CGGGGGATCCACTAGTTCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTA
ATTACGTCCCTCCCCCGCTAGGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGT
CCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCACGG
GGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGC
AGACACCTGGGGGGATACGGGGAAAAGGCCTCCAAGGCCAGCTTCCCACAATAAGT
TGGGTGAATTTTGGCTCATTCCTCCTTTCTATAGGATTGAGGTCAGAGCTTTGTGATG
GGAATTCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCgcGATCgcTAGcTTAa
gCGCtGATcaATTgGCGCGCCGAATTCGT Tatctgcagaattcggcettggcggctgegegttcaaaccteccgette
aaaatggagaccctgegtgetcactcgggcettaaatacccagegtgaccacatggtgtcgeaaaatgtegeaaaacactcacgtgacctcta
atacaggacctctagagcatggaaactagataagaaagaaatacgcagagaccaaagttcaactgaaacgaattaaacggtttattgattaa
caagcaaactagtttacagattacgggtgaggtaacgggtgccaatggggcggggticagagtacacgectictgtattaacagcaaagte
cacacttgtagatttgtagtagttggaggtetactggatctcggggttccagegettgctgttttecttectgeageteccattcaatttccacgetg
acctgtccggtgctgtattgcgtgatgaaagagttcagcetttgactggttgaaggtggtcggaggatccgecaggtacaggegtgttettgate
aggatctgaggeggaggatgtttcaggecaaageecgeccatcageggagacgggtggaagttacegtecgtgtgaggaatettggeeca
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gatgggaccctgeaggtacacgtcecggttctgecagaccataccgggtaaggececctggetgttgacagttceaatttgaggageegtg
ttttgctgetgeaagttatetgecacgatacegtattectetgtagecacagggttagtgsttttgatttettectegetggtgageatgacateget
gtaatccgcattgtctctggeagcattttgtttgccaaaaatcaggatcccgttactgggaaaaaaacgcetectegtegtetttgtgtgttgecat
agcgatgccaggattagecaatgaatttcttccattcagatggtatttggteccageagtccaggeaaagttgctattgttgttttecccggttgt
cgttgagacgcgttgttegcggtaacagggtectggeagecagttctttgectgattggecattgtattaggeccaccttggetgaageccag
agtctgcgtatttgccgtgectectgttgtttgagtecgagacaagtagtacaggtactggtcaatcagaggattcatcagecggtecaagete
tggctetggocgtagetgctgtggaaaggeacgtectcgaaggtataagtaaactggaagttotteccggttctcageatctgcgaaggaaa
gtattccaggcagtagaaggaggagcegtcccacggectgactaccgtigttgagtgttaggtagecgtactggggaatcatgaacacgtce
gccgggaacggaggcaggcagecctggtgggcagagecgagaacgtacggeagetggtactcegagtecgtaaacacctggatggtg
ctggtgaggttattggcgatggtettggtaccttcattctgegtgacctecttgacctggatgttgaagagettgaagetgagtetettgggecg
gaatccccagttgttgttgatgagtegetgecagtcacgtggtgaaaagtggeagtggaatcetgttaaagtcaaaatacceccagggggtac
tgtagccgaagtaggtgttategttggtegctectecegatgtecegttggagatttgcttgtagaggtggttgttotaggtegocagggccca
ggttcgggatoctggtggtgatgactctgtcgeccagecatgtggaatcgeaatgecaatttcccgaggaactacccactecgteggegectt
cgttattgtctgccattggtgcgecaccgectgeagecattgtattaggtcccacaccagagggegctgctggaggttctccgagaggttea
gggtctggaactgactetgagtcgecagtetgaccaaaattgagtetttttetggegggctgttggcectttettgccgatgcecgtagaggagt
ctggagaacgctggggtgatggctctaccggtetettctttccaggageegtettagegecttectcaaccagaccgagaggttcgagaace
cgcttettggectggaagactgctegeeccgaggttgeccecaaaagacgtatettcttgcagacgetectgaaactcggegteggegtegtt
ataccgcaggtacggattgtcacccgectgcagetgetggtegtaggectigtegtgctcgagggecgetgegtecgecgegttgacggg
ctceeccttgtcgagtecgttgaagggtecgaggtacttgtagecaggaageaccagaccecggecgtegtectgcttttgctggttggcttt
gggcttcggggctccaggtttcagecgeccaccactcgegaatgeectcagagaggttgtectcgagecaatctggaagataaccatcgge
agccatacctgatttaaatcatttattgttcaaagatgcagtcatccaaatccacattgaccagatcgcaggeagtgcaagegtetggeaccttt
cccatgatatgatgaatgtagcacagtttctgatacgectttttgacgacagaaacgggtteagattctgacacgggaaageactctaaacagt
ctttctgtccgtgagtgaagcagatatttgaattctgattcattctetcgeattgtctgcagggaaacageatcagattcatgeccacgtgacga
gaacatttgttttggtacctgtetgegtagttgatcgaagettccgegtetgacgtegatggctgcgeaactgactegegeaceegtttgggct
cacttatatctgcgtcactgggggcgggtettttcttggetccacccetttttgacgtagaattcatgetccacctcaaccacgtgatectttgecca
ccggaaaaagtctttgacttectgettggtgaccticccaaagtcatgatccagacggegggtgagttcaaatttgaacatcecggtettgeaac
ggctgetggtgttcgaaggtegttgagttccegtcaatcacggegeacatgttegtettogagoteacgatcacgggagtegggtetatctg
ggccgaggacttgceatttctggtccacgegeaccttgceticctccgagaatggctttggecgactccacgaccttggeggtceatcttececte
ctcccaccagatcaccatcttgtcgacacagtegttgaagggaaagttcteattggtecagtttacgeaccegtagaagggeacagtetggg
ctatggcctccgegatgttggtettcecggtagttgcaggeccaaacagecagatggtgttectettgecgaactttttcgtggeccatceeag
aaagacggaagccgcatattggggatcgtaceegtttagttccaaaattttataaatccgattgetggaaatgtectccacgggetgetggec
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caccaggtagtcgggggcggttttagtcaggctcataatctttcccgeattgtccaaggeagecttgatttgggaccgegagttggaggeeg
cattgaaggagatgtatgaggcctggtectectggatecactgcettctecgaggtaatececttgtccacgagecaccegaccageteeatgt
acctggctgaagtttttgatctgatcaccggegceatcagaattgggattctgattctetttgttetgetectgegtetgegacacgtgegtcagat
getgegecaccaaccgtttacgetecgtgagattcaaacaggegetgtggagagaaaggcaaagtggatgtcagtaTCTCTATCA
CTGATAGGGAGATCTCTATCACTGATAGGGAacttaccttaaatactgttccatattagtccacgeccactggag
ctcaggctgggttttgggoagcaagtaattggggatgtageactcatccaccaccttgttceccgecteceggegcecatttetggtetttgtgace
gcgaaccagtttggcaaagteggctegatcecgeggtaaattetctgaatcagtttttcgegaatetgactcaggaaacgtcccaaaaccatg
gatttcaccccggtggtttccacgagcacgtgcatgtggaagtagetctcteccttctcaaattgcacaaagaaaagagectccggggcectta
ctcacacggegecattccgtcagaaagtegegetgeagetteteggecacggtcaggggtgcctgctcaatcagattcagatceatgteag
aatctggcggceaactccecattecttetcggecacceagttcacaaagetgtcagaaatgecgggeagatgetegtcaaggtegetggggac
cttaatcacaatctcgtaaaaccccggcatGGCGGCTGCGCGTTCAAACCTCCCGCTTCAAAATGGAG
ACCCTGCGTGCTCACTCGGGCgaTCTCTATCACTGATAGGGAGATCTCTATCACTGAT
AGGGAgaTTAAATAgaatggCTAggATCCGGCCGGecTGCAggTGTCCTCACAGGAACGAA
GTCCCTAAAGAAACAGTGGCAGCCAGGTTTAGCCCCGGAATTGACTGGATTCCTTTT
TTAGGGCCCATTGGTATGGCTTTTTCCCCGTATCCCCCCAGGTGTCTGCAGGCTCAAA
GAGCAGCGAGAAGCGTTCAGAGGAAAGCGATCCCGTGCCACCTTCCCCGTGCCCGG
GCTGTCCCCGCACGCTGCCGGCTCGGGGATGCGGGGGGAGCGCCGGACCGGAGCGG
AGCCCCGGGCGGCTCGCTGCTGCCCCCTAGCGGGGGAGGGACGTAATTACATCCCT
GGGGGCTTTGGGGGGGGGCTGTCCCTCTAGAGCGGCCGCCACCGCGGTGGAGCTCC
AGCTTTTGTTCCCTTTAGTGAGGGTTAATTAGATCTTAATACGACTCACTATAGGGCG
AATTGGGTACCGGGCCCCCCCTCGAGGTCGACGGTATCGATAAGCTTGATATCTATA
ACAAGAAAATATATATATAATAAGTTATCACGTAAGTAGAACATGAAATAACAATA
TAATTATCGTATGAGTTAAATCTTAAAAGTCACGTAAAAGATAATCATGCGTCATTT
TGACTCACGCGGTCGTTATAGTTCAAAATCAGTGACACTTACCGCATTGACAAGCAC
GCCTCACGGGAGCTCCAAGCGGCGACTGAGATGTCCTAAATGCACAGCGACGGATT
CGCGCTATTTAGAAAGAGAGAGCAATATTTCAAGAATGCATGCGTCAATTTTACGCA
GACTATCTTTCTAGGGTTAATCTAGCTGCATCAGGATCATATCGTCGGGTCTTTTTTC
CGGCTCAGTCATCGCCCAAGCTGGCGCTATCTGGGCATCGGGGAGGAAGAAGCCCG
TGCCTTTTCCCGCGAGGTTGAAGCGGCATGGAAAGAGTTTGCCGAGGATGACTGCTG
CTGCATTGACGTTGAGCGAAAACGCACGTTTACCATGATGATTCGGGAAGGTGTGGC
CATGCACGCCTTTAACGGTGAACTGTTCGTTCAGGCCACCTGGGATACCAGTTCGTC
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GCGGCTTTTCCGGACACAGTTCCGGATGGTCAGCCCGAAGCGCATCAGCAACCCGA
ACAATACCGGCGACAGCCGGAACTGCCGTGCCGGTGTGCAGATTAATGACAGCGGT
GCGGCGCTGGGATATTACGTCAGCGAGGACGGGTATCCTGGCTGGATGCCGCAGAA
ATGGACATGGATACCCCGTGAGTTACCCGGCGGGCGCGCTTGGCGTAATCATGGTCA
TAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCC
GGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAAT
TGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTA
ATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTC
CTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCA
CTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACA
TGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGC
GTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCA
GAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCT
CCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCT
CCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGT
GTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCG
CTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATC
GCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTG
CTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTG
GTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGAT
CCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTA
CGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACG
CTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGG
ATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATAT
ATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAG
CGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTAC
GATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCAC
GCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGC
AGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAA
GCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACA
GGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAAC
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GATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCG
GTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGG

CAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGG
TGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTG
CCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCA

TCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGAT
CCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCAC
CAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATA

AGGGCGACACGGAAATGTTGAATACTCAT (SEQ ID NO: 28)

[00304] The sequence for the PBBG-iRC9 construct illustrated in in FIG. 11D is shown below:
[00305] PBBG-iRC9 (9,393 bp)

[00306] ACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATG
AGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCAC
ATTTCCCCGAAAAGTGCCACCTAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCG
TTAAATTTTTGTTAAATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATC
CCTTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAAC
AAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTA
TCAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGAG
GTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGAC
GGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGG
GCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCC
GCGCTTAATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAACTGT
TGGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGG
ATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTG
TAAAACGACGGCCAGTGAGCGCGCCTCGTTCATTCACGTTTTTGAACCCGTGGAGGA
CGGGCAGACTCGCGGTGCAAATGTGTTTTACAGCGTGATGGAGCAGATGAAGATGC
TCGACACGCTGCAGAACACGCAGCTAGATTAACCCTAGAAAGATAATCATATTGTG
ACGTACGTTAAAGATAATCATGCGTAAAATTGACGCATGTGTTTTATCGGTCTGTAT
ATCGAGGTTTATTTATTAATTTGAATAGATATTAAGTTTTATTATATTITACACTTACA
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TACTAATAATAAATTCAACAAACAATTTATTTATGTTTATTTATTTATTAAAAAAAAA
CAAAAACTCAAAATTTCTTCTATAAAGTAACAAAACTTTTATCGAATTCCTGCAGCC
CGGGGGATCCACTAGTTCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTA
ATTACGTCCCTCCCCCGCTAGGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGT
CCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCACGG
GGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGC
AGACACCTGGGGGGATACGGGGAAAAGGCCTCCAAGGCCAGCTTCCCACAATAAGT
TGGGTGAATTTTGGCTCATTCCTCCTTTCTATAGGATTGAGGTCAGAGCTTTGTGATG
GGAATTCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCgcGATCgcTAGeTTAa
gCGCtGATcaATTgGCGCGCCGAATTCGT Tatctgcagaattcggcettggcggctgegegttcaaaccteccgette
aaaatggagaccctgegtgctcactcgggettaaatacccagegtgaccacatggtgtegeaaaatgtcgcaaaacactcacgtgacctcta
atacaggacctctagagcatggaaactagataagaaagaaatacgcagagaccaaagttcaactgaaacgaattaaacggtttattgattaa
caagcaaactagt TACAGATTACGAGTCAGGTATCTGGTGCCAATGGGGCGGGGTTCACTA
TATACACCTTCAGTATTAACAGCAAATTCAACATTATTAGACTTGTAATAGTTGGAA
GTGTACTGGATCTCCGGGTTCCAGCGCTTGCTGTTTTCCTTCTGCAGCTCCCACTCGA
TCTCCACGCTGACTTGGCCAGTAGAATACTGGGTGATGAAAGAGTTCAGCTTGTCCT
TGTTGAAGGCCGTTGGAGGATCCGCAGGTACAGGTGTGTTTTTGATGAGGATCTGAG
GAGGCGGGTGCTTCATTCCAAACCCTCCCATCAGCGGAGAAGGGTGAAAGTTGCCG
TCCGTGTGAGGAATTTTGGCCCAAATGGGTCCTTGCAGGTACACATCTCTGTCCTGC
CAAACCATACCCGGAAGTATTCCTTGGTTTTGAACCCAGCCGGTCTGCGCCTGTGCT
TGGGCACTCTGGTGGTTTGTGGCCACTTGTCCATAGGACTCCGTTGCTACCGGGTTA
GTAGTTTTAATTTCTTCTTCGTTGGTTATCATGACTTTGTCCGCATCCACGTTGTCTCT
TCCAGTTCCTTGTTTGCCAAAAATTAAAGATCCAGACAAAGGAAAGAAACGGTCCTC
TCCTTCTTTGTGGCTGGCCATAGCAGGTCCAGGATTCATCAAGCTATTACGTCCATTG
AGAGCCCAAGAAGAAGCTCCAGGCCAAGCAAATTCGCTGTTGTTGTTTTGAGTCACA
GTGGTTGAGACACGTTGTTGTCGGTAGCTGGGTCCAGGTATGTAGTTTCTTCCCTGG
ACAGCCATGTTGCTGGGTCCGGCCACACTGAATTTTAGCGTTTGTTGATTCTGTCCAG
AACCGTTAATAGTCTTTGAGAGATAGTACAAGTATTGGTCGATGAGTGGATTCATTA
GTCGGTCCAGGCTTTGGCTGTGAGCGTAGCTGCTATGGAAAGGTACGTTCTCAAACT
CGTAGCTGAACTGGAAGTTGTTACCCGTTCTTAGCATTTGCGACGGGAAATATTCCA
GGCAGTAAAAGGACGAACGACCCACGGCCTGGCTTCCATCATTAAGCGTCAGATAC
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CCGTACTGAGGAATCATGAAAACGTCCGCTGGGAACGGCGGGAGGCAGCCCTCGTG
AGCCGACCCGAGCACGTACGGGAGCTGATAGTCTGAGTCCGTGAAGACCTGGACCG
TGCTGGTAAGGTTATTGGCGATGGTCTTGACTCCATTGTTGTCCGTAACCTCTTTGAC
CTGAATGTTGAAGAGCTTGAAGTTGAGTCGCTTAGGCCGGAATCCCCAGTTGTTGTT
GATGAGTCGCTGCCAGTCACGTGGTGAGAAGTGGCAGTGGAATCTGTTGAAGTCAA
AATACCCCCAGGGGGTGCTGTAGCCGAAGTAGGCGTTGTCATTTGAAGATCCTCCAG
ATGTGCTGTTGGAGATTTGCTTGTAGAGGTGATTGTTGTAGGTGGGCAGGGCCCAGG
TTCGGGTGCTGGTGGTGATGACTCTGTCCCCCAGCCATTGGGAATCGCAATGCCAAT
TTCCCGAGGAACTACCCACTCCATCGGCACCTTCGTTATTGTCTGCCACTGGTGCGC
CACCACCTGAAGCCATTGTAAGAGATCCCACACCTGAGGGGGCTGCGGGAGGTTCT
CCGATTGGTTGAGGGTCTGGGACTGACTCTGTGTCGCCAGTCTGACCGAAATTGAGT
CTCTTTTTAGCGGGCTGTGCACCCGATTTGCCAATACCCGCGGAGGAGTCCGGTTCC
TGAGGAGACTGCTCTACAGGCCTCTTCTTTCCAGGAGCCGTCTTAGCCGCTTCCTCA
ACCAGACCAAGAGGTTCAAGAAGCCTCTTTTTGGCCTGGAAGACTGCTCGCCCGAG
GTTGCCCCCAAAAGACGTATCTTCTTTGAGCCGCTCCTGGAACTCGGCGTCGGCGTG
GTTGTACTTGAGGTACGGGTTGTCTCCGGCCTTGAGCTGCTGGTCGTAGGCCTTGTC
GTGCTCGAGGGCCGCCGCGTCTGCTGCGTTGACCGGCTCCCCCTTGTCGAGTCCGTT
GCCGGGTCCAAGGTATTTGTAACCCGGAAGCACAAGACCTCGAGCGTTGTCTTGATG
TTGTTGATTTGCCTTGGGTTGAGGGGCTCCAGGTTTCAAAGCCCACCACTCGCGAAT
TCCTTCACTAAGGTTGTCCTCGAGCCAATCTGGAAGATAACCATCGGCAGCCATacctg
atttaaatcatttattgttcaaagatgcagtcatccaaatccacattgaccagatcgecaggeagtgeaagegtetggeacctttcccatgatatg
atgaatgtagcacagtttctgatacgectttttgacgacagaaacgggttgagattctgacacgggaaageactctaaacagtctttetgteegt
gagtgaagcagatatttgaattctgattcattctctcgeattgtctgcagggaaacagceatcagattcatgeccacgtgacgagaacatttgtttt
ggtacctgtetgegtagttgatcgaagettccgegtetgacgtegatggetgegeaactgactegegeaccegtttgggctcacttatatetge
gtcactgggggcgggtcttttcttggetccaccctttttgacgtagaattcatgetccacctcaaccacgtgatectitgeccaccggaaaaagt
ctttgacttcetgettggtgaccttcccaaagtcatgatccagacggegggtgagttcaaatttgaacatceggtettgcaacggetgetggtgt
tcgaaggtcgttgagttcccgteaatcacggegeacatgttggtattggaggtgacgatcacgggagtegggtetatctgggccgaggactt
gcatttctggtccacgegeaccttgettcctccgagaatggctttggccgactccacgaccttggeggtceatcttcccctectcccaccagate
accatcttgtcgacacagtcgttgaagggaaagttcteattggtecagtttacgcaccegtagaagggeacagtgtgggctatggectecge
gatgttggtcttcccggtagttgcaggeccaaacagecagatggtgttectettgecgaactttttcgtggeccatcccagaaagacggaage
cgcatattggggatcgtacccgtttagticcaaaattttataaatccgattgctggaaatgtectecacgggetgetggeccaccaggtagteg



WO 2020/132059 PCT/US2019/067156

151

ggggcggttttagtcaggcetcataatctttcccgeattgtccaaggeagcecttgatttgggaccgegagttggaggecgeattgaaggagat
gtatgaggcectggtectcctggatecactgcettetecgaggtaatececttgtccacgagecacccgaccagetecatgtacctggetgaagt
ttttgatctgatcaccggcegceatcagaattgggattctgattctctttgtictgetectgegtetgegacacgtgegtcagatgetgegecaccaa
ccgtttacgctcegtgagattcaaacaggegetgtggagagaaaggcaaagtggatgtcagtaTCTCTATCACTGATAGG
GAGATCTCTATCACTGATAGGGAacttaccttaaatactgttccatattagtccacgeccactggagetcaggetgggtt
ttggggagcaagtaattggggatgtageactcatccaccaccttgttceecgectecggegecatttctggtetttgtgaccgegaaccagtttg
gcaaagtcggctegateccgeggtaaattctetgaatcagtttttcgegaatetgactcaggaaacgtecccaaaaccatggatttcacccegg
tggtttccacgagcacgtgcatgtggaagtagctctcteccttctcaaattgcacaaagaaaagagectccggggcecttactcacacggege
cattccgtcagaaagtcgegetgecagettetcggecacggtecaggggtecctgcteaatcagattcagatecatgtcagaatetggeggeaa
ctcecattccttetcggecacceagttcacaaagetgtcagaaatgecgggeagatgetegtcaaggtegetggggaccttaatcacaatete
gtaaaaccccggcatGGCGGCTGCGCGTTCAAACCTCCCGCTTCAAAATGGAGACCCTGCGT
GCTCACTCGGGCgaTCTCTATCACTGATAGGGAGATCTCTATCACTGATAGGGAgaTT
AAATAgaatggCTAggATCCGGCCGGecTGCAggTGTCCTCACAGGAACGAAGTCCCTAA
AGAAACAGTGGCAGCCAGGTTTAGCCCCGGAATTGACTGGATTCCTTTTTTAGGGCC
CATTGGTATGGCTTTTTCCCCGTATCCCCCCAGGTGTCTGCAGGCTCAAAGAGCAGC
GAGAAGCGTTCAGAGGAAAGCGATCCCGTGCCACCTTCCCCGTGCCCGGGCTGTCC
CCGCACGCTGCCGGCTCGGGGATGCGGGGGGAGCGCCGGACCGGAGCGGAGCCCC
GGGCGGCTCGCTGCTGCCCCCTAGCGGGGGAGGGACGTAATTACATCCCTGGGGGC
TTTGGGGGGGGGCTGTCCCTCTAGAGCGGCCGCCACCGCGGTGGAGCTCCAGCTTTIT
GTTCCCTTTAGTGAGGGTTAATTAGATCTTAATACGACTCACTATAGGGCGAATTGG
GTACCGGGCCCCCCCTCGAGGTCGACGGTATCGATAAGCTTGATATCTATAACAAGA
AAATATATATATAATAAGTTATCACGTAAGTAGAACATGAAATAACAATATAATTAT
CGTATGAGTTAAATCTTAAAAGTCACGTAAAAGATAATCATGCGTCATTTTGACTCA
CGCGGTCGTTATAGTTCAAAATCAGTGACACTTACCGCATTGACAAGCACGCCTCAC
GGGAGCTCCAAGCGGCGACTGAGATGTCCTAAATGCACAGCGACGGATTCGCGCTA
TTTAGAAAGAGAGAGCAATATTTCAAGAATGCATGCGTCAATTTTACGCAGACTATC
TTTCTAGGGTTAATCTAGCTGCATCAGGATCATATCGTCGGGTCTTTTTTCCGGCTCA
GTCATCGCCCAAGCTGGCGCTATCTGGGCATCGGGGAGGAAGAAGCCCGTGCCTTTT
CCCGCGAGGTTGAAGCGGCATGGAAAGAGTTTGCCGAGGATGACTGCTGCTGCATT
GACGTTGAGCGAAAACGCACGTTTACCATGATGATTCGGGAAGGTGTGGCCATGCA
CGCCTTTAACGGTGAACTGTTCGTTCAGGCCACCTGGGATACCAGTTCGTCGCGGCT
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TTTCCGGACACAGTTCCGGATGGTCAGCCCGAAGCGCATCAGCAACCCGAACAATA
CCGGCGACAGCCGGAACTGCCGTGCCGGTGTGCAGATTAATGACAGCGGTGCGGCG
CTGGGATATTACGTCAGCGAGGACGGGTATCCTGGCTGGATGCCGCAGAAATGGAC
ATGGATACCCCGTGAGTTACCCGGCGGGCGCGCTTGGCGTAATCATGGTCATAGCTG
TTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGC
ATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTG
CGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATC
GGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTC
ACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAG
GCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGC
AAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCC
ATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGG
CGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGT
GCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCG
GGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTC
GTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCC
TTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTG
GCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGA
GTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTG
CGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAA
ACAAACCACCGCTGGTAGCGGTGGTTTTTTITGTTTGCAAGCAGCAGATTACGCGCAG
AAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTG
GAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCAC
CTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTA
AACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTG
TCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGG
GAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACC
GGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTG
GTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGT
AAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGT
GGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAG
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GCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCC

GATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACT

GCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTAC
TCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCG
TCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGA
AAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCG
ATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTT

CTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGAC

ACGGAAATGTTGAATACTCAT (SEQ ID NO: 29)

[00307] The sequence for the PBBG-Anc80iRC construct illustrated in in FIG. 11E is shown

below:
[00308] PBBG-Anc80iRC (9,393 bp)

[00309] ACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATG
AGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCAC
ATTTCCCCGAAAAGTGCCACCTAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCG
TTAAATTTTTGTTAAATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATC
CCTTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAAC
AAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTA
TCAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGAG
GTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGAC
GGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGG
GCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCC
GCGCTTAATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAACTGT
TGGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGG
ATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTG
TAAAACGACGGCCAGTGAGCGCGCCTCGTTCATTCACGTTTTTGAACCCGTGGAGGA
CGGGCAGACTCGCGGTGCAAATGTGTTTTACAGCGTGATGGAGCAGATGAAGATGC
TCGACACGCTGCAGAACACGCAGCTAGATTAACCCTAGAAAGATAATCATATTGTG
ACGTACGTTAAAGATAATCATGCGTAAAATTGACGCATGTGTTTTATCGGTCTGTAT
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ATCGAGGTTTATTTATTAATTTGAATAGATATTAAGTTTTATTATATTTACACTTACA
TACTAATAATAAATTCAACAAACAATTTATTTATGTTTATTTATTTATTAAAAAAAAA
CAAAAACTCAAAATTTCTTCTATAAAGTAACAAAACTTTTATCGAATTCCTGCAGCC
CGGGGGATCCACTAGTTCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTA
ATTACGTCCCTCCCCCGCTAGGGGGCAGCAGCGAGCCGCCCGGGGCTCCGCTCCGGT
CCGGCGCTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCACGG
GGAAGGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGC
AGACACCTGGGGGGATACGGGGAAAAGGCCTCCAAGGCCAGCTTCCCACAATAAGT
TGGGTGAATTTTGGCTCATTCCTCCTTTCTATAGGATTGAGGTCAGAGCTTTGTGATG
GGAATTCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCgcGATCgcTAGeTTAa
gCGCtGATcaATTgGCGCGCCGAATTCGTTatctgcagaattcggcettggeggctgegegttcaaacctecccgette

aaaatggagaccctgegtgetcactcgggcttaaatacccagegtgaccacatggtgtegeaaaatgtcgeaaaacactcacgtgacctcta
atacaggacctctagagcatggaaactagataagaaagaaatacgcagagaccaaagttcaactgaaacgaattaaacggtttattgattaa

caagcaaactagtttacagattacgggtgaggtaacgggteccgatggggcgaggctcagaataaacgecatttgtgtcaacageaaagte
cacatttgtagatttgttgtagttggaagtgtattgaatctctgggttccagegtttgetgttttctttctgcageteecattcaatttccacgetgace
tgtccggtgctgtactgegtgatgaacgacgcaaacttagetggactgaaggtagttogaggattcgcgggaacaggtgtattcttaatcag

gatctgaggagecgggtgtttcagtccaaagecteccatcageggegagggatgaaagtgtecgtecgtatgaggaatettggeccagata
ggaccctgeaggtacacgtcccggtectgecagaccatgecaggtaaggcetecttgactgttgacggtecctgtagecaggageggtattee
ccgattgcaggttagtggccaccgtgecgtactettetgtggecactgggttggtagttttaatttcttectegttggttatcataacgttgtcaag

gtccacgttgctatttccageteectgtttcccaaatattaagactecgetcatcggaaaaaatttgtettegtegtecttgtgggtteccatageg
ggaccgggatttaccagagagtctctgecattcagatgatacttggtggeaccggtecaggeaaagttgetgttgttattttgattggttgtettg
gagacgcegttectgccggtagcagggcccgggtagecagtttttogcctgattcgecatgetactaggeccggectgagaaaattgcaacg
tccgatttecctgeggtaccactegtggtetgagtccgagacaggtagtacaggtactggtcgatgaggggogottcatcagecggtccaggcttt
ggctgtgcgegtagetgctgtgaaaaggeacgtectcaaacgtgtagetgaactgaaagttgttgecegttctcageatttgagaaggaaag
tattccaggcagtagaaggaggaacggeccacggcectgactgecattgticagagtcaggtacccgtactgaggaatcatgaagacgtce

gcecgggaacggaggeaggeagecctggtgegeagagecgaggacgtacgggagetggtattcegagteegtaaagacctgaacegtg

ctggtaaggttattggcgatggtegtegtgccatcattcgtegtgacctecttgacctggatgttgaagagettgaagttgagettcttgggccg
gaatccccagttgttgttgatgagtcgetgecagtcacgtggtgagaagtggcagtggaatctgttaaagtcaaaataccceccagggggtac
tgtagccgaagtaggtgttategttggtactgccteccgattggetggagatttocttgtagaggtagttottetagetesogagoocccagg
ttcgggtgctggtggtgatgactcetgtcgeccagecatgtggaatcgeaatgecaatttcctgaggegttacccactecgteggegecttegtt
attgtctgecattggagegecaccgectgeagcecattgtattagateccacaccagagggggctgcggggggttctecgagtggttgaggg
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tcgggcactgactctgagtcgecagtctgeccaaagttgagtcetetttetcgegggcetgetggectttettgecgatgeccgaagaggagtcet
ggttcctggggtoattoctctaccggtetcttetttccaggagecegtettagegecttectcaaccagaccgagaggttcgagaaccegcettet
tggcctggaagactgctcgeccgaggttgcccccaaaagacgtatcticttgcagacgetectgaaactcggegteggegtggttataccge
aggtacggattgtcacccgetttgagetgetggtegtaggecttgtegtectcgagggccgetgcgtecgecgegttgacgggcteccectt
gtcgagtcegttgaagggtccgaggtactigtageccaggaageaccagaccccggecegtegtectgcttttgetggttggctttggatttcgg
ggctccaggtttcaagtcecaccactcgegaatgecctcagagaggttgtectcgagecaatetggaagataaccatcggeagecatacct
gatttaaatcatttattgttcaaagatgcagtcatccaaatccacattgaccagatcgeaggeagtgcaagegtetggeacctttcccatgatat
gatgaatgtagcacagtttctgatacgcctttttgacgacagaaacgggttgagattctgacacgggaaagcactctaaacagtctttctgtec
gtgagtgaagcagatatttgaattctgattcattetctcgeattgtctgcagggaaacageatcagattcatgeccacgtgacgagaacatttgt
tttggtacctgtetgegtagttgatcgaagettccgegtetgacgtegatggetgegeaactgactcgegeaceegtttgggceteacttatatct
gegteactgggggcgggtcttttcttggetccaccectttttgacgtagaattcatgetecacctcaaccacgtgatectttgeccaccggaaaa
agtctttgacttcetgettggtgaccttcccaaagtcatgatccagacggegggtgagttcaaatttgaacatceggtettgcaacggetgctg
gtgttcgaaggtcgttgagttcccgtcaatcacggegeacatgtiggtgtiggaggtgacgatcacgggagtcgggtctatctgggecgagg
acttgcatttctggtccacgegeaccttgettecctccgagaatggctttggecgactccacgaccttggeggteatettecectectcecacca
gatcaccatcttgtcgacacagtcgttgaagggaaagttctcattggtecagtttacgcaccegtagaagggcacagtgtgggcetatggecte
cgcgatgttggtcttcceggtagttgcaggcccaaacagecagatggtgttectettgeegaactttttcgtggeccatcccagaaagacgga
agccgcatattggggatcgtaccegtttagttccaaaattttataaatccgattgetggaaatgtectccacgggctgctggeccaccaggtag
tcgggggcggttttagtcaggctcataatctitcccgeattgtccaaggeagecttgatttgggaccgegagttggaggccgeattgaagga
gatgtatgaggcctggtceetectggatecactgcettcteccgaggtaatecccttgtccacgagecaccegaccagetecatgtacetggetga
agtttttgatctgatcaccggegeatcagaattgggattetgattetetttgttctgetcctgegtetgegacacgtgegteagatgetgegecac
caaccgtttacgctccgtgagattcaaacaggegetgtggagagaaaggcaaagtggatgtcagtaTCTCTATCACTGATAG
GGAGATCTCTATCACTGATAGGGAAacttaccttaaatactgttccatattagtccacgeccactggagetcaggctggg
ttttggggagcaagtaattggggatgtagcactcatccaccaccttgttcccgecteccggegecatttetggtetttgtgaccgegaaccagttt
ggcaaagtcggctegatcecgeggtaaattctctgaatcagtttttcgegaatctgactcaggaaacgtcccaaaaccatggatttcaccecg
gtggtttccacgagcacgtgcatgtggaagtagetctctecctictcaaattgcacaaagaaaagagectccggggcecttactcacacggcg
ccattccgtcagaaagtcgegetgeagettctcggecacggteaggggtgcctgeteaatcagattcagatecatgtcagaatetggeggea
actcccattecttctcggecacccagttcacaaagetgtcagaaatgecgggeagatgetegtcaaggtegetggggaccttaatcacaatet
cgtaaaaccccggcatGGCGGCTGCGCGTTCAAACCTCCCGCTTCAAAATGGAGACCCTGCGT
GCTCACTCGGGCgaTCTCTATCACTGATAGGGAGATCTCTATCACTGATAGGGAgaTT
AAATAgaatggCTAggATCCGGCCGGecTGCAgeTGTCCTCACAGGAACGAAGTCCCTAA
AGAAACAGTGGCAGCCAGGTTTAGCCCCGGAATTGACTGGATTCCTTTTTTAGGGCC
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CATTGGTATGGCTTTTTCCCCGTATCCCCCCAGGTGTCTGCAGGCTCAAAGAGCAGC
GAGAAGCGTTCAGAGGAAAGCGATCCCGTGCCACCTTCCCCGTGCCCGGGCTGTCC
CCGCACGCTGCCGGCTCGGGGATGCGGGGGGAGCGCCGGACCGGAGCGGAGCCCC
GGGCGGCTCGCTGCTGCCCCCTAGCGGGGGAGGGACGTAATTACATCCCTGGGGGC
TTTGGGGGGGGGCTGTCCCTCTAGAGCGGCCGCCACCGCGGTGGAGCTCCAGCTTTIT
GTTCCCTTTAGTGAGGGTTAATTAGATCTTAATACGACTCACTATAGGGCGAATTGG
GTACCGGGCCCCCCCTCGAGGTCGACGGTATCGATAAGCTTGATATCTATAACAAGA
AAATATATATATAATAAGTTATCACGTAAGTAGAACATGAAATAACAATATAATTAT
CGTATGAGTTAAATCTTAAAAGTCACGTAAAAGATAATCATGCGTCATTTTGACTCA
CGCGGTCGTTATAGTTCAAAATCAGTGACACTTACCGCATTGACAAGCACGCCTCAC
GGGAGCTCCAAGCGGCGACTGAGATGTCCTAAATGCACAGCGACGGATTCGCGCTA
TTTAGAAAGAGAGAGCAATATTTCAAGAATGCATGCGTCAATTTTACGCAGACTATC
TTTCTAGGGTTAATCTAGCTGCATCAGGATCATATCGTCGGGTCTTTTTTCCGGCTCA
GTCATCGCCCAAGCTGGCGCTATCTGGGCATCGGGGAGGAAGAAGCCCGTGCCTTTT
CCCGCGAGGTTGAAGCGGCATGGAAAGAGTTTGCCGAGGATGACTGCTGCTGCATT
GACGTTGAGCGAAAACGCACGTTTACCATGATGATTCGGGAAGGTGTGGCCATGCA
CGCCTTTAACGGTGAACTGTTCGTTCAGGCCACCTGGGATACCAGTTCGTCGCGGCT
TTTCCGGACACAGTTCCGGATGGTCAGCCCGAAGCGCATCAGCAACCCGAACAATA
CCGGCGACAGCCGGAACTGCCGTGCCGGTGTGCAGATTAATGACAGCGGTGCGGCG
CTGGGATATTACGTCAGCGAGGACGGGTATCCTGGCTGGATGCCGCAGAAATGGAC
ATGGATACCCCGTGAGTTACCCGGCGGGCGCGCTTGGCGTAATCATGGTCATAGCTG
TTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGC
ATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTG
CGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATC
GGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTC
ACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAG
GCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGC
AAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCC
ATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGG
CGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGT
GCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCG
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GGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTC
GTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCC
TTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTG
GCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGA
GTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTG
CGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAA
ACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAG
AAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTG
GAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCAC
CTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTA
AACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTG
TCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGG
GAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACC
GGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTG
GTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGT
AAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGT
GGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAG
GCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCC
GATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACT
GCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTAC
TCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCG
TCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGA
AAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCG
ATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTT
CTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGAC
ACGGAAATGTTGAATACTCAT (SEQ ID NO: 30)

[00310] The sequence for the pcDNA-TetR-Ins construct illustrated in in FIG. 12A is shown

below:

[00311] pcDNA-TetR-Ins (7147 bp)
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[00312] gacggatcgggagatctgagetcacggggacageccecceccaaageccecagggatgtaattacgteecteceeeget
agggggcagcagcgagecgeecggggcteegeteeggtecggegeteececcccgeatcecccgagecggeagegtgcggggacagec
cgggcacggggaaggtggcacgggatcgctttcctctgaacgcettctegetgetcetttgagectgecagacacctggggggatacggggaa
aaagctttaggctgaaagagagatttagaatgacagaatcatagaacggectgggttgcaaaggageacagtgctcatccagatccaacce
cctgetatgtgecagggtcatcaaccageageccaggetgeccagagecacatecagectggecttgaatgectgeaggeccgateeectat
ggtcgactctcagtacaatetgetctgatgeegeatagttaagecagtatetgetecctgettgtgtattggaggtegetgagtagtgcgegag
caaaatttaagctacaacaaggcaaggcttgaccgacaattgcatgaagaatctgettagggttaggcegttttgcgctgcttcgegatgtacg
ggccagatatacgcgttgacattgattattgactagttattaatagtaatcaattacggggtcattagttcatagcccatatatggagttccgegtt
acataacttacggtaaatggcccgectggetgaccgeccaacgacccecgeccattgacgtcaataatgacgtatgtteccatagtaacgee
aatagggactttccattgacgtcaatgggtggactatttacggtaaactgeccacttggeagtacatcaagtgtatcatatgecaagtacgece
cctattgacgtcaatgacggtaaatggeccgectggeattatgcccagtacatgaccttatgggactttectacttggeagtacatctacgtatt
agtcatcgctattaccatggtgatgeggttttggcagtacatcaatgggegtggatageggtttgactcacggggatttccaagtctecaccee
attgacgtcaatgggagtttgttttggcaccaaaatcaacgggactttccaaaatgtcgtaacaactccgececcattgacgcaaatgggeggt
aggcegtgtacggtgggaggtctatataagcagagcetctetggetaactagagaacccactgcttactggettatcgaaattaatacgactcac
tatagggagacccaagctggctagegtttaaacttaagctttctgtgagtttggggacccttgattgttcttictttttcgctattgtaaaattcatgtt
atatggagggggcaaagttttcagggtgttgtttagaatgggaagatgteccttgtatcaccatggaccctcatgataattttgtttetttcacttte
tactctgttgacaaccattgtctcctcttattttcttttcattttctgtaactttttcgttaaactttagettgcatttgtaacgaatttttaaattcacttttgtt
tatttgtcagattgtaagtactttctctaatcacttttttttcaaggcaatcagggtatattatattgtacttcagcacagttttagagaacaattgttata
attaaatgataaggtagaatatttctgcatataaattctggctggegtggaaatattcttattggtagaaacaactacatcctggteatcatectge
ctttctctttatggttacaatgatatacactgtttgagatgaggataaaatactctgagtccaaaccgggeccctctgetaaccatgttcatgectt
cttetttttcctacagetectgggeaacgtgctggttattatgctateteateattttggcaaagaattgtaatacgactcactatagggcgageca
ccatggctagattagataaaagtaaagtgattaacagcgceattagagetgcttaatgaggtcggaatcgaaggtttaacaacccgtaaactcg
cccagaagctaggtgtagagcagcectacattgtattggeatgtaaaaaataagegggcetttgctcgacgecttagecattgagatgttagata
ggcaccatactcacttttgeectttagaaggggaaagctggcaagattttttacgtaataacgctaaaagttttagatgtgctttactaagtcate
gcgatggagcaaaagtacatttaggtacacggectacagaaaaacagtatgaaactctcgaaaatcaattagectttttatgccaacaaggttt
ttcactagagaatgccttatatgcactcagegecgtggggceattttactttaggttgcgtattggaagatcaagagcatcaagtcgetaaagaa
gaaagggaaacacctactactgatagtatgeccgecattattacgacaagetatcgaattatttgatcaccaaggtgcagagecagecttcttat
tcggecttgaattgatcatatgecggattagaaaaacaacttaaatgtgaaagtgggtccccaaaaaagaagagaaaggtegacggcggteg
ttcagtttaagcgtacagegggatccactagtccagtgtggtagaattctgeagatatccageacagtggeggecgetegagtetagaggge
ccgtttaaacccgcetgatcagectcgactgtgecttctagttgecagecatcetgttgtttgeccecteccecgtgecttecttgaccctggaaggt
gccacteccactgtectttectaataaaatgaggaaattgeatcgeattgtetgagtaggtgteattctattctggggggtegootogsocagg
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acagcaagggggaggattgggaagacaatagcaggeatgetggggatgcggtgggctetatggettctgaggcggaaagaaccagetg

gggctctagggggtatccccacgegecctgtageggegeattaagegeggegggtatgstegttacgecgeagegtgaccgetacacttg

ccagegcecctagegeccgetectttcgetttetteccttectttctecgecacgttcgecggetttccccgtcaagetctaaatcggggcatecctt
tagggttccgatttagtgctttacggecacctcgaccccaaaaaacttgattagggtgatggttcacgtagtggeccatcgecctgatagacgg

tttttcgecctttgacgttggagtccacgttctttaatagtggactcttgticcaaactggaacaacactcaaccctatctcggtctattcttttgattt
ataagggattttggggatttcggectattggttaaaaaatgagetgatttaacaaaaatttaacgegaattaattctgtggaatgtgtgtcagttag
ggtetggaaagtcceccaggetecccaggeaggcagaagtatgcaaageatgeatetcaattagtcageaaccaggtetggaaagteeeca
ggctcecccageaggeagaagtatgcaaageatgcatctcaattagtcagcaaccatagtcccgeccctaactccgececatccegeccctaa
ctcegeccagttccgeccattctcecgecccatggetgactaattttttttatttatgcagaggecgaggecgectetgectetgagetattceag

aagtagtgaggaggcttttttggagecctaggcttttgcaaaaagetcecgggagcettgtatatccattttcggatctgatcageacgtgttgac
aattaatcatcggcatagtatatcggcatagtataatacgacaaggtgaggaactaaaccatggecaagttgaccagtgecgttecggtgcte
accgegegegacgtegecggageggtegagttetggaccgaceggetegggtteteccgggacttegtggaggacgacttcgecggtgt

ggtcecgggacgacgtgaccetgttcatcagegeggtecaggaccaggtggtgccggacaacacccetggectgggtgtegatocgocgec

ctggacgagetgtacgecgagtggteggaggtegtgtecacgaacttccgggacgectecgggecggecatgaccgagatcggegage
agcegtgggggcgggagttcgecctgegegacceggecggeaactgegtgcacttcgtggecgaggageaggactgacacgtgctac

gagatttcgattccaccgeegecttctatgaaaggtteggecttcggaategttttccgggacgeeggetggatgatectecagegeggggat

ctcatgctggagttettcgeccaccccaacttgtttattgcagettataatggttacaaataaagcaatageatcacaaatttcacaaataaagca
tttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatcttatcatgtctgtataccgtcgacctctagetagagettggegtaatcat

ggtcatagetgtttcctgtgtgaaattgttatccgetcacaattccacacaacatacgagecggaageataaagtgtaaagectggggteccta
atgagtgagctaactcacattaattgegttgcgeteactgeccgcetttccagtcgggaaacctgtegtgecagetgeattaatgaatcggecaa
cgegeggggagaggeggtttgegtattgggegetcttcegettectegetecactgactegetgegeteggtegticggetgeggegagegg
tatcagctcactcaaaggeggtaatacggttatccacagaatcaggggataacgcaggaaagagagetcacggggacagecceecceca
aagcccccagggatgtaattacgtcecteccecgetagggggcageagegagecgececggggcteecgetecggtecggegeteececeee
geatcceecgagecggeagegtgcggggacageccgggcacggggaaggtggcacgggatcgetttectctgaacgettetegetgetet
ttgagcctgcagacacctggggggatacggggaaaaagetitaggctgaaagagagatttagaatgacagaatcatagaacggectgggt
tgcaaaggagcacagtgctcatccagatccaaccecctgetatgtgcagggteatcaaccageageccaggetgeccagagecacateca
gectggecttgaatgectgecaggacatgtgageaaaaggecageaaaaggecaggaaccgtaaaaaggecgegttgetggcegttttteea
taggctccgeccccctgacgageatcacaaaaatcgacgetcaagtcagaggtggcgaaacccgacaggactataaagataccaggegt
ttcccectggaagceteectegtgegetetectgttecgaceetgecgcettaccggatacetgtecgecttteteccttcgggaagegtggegct
ttctcaatgetcacgetgtaggtatctcagttcggtataggtegttcgetccaagetgggctgtgtecacgaacceccegttcageeecgacceg
ctgegecttatccggtaactategtettgagtccaaccecggtaagacacgacttatcgecactggcageagecactggtaacaggattagea
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gagcgaggtatgtaggcggtgctacagagticttgaagtggtggcctaactacggctacactagaaggacagtatttggtatctgegetetge
tgaagccagttaccttcggaaaaagagttggtagetcttgatccggeaaacaaaccaccgetggtageggtagtttttttgtttgcaagcagea
gattacgcgcagaaaaaaaggatctcaagaagatcctttgatcttttictacggggtctgacgctcagtggaacgaaaactcacgttaagggat
tttggtcatgagattatcaaaaaggatcttcacctagatecttttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggte
tgacagttaccaatgcttaatcagtgaggcacctatctcagegatctgtcetatttcgttcatccatagttgectgactcccegtegtgtagataact
acgatacgggagggcttaccatctggecccagtgctgeaatgataccgegagacccacgetcaccggetccagatttatcagcaataaace
agccagccggaagggcecgagegeagaagtggtectgeaactttatccgectecatccagtetattaattgttgecgggaagetagagtaagt
agttcgccagttaatagtttgcgcaacgttgttgecattgctacaggceategtggtgtcacgetegtegtitggtatggcttcaticagetceggt
tcccaacgatcaaggcgagttacatgatcceecatgttgtgcaaaaaageggttagetcettcggtecteegategttgtcagaagtaagttg

gccgceagtgttatcactcatggttatggeageactgceataattctettactgtcatgecatccgtaagatgcttttctgtgactggtgagtactcaa
ccaagtcattctgagaatagtgtatgeggegaccgagttgctettgeceggegtcaatacgggataataccgegecacatageagaacttta

aaagtgctcatcattggaaaacgttcttcggggegaaaactctcaaggatcttaccgcetgttgagatccagttegatgtaaccecactegtgeac
ccaactgatcttcagcatcttttactttcaccagegtttctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggocg
acacggaaatgttgaatactcatactcttcctttttcaatattattgaagcatttatcagggttattgtctcatgagecggatacatatttgaatgtattt

agaaaaataaacaaataggggttccgegceacatttccecgaaaagtgecacctgacgte (SEQ ID NO: 31)

[00313] The sequence for the pcDNA-TetR-KRAB-Ins construct illustrated in in FIG. 12B is

shown below:
[00314] pcDNA-TetR-KRAB-Ins (7493 bp)

[00315] gacggatcgggagatctgagetcacggggacageccceccccaaageccccagggatgtaattacgteecteccceeget
agggggcagcagcgagecgeecggggctecgetecggtecggegeteecceecgeateccegageeggeagegtgeggggacagec

cgggcacggggaaggtegcacgggatcgetttcctetgaacgettetcgetgctetttgagectgecagacacctggggggatacggggaa
aaagctttaggctgaaagagagatttagaatgacagaatcatagaacggectgggttgcaaaggageacagtgetcatecagatccaacce
cctgctatgtgecagggtcatcaaccagecageccaggetgeeccagagecacatecagectggecttgaatgectgeaggeccgatceectat
ggtcgactctcagtacaatctgetetgatgeecgeatagttaagecagtatctgeteectgettgtgtgttggaggtegctgagtagtgcgegag
caaaatttaagctacaacaaggcaaggcttgaccgacaattgcatgaagaatctgettagggttaggegttttgegetgettcgegatgtacg

ggccagatatacgcegttgacattgattattgactagttattaatagtaatcaattacggggteattagttcatageccatatatggagtteccgegtt
acataacttacggtaaatggcecgectggetgaccgeccaacgaceeccgeccattgacgtcaataatgacgtatgttcecatagtaacgee
aatagggactttccattgacgtcaatgggtggactatttacggtaaactgeccacttggecagtacatcaagtgtatcatatgccaagtacgecc

cctattgacgtcaatgacggtaaatggeccgectggeattatgeccagtacatgaccttatgggactttectacttggeagtacatctacgtatt
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agtcatcgctattaccatggtgatgeggttttggcagtacatcaatgggegtggatageggtttgactcacggggatttccaagtetecaccee
attgacgtcaatgggagtttgttttggcaccaaaatcaacgggactttccaaaatgtegtaacaactccgecccattgacgeaaatgggeggt
aggcgtgtacggtggoaggtctatataagcagagcetctctggetaactagagaacccactgcettactggcettatcgaaattaatacgactcac
tatagggagacccaagctggctagegtttaaacttaagctttctgtgagtttggggacccttgattgttctttctttttcgetattgtaaaattcatgtt
atatggagggooocaaagtttitcagggtgtigtttagaatgggaagatgtcecttgtatcaccatggaccctcatgataattttgtttctttcacttte
tactctgttgacaaccattgtctectettattttcttttcattttctgtaactttttcgttaaactttagettgeatttgtaacgaatttttaaattcacttttgtt
tatttgtcagattgtaagtactttctctaatcacttttttttcaaggcaatcagggtatattatattgtacttcagcacagttttagagaacaattgttata
attaaatgataaggtagaatatttctgcatataaattctggctggegtggaaatattcttattggtagaaacaactacatcctggtcatcatcctge
ctttctctttatggttacaatgatatacactgtttgagatgaggataaaatactctgagtccaaaccgggeccctctgetaaccatgtteatgectt
cttctttttcctacagetectgggeaacgtgetggttattgtgctateteateattttggcaaagaattgtaatacgactcactatagggegageca
ccatggctagattagataaaagtaaagtgattaacagcgceattagagetgcttaatgaggtcggaatcgaaggtttaacaacccgtaaactcg
cccagaagctaggtgtagagcagcectacattgtattggeatgtaaaaaataagegggctttgctcgacgecttagecattgagatgttagata
ggcaccatactcacttttgccctttagaaggggaaagctggcaagatttittacgtaataacgctaaaagttttagatgtgctttactaagtcatc
gcgatggagcaaaagtacatttaggtacacggectacagaaaaacagtatgaaactctcgaaaatcaattagectttttatgccaacaaggttt
ttcactagagaatgccttatatgcactcagegecgtggggceattttactttaggttgcgtattggaagatcaagageatcaagtcgetaaagaa
gaaagggaaacacctactactgatagtatgeccgecattattacgacaagetatcgaattatttgatcaccaaggtgcagagecagecttcttat
tcggecttgaattgatcatatgcggattagaaaaacaacttaaatgtgaaagtgggtccccaaaaaagaagagaaaggtcgacggeggteg
tgctttgtctectcageactetgetgtcactcaaggaagtatcatcaagaacaaggagggcatggatgctaagtcactaactgectggteccg
gacactggtgaccttcaaggatgtatttgtggacttcaccagggaggagtggaagcetgctggacactgetcagecagategtgtacagaaatg
tgatgctggagaactataagaacctggtttecttgggttatcagettactaagecagatgtgatectccggttggagaagggagaagageect
ggctggtogagagagaaattcaccaagagacccatcetgattcagagactgeatttgaaatcaaatcatcagtttaagegtacageggggat
ccactagtccagtgtggtggaattctgecagatatccageacagtggeggecgetegagtetagagggeccgtttaaaccegetgatcagect
cgactgtgccttctagttgecagecatctgttgtitgecectecceegtgecttecttgaccctggaaggtgccacteccactgtectttcctaat
aaaatgaggaaattgcatcgcattgtctgagtaggtgtcattctattctggggogtegogtegoacaggacagcaagggggaggattegg
aagacaatagcaggcatgctggggatgcggtggactctatggettctgaggeggaaagaaccagetggggctctaggggoatatccecac
gegecctgtageggegceattaagegeggegggtategtegttacgegeagegtgaccgetacacttgecagegeectagegeccgetee
tttcgctttcttcccttectttctecgecacgttcgeecggetttceccgtcaagetctaaatcggggeateectitagggttecgatttagtgctttac
ggcacctcgaccccaaaaaacttgattagggtgatggticacgtagtgggecatcgecctgatagacggtttttcgecctttgacgttggagt
ccacgttctttaatagtggactcttgttccaaactggaacaacactcaaccctatctcggtetattcttttgatttataagggattttggegatttcg
gcctattggttaaaaaatgagcetgatttaacaaaaatttaacgcgaattaattctgtggaatgtgtotcagttagggtegtggaaagtcceccaggce

tccccaggeaggceagaagtatgcaaageatgeatctcaattagtcagcaaccaggtgtggaaagtccccaggetecccageaggeagaa
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gtatgcaaagcatgcatctcaattagtcagcaaccatagtceegeccctaactcegeccatccegeeectaactccgeccagttcegeccatt
ctccgecccatggetgactaattttttttatttatgcagaggccgaggccgectetgectetgagetattccagaagtagtgaggaggcttttttg
gaggcctaggcttttgcaaaaagctcccgggagcttgtatatccattttcggatctgatcageacgtgttgacaattaatcatcggeatagtata
tcggcatagtataatacgacaaggtgaggaactaaaccatggecaagttgaccagtgecgttccggtgctcaccgegegegacgtegeeg
gagcggtegagttctggaccgaccggetegggttctecccgggacttcgtggaggacgacttcgecggtgtggtecgggacgacgtgace
ctgttcatcagcgeggtecaggaccaggtggtgccggacaacaccectggectgggtatgggtgcgeggectggacgagetgtacgecga
gtggtcggaggtegtgtccacgaacttcecgggacgectecgggecggecatgaccgagatcggegageagecgtgggggcgggagtte
geectgegegacceggecggeaactgegtgeacttcgtggecgaggageaggactgacacgtgctacgagatttcgattccaccgecge
cttctatgaaaggttggocttcggaatcgttttccgggacgecggctggatgatcctccagegeggggateteatgetggagttcettcgecca
ccccaacttgtttattgcagcttataatggttacaaataaagcaatagcatcacaaatttcacaaataaageatttttttcactgeattctagttgtg
gtttgtccaaactcatcaatgtatcttatcatgtctgtataccgtcgacctetagetagagettggegtaatcatggtcatagetgtttectgtgtga
aattgttatccgcetcacaattccacacaacatacgagecggaageataaagtgtaaagectggggtacctaatgagtgagetaactcacatta
attgegttgegctcactgeccgcetttccagtcgggaaacctgtegtgecagetgeattaatgaatcggecaacgegeggggagaggcggttt
gegtattgggegctettccgettectegeteactgactecgetgegeteggtegttcggetgcggegageggtatcageteactcaaaggegg
taatacggttatccacagaatcaggggataacgcaggaaagagagetcacggggacagececececcecaaageeccccagggatgtaatta
cgtecctecceecgetagggggcageagegagecgeecggggctecgeteeggtecggegeteececccgeatccccgagecggeageg
tgcggggacageecgggcacggggaaggtggcacgggatcgcetttcctetgaacgettctegetgetetttgagectgeagacacctggg
gggatacggggaaaaagctttaggctgaaagagagatitagaatgacagaatcatagaacggectgggttgcaaaggageacagtgetca
tccagatccaaccecctgetatgtgcagggteatcaaccageageccaggctgeccagagecacatccagectggecttgaatgectgea
ggacatgtgagcaaaaggecagcaaaaggecaggaaccgtaaaaaggecgegttgetggegtttttccataggetecgecceectgacg
agcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaagataccaggegtttcceectggaageteccteg
tgegctetectgttcegaccetgecgcettaccggatacctgtecgectttcteccttcgggaagegtggegctttetcaatgetcacgetgtagg
tatctcagttcggtgtaggtegttcgctccaagetgggctgtgtgcacgaaccceecgticageccgaccgetgegecttatccggtaactat
cgtcttgagtccaacccggtaagacacgacttatcgecactggeageagecactggtaacaggattagcagagegaggtatgtaggeggt
gctacagagttcttgaagtggtggcctaactacggcetacactagaaggacagtatttggtatctgegetctgetgaagecagttaccttcggaa
aaagagttggtagctcttgatccggeaaacaaaccaccgetggtageggtggtttttttgtttgcaagcageagattacgegecagaaaaaaa
ggatctcaagaagatcctttgatcttttctacggggtetgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaa
aaggatcttcacctagatccttttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaa
tcagtgaggcacctatctcagegatctgtctatttegttcatecatagttgectgactecccgtegtetagataactacgatacgggagggctta
ccatctggeeccagtgctgeaatgataccgegagacceacgetcaccggetccagatttatcagcaataaaccagecageeggaagggec

gagcgcagaagtggtectgeaactttatcegectcecatccagtctattaattgttgeccgggaagetagagtaagtagttcgecagttaatagttt
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gcgeaacgttgttgccattgctacaggeategtggtgtcacgetegtegtttggtatggcttcattcagetecggtteccaacgatcaaggega
gttacatgatcccccatgttgtgcaaaaaageggttagetecttcggtectecgategttgtcagaagtaagttggcegeagtgttatcacteat
ggttatggcagcactgcataattctcttactgtcatgecatccgtaagatgcettttctgtgactggtgagtactcaaccaagtcattctgagaata
gtgtatgcggegaccgagttgetettgcccggegtcaatacgggataataccgegecacatageagaactttaaaagtgeteatcattggaa
aacgttcttcggggcgaaaactctcaaggatcttaccgcetgttgagatccagttcgatgtaacccactegtgecacccaactgatcttcageate
ttttactttcaccagcegtttctgggtgagcaaaaacaggaaggcaaaatgecgcaaaaaagggaataagggcgacacggaaatgttgaata
ctcatactcttcctttttcaatattattgaagcatttatcagggttattgtctcatgageggatacatatttgaatgtatttagaaaaataaacaaatag
gggttccgegeacatttceccgaaaagtgecacctgacgte (SEQ ID NO: 32)

[00316] It 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.

[00317] 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. Itis therefore to be understood that the embodiments may be practiced

otherwise than as specifically described.

[00318] All publications, patents and patent applications mentioned in this specification are
herein incorporated by reference to the same extent as if each individual publication, patent or

patent application was specifically and individually indicated to be incorporated by reference.
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CLAIMS
What is claimed is:
L. A mammalian cell for producing an adeno-associated virus (AAV), comprising:
a. a nucleic acid molecule encoding a viral helper gene under control of a first
derepressible promoter;
b. a nucleic acid molecule encoding an AAV gene under control of a second
derepressible promoter; and
C. a nucleic acid molecule encoding a repressor element of the first and the second
derepressible promoters.
2. The mammalian cell of claim 1, wherein the mammalian cell is a mammalian cell culture.
3. The mammalian cell of claim 2, wherein the mammalian cell culture is a suspension
culture.
4. The mammalian cell of any one of claims 1-3, wherein the viral helper gene is an
adenovirus helper gene.
5. The mammalian cell of claim 4, wherein the adenovirus helper gene comprises E2A and
E40rf6 genes.
6. The mammalian cell of claim 5, further comprising an internal ribosome entry site (IRES)

element between the E2A and E40rf6 genes.
7. The mammalian cell of any one of claims 1-6, wherein the AAV gene comprises Rep and

Cap genes.



10.

11.

12.

13.

14.

15.

16.
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The mammalian cell of claim 7, wherein a Rep78 gene is under control of the second
derepressible promoter and a Rep52 gene is under control of a third derepressible
promoter.

The mammalian cell of claim 7, wherein a Rep78 gene is under control of the second
derepressible promoter and a Rep52 gene is under control of a third derepressible
promoter contained within an artificial intron.

The mammalian cell of claim 8 or claim 9, wherein the Cap gene is under control of a
native promoter.

The mammalian cell of any one of claims 1-10, wherein each of the derepressible
promoters comprise a functional promoter and two tetracycline operator sequences
(TetOy).

The mammalian cell of claim 11, wherein the functional promoter of the first
derepressible promoter is a cytomegalovirus (CMV) promoter.

The mammalian cell of any one of claims 1-12, wherein the repressor element is under
control of a constitutive promoter.

The mammalian cell of any one of claims 1-13, wherein the repressor element is a
tetracycline repressor protein.

The mammalian cell of claim 14, further comprising a nucleic acid encoding a

transcriptional repression domain in frame with the nucleic acid encoding the tetracycline

repressor protein.
The mammalian cell of anyone of claims 1-15, wherein the mammalian cell is a Chinese

hamster ovary (CHO) cell.
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The mammalian cell of any one of claims 1-15, wherein the mammalian cell is a human
cell.

The mammalian cell of claim 17, wherein the human cell is a human embryonic kidney
(HEK) cell.

The mammalian cell of any one of claims 1-18, further comprising a nucleic acid
molecule including two inverted terminal repeat (ITR) sequences.

The mammalian cell of any one of claims 1-19, further comprising a nucleic acid
molecule encoding a gene of interest.

The mammalian cell of any one of claims 1-20, further comprising a nucleic acid
encoding a viral-associated, non-coding RNA under control of a fourth derepressible
promoter.

A mammalian cell for producing an adeno-associated virus (AAV), comprising:

a. a nucleic acid molecule encoding:

i an adenovirus helper gene comprising E2A and E4Orf6 genes under

control of a first derepressible promoter;

i, an AAYV gene comprising Rep and Cap genes under control of a second

derepressible promoter;

iii. a viral-associated, non-coding RNA under control of a third depressible
promoter;
iv. two inverted terminal repeat (ITR) sequences; and

\2 a repressor element of the first, second and third derepressible promoters.
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The mammalian cell of claim 22, wherein the mammalian cell is a mammalian cell
culture.

The mammalian cell of claim 23, wherein the mammalian cell culture is a suspension
culture.

The mammalian cell of any one of claims 22-24, further comprising an internal ribosome
entry site (IRES) element between the E2A and E40rf6 genes.

The mammalian cell of any one of claims 22-25, wherein a Rep78 gene is under control
of the second derepressible promoter and a Rep52 gene is under control of a fourth
derepressible promoter.

The mammalian cell of any one of claims 22-25, wherein a Rep78 gene is under control
of the second derepressible promoter and a Rep52 gene is under control of a fourth
derepressible promoter contained within an artificial intron.

The mammalian cell of claim 26 or claim 27, wherein the Cap gene is under control of a
native promoter.

The mammalian cell of any one of claims 22-28, wherein each of the derepressible
promoters comprise a functional promoter and two tetracycline operator sequences
(TetOn).

The mammalian cell of claim 29, wherein the functional promoter of the first
derepressible promoter is a cytomegalovirus (CMV) promoter.

The mammalian cell of any one of claims 22-30, wherein the repressor element is under
control of a constitutive promoter.

The mammalian cell of any one of claims 22-31, wherein the repressor element is a

tetracycline repressor protein.
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The mammalian cell of claim 25, further comprising a nucleic acid encoding a

transcriptional repression domain in frame with the nucleic acid encoding the tetracycline

repressor protein.

The mammalian cell of any one of claims 22-33, wherein the mammalian cell is a

Chinese hamster ovary (CHO) cell.

The mammalian cell of any one of claims 22-33, wherein the mammalian cell is a human

cell.

The mammalian cell of claim 35, wherein the human cell is a human embryonic kidney

(HEK) cell.

The mammalian cell of any one of claims 22-36, further comprising a nucleic acid

molecule encoding a gene of interest.

An isolated nucleic acid molecule encoding:

a. an adenovirus helper gene comprising E2A and E40rf6 genes under control of a
first derepressible promoter;

b. an AAV gene comprising Rep and Cap genes under control of a second

derepressible promoter;

C. a viral-associated, non-coding RNA under control of a third depressible promoter;
d. two inverted terminal repeat (ITR) sequences; and
e. a repressor element of the first, second and third derepressible promoters.

The isolated nucleic acid of claim 38, further comprising an internal ribosome entry site

(IRES) element between the E2A and E4Orf6 genes.
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The isolated nucleic acid of any one of claims 38-39, wherein a Rep78 gene is under
control of the second derepressible promoter and a Rep52 gene is under control of a
fourth derepressible promoter.

The isolated nucleic acid of any one of claims 38-39 wherein a Rep78 gene is under
control of the second derepressible promoter and a Rep32 gene is under control of a
fourth derepressible promoter contained within an artificial intron.

The isolated nucleic acid of claim 40 or claim 41, wherein the Cap gene is under control
of a native promoter.

The isolated nucleic acid of any one of claims 38-42, wherein each of the derepressible
promoters comprise a functional promoter and two tetracycline operator sequences
(TetO2).

The isolated nucleic acid of claim 43, wherein the functional promoter of the first
derepressible promoter is a cytomegalovirus (CMV) promoter.

The isolated nucleic acid of any one of claims 38-44, wherein the repressor element is
under control of a constitutive promoter.

The isolated nucleic acid of any one of claims 38-45, wherein the repressor element is a
tetracycline repressor protein.

The isolated nucleic acid of claim 46, further comprising a nucleic acid encoding a
transcriptional repression domain in frame with the nucleic acid encoding the tetracycline
repressor protein.

The isolated nucleic acid of any one of claims 38-47, further comprising a gene of

interest.
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49. A method of producing an adeno-associated virus (AAV) in a mammalian cell

comprising:
a. transfecting the mammalian cell with an isolated nucleic acid molecule encoding:
i. an adenovirus helper gene comprising E2A and E4Orf6 genes under
control of a first derepressible promoter;
ii. an AAV gene comprising Rep and Cap genes under control of a second
derepressible promoter;
iii. a viral-associated, non-coding RNA under control of a third depressible
promoter;
iv. two inverted terminal repeat (ITR) sequences; and
V. a repressor element of the first, second and third derepressible promoters;
b. treating the mammalian cell with a binding partner of the repressor element;
C. activating the first, second and third derepressible promoters;

d. producing the AAV; and

e. harvesting the AAV.

50. The method of claim 49, wherein the mammalian cell is a mammalian cell culture.
51. The method of claim 50, wherein the mammalian cell culture is a suspension culture.
52. The method of any one of claims 49-51, further comprising an internal ribosome entry

site (IRES) element between the E2A and E4Orf6 genes.
53. The method of any one of claims 49-52, wherein a Rep78 gene is under control of the
second derepressible promoter and a Rep52 gene is under control of a fourth

derepressible promoter.
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The method of any one of claims 49-52, wherein a Rep78 gene is under control of the
second derepressible promoter and a Rep52 gene is under control of a fourth
derepressible promoter contained within an artificial intron.

The method of claim 54, wherein the fourth derepressible promoter is removed following
the activating the derepressible promoters and prior to the producing the AAV.

The method of claim 53 or claim 54, wherein the Cap gene is under control of a native
promoter.

The method of any one of claims 49-56, wherein each of the derepressible promoters
comprise a functional promoter and two tetracycline operator sequences (TetO2).

The method of claim 57, wherein the functional promoter of the first derepressible
promoter is a cytomegalovirus (CMV) promoter.

The method of any one of claims 49-58, wherein the repressor element is under control of
a constitutive promoter.

The method of any one of claims 49-59, wherein the repressor element is a tetracycline
repressor protein.

The method of claim 60, wherein the nucleic acid further comprises a nucleic acid
encoding a transcriptional repression domain in frame with the nucleic acid encoding the
tetracycline repressor protein.

The method of claim 60 or 61, wherein the treating comprises treating with doxycycline.
The method of any one of claims 49-62, wherein the mammalian cell is a Chinese
hamster ovary (CHO) cell.

The method of any one of claims 49-63, wherein the mammalian cell is a human cell.
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The method of claim 64, wherein the human cell is a human embryonic kidney (HEK)

cell.

The method of any one of claims 49-65, wherein the AAV comprises a nucleic acid

molecule encoding a gene of interest.

The method of claim 66, wherein the AAV comprises a gene of therapeutic interest.

A method of treatment with an adeno-associated virus (AAV) comprising;

a.

c.

f

i

ii.

iii.

iv.

transfecting the mammalian cell with an isolated nucleic acid molecule encoding:
an adenovirus helper gene comprising E2A and E40rf6 genes under
control of a first derepressible promoter;
an AAV gene comprising Rep and Cap genes under control of a second
derepressible promoter;
a viral-associated, non-coding RNA under control of a third depressible
promoter;
two inverted terminal repeat (ITR) sequences; and
a repressor element of the first, second and third derepressible promoters;
treating the mammalian cell with a binding partner of the repressor element;
activating the first, second and third derepressible promoters;
producing the AAV;
harvesting the AAV; and

administering the AAV to a mammalian patient.

The method of claim 68, wherein the mammalian cell is a mammalian cell culture.

The method of claim 69, wherein the mammalian cell culture is a suspension culture.
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The method of any one of claims 68-70, further comprising an internal ribosome entry
site (IRES) element between the E2A and E4Orf6 genes.

The method of any one of claims 68-71, wherein a Rep78 gene is under control of the
second derepressible promoter and a Rep52 gene is under control of a fourth
derepressible promoter.

The method of any one of claims 68-72, wherein a Rep78 gene is under control of the
second derepressible promoter and a Rep52 gene is under control of a fourth
derepressible promoter contained within an artificial intron.

The method of claim 73, wherein the fourth derepressible promoter is removed following
the activating the derepressible promoters and prior to the producing the AAV.

The method of claim 73 or claim 74, wherein the Cap gene is under control of a native
promoter.

The method of any one of claims 68-75, wherein each of the derepressible promoters
comprise a functional promoter and two tetracycline operator sequences (TetO2).

The method of claim 76, wherein the functional promoter of the first derepressible
promoter is a cytomegalovirus (CMV) promoter.

The method of any one of claims 68-77, wherein the repressor element is under control of
a constitutive promoter.

The method of any one of claims 68-78, wherein the repressor element that is a
tetracycline repressor protein.

The method of claim 79, wherein the nucleic acid further comprises a nucleic acid
encoding a transcriptional repression domain in frame with the nucleic acid encoding the

tetracycline repressor protein.



81.

82.

84.

85.

86.

87.

88.

WO 2020/132059 PCT/US2019/067156

174

The method of claim 79 or 80, wherein the treating comprises treating with doxycycline.
The method of any one of claims 68-81, wherein the mammalian cell is a Chinese
hamster ovary (CHO) cell.
The method of any one of claims 68-82, wherein the mammalian cell is a human cell.
The method of claim 83, wherein the human cell is a human embryonic kidney (HEK)
cell.
The method of any one of claims 68-84, wherein the AAV comprises a nucleic acid
molecule encoding a gene of interest.
The method of claim 85, wherein the AAV comprises a gene of therapeutic interest.
The method of any one of claims 68-86, wherein the administering comprises inhalation,
injection or intravenous administration.
A method of producing an adeno-associated virus (AAV), comprising;
a. transfecting a mammalian cell stably expressing one or more nucleic acids
encoding TetR and/or TetR-KRAB with:
i. afirst nucleic acid encoding an adenovirus helper gene comprising an
E2A gene, a E4Orf gene and a viral-associated non-coding RNA, under
control of a first derepressible promoter;
ii. a second nucleic acid encoding an AAV gene comprising Rep and Cap
genes under control of a second derepressible promoter; and
iii. optionally, a third nucleic acid encoding a gene of interest under control of
a third derepressible promoter;
b. treating the mammalian cell with a binding partner of the TetR;

c. activating the first, second and third derepressible promoters;
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d. producing the AAV; and
e. harvesting the AAV.
89. The method of claim 88, wherein the mammalian cell is a mammalian cell culture.
90. The method of any one of claims 88-89, wherein the mammalian cell is a Chinese
hamster ovary (CHO) cell.
91. The method of any one of claims 88-90, wherein the mammalian cell is a human cell.

92. The method of claim 91, wherein the human cell is a human embryonic kidney (HEK)

cell.
93. The method of claim 89, wherein the mammalian cell culture is a suspension culture.
94, The method of any one of claims 88-90, further comprising an internal ribosome entry

site (IRES) element between the E2A and E4Orf6 genes.

95. The method of any one of claims 88-91, wherein each of the derepressible promoters
comprise a functional promoter and two tetracycline operator sequences (TetO2).

96. The method of claim 95, wherein the functional promoter of the first derepressible
promoter is a cytomegalovirus (CMV) promoter.

97. The method of any one of claims 88-96, wherein the TetR and/or TetR-KRAB is under
control of a constitutive promoter.

98. The method of claim 97, wherein the nucleic acid encoding the TetR-KRAB comprises
KRAB fused in frame with the TetR.

99. The method of any one of claims 88-98, wherein the treating comprises treating with
doxycycline.

100.  The method of any one of claims 88-99, wherein each of the first, second and third

nucleic acids are flanked by transposon-specific inverted terminal repeats (ITRs).
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101.  The method of any one of claims 88-100, wherein the mammalian cell expresses

sufficient amounts of TetR and/or TetR-KRAB.

102. The method of any one of claims 88-101, wherein the AAV comprises a gene of
therapeutic interest.

103.  The method of any one of claims 88-102, wherein the mammalian cell further comprises
stable expression of one or more nucleic acids encoding chicken hypersensitive site-4
(cHS4) flanking the TetR and/or TetR-KR AB repressor sequences.

104. The method of any one of claims 88-103, wherein the mammalian cell further comprises
a selection gene.

105. A method for producing an adeno-associated virus (AAV), comprising:

a. stably transfecting a mammalian cell with:
a nucleic acid encoding a TetR and/or TetR-KRAB repressor;
chicken hypersensitive site-4 (cHS4) sequences flanking the TetR and/or
TetR-KRAB repressor; and
a selection gene;
b. transfecting the stably transfected mammalian cell with:
i. afirst nucleic acid encoding an adenovirus helper gene comprising an
E2A gene, a E40rf gene and a viral-associated non-coding RNA, under
control of a first derepressible promoter;
ii. a second nucleic acid encoding an AAV gene comprising Rep and Cap

genes under control of a second derepressible promoter; and
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iii. optionally, a third nucleic acid encoding a gene of interest under control of
a third derepressible promoter;

c. treating the stably transfected mammalian cell with a binding partner of the TetR;

d. activating the first, second and third derepressible promoters;

e. producing the AAV; and

f. harvesting the AAV.
The method of claim 105, wherein the stably transfected mammalian cell produces a
sufficient amounts of TetR.
The method of any one of claims 105 and 106, wherein the KRAB repressor domain is

fused in frame with the TetR.



