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(57) ABSTRACT

The present invention provides constructs for producing
modified recombinant adeno-associated virus (rAAV) vec-
tors. The constructs comprise one or more CCCTC-binding
factor (CTCF) binding sites, which facilitate DNA looping
and promote efficient transgene expression. Also provided
are modified rAAV virus particles comprising these con-
structs, methods for producing the modified rAAV virus
particles, and methods of using the modified rAAV virus
particles to deliver a transgene to a subject.
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GENERATION OF NEXT GENERATION
RECOMBINANT AAV GENE THERAPY
VECTORS THAT ADOPT 3D
CONFORMATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Application No. 63/350,769 filed on Jun. 9, 2022, the
content of which is incorporated by reference in its entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

[0002] This invention was made with government support
under AI148511 awarded by the National Institutes of
Health. The government has certain rights in the invention.

REFERENCE TO AN ELECTRONIC SEQUENCE
LISTING

[0003] The contents of the electronic sequence listing
(960296.04414 xml; Size: 100,339 bytes; and Date of Cre-
ation: Jun. 20, 2023) is herein incorporated by reference in
its entirety.

BACKGROUND

[0004] Recombinant adeno associated virus vectors
(rAAV) offer great potential for use as gene therapy vectors
for the treatment of monogenic diseases, such as muscular
dystrophy and spinal muscular atrophy. rAAV gene therapy
vectors offer several advantages over other types of viral
vectors due to (1) their ability to persist long-term as a
largely unintegrated expression platform, and (2) their
inability to elicit significant innate immune responses in the
host. However, the widespread use of rAAV vectors in the
clinic is limited by our lack of knowledge about how the
rAAV genome is chromatinized, where in the host nucleus it
persists long-term, and how the vector genome navigates the
nuclear milieu. Current gene therapy applications utilize
high doses of rAAV vectors (10'2-10'3 viral genomes per
kg) to ensure proper transgene expression. High doses
increase production costs and increase the risk for oncogenic
integration and toxicity.

[0005] Accordingly, there remains a need in the art for
rAAV vectors that drive robust transgene expression in
target cells.

SUMMARY

[0006] In a first aspect, the present disclosure provides a
construct for producing a recombinant adeno-associated
virus (rAAV) vector. The construct comprises: a 5' inverted
terminal repeat (ITR), a first CCCTC-binding factor (CTCF)
binding site, a promoter, a transgene, and a 3' ITR. In
embodiments, the construct further comprises a second
CTCF binding site. In embodiments, the construct com-
prises from 5' to 3": the 5' inverted terminal repeat (ITR), the
first CCCTC-binding factor (CTCF) binding site, the pro-
moter, the transgene, the second CTCF binding site, and the
3'ITR. In embodiments, the second CTCF binding site is in
the convergent orientation relative to the first CTCF binding
site. In embodiments, the CTCF binding site(s) are from a
human or a virus.
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[0007] In embodiments, the virus is selected from the
group consisting of: adeno-associated virus (AAV), minute
virus of mice (MVM), H1 parvovirus, MmuPV, B19, canine
parvovirus, human cytomegalovirus (HCMV ) human her-
pesvirus 5 strain Merlin, human alphaherpesvirus 1, human
herpesvirus 4 type 2 (Epstein-Barr virus type 2), HPV16,
herpes simplex virus (HSV), and herpes B virus (HBV).

[0008] In embodiments, the CTCF binding site(s) com-
prise a sequence selected from: SEQ ID NOs:1-28. In
embodiments, the first CTCF binding site comprises SEQ ID
NO:1 and the second CTCF binding site comprises SEQ ID
NO:42. In embodiments, the first and/or second CTCF
binding site comprises multiple CTCF binding sequences. In
embodiments, the first and/or second CTCF binding site
comprises five CTCF binding sequences. In embodiments,
the first CTCF binding site comprises SEQ ID NO: 3.

[0009] In a second aspect, the present invention provides
host cells transduced with a construct described herein.

[0010] In a third aspect, the present invention provides
rAAV virus particles comprising a construct described
herein.

[0011] In a fourth aspect, the present invention provides
packaging cell lines for producing the virus particles
described herein.

[0012] In a fifth aspect, the present invention provides a
method for producing a modified rAAV virus particle. The
method comprises: (a) transducing a host cell with a plasmid
comprising a construct described herein, a packaging plas-
mid, and a helper plasmid; (b) collecting the supernatant and
the cells from culture; and (c) isolating virus particles from
the supernatant and cells. In embodiments, the method
further comprises concentrating the virus particles.

[0013] In a sixth aspect, the present invention provides a
method of delivering a transgene to a subject in need thereof.
The method comprises: administering a modified rAAV
virus particle described herein to the subject. In embodi-
ments, the transgene is expressed in a greater proportion of
the subject’s cells when it is delivered in the modified rAAV
vector as compared to when it is delivered in a wild-type
rAAV vector. In embodiments, the transgene is expressed at
higher levels when it is delivered in the modified rAAV
vector as compared to when it is delivered in a wild-type
rAAV vector.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a schematic showing how the modified
recombinant adeno-associated virus (rAAV) vectors tested
in the Examples were generated. A wild-type rAAV vector
comprising a green fluorescent protein (GFP) transgene
operably linked to a cytomegalovirus (CMV) promoter was
modified via insertion of a first CTCF binding site between
the 5' inverted terminal repeat (ITR) and the CMV promoter
and a second CTCF binding site between the GFP transgene
and the 3' ITR.

[0015] FIGS. 2A-2B shows the results of a fluorescence-
activated cell sorting (FACS) analysis measuring GFP
expression in HEK 293 cells transduced with either a (FIG.
2A) wild-type rAAV vector comprising the GFP transgene
(WT rAAV) or (FIG. 2B) a modified version of the rAAV
vector in which the GFP transgene is flanked by convergent
human CTCF binding sites (h\CTCF rAAV). These results
show that 7.7% of the cells transduced with hCTCF rAAV
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expressed GFP above background levels, whereas only 3.6%
of the cells transduced with WT rAAV expressed GFP above
background levels.

[0016] FIG. 3 shows the results of a quantitative reverse
transcription PCR (RT-qPCR) analysis measuring GFP
expression in HEK 293 cells transduced with either WT
rAAV or hCTCF rAAV. Mock infected cells (mock) were
also analyzed to serve as a negative control. Values were
normalized to the levels of housekeeping gene Actb.
[0017] FIG. 4 is a schematic depicting the predicted out-
comes of inserting CTCF binding sites into rAAV vectors in
both the convergent and divergent orientations. When the
CTCF binding sites are inserted in the convergent orienta-
tion, CTCF binding and dimerization brings together distal
DNA elements and results in looping of the intervening
sequence. Published data suggests that chromatin loops
preferentially form between CTCF binding sites oriented in
a convergent manner.

[0018] FIGS. 5A-5C is a schematic depicting the differ-
ence between an adeno associated virus (AAV) vector (FIG.
5A), a wild-type recombinant adeno-associated virus
(rAAV) vector (FIG. 5B), and a modified rAAV vector (FIG.
5C). The triangles represent CTCF binding sites.

[0019] FIG. 6 is a schematic of rAAV vectors indicating
the locations where the CTCF sites have been inserted
(designated as 5' and 3'; corresponding the Nhel and Xhol
restriction enzyme sites). The flags indicate CTCF binding
elements and their orientation (convergent or divergent) is
shown by their direction.

[0020] FIGS. 7A-7E show the FACS analysis of 293T
cells transduced for 24 hours with rAAV without insertions
(FIG. 7A), and rAAV with CTCF inserts from H1 (FIG. 7B),
MVM (FIG. 7C), human (FIG. 7D), and AAV (FIG. 7E). The
cells were monitored for levels of GFP positivity. Live cells
were first selected by gating on forward and side scatter,
which were then assessed for GFP positivity.

[0021] FIG. 8 shows the number of GFP transcripts gen-
erated per input vector genome. This was computed from
rAAV-transduced 293T cells for 24 hours using qRT-PCR.
PCR primers were used to determine the ratio of GFP
mRNA molecules to that of input vector genomes in the
target cells.

DETAILED DESCRIPTION

[0022] The present disclosure provides constructs for pro-
ducing modified recombinant adeno-associated virus
(rAAV) vectors that have improved properties, including
increased transgene expression. The constructs comprise
one or more CCCTC-binding factor (CTCF) binding sites,
which facilitate DNA looping and promote eflicient trans-
gene expression. Also provided are modified rAAV virus
particles comprising these constructs, methods for produc-
ing the modified rAAV virus particles, and methods of using
the modified rAAV virus particles to deliver a transgene to
a subject.

[0023] Recombinant AAV (rAAV) vectors are the plat-
forms of choice for gene therapy to express therapeutic
transgenes, and have been designed from Adeno-Associated
Viruses (AAVs), that are single-stranded DNA viruses’.
Recombinant AAV gene therapy vectors have been designed
from AAV parvoviruses by removing all genomic elements,
retaining only the Inverted Terminal Repeats (ITRs), which
are required to package the transgene in the vector capsid?.
AAV packaging signals. The resulting rAAV vectors do not
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contain any of the transcriptional regulatory elements in
AAV viruses that regulate AAV gene expression, and as a
result do not regulate rAAV expression. This has led to the
use of rAAV vectors at high doses in clinical settings.
[0024] Expression of genes on the human genome, and
from DNA virus genomes, are regulated by packaging of
DNA around histones, forming chromatin® . The accessi-
bility of chromatin is regulated by barrier elements, bound
by the host protein CTCF. Additionally, CTCF-bound cel-
lular elements loop out intervening DNA molecules, regu-
lating gene expression from promoters by facilitating their
3D interaction with enhancer elements®. The inventors have
discovered that the AAV genome is folded into a distinct
topological conformation akin to the three-dimensional (3D)
structure of the eukaryotic genome, that formation of this 3D
structure is required for efficient AAV gene expression, and
that formation of the 3D structure is facilitated by binding of
the transcription factor CCCTC-binding factor (CTCF) to
regulatory elements in the AAV genome. In view of this
discovery, the inventors have engineered novel modifica-
tions into an rAAV vector that facilitate the formation of 3D
structures. Namely, they have introduced one or more bind-
ing sites for CTCF into the construct. As demonstrated in the
Examples, the modified rAAV vectors drive at least two-fold
higher levels of transgene expression in twice as many
transduced target cells compared to their wild-type rAAV
counterpart, providing surprisingly better transduction
results. Thus, the use of the modified rAAV vectors of the
present invention improve the use of AAV vectors in gene
therapies by reducing the amount of vector that must be
administered, which (1) decreases production costs and
ultimately increases access to gene therapies, and (2)
improves the safety of gene therapies by reducing the
chances of oncogenic integration and toxicity.

Constructs

[0025] In a first aspect, the present disclosure provides
constructs for producing a modified recombinant adeno-
associated virus (rAAV) vector. The constructs comprise: a
5" inverted terminal repeat (ITR), a first CCCTC-binding
factor (CTCF) binding site, a promoter, a transgene, and a 3'
ITR.

[0026] Adeno associated viruses (AAV) are non-patho-
genic viruses that belong to the genus Dependoparvovirus.
AAV are small, nonenveloped viruses that have a linear
single-stranded DNA genome that is approximately 4.7
kilobases (kb) in size. Their genomes encode two distinct
sets of proteins: the non-structural replication (Rep) pro-
teins, and the capsid (Cap) proteins that form the structure
into which the genome is packaged (FIG. 5A). AAV viruses
are replication defective, meaning that the production of
AAV virus requires coinfection with helper virus(es). AAV
offer several advantages for use as gene therapy vectors:
AAV-based gene therapy vectors cause a very mild immune
response, can infect both dividing and quiescent cells, and
persist in an extrachromosomal state without integrating into
the genome of the host cell.

[0027] As used herein, a “recombinant adeno-associated
virus (rAAV) vector” is an AAV vector in which the Rep/Cap
genes and their regulatory sequences have been replaced
with a transgene, as depicted in FIG. 5B. As used herein, the
term “modified rAAV vector” is used to describe an rAAV
vector into which one or more CTCF binding sites has been
introduced (FIG. 5C), whereas a “wild-type rAAV vector” is
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an rAAV vector that lacks CTCF binding sites. Wild-type
rAAV vectors genomes persist as linear DNA molecules in
the host nucleus, and their expression is regulated solely by
the transcriptional regulatory elements (e.g., promoters,
enhancers) included in the vector. In contrast, CTCF binding
to the CTCF binding sites included in the modified rAAV
vectors results in recruitment of transcription factors and/or
DNA looping, which can both facilitate more efficient trans-
gene expression. The rAAV vectors of the present invention
may comprise a sequence selected from: SEQ ID NOs:29-
40, or a sequence having at least 90% identity to any one of
SEQ ID NOs:29-40 (Table 4).

[0028] As used herein, the term “construct” refers to a
recombinant polynucleotide, i.e., a polynucleotide that was
formed artificially by combining at least two polynucleotide
components from different sources (natural or synthetic).
For example, the constructs described herein comprise the
coding region of a transgene of interest operably linked to a
promoter that (1) is associated with another gene found
within the same genome, (2) from the genome of a different
species, or (3) is synthetic. Constructs can be generated
using conventional recombinant DNA methods. The con-
structs described herein are single stranded polynucleotides
that comprise inverted terminal repeats on their 5' and 3'
ends.

[0029] Constructs may be part of a vector. When referring
to a nucleic acid molecule alone, the term “vector” is used
herein to describe a nucleic acid molecule capable of trans-
porting another nucleic acid to which it is linked. In contrast,
the term “viral vector”, “AAV vector”, or “rAAV vector” is
used to describe a virus particle that is used to deliver
genetic material (e.g., the constructs of the present inven-
tion) into cells.

[0030] The constructs of the present invention comprise 5'
and 3' inverted terminal repeats. “Inverted terminal repeats
(ITRs)” are palindromic G-C-rich inverted repeats found on
each end of the single stranded AAV genome, which self-
base-pair to form unique AAV genome structures. ITRs
contain several cis-acting elements that are involved in the
initiation of viral DNA replication, as well as binding motifs
for cellular transcription factors. Thus, the inclusion of ITRs
in the constructs of the present invention allows the con-
structs to be incorporated into an AAV particle and repli-
cated for viral production.

[0031] The constructs of the present invention also com-
prise one or more CCCTC-binding factor (CTCF) binding
sites. CTCF is a transcription factor that regulates the 3D
structure of chromatin. CTCF brings specific DNA loci
together, forming chromatin loops. Because the 3D structure
of DNA influences the regulation of genes, CTCF’s activity
influences the gene expression. For example, CTCF binding
can bridge together promoters and transcription factor-
bound enhancers to facilitate transcription initiation. In
many cases, two CTCF proteins bound to distinct binding
sites dimerize to bring together distal DNA elements. How-
ever, in some cases, a single CTCF binding site is sufficient
for genome looping. For example, the single CTCF binding
site found in the AAV2 genome forms a loop with a region
found 2 kb downstream. In these single site instances, CTCF
interacts with a different set of architectural proteins, i.e.,
cohesin and mediator.

[0032] As used herein, the term “CTCF binding site”
refers to a region of DNA that comprises one or more CTCF
binding sequences (i.e., DNA sequences to which CTCF
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binds). The inventors have generated constructs in which
one or more CTCF binding sites (e.g., a first and second
CTCF binding site) each comprise five CTCF binding
sequences. Thus, in some embodiments, the first and/or
second CTCF binding site comprises multiple CTCF bind-
ing sequences. For example, the first and/or second CTCF
binding site may comprise 2, 3, 4, 5, 6, 7, 8, 9, 10, or more
CTCF binding sequences.

[0033] The constructs of the present invention also com-
prise a promoter. As used herein, the term “promoter” refers
to a DNA sequence that regulates the transcription of a
polynucleotide. Typically, a promoter is a regulatory region
that is capable of binding RNA polymerase and initiating
transcription of a downstream sequence. However, a pro-
moter may be located at the 5' or 3' end, within a coding
region, or within an intron of a gene that it regulates.
Promoters may be derived in their entirety from a native
gene, may be composed of elements derived from multiple
regulatory sequences found in nature, or may comprise
synthetic DNA segments. It is understood by those skilled in
the art that different promoters may direct the expression of
a gene in different tissues or cell types, at different stages of
development, or in response to different environmental
conditions. A promoter is “operably linked” to a polynucle-
otide if the promoter is connected to the polynucleotide such
that it may affect transcription of the polynucleotide.
[0034] The constructs of the present invention also com-
prise a transgene of interest. As used herein, the term
“transgene” or “transgene of interest” refers to a gene or
genetic material that one wishes to transfer into an organism
or a cell thereof. A transgene may encode any protein or
functional RNA of interest. Suitable transgenes include
those that encode a therapeutic product. For example, the
transgene may encode a protein that is lacking due to a
genetic disorder or may encode a small interfering RNA
(siRNA) that downregulates the expression of a protein that
is overexpressed or ectopically expressed due to a genetic
disorder. Any suitable transgene for use in gene therapy is
contemplated for use in the present disclosure.

[0035] In the Examples, the inventors modified a wild-
type rAAV vector comprising a green fluorescent protein
(GFP) transgene operably linked to a cytomegalovirus
(CMV) promoter by inserting a first CTCF binding site
between the 5' ITR and the CMV promoter and a second
CTCF binding site between the GFP transgene and the 3'
ITR as depicted in FIG. 1. Thus, in some embodiments, the
constructs further comprise a second CTCF binding site. In
specific embodiments, the constructs comprise from 5' to 3":
the 5' inverted terminal repeat (ITR), the first CCCTC-
binding factor (CTCF) binding site, the promoter, the trans-
gene, the second CTCF binding site, and the 3' ITR.
[0036] Convergence/divergence of the CTCF binding sites
refers to a 5' to 3' directionality of CTCF protein binding,
and does not refer to the palindromic or non-palindromic
nature of the sequences. The inventors have generated
constructs in which the two CTCF binding sites are in a
convergent orientation as well as constructs in which the two
CTCF binding sites are in a divergent orientation. As used
herein, the term “convergent orientation” describes two
CTCEF binding sites that are oriented towards each other, and
the term “divergent orientation” describes two CTCF bind-
ing sites that are oriented in the same direction or away from
each other (see FIG. 4). Published data suggests that chro-
matin loops preferentially form between CTCF binding sites
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oriented in a convergent manner. Thus, in some embodi-
ments, the second CTCF binding site is in the convergent
orientation relative to the first CTCF binding site.

[0037] The CTCF binding sites used in the constructs of
the present invention can be from any organism. The inven-
tors have identified a series of suitable CTCF binding sites
that are natively found in humans and various viruses. The
sequences of these binding sites are provided in Tables 2 and
3. Thus, in some embodiments, the CTCF binding site(s) are
from are from a human (e.g., SEQ ID NOs: 1 and 2). In other
embodiments, the CTCF binding site(s) are from a virus
selected from the group consisting of adeno-associated virus
(AAV; e.g., SEQ ID NO: 3), minute virus of mice (MVM;
e.g., SEQ ID NOs: 4-6), H1 parvovirus (e.g., SEQ ID NOs:
7-9), mouse papillomavirus (MmuPV) (e.g., SEQ ID NO:
10), B19 (e.g., SEQ ID NO: 11), canine parvovirus (e.g.,
SEQ ID NO: 12), human cytomegalovirus (HCMV)/human
herpesvirus 5 strain Merlin (e.g., SEQ ID NO: 13), human
alphaherpesvirus 1 (e.g., SEQ ID NOs: 14-16), human
herpesvirus 4 type 2 (Epstein-Barr virus type 2; e.g., SEQ ID
NOs: 17-19), human papillomavirus (HPV)16 (e.g., SEQ ID
NO: 20), and herpes B virus (HBV) (e.g., SEQ ID NOs: 21
and 22). In some embodiments, the CTCF binding site(s)
comprise a sequence selected from: SEQ ID NOs:1-28, or a
sequence having at least 90% identity to a sequence selected
from: SEQ ID NOs:1-28.

[0038] In Example 1, the inventors inserted the human
CTCF binding sequence of SEQ ID NO:1 into the 5' end of
the rAAV construct and inserted the CTCF binding sequence
of SEQ ID NO:2 into the 3' end in the convergent orienta-
tion. Thus, in some embodiments, the first CTCF binding
site comprises SEQ ID NO:1 and the second CTCF binding
site comprises SEQ ID NO:2. In one of the constructs of
Example 2, the inventors inserted the AAV CTCF binding
sequence of SEQ ID NO:3 into the 5' end of the rAAV
construct. Thus, in some embodiments, the construct
includes one CTCF binding site of SEQ ID NO:3. In another
of the constructs of Example 2, the inventors inserted the
human CTCF binding sequence of SEQ ID NO:1 into the 5'
end of the rAAV construct and inserted the human CTCF
binding sequence of SEQ ID NO:42 into the 3' end in the
convergent orientation. Thus, in some embodiments, the first
CTCF binding site comprises SEQ ID NO:1 and the second
CTCF binding site comprises SEQ ID NO:42.

[0039] Protein and nucleic acid sequence identities are
evaluated using the Basic Local Alignment Search Tool
(“BLAST”) which is well known in the art (Karlin and
Altschul, 1990, Proc. Natl. Acad. Sci. USA 87: 2267-2268;
Altschul et al., 1997, Nucl. Acids Res. 25: 3389-3402). The
BLAST programs identify homologous sequences by iden-
tifying similar segments, which are referred to herein as
“high-scoring segment pairs,” between a query amino or
nucleic acid sequence and a test sequence which is prefer-
ably obtained from a protein or nucleic acid sequence
database. Preferably, the statistical significance of a high-
scoring segment pair is evaluated using the statistical sig-
nificance formula (Karlin and Altschul, 1990), the disclosure
of which is incorporated by reference in its entirety. The
BLAST programs can be used with the default parameters or
with modified parameters provided by the user.

[0040] <Percentage of sequence identity” is determined by
comparing two optimally aligned sequences over a compari-
son window, wherein the portion of the polynucleotide
sequence in the comparison window may comprise additions
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or deletions (i.e., gaps) as compared to the reference
sequence (which does not comprise additions or deletions)
for optimal alignment of the two sequences. The percentage
is calculated by determining the number of positions at
which the identical nucleic acid base or amino acid residue
occurs in both sequences to yield the number of matched
positions, dividing the number of matched positions by the
total number of positions in the window of comparison, and
multiplying the result by 100 to yield the percentage of
sequence identity.

[0041] The term “‘substantial identity” of polynucleotide
sequences means that a polynucleotide comprises a
sequence that has at least 85% sequence identity to the SEQ
ID. Alternatively, percent identity can be any integer from
85% to 100%. More preferred embodiments include at least:
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98% or 99% compared to a reference
sequence using the programs described herein; preferably
BLAST using standard parameters, as described. These
values can be appropriately adjusted to determine corre-
sponding identity of proteins encoded by two nucleotide
sequences by taking into account codon degeneracy, amino
acid similarity, reading frame positioning, and the like.
[0042] <“Substantial identity”” of amino acid sequences for
purposes of this invention normally means polypeptide
sequence identity of at least 85%. Preferred percent identity
of polypeptides can be any integer from 85% to 100%. More
preferred embodiments include at least 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99%.

Host Cells, Virus Particles, and Packaging Cell
Lines

[0043] In a second aspect, the present invention provides
host cells transduced with a construct described herein. As
used herein, the term “host cell” refers to any prokaryotic or
eukaryotic cell that contains a construct of the present
invention. This term also includes cells that have been
genetically engineered such that a construct of the present
invention is integrated into its genome. The host cell can be
a cell line that is used for producing the AAV vectors for use
as a gene therapy. Suitable host cells include mammalian
cells, including human cells.

[0044] The terms “transduced,” “transfected,” and “trans-
formed” all refer to processes by which an exogenous
nucleic acid is introduced into a host cell. The term “trans-
duced” specifically refers to the process by which a virus
transfers a nucleic acid into a host cell. Plasmids may be
used to transfect the construct into a host cell for AAV
production along with the helper viruses.

[0045] In a third aspect, the present invention provides
rAAV virus particles comprising a construct described
herein. As used herein, the term “virus particle” refers to a
virion consisting of nucleic acid surrounded by a protective
protein coat called a capsid.

[0046] To generate viral particles, the constructs compris-
ing the rAAV vector are cloned into a plasmid for expression
in a host cell. Viral particles may then be generated by helper
virus-free co-transfection of HEK 293T cells with three
plasmids: (1) an AAV vector comprising a construct of the
present invention, (2) a packaging plasmid carrying the AAV
Rep and Cap genes, and (3) a helper plasmid carrying the
AAV helper functions. For a detailed description of viral
production methods, see Ayuso et al. (Gene Ther 17(4):503-
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10, 2010), which is hereby incorporated by reference in its
entirety. Other suitable methods for producing AAV virus
particles are well known and understood in the art.

[0047] In a fourth aspect, the present invention provides
packaging cell lines for producing the virus particles
described herein. The term “packaging cell line” is used to
refer to a cell line that provides all the proteins necessary for
AAV virus production and maturation. Suitable packaging
cell lines for use with the present invention include, without
limitation, mammalian cells and human cell lines. For
example, suitable cell lines include, but are not limited to,
HEK 293T cells and HEK 293 cell variants. The packaging
cell line should be selected with the method of viral pro-
duction in mind. For example, cells that have strong adhe-
sion properties should be selected for growth in culture
plates, whereas cells lacking adhesion properties should be
selected for growth in suspension culture. In some embodi-
ments, the packaging cell line comprises the complement of
any genes that have been functionally deleted in the virus
particle used to produce the virus, allowing replication
incompetent viral particles to be produced.

Method for Producing a Modified rAAV Virus
Particle

[0048] In a fifth aspect, the present invention provides
methods for producing a modified rAAV virus particle. The
methods comprise: (a) transducing a host cell with a plasmid
comprising a construct described herein, a packaging plas-
mid, and a helper plasmid; (b) collecting the supernatant and
the cells from culture; and (c) isolating virus particles from
the supernatant and cells.

[0049] A “plasmid” is a small circular DNA molecule that
can replicate independently from chromosomal DNA. In
nature, plasmids are commonly found in bacteria, and arti-
ficial plasmids are widely used as vectors in molecular
cloning.

[0050] In the present methods, host cells (e.g., packaging
cell lines) are transfected with three plasmids: a plasmid
comprising a construct described herein, a packaging plas-
mid, and a helper plasmid. The term “packaging plasmid”
refers to a plasmid that encodes components of the AAV
proteins. For rAAV production, the packaging plasmid may
encode the AAV genes Rep and Cap. The term “helper
plasmid” refers to a plasmid that encodes adenovirus helper
functions. Proteins encoded by all three plasmids that are
transfected into the host cell in the present methods are
required for rAAV production and AAV replication, as is
well known in the art.

[0051] Virus can be isolated from the supernatant and/or
from lysed cells by methods known and understood in the
art. Suitable methods for isolating virus from cell culture
include, but are not limited to, cesium chloride density
gradient centrifugation and affinity purification (e.g., using a
porous matrix modified to retain the virus).

[0052] In some embodiments, the methods further com-
prise concentrating the virus. Suitable methods for concen-
trating virus include, but are not limited to, ultracentrifuga-
tion and dialysis.

[0053] In some embodiments, the methods further com-
prise dialyzing the supernatant. For some applications, it
may be advantageous to replace the cell culture media
present in the supernatant with a solution that is better for
long-term storage. Suitable solutions for storage include, but
are not limited to, phosphate-buffered saline (PBS), PBS
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with plutonic acid, saline adjusted to pH 7-7.4 with or
without pluronic acid (0.001-0.01%), and Ringer’s lactate
solution. However, any biocompatible, osmotically bal-
anced, neutral pH fluid should be suitable for storage.

Method for Delivering a Transgene

[0054] In a sixth aspect, the present invention provides
methods of delivering a transgene to a subject in need
thereof. The methods comprise: administering a modified
rAAV virus particle described herein to the subject. By
“delivering a transgene” we mean that the methods result in
transgene expression in one or more of the subject’s cells.
[0055] As used herein, the term “administering” refers to
any method of providing a pharmaceutical preparation to a
subject. Such methods are well known to those skilled in the
art and include, but are not limited to, oral administration,
transdermal administration, administration by inhalation,
nasal administration, topical administration, intravaginal
administration, ophthalmic administration, intraaural
administration, intracerebral administration, rectal adminis-
tration, sublingual administration, buccal administration,
and parenteral administration, including injectable such as
intravenous administration, intra-arterial administration,
intramuscular administration, intradermal administration,
intrathecal administration, and subcutaneous administration.
Administration can be continuous or intermittent. In some
embodiments, the virus particle is administered by vascular
injection.

[0056] In some embodiments, the virus particle is admin-
istered with a pharmaceutically acceptable carrier. “Phar-
maceutically acceptable carriers” are known in the art and
include, but are not limited to, diluents, preservatives, solu-
bilizers, emulsifiers, liposomes, nanoparticles, and adju-
vants. Pharmaceutically acceptable carriers may be aqueous
or non-aqueous solutions, suspensions, and emulsions.
Examples of nonaqueous solvents are propylene glycol,
polyethylene glycol, vegetable oils such as olive oil, and
injectable organic esters such as ethyl oleate. Aqueous
carriers include isotonic solutions, alcoholic/aqueous solu-
tions, emulsions, and suspensions, including saline and
buffered media.

[0057] Ideally, the virus particles are administered in a
therapeutically effective amount. The term “therapeutically
effective amount™ refers to an amount sufficient to effect
beneficial or desirable biological or clinical results. Methods
for determining an effective means of administration and
dosage are well known to those of skill in the art and will
vary with the formulation used for therapy and the subject
(e.g., species, age, health, etc.) being treated. Single or
multiple administrations can be carried out with the dose
level and pattern being selected by the treating physician. In
some embodiments, the virus particle is administered at a
dose of 1x10'? viral genome/kg (vg/kg) or less.

[0058] Inthe Examples, the inventors demonstrate that the
introduction of two convergent CTCF binding sites into an
rAAV vector comprising a GFP transgene causes the vector
to drive GFP expression at higher levels and in a greater
proportion of transduced cells. Thus, in some embodiments,
the transgene is expressed in a greater proportion of the
subject’s cells when it is delivered in the modified rAAV
vector as compared to when it is delivered in a wild-type
rAAV vector. For example, the transgene may be expressed
in 1.5 times, 2 times, 3 times, 4 times, or 5 times as many
cells as compared to with a wild-type rAAV vector. In some
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embodiments, the transgene is expressed at higher levels
when it is delivered in the modified rAAV vector as com-
pared to when it is delivered in a wild-type rAAV vector. For
example, the transgene may be expressed at 1.5 times, 2
times, 3 times, 4 times, or 5 times the level that it is
expressed at a wild-type rAAV vector.

[0059] Transgene expression can be detected using any
suitable method known in the art. For example, when the
transgene encodes a protein, the protein product may be
detected using an enzyme-linked immunoassay (ELISA),
dot blot, western blot, flow cytometry, mass spectrometry, or
chromatographic method. When the transgene encodes a
functional RNA, the RNA product may be detected using
reverse transcription and polymerase chain reaction (RT-
PCR) or Northern blotting.

[0060] It should be apparent to those skilled in the art that
many additional modifications besides those already
described are possible without departing from the inventive
concepts. In interpreting this disclosure, all terms should be
interpreted in the broadest possible manner consistent with
the context. Variations of the term “comprising” should be
interpreted as referring to elements, components, or steps in
a non-exclusive manner, so the referenced elements, com-
ponents, or steps may be combined with other elements,
components, or steps that are not expressly referenced.
Embodiments referenced as “comprising” certain elements
are also contemplated as “consisting essentially of” and
“consisting of” those elements. The term “consisting essen-
tially of” and “consisting of” should be interpreted in line
with the MPEP and relevant Federal Circuit interpretation.
The transitional phrase “consisting essentially of” limits the
scope of a claim to the specified materials or steps “and
those that do not materially affect the basic and novel
characteristic(s)” of the claimed invention. “Consisting of”
is a closed term that excludes any element, step or ingredient
not specified in the claim. For example, with regard to
sequences “consisting of” refers to the sequence listed in the
SEQ ID NO. and does refer to larger sequences that may

contain the SEQ ID as a portion thereof.

[0061] As used in this specification and the claims, the
singular forms “a,” “an,” and “the” include plural forms
unless the context clearly dictates otherwise. Thus, the
indefinite articles “a” and ‘“an,” as used herein in the
specification and in the claims should be understood to mean

“at least one”, unless clearly indicated to the contrary.

[0062] As used herein, “about”, “approximately,” “sub-
stantially,” and “significantly” will be understood by persons
of ordinary skill in the art and will vary to some extent on
the context in which they are used. If there are uses of the
term which are not clear to persons of ordinary skill in the
art given the context in which it is used, “about” and
“approximately” will mean up to plus or minus 10% of the
particular term and “substantially” and “significantly” will
mean more than plus or minus 10% of the particular term.
Where ranges are stated, the endpoints are included within
the range unless otherwise stated or otherwise evident from
the context.

[0063] The phrase “such as” should be interpreted as “for
example, including.” Moreover the use of any and all
exemplary language, including but not limited to “such as”,
is intended merely to better illuminate the invention and
does not pose a limitation on the scope of the invention
unless otherwise claimed.

2
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[0064] In those instances where a convention analogous to
“at least one of A, B and C, etc.” is used, in general such a
construction is intended in the sense of one having ordinary
skill in the art would understand the convention (e.g., “a
system having at least one of A, B and C” would include but
not be limited to systems that have A alone, B alone, C alone,
A and B together, A and C together, B and C together, and/or
A, B, and C together.). It will be further understood by those
within the art that virtually any disjunctive word and/or
phrase presenting two or more alternative terms, whether in
the description or figures, should be understood to contem-
plate the possibilities of including one of the terms, either of
the terms, or both terms. For example, the phrase “A or B”
will be understood to include the possibilities of “A” or ‘B
or “A and B.” Multiple elements listed with “and/or” should
be construed in the same fashion, i.e., “one or more” of the
elements so conjoined. Other elements may optionally be
present other than the elements specifically identified by the
“and/or” clause, whether related or unrelated to those ele-
ments specifically identified.

[0065] As used herein in the specification and in the
claims, “or” should be understood to have the same meaning
as “and/or” as defined above. For example, when separating
items in a list, “or” or “and/or” shall be interpreted as being
inclusive, i.e., the inclusion of at least one, but also including
more than one, of a number or list of elements, and,
optionally, additional unlisted items. Only terms clearly
indicated to the contrary, such as “only one of” or “exactly
one of,” or, when used in the claims, “consisting of,” will
refer to the inclusion of exactly one element of a number or
list of elements. In general, the term “or” as used herein shall
only be interpreted as indicating exclusive alternatives (i.e.
“one or the other but not both”) when preceded by terms of
exclusivity, such as “either,” “one of,” “only one of,” or
“exactly one of” “Consisting essentially of,” when used in
the claims, shall have its ordinary meaning as used in the
field of patent law.

[0066] All language such as “up to,” “at least,” “greater
than,” “less than,” and the like, include the number recited
and refer to ranges which can subsequently be broken down
into ranges and subranges. A range includes each individual
member. Thus, for example, a group having 1-3 members
refers to groups having 1, 2, or 3 members. Similarly, a
group having 6 members refers to groups having 1, 2, 3, 4,
or 6 members, and so forth.

[0067] The modal verb “may” refers to the preferred use
or selection of one or more options or choices among the
several described embodiments or features contained within
the same. Where no options or choices are disclosed regard-
ing a particular embodiment or feature contained in the
same, the modal verb “may” refers to an affirmative act
regarding how to make or use and aspect of a described
embodiment or feature contained in the same, or a definitive
decision to use a specific skill regarding a described embodi-
ment or feature contained in the same. In this latter context,
the modal verb “may” has the same meaning and connota-
tion as the auxiliary verb “can.”

[0068] In the foregoing description, it will be readily
apparent to one skilled in the art that varying substitutions
and modifications may be made to the invention disclosed
herein without departing from the scope and spirit of the
invention. The invention illustratively described herein suit-
ably may be practiced in the absence of any element or
elements, limitation or limitations which is not specifically

2 2 <«
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disclosed herein. The terms and expressions which have
been employed are used as terms of description and not of
limitation, and there is no intention that in the use of such
terms and expressions of excluding any equivalents of the
features shown and described or portions thereof, but it is
recognized that various modifications are possible within the
scope of the invention. Thus, it should be understood that
although the present invention has been illustrated by spe-
cific embodiments and optional features, modification and/
or variation of the concepts herein disclosed may be resorted
to by those skilled in the art, and that such modifications and
variations are considered to be within the scope of this
invention. No language in the specification should be con-
strued as indicating any non-claimed element as essential to
the practice of the invention. It should be understood that
descriptions of exemplary embodiments are not intended to
limit the invention to the particular forms disclosed, but on
the contrary, the intention is to cover all modifications,
equivalents and alternatives falling within the spirit and
scope of the invention as defined by the appended claims. It
should also be understood that, unless clearly indicated to
the contrary, in any methods claimed herein that include
more than one step or act, the order of the steps or acts of
the method is not necessarily limited to the order in which
the steps or acts of the method are recited. All methods
described herein can be performed in any suitable order
unless otherwise indicated herein or otherwise clearly con-
tradicted by context.

[0069] The invention will be more fully understood upon
consideration of the following non-limiting examples.
EXAMPLES
Example 1

[0070] In the following Example, the inventors introduce
binding sites for the chromatin loop-forming protein
CCCTC binding factor (CTCF) into an rAAV vector at sites
flanking the rAAV transgene (FIG. 1). They demonstrate that
the introduction of these CTCF binding sites enhances
transgene expression.

Generation of Modified rAAV Vectors

[0071] Human CTCF: The most prevalent CTCF binding
site in the human genome was previously identified via
chromatin immunoprecipitation sequencing (ChIP-Seq)
(Rao et al., Cell, 2015). This study identified pairs of CTCF
binding sites that facilitate genome looping, and generated
the forward consensus CTCF sequence
5'-CCACNAGGTGGCAG-3' (SEQ ID NO:24) and the
reverse  consensus CTCF sequence 5-CTGC-
CACCTNGTGG-3' (SEQ ID NO:25). The inventors cloned
CTCF binding sequences into an rAAV plasmid comprising
a GFP transgene operably linked to a CMV promoter, which
was obtained from Addgene (rAAV-GFP; plasmid #105530).
Specifically, a human forward CTCF binding sequence
(5'-CCACAAGGTGGCGC-3'; SEQ ID NO:1) was inserted
in the 5' end of the rAAV vector between the 5' ITR and the
CMYV promoter, at base pair 205 of the positive-sense strand.
A  human reverse CTCF binding sequence (5'-
CCACCAGGGGGCGG-3"; SEQ ID NO:2) was inserted just
downstream of the 3' ITR, at base pair 2477 of the negative-
sense strand, in the convergent orientation. Additionally, a
human reverse CITCF  binding sequence  (5'-
GGCGGGGGACCACC-3"; SEQ ID NO:26) was inserted in
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the divergent orientation at that same location. The
sequences of the constructs were confirmed via sequencing
(Functional Biosciences).

[0072] Viral CTCF: The wild-type AAV2 genome was
screened for the presence of CTCF binding sites using the
in-silico prediction tool JASPAR (Stormo et al., Quant. Biol,
2013). The inventors discovered that wild-type AAV has a
native ~ CTCF  binding site  (5-TTGCGACAC-
CATGTGGTCA-3", SEQ ID NO:3) at the 5' end of the AAV
genome positioned between the 5' ITR and the p5 promoter
(base pairs 166-185) on the positive-sense strand. The
inventors detected CTCF binding at this site using ChIP-
qPCR. They then inserted this CTCF sequence into the
rAAV genome between the 5' ITR and the CMV promoter,
at base pair 205 of the positive-sense strand. They also
generated a reverse CTCF binding sequence from this native
AAV sequence (i.e., by generating the reverse complement
of this sequence) and inserted it in rAAV just upstream of the
3'ITR, at base pair 2477 of the negative-sense strand. In the
convergent orientation, this reverse CTCF sequence is
5'-AACGCTGTGGTACACCAGT-3' (SEQ ID NO:27) and
in the divergent orientation, this sequence is 5-TGACCA-
CATGGTGTCGCAA-3' (SEQ ID NO:28).

Results

[0073] HEK 293 cells were transduced with rAAV vectors
comprising a green fluorescent protein (GFP) transgene. The
cells were transduced with either a wild-type rAAV vector
(comprising no CTCF sequences) or a modified rAAV vector
comprising convergent human CTCF binding sequences
(Forward: 5'-CCACAAGGTGGCGC-3' (SEQ ID NO:1);
Reverse: 5'-CCACCAGGGGGCGG-3' (SEQ ID NO:2)) at
an MOI of 2,500 viral genomes/cell for 24 hours. A negative
control of mock infected cells was used. Cells were collected
and resuspended in PBS buffer, and a fluorescence-activated
cell sorting (FACS) analysis was performed to measure
transgene (i.e., GFP) expression on the cell surface of live
cells. The results of this analysis suggest that the addition of
the CTCF binding sequences enhances the efficiency trans-
gene expression, as a greater number of the cells transduced
with the modified rAAV vector were GFP-positive as com-
pared to the cells transduced with the wild-type rAAV vector
(FIG. 2).

[0074] The samples were then subjected to RNA extrac-
tion, and qRT-PCR was performed using primers that
amplify GFP transcripts to quantify transgene expression.
The expression levels were normalized to the levels of the
housekeeping gene Actb, and the relative GFP expression
levels were compared. The inventors found that GFP expres-
sion was significantly enhanced in the cells that were
transduced with the modified rAAV vector as compared to
the wild-type rAAV vector, suggesting a causal relationship
between the CTCF binding sites and increased transgene
expression (FIG. 3).

Example 2

Additional Viral CTCF Binding Sites

[0075] Other DNA viruses and viruses in the parvovirus
family have native CTCF binding sites. These CTCF
sequences may be able to facilitate looping in rAAVs. For
example, minute virus of mice (MVM) is a parvovirus that
contains a validated CTCF binding site that is involved in
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RNA processing and gene expression (Viruses 12(12): 1368,
2020). Many CTCF binding sites have been identified in
Kaposi’s sarcoma-associated herpesvirus (KSHV) and a
single CTCF site has been identified in both Epstein-Barr
virus (EBV) and human papillomavirus (HPV). Addition-
ally, the herpes simplex virus type 1 (HSV-1) genome
contains CTCF-mediated looping structures that are induced
by viral infection.

[0076] The inventors have cloned CTCF binding site
sequences from other parvovirus genomes (e.g. MVM, AAV
subtypes, H1 parvovirus, CPV, and B19) and well-charac-
terized DNA viruses (e.g. HCMV, HSV, EBV, HPV and
HBYV) into the rAAV vector to determine their impact on
transgene expression. The CTCF insertion sequences used in
the vectors are listed in Table 1.

Identification of Cis-Elements

[0077] The inventors have scanned the genomes of DNA
viruses, including parvoviruses such as AAV, MVM, HI,
B19, CPV, as well as herpesviruses such as EBV, HSV,
HCMYV and tumor viruses such as HPV16 and HBYV, to
identify CTCF binding sites in-silico using the JASPAR
online database of transcription factor binding sites®. These
online screens identified the viral CTCF binding elements in
DNA viruses. The inventors additionally identified pub-
lished CTCF sites on the human genome that have been
previously identified using CTCF ChIP-seq genome-wide’.
Generation of rAAV Vectors Containing Chromatin Modi-
fying Cis-Elements

[0078] The inventors cloned the identified CTCF binding
elements into the 5' end of the rAAV vector expressing a
GFP transgene from a CMV promoter as shown in FIG. 6
(labelled as 5' insert into the Nhel restriction enzyme site).
They additionally cloned these CTCF sequences into the 3'
CTCEF insert site, downstream of the poly-A tail (labelled as
3' CTCF insert into the Xhol restriction enzyme site). These
sequence orientations were varied according to their forward
version (labelled as F in Table 1) and in the reverse orien-
tation (labelled as R in Table 1). A subset of the sequence
inserts contained multiple CTCF binding elements (desig-
nated by multiple F’s and R’s in Table 1). Convergent CTCF
orientations in Table 1 are labelled as “con” and non-
convergent CTCF orientations are designated as “noncon”.

TABLE 1

Location and sequences of rAAV gene therapy
containingvector constructs TCF insertions

that have been successfully generated
3' CTCF
5' CTCF insert insert sequence
sequence (position (position
CTCF 200 of SEQ ID 2472 of SEQ ID
Vector site NO: 29, on the NO: 29, on the
number origin Nhel site) Xhol gite)
AAV
CTCF

1 5F_C2 TTGCGACACCATGTGGTCA
(SEQ ID NO: 3)

2 5F_3R TTGCGACACCATGTGGTCA ACTGGTGTACCACAG
con (SEQ ID NO: 3) CGTT
(SEQ ID NO: 41)
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TABLE 1-continued

Location and sequences of rAAV gene therapy
containingvector constructs TCF insertions

that have been succesgsfully generated
3' CTCF
5' CTCF insert insert sequence
sequence (position (position
CTCF 200 of SEQ ID 2472 of SEQ ID
Vector site NO: 29, on the NO: 29, on the
number origin Nhel site) Xhol site)

3 5F_3F TTGCGACACCATGTGGTCA TTGCGACACCATGTG
noncon (SEQ ID NO: 3) GTCA

(SEQ ID NO: 3)
hCTCF

4 5F_Cl CCACAAGGTGGCGC

(SEQ ID NO: 1)

5 5F_3R CCACAAGGTGGCGC CCGCCCCCTGGTGG

con (SEQ ID NO: 1) (SEQ ID NO: 42)
(reverse
complement
of SEQ
ID NO: 2)

6 5F_3F CCACAAGGTGGCGC GGTGGTCCCCCGCC
noncon (SEQ ID NO: 1) (SEQ ID NO: 43)
MVM#4

7 5F TTGCTCACTAGATGGCGCT

C (SEQ ID NO: 44)
8 5R CTCGCGGTAGATCACTCGT
T (SEQ ID NO: 4)

MVM#5

9 5F CCACCACTAAATGGCATTC

TT (SEQ ID NO: 5)
10 5R TTCTTACGGTAAATCACCA
CC (SEQ ID NO: 45)
11 5F_3F CCACCACTAAATGGCATTC TTCTTACGGTAAATC
TT (SEQ ID NO: 5) ACCACC
(SEQ ID NO: 46)
12 5F_3R CCACCACTAAATGGCATTC CCACCACTAAATGGC
TT (SEQ ID NO: 5) ATTCTT
(SEQ ID NO: 5
H1
Parvo
13 5F AGTCCACCAAGGGACGGAG
(SEQ ID NO: 9)
14 5F_3F AGTCCACCAAGGGACGGAG GAGGCAGGGAACCAC
(SEQ ID NO: 9) CTGA
(SEQ ID NO: 47)
15 5F_3R AGTCCACCAAGGGACGGAG AGTCCACCAAGGGAC
(SEQ ID NO: 9) GGAG
(SEQ ID NO: 9)
16 5F_3RF AGTCCACCAAGGGACGGAG AGTCCACCAAGGGAC
(SEQ ID NO: 9) GGAGGAGGCAGGGAA
CCACCTGA

(SEQ ID NO: 48)
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TABLE 1-continued
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TABLE 1-continued

Location and sequences of rAAV gene therapy
containingvector constructs TCF insertions
that have been successfully generated

Location and sequences of rAAV gene therapy
containingvector constructs TCF insertions

3' CTCF
5' CTCF insert insert sequence
sequence (position (position
CTCF 200 of SEQ ID 2472 of SEQ ID
Vector site NO: 29, on the NO: 29, on the
number origin Nhel site) Xhol gite)

17 5R GAGGCAGGGAACCACCTGA
(SEQ ID NO: 49)

HBV
CTCF 1

18 5RR ACCTAGGTTGACCACCAGC
ACCTAGGTTGACCACCAGC
(SEQ ID NO: 50)

19 5RRR ACCTAGGTTGACCACCAGC
ACCTAGGTTGACCACCAGC
ACCTAGGTTGACCACCAGC
(SEQ ID NO: 51)

HBV
CTCF 2

20 5F TCTACAGCATGGGGCAGAA

(SEQ ID NO: 22)
HBV
CTCF 1

21 5RF ACCTAGGTTGACCACCAGC
CGACCACCAGTTGGATCCA
(SEQ ID NO: 52)

22 S5RFFR ACCTAGGTTGACCACCAGC
CGACCACCAGTTGGATCCA
CGACCACCAGTTGGATCCA
CGACCACCAGTTGGATCCA
(SEQ ID NO: 53)

EBV
CTCF2

23 SFFFFF CACCCAACAGGTGGTGAAA
CACCCAACAGGTGGTGAAA
CACCCAACAGGTGGTGAAA
CACCCAACAGGTGGTGAAA
CACCCAACAGGTGGTGAAA
(SEQ ID NO: 54)

24 S5RRRRR AAAGTGGTGGACAACCCAC

R AAAGTGGTGGACAACCCAC
AAAGTGGTGGACAACCCAC
AAAGTGGTGGACAACCCAC
AAAGTGGTGGACAACCCAC
AAAGTGGTGGACAACCCAC
(SEQ ID NO: 55)

EBV

CTCF3

25 5R ACCGTGGTGTACCACGGTT
(SEQ ID NO: 56)
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that have been succesgsfully generated
3' CTCF
5' CTCF insert insert sequence
sequence (position (position
CTCF 200 of SEQ ID 2472 of SEQ ID
Vector site NO: 29, on the NO: 29, on the
number origin Nhel site) Xhol site)

26 5FF TTGGCACCATGTGGTGCCA
TTGGCACCATGTGGTGCCA
(SEQ ID NO: 57)

CPV
CTCF

27 5F CAACCAGGAGGTGAAAATC
(SEQ ID NO: 12)

28 5R CTAAAAGTGGAGGACCAAC
(SEQ ID NO: 58)

29 5FF CAACCAGGAGGTGAAAATC
CAACCAGGAGGTGAARATC
(SEQ ID NO: 59)

HSV
CTCF2

30 5F CCACCGGCGGGGGGCGGCG
(SEQ ID NO: 15)

31 5FF CCACCGGCGGGGGGEGGCG
CCACCGGCGGGGGGCGGCG
(SEQ ID NO: 60)

32 S5FFF CCACCGGCGGGGGGECGGCG
CCACCGGCGGGGGGCGGCG
CCACCGGCGGGGGGCGGCG
(SEQ ID NO: 61)

B19

33 5F ATACTGGGGGATAACCACC
(SEQ ID NO: 62)

34 5FF ATACTGGGGGATAACCACC
ATACTGGGGGATAACCACC
(SEQ ID NO: 63)

HCMV

35 5F CGACCCGCACATGGCGCTG

(SEQ ID NO: 13)
HPV16

36 5F TAACCACCAGGTGGTGCCA
(SEQ ID NO: 20)

37 5RR ACCGTGGTGGACCACCAAT
ACCGTGGTGGACCACCAAT
(SEQ ID NO: 64)

Vector Production

rAAV vectors were produced in HEK 293T cells by
cotransfecting them with Rep/Cap plasmids (expressing
AAV Rep and Cap proteins) and pHelper plasmids (express-
ing essential Adenovirus proteins such as E1, E2, E4ORF6
and VA-RNA) for 6-7 days. Vectors were harvested from the
producer cells by rapid freeze/thaw cycles, DNAse treated

[0079]
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and transduced into target 293T cells®. These cells were
assessed for GFP expression by FACS and qRT-PCR as
described below.

Assessing the Number of Cells That are GFP Positive

[0080] rAAV-GFP vectors were used to transduce HEK
293T cells for 24 hours. They were subsequently monitored
for GFP positivity using FACS analysis after gating on the
live cells by forward scatter and side scatter. As shown in
FIG. 7A, 44.4% of cells transduced with the wild-type rAAV
vector without insertions were GFP positive at 24 hpi. Cells
transduced with vectors containing the CTCF inserts from
H1 parvovirus and MVM parvovirus were respectively 1.8%
and 1.1% GFP positive (FIG. 7B; corresponding to Vector
number 13 in Table 1 and FIG. 7C; corresponding to Vector
number 7 in Table 1). Cells transduced with human CTCF
binding elements in a convergent orientation were 12% GFP
positive (FIG. 7D, corresponding to Vector number 5 in
Tables 1 and 4 (SEQ ID NO: 37)). Strikingly, cells trans-
duced with an rAAV vector containing the AAV CTCF
binding element were 51% GFP positive (FIG. 7E, corre-
sponding to Vector number 1 in Tables 1 and 4 (SEQ ID NO:
29)). Notably, the H1, MVM and AAV CTCF insertions
were in the 5' end of the genome only, whereas the hCTCF
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insertion was at both ends of the genome in a convergent
orientation. These findings suggested that CTCF binding site
insertions modulate the transduction efficiency of gene
therapy vectors in the host.

Vector Expression Efficiency per Vector Genome

[0081] To monitor the ability of novel rAAV gene therapy
vectors to express in transduced cells, the inventors normal-
ized the GFP transcript levels generated in target cells to that
of input vector genomes. They compared the mRNA mol-
ecules per input vector in the current iteration of rAAV
vectors to that of the novel constructs, focusing on the
constructs containing the convergent hCTCF sites (Vector
number 5 in Table 1) and the AAV CTCF sites (Vector
number 1 in Table 1). Compared with the current rAAV
vectors, rAAVA4-CTCE yielded similar levels of GFP
mRNA per vector whereas rAAV”“7F vectors expressed at
double these levels (FIG. 8). These findings indicate that the
CTCF binding elements other than those derived from AAV
in rAAV vectors are able to increase the expression capacity
of rAAV genomes in individual cells as well as increase the
number of cells capable of expressing the rAAV genome.
[0082] Examples of other viral CTCF binding sequences
include those listed in Tables 2 and 3. Sequences of rAAV
vectors are provided in Table 4.

TABLE 2

Native CTCF binding site sequences found in

human and viral genomes

LocationStrand
SEQ IDCTCF sequence in (Fwd/
NO: (5' to 3') Organism genome Rev)
1 CCACAAGGTGGCGC Human chrl Fwd
2 CCACCAGGGGGCGG Human chrl Rev
3 TTGCGACACCATGTGGTCA ALV 166 Fwd
4 CTCGCGGTAGATCACTCGT Minute virus of mice 990 Rev
T (MVM)
5 CCACCACTAAATGGCATTC Minute virus of mice 4460 Fwd
TT (MVM)
6 CTCGCGGTAGATCACTCGT Minute virus of mice 990 Rev
T (MVM)
7  TGCTCACTAGATGGCGCTC H1l parvovirus 900 Rev
8 TGCACAGCAGAGGACTCTG H1l parvovirus 2682 Fwd
9 AGTCCACCAAGGGACGGAG H1l parvovirus 828 Fwd
10 TGAACAGTAGGAGTCAGTT MmuPV 2966 Fwd
11 CCACCAATAGGGGGTCATA B19 1516 Rev
12 CAACCAGGAGGTGAAAATC Canine parvovirus 1220 Fwd
13 CGACCCGCACATGGCGCTG HCMV; Human 2205 Fwd
herpesvirus 5 strain
Merlin
14 AGACCACCAGGTGGCGCAC Human 1068 Rev
alphaherpesvirus 1
15 CCACCGGCGGGGGGCGGCG Human 655 Rev

2/27/2024 16:59:38
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TABLE 2-continued

Native CTCF binding site sequences found in
human and viral genomes

LocationStrand
SEQ IDCTCF sequence in (Fwd/
NO: (5' to 3') Organism genome Rev)
16 CGGGCGGCCGGGGGEGEEGECG Human 543 Rev
alphaherpesvirus 1
17 TGGCCAAAAGACGGCGGTT Human herpesvirus 4 2226 Fwd
type 2 (Epstein-Barr
virus type 2)
18 CACCCAACAGGTGGTGAAA Human herpesvirus 4 2020 Fwd
type 2 (Epstein-Barr
virus type 2)
19 TTGGCACCATGTGGTGCCA Human herpesvirus 4 407 Fwd
type 2 (Epstein-Barr
virus type 2)
20 TAACCACCAGGTGGTGCCA HPV1e 2053 Fwd
21 CGACCACCAGTTGGATCCA HBV 1079 Fwd
22 TCTACAGCATGGGGCAGAA HBV 1027 Fwd

TABLE 3

Other CTCF binding site sequences used in the Examples

SEQ ID CTCF sequence

NO: (5"

to 3') Description

24 CCACNAGGTGGCAG Human forward CTCF consensus sequence

25 CTGCCACCTNGTGG Human reverse CTCF consensus seguence

26 GGCGGGGGACCACC Human reverse CTCF sequence in the

divergent orientation (i.e., SEQ ID
NO: 2 in reverse order)

27 AACGCTGTGGTACA AAV Reverse CTCF sequence, generated
CCAGT for use the native AAV CTCF sequence,

convergent orientation

28 TGACCACATGGTGT AAV Reverse CTCF sequence, generated
CGCAA for use the native AAV CTCF sequence,

divergent orientation (i.e., SEQ ID
NO: 27 in reverse order)

TABLE 4

rAAV sequences. The inserted CTCF binding

sites are underlined.

SEQ ID NO:

Description and Sequence

29

2/27/2024 16:59:38

rAAV with forward AAV CTCF sequence knocked in

on positive-sense strand (Vector 1, Table 1)
CCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTCGGGC
GACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGA
GTGGCCAACTCCATCACTAGGGGTTCCTTGTAGTTAATGATTAACCCGC
CATGCTACTTATCTACGTAGCCATGCTCTAGGAAGATCGGAATTCGCCC
TTAAGCTAGTTGCGACACCATGTGGTCACTAGCTAGT TATTAATAGTAA
TCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTA
CATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCG
CCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGG
ACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACT
TGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGT

Feb. 15,2024
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TABLE 4-continued

rAAV sequences. The inserted CTCF binding
sites are underlined.

SEQ ID NO: Description and Sequence

2/27/2024 16:59:38

30

CAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTA
TGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTA
CCATGGTGATGCGGTTTTGGCAGTACAT CAATGGGCGTGGATAGCGGTT
TGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGT
TTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACT
CCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTA
TATAAGCAGAGCTGGTTTAGTGAACCGTCAGATCCTGCAGAAGTTGGTC
GTGAGGCACTGGGCAGGTAAGTATCAAGGTTACAAGACAGGTTTAAGGA
GACCAATAGAAACTGGGCTTGTCGAGACAGAGAAGACTCTTGCGTTTCT
GATAGGCACCTATTGGTCTTACTGACATCCACTTTGCCTTTCTCTCCAC
AGGTGTCCAGGCGGCCGCCATGGTGAGCAAGGGCGAGGAGCTGTTCACC
GGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACA
AGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCT
GACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCC
ACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACC
CCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGG
CTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAG
ACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCG
AGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAA
GCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAG
CAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGG
ACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGG
CGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCC
GCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGG
AGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAA
GTAATAAGCTTGGATCCAATCAACCTCTGGATTACAAAATTTGTGAAAG
ATTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATAC
GCTGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCA
TTTTCTCCTCCTTGTATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTT
GTGGCCCGTTGTCAGGCAACGTGGCGTGGTGTGCACTGTGTTTGCTGAC
GCAACCCCCACTGGTTGGGGCATTGCCACCACCTGTCAGCTCCTTTCCG
GGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGCCGC
CTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACAAT
TCCGTGGTGTTGTCGGGGAAATCATCGTCCTTTCCTTGGCTGCTCGCCT
GTGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTC
GGCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTG
CGGCCTCTTCCGCGTCTTCGAGATCTGCCTCGACTGTGCCTTCTAGTTG
CCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAA
GGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGC
ATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGA
CAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGACTCG
ATCGAGTTAAGGGCGAATTCCCGATAAGGATCTTCCTAGAGCATGGCTA
CGTAGATAAGTAGCATGGCGGGTTAATCATTAACTACAAGGAACCCCTA
GTGATGGAGTTGGCCACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGG
CCGGGCGACCAAAGGTCGCCCGACGCCCGGGCTTTGCCCGGGCGGCCTC
AGTGAGCGAGCGAGCGCGCAG

rAAV with reverse AAV CTCF sequence knocked

in on positive-sense strand
CCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTCGGGT
GACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGA
GTGGCCAACTCCATCACTAGGGGTTCCTTGTAGTTAATGATTAACCCGC
CATGCTACTTATCTACGTAGCCATGCTCTAGGAAGATCGGAATTCGCCC
TTAAGCTAGCTAGCTAGTTATTAATAGTAATCAATTACGGGGTCATTAG
TTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGG
CCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATG
ACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAAT
GGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTA
TCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCC
GCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGC
AGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTG
GCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCA
AGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATC
AACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAAT
GGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTGGTTTA
GTGAACCGTCAGATCCTGCAGAAGTTGGTCGTGAGGCACTGGGCAGGTA
AGTATCAAGGTTACAAGACAGGTTTAAGGAGACCAATAGAAACTGGGCT
TGTCGAGACAGAGAAGACTCTTGCGTTTCTGATAGGCACCTATTGGTCT
TACTGACATCCACTTTGCCTTTCTCTCCACAGGTGTCCAGGCGGCCGCC
ATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGG
TCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGA
GGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGC

Feb. 15,2024
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TABLE 4-continued

rAAV sequences. The inserted CTCF binding
sites are underlined.

SEQ ID NO: Description and Sequence

2/27/2024 16:59:38

31

ACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGA
CCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCA
CGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACC
ATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGT
TCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTT
CAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAAC
AGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGG
TGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGC
CGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTG
CCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCA
ACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGG
GATCACTCTCGGCATGGACGAGCTGTACAAGTAATAAGCTTGGATCCAA
TCAACCTCTGGATTACAAAATTTGTGAAAGATTGACTGGTATTCTTAAC
TATGTTGCTCCTTTTACGCTATGTGGATACGCTGCTTTAATGCCTTTGT
ATCATGCTATTGCTTCCCGTATGGCTTTCATTTTCTCCTCCTTGTATAA
ATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAA
CGTGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGG
GCATTGCCACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCT
CCCTATTGCCACGGCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGG
ACAGGGGCTCGGCTGTTGGGCACTGACAATTCCGTGGTGTTGTCGGGGA
AATCATCGTCCTTTCCTTGGCTGCTCGCCTGTGTTGCCACCTGGATTCT
GCGCGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGCGGAC
CTTCCTTCCCGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTC
GAGATCTGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGC
CCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCC
TTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCA
TTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGG
GAAGACAATAGCAGGCATGCTGGGGACTCGAACTGGTGTACCACAGCGT
TTCGAGTTAAGGGCGAATTCCCGATAAGGATCTTCCTAGAGCATGGCTA
CGTAGATAAGTAGCATGGCGGGTTAATCAT TAACTACAAGGAACCCCTA
GTGATGGAGTTGGCCACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGG
CCGGGCGACCAAAGGTCGCCCGACGCCCGGGCTTTGCCCGGGCGGCCTC
AGTGAGCGAGCGAGCGCGCAG

rAAV with AAV CTCF convergent sequence

knocked in on positive-sense strand
CCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTCGGGT
GACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGA
GTGGCCAACTCCATCACTAGGGGTTCCTTGTAGTTAATGATTAACCCGC
CATGCTACTTATCTACGTAGCCATGCTCTAGGAAGATCGGAATTCGCCC
TTAAGCTAGTTGCGACACCATGTGGTCACTAGCTAGTTATTAATAGTAA
TCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTA
CATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCG
CCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGG
ACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACT
TGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGT
CAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTA
TGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTA
CCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTT
TGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGT
TTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACT
CCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTA
TATAAGCAGAGCTGGTTTAGTGAACCGTCAGATCCTGCAGAAGTTGGTC
GTGAGGCACTGGGCAGGTAAGTATCAAGGTTACAAGACAGGTTTAAGGA
GACCAATAGAAACTGGGCTTGTCGAGACAGAGAAGACTCTTGCGTTTCT
GATAGGCACCTATTGGTCTTACTGACATCCACTTTGCCTTTCTCTCCAC
AGGTGTCCAGGCGGCCGCCATGGTGAGCAAGGGCGAGGAGCTGTTCACC
GGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACA
AGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCT
GACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCC
ACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACC
CCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGG
CTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAG
ACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCG
AGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAA
GCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAG
CAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGG
ACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGG
CGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCC
GCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGG
AGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAA
GTAATAAGCTTGGATCCAATCAACCTCTGGATTACAAAATTTGTGAAAG

Feb. 15,2024
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TABLE 4-continued

rAAV sequences. The inserted CTCF binding
sites are underlined.

SEQ ID NO: Description and Sequence

2/27/2024 16:59:38

32

ATTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATAC
GCTGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCA
TTTTCTCCTCCTTGTATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTT
GTGGCCCGTTGTCAGGCAACGTGGCGTGGTGTGCACTGTGTTTGCTGAC
GCAACCCCCACTGGTTGGGGCATTGCCACCACCTGTCAGCTCCTTTCCG
GGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGCCGC
CTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACAAT
TCCGTGGTGTTGTCGGGGAAATCATCGTCCTTTCCTTGGCTGCTCGCCT
GTGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTC
GGCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTG
CGGCCTCTTCCGCGTCTTCGAGATCTGCCTCGACTGTGCCTTCTAGTTG
CCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAA
GGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGC
ATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGGGGGCAGGAC
AGCAAGGGGGAGGAT TGGGAAGACAATAGCAGGCATGCTGGGGACTCGA
ACTGGTGTACCACAGCGTTTCGAGTTAAGGGCGAATTCCCGATAAGGAT
CTTCCTAGAGCATGGCTACGTAGATAAGTAGCATGGCGGGTTAATCATT
AACTACAAGGAACCCCTAGTGATGGAGTTGGCCACTCCCTCTCTGCGCG
CTCGCTCGCTCACTGAGGCCGGGCGACCAAAGGTCGCCCGACGCCCGGG
CTTTGCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAG

rAAV with AAV CTCF divergent sequence knocked

in on positive sense strand
CCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTCGGGT
GACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGA
GTGGCCAACTCCATCACTAGGGGTTCCTTGTAGTTAATGATTAACCCGC
CATGCTACTTATCTACGTAGCCATGCTCTAGGAAGATCGGAATTCGCCC
TTAAGCTAGTTGCGACACCATGTGGTCACTAGCTAGTTATTAATAGTAA
TCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTA
CATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCG
CCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGG
ACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACT
TGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGT
CAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTA
TGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTA
CCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTT
TGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGT
TTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACT
CCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTA
TATAAGCAGAGCTGGTTTAGTGAACCGTCAGATCCTGCAGAAGTTGGTC
GTGAGGCACTGGGCAGGTAAGTATCAAGGTTACAAGACAGGTTTAAGGA
GACCAATAGAAACTGGGCTTGTCGAGACAGAGAAGACTCTTGCGTTTCT
GATAGGCACCTATTGGTCTTACTGACATCCACTTTGCCTTTCTCTCCAC
AGGTGTCCAGGCGGCCGCCATGGTGAGCAAGGGCGAGGAGCTGTTCACC
GGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACA
AGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCT
GACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCC
ACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACC
CCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGG
CTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAG
ACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCG
AGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAA
GCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAG
CAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGG
ACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGG
CGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCC
GCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGG
AGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAA
GTAATAAGCTTGGATCCAATCAACCTCTGGATTACAAAATTTGTGAAAG
ATTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATAC
GCTGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCA
TTTTCTCCTCCTTGTATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTT
GTGGCCCGTTGTCAGGCAACGTGGCGTGGTGTGCACTGTGTTTGCTGAC
GCAACCCCCACTGGTTGGGGCATTGCCACCACCTGTCAGCTCCTTTCCG
GGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGCCGC
CTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACAAT
TCCGTGGTGTTGTCGGGGAAATCATCGTCCTTTCCTTGGCTGCTCGCCT
GTGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTC
GGCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTG
CGGCCTCTTCCGCGTCTTCGAGATCTGCCTCGACTGTGCCTTCTAGTTG
CCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAA
GGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGC
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TABLE 4-continued

rAAV sequences. The inserted CTCF binding
sites are underlined.

SEQ ID NO: Description and Sequence

2/27/2024 16:59:38

33

ATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGA
CAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGACTCG
ATTGCGACACCATGTGGTCATCGAGTTAAGGGCGAATTCCCGATAAGGA
TCTTCCTAGAGCATGGCTACGTAGATAAGTAGCATGGCGGGTTAATCAT
TAACTACAAGGAACCCCTAGTGATGGAGTTGGCCACTCCCTCTCTGCGC
GCTCGCTCGCTCACTGAGGCCGGGCGACCAAAGGTCGCCCGACGCCCGG
GCTTTGCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAG

rAAV with AAV CTCF repeat convergent sequence
knocked in on positive-sense strand
CCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTCGGGT
GACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGA
GTGGCCAACTCCATCACTAGGGGTTCCTTGTAGTTAATGATTAACCCGC
CATGCTACTTATCTACGTAGCCATGCTCTAGGAAGATCGGAATTCGCCC
TTAAGCTAGTTGCGACACCATGTGGTCATTGCGACACCATGTGGTCATT
GCGACACCATGTGGTCATTGCGACACCATGTGGTCATTGCGACACCATG
TGGTCACTAGCTAGT TATTAATAGTAATCAATTACGGGGTCATTAGTTC
ATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTARATGGCCC
GCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACG
TATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGG
TGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCA
TATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCC
TGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGT
ACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCA
GTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGT
CTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAAC
GGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGG
CGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTGGTTTAGTG
AACCGTCAGATCCTGCAGAAGTTGGTCGTGAGGCACTGGGCAGGTAAGT
ATCAAGGTTACAAGACAGGTTTAAGGAGACCAATAGAAACTGGGCTTGT
CGAGACAGAGAAGACTCTTGCGTTTCTGATAGGCACCTATTGGTCTTAC
TGACATCCACTTTGCCTTTCTCTCCACAGGTGTCCAGGCGGCCGCCATG
GTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCG
AGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGG
CGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACC
ACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCT
ACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGA
CTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATC
TTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCG
AGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAA
GGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGC
CACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGA
ACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGA
CCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCC
GACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACG
AGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGAT
CACTCTCGGCATGGACGAGCTGTACAAGTAATAAGCTTGGATCCAATCA
ACCTCTGGATTACAAAATTTGTGAAAGATTGACTGGTATTCTTAACTAT
GTTGCTCCTTTTACGCTATGTGGATACGCTGCTTTAATGCCTTTGTATC
ATGCTATTGCTTCCCGTATGGCTTTCATTTTCTCCTCCTTGTATAARATC
CTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACGT
GGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCA
TTGCCACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCC
TATTGCCACGGCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACA
GGGGCTCGGCTGTTGGGCACTGACAATTCCGTGGTGT TGTCGGGGAAAT
CATCGTCCTTTCCTTGGCTGCTCGCCTGTGTTGCCACCTGGATTCTGCG
CGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGCGGACCTT
CCTTCCCGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGAG
ATCTGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCC
TCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTT
CCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTC
TATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAA
GACAATAGCAGGCATGCTGGGGACTCGAACTGGTGTACCACAGCGTTAC
TGGTGTACCACAGCGTTACTGGTGTACCACAGCGTTACTGGTGTACCAC
AGCGTTACTGGTGTACCACAGCGTTT CGAGTTAAGGGCGAATTCCCGAT
AAGGATCTTCCTAGAGCATGGCTACGTAGATAAGTAGCATGGCGGGTTA
ATCATTAACTACAAGGAACCCCTAGTGATGGAGTTGGCCACTCCCTCTC
TGCGCGCTCGCTCGCTCACTGAGGCCGGGCGACCAAAGGTCGCCCGACG
CCCGGGCTTTGCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAG
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TABLE 4-continued

rAAV sequences. The inserted CTCF binding
sites are underlined.

SEQ ID NO: Description and Sequence

2/27/2024 16:59:38

34

35

rAAV with AAV CTCF forward on positive-sense

and reverse on negative-sense strand, convergent
CCGCTCGCTCGCTCACTGAGGCCGCCCGGGCARAAGCCCGGGCGTCGGGT
GACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGA
GTGGCCAACTCCATCACTAGGGGTTCCTTGTAGTTAATGATTAACCCGC
CATGCTACTTATCTACGTAGCCATGCTCTAGGAAGATCGGAATTCGCCC
TTAAGCTAGTTGCGACACCATGTGGTCACTAGCTAGTTATTAATAGTAA
TCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTA
CATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCG
CCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGG
ACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACT
TGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGT
CAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTA
TGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTA
CCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTT
TGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGT
TTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACT
CCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTA
TATAAGCAGAGCTGGTTTAGTGAACCGTCAGATCCTGCAGAAGTTGGTC
GTGAGGCACTGGGCAGGTAAGTATCAAGGTTACAAGACAGGTTTAAGGA
GACCAATAGAAACTGGGCTTGTCGAGACAGAGAAGACTCTTGCGTTTCT
GATAGGCACCTATTGGTCTTACTGACATCCACTTTGCCTTTCTCTCCAC
AGGTGTCCAGGCGGCCGCCATGGTGAGCAAGGGCGAGGAGCTGTTCACC
GGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACA
AGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCT
GACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCC
ACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACC
CCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGG
CTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAG
ACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCG
AGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAA
GCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAG
CAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGG
ACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGG
CGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCC
GCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGG
AGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAA
GTAATAAGCTTGGATCCAATCAACCTCTGGATTACAAAATTTGTGAAAG
ATTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATAC
GCTGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCA
TTTTCTCCTCCTTGTATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTT
GTGGCCCGTTGTCAGGCAACGTGGCGTGGTGTGCACTGTGTTTGCTGAC
GCAACCCCCACTGGTTGGGGCATTGCCACCACCTGTCAGCTCCTTTCCG
GGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGCCGC
CTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACAAT
TCCGTGGTGTTGTCGGGGARATCATCGTCCTTTCCTTGGCTGCTCGCCT
GTGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTC
GGCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTG
CGGCCTCTTCCGCGTCTTCGAGATCTGCCTCGACTGTGCCTTCTAGTTG
CCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAA
GGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGC
ATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGA
CAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGACTCG
ATGACCACATGGTGTCGCAATCGAGTTAAGGGCGAATTCCCGATAAGGA
TCTTCCTAGAGCATGGCTACGTAGATAAGTAGCATGGCGGGTTAATCAT
TAACTACAAGGAACCCCTAGTGATGGAGTTGGCCACTCCCTCTCTGCGC
GCTCGCTCGCTCACTGAGGCCGGGCGACCAAAGGTCGCCCGACGCCCGG
GCTTTGCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAG

rAAV with forward human CTCF sequence knocked

in on positive-sense strand
CTGCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTC
GGGCGACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGA
GGGAGTGGCCAACTCCATCACTAGGGGTTCCTTGTAGTTAATGATTAAC
CCGCCATGCTACTTATCTACGTAGCCATGCTCTAGGAAGATCGGAATTC
GCCCTTAAGCTAGCCACAAGGTGGCGCCTAGCTAGTTATTAATAGTAAT
CAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTAC
ATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGL
CCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGA
CTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTT
GGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTC
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TABLE 4-continued

rAAV sequences. The inserted CTCF binding
sites are underlined.

SEQ ID NO: Description and Sequence

2/27/2024 16:59:38

36

AATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTAT
GGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTAC
CATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTT
GACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTT
TGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTC
CGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTAT
ATAAGCAGAGCTGGTTTAGTGAACCGTCAGATCCTGCAGAAGTTGGTCG
TGAGGCACTGGGCAGGTAAGTATCAAGGTTACAAGACAGGTTTAAGGAG
ACCAATAGAAACTGGGCTTGTCGAGACAGAGAAGACTCTTGCGTTTCTG
ATAGGCACCTATTGGTCTTACTGACATCCACTTTGCCTTTCTCTCCACA
GGTGTCCAGGCGGCCGCCATGGTGAGCAAGGGCGAGGAGCTGTTCACCG
GGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAA
GTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTG
ACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCA
CCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCC
CGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGC
TACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGA
CCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGA
GCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAG
CTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGC
AGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGA
CGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGC
GACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCG
CCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGA
GTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAG
TAATAAGCTTGGATCCAATCAACCTCTGGATTACAAAATTTGTGAAAGA
TTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACG
CTGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCAT
TTTCTCCTCCTTGTATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTG
TGGCCCGTTGTCAGGCAACGTGGCGTGGTGTGCACTGTGTTTGCTGACG
CAACCCCCACTGGTTGGGGCATTGCCACCACCTGTCAGCTCCTTTCCGG
GACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGCCGCC
TGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACAATT
CCGTGGTGTTGTCGGGGAAATCATCGTCCTTTCCTTGGCTGCTCGCCTG
TGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTCG
GCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTGC
GGCCTCTTCCGCGTCTTCGAGATCTGCCTCGACTGTGCCTTCTAGTTGC
CAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAG
GTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCA
TTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGAC
AGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGACTCGA
TCGAGTTAAGGGCGAATTCCCGATAAGGATCTTCCTAGAGCATGGCTAC
GTAGATAAGTAGCATGGCGGGTTAATCATTAACTACAAGGAACCCCTAG
TGATGGAGTTGGCCACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGGC
CGGGCGACCAAAGGTCGCCCGACGCCCGGGCTTTGCCCGGGCGGCCTCA
GTGAGCGAGCGAGCGCGCAG

rAAV with reverse human CTCF sequence knocked

in on positive-sense strand
CTGCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTC
GGGCGACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGA
GGGAGTGGCCAACTCCATCACTAGGGGTTCCTTGTAGTTAATGATTAAC
CCGCCATGCTACTTATCTACGTAGCCATGCTCTAGGAAGATCGGAATTC
GCCCTTAAGCTAGCTAGCTAGTTATTAATAGTAATCAATTACGGGGTCA
TTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAA
ATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAAT
AATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGT
CAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAG
TGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATG
GCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACT
TGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGT
TTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATT
TCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAA
AATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGC
AAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTGG
TTTAGTGAACCGTCAGATCCTGCAGAAGTTGGTCGTGAGGCACTGGGCA
GGTAAGTATCAAGGTTACAAGACAGGTTTAAGGAGACCAATAGAAACTG
GGCTTGTCGAGACAGAGAAGACTCTTGCGTTTCTGATAGGCACCTATTG
GTCTTACTGACATCCACTTTGCCTTTCTCTCCACAGGTGTCCAGGCGGC
CGCCATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATC
CTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCG
GCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCAT
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TABLE 4-continued

rAAV sequences. The inserted CTCF binding
sites are underlined.

SEQ ID NO: Description and Sequence

2/27/2024 16:59:38

37

CTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACC
CTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGC
AGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCG
CACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTG
AAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCG
ACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTA
CAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATC
AAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGC
TCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCT
GCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGAC
CCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCG
CCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAATAAGCTTGGAT
CCAATCAACCTCTGGATTACAAAATTTGTGAAAGATTGACTGGTATTCT
TAACTATGTTGCTCCTTTTACGCTATGTGGATACGCTGCTTTAATGCCT
TTGTATCATGCTATTGCTTCCCGTATGGCTTTCATTTTCTCCTCCTTGT
ATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAG
GCAACGTGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGT
TGGGGCATTGCCACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCC
CCCTCCCTATTGCCACGGCGGAACTCATCGCCGCCTGCCTTGCCCGCTG
CTGGACAGGGGCTCGGCTGTTGGGCACTGACAATTCCGTGGTGTTGTCG
GGGAAATCATCGTCCTTTCCTTGGCTGCTCGCCTGTGTTGCCACCTGGA
TTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGC
GGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGT
CTTCGAGATCTGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGT
TTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACT
GTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGT
GTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGA
TTGGGAAGACAATAGCAGGCATGCTGGGGACTCGACCGCCCCCTGGTGG
TCGAGTTAAGGGCGAATTCCCGATAAGGATCTTCCTAGAGCATGGCTAC
GTAGATAAGTAGCATGGCGGGTTAATCATTAACTACAAGGAACCCCTAG
TGATGGAGTTGGCCACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGGC
CGGGCGACCAAAGGTCGCCCGACGCCCGGGCTTTGCCCGGGCGGCCTCA
GTGAGCGAGCGAGCGCGCAG

rAAV with human CTCF convergent sequence

knocked in on positive-sense strand
CTGCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTC
GGGCGACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGA
GGGAGTGGCCAACTCCATCACTAGGGGTTCCTTGTAGTTAATGATTAAC
CCGCCATGCTACTTATCTACGTAGCCATGCTCTAGGAAGATCGGAATTC
GCCCTTAAGCTAGCCACAAGGTGGCGCCTAGCTAGTTATTAATAGTAAT
CAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTAC
ATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGL
CCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGA
CTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTT
GGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTC
AATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTAT
GGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTAC
CATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTT
GACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTT
TGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTC
CGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGT CTAT
ATAAGCAGAGCTGGTTTAGTGAACCGTCAGATCCTGCAGAAGTTGGTCG
TGAGGCACTGGGCAGGTAAGTATCAAGGTTACAAGACAGGTTTAAGGAG
ACCAATAGAAACTGGGCTTGTCGAGACAGAGAAGACTCTTGCGTTTCTG
ATAGGCACCTATTGGTCTTACTGACATCCACTTTGCCTTTCTCTCCACA
GGTGTCCAGGCGGCCGCCATGGTGAGCAAGGGCGAGGAGCTGTTCACCG
GGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAA
GTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTG
ACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCA
CCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCC
CGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGC
TACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGA
CCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGA
GCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAG
CTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGC
AGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGA
CGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGC
GACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCG
CCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGA
GTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAG
TAATAAGCTTGGATCCAATCAACCTCTGGATTACAAAATTTGTGAAAGA
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TABLE 4-continued

rAAV sequences. The inserted CTCF binding
sites are underlined.

SEQ ID NO: Description and Sequence

2/27/2024 16:59:38

38

TTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACG
CTGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCAT
TTTCTCCTCCTTGTATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTG
TGGCCCGTTGTCAGGCAACGTGGCGTGGTGTGCACTGTGTTTGCTGACG
CAACCCCCACTGGTTGGGGCATTGCCACCACCTGTCAGCTCCTTTCCGG
GACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGCCGCC
TGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACAATT
CCGTGGTGTTGTCGGGGAAATCATCGTCCTTTCCTTGGCTGCTCGCCTG
TGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTCG
GCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTGC
GGCCTCTTCCGCGTCTTCGAGATCTGCCTCGACTGTGCCTTCTAGTTGC
CAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAG
GTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCA
TTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGAC
AGCAAGGGGGAGGAT TGGGAAGACAATAGCAGGCATGCTGGGGACTCGA
CCGCCCCCTGGTGGTCGAGTTAAGGGCGAATTCCCGATAAGGATCTTCC
TAGAGCATGGCTACGTAGATAAGTAGCATGGCGGGTTAATCATTAACTA
CAAGGAACCCCTAGTGATGGAGTTGGCCACTCCCTCTCTGCGCGCTCGC
TCGCTCACTGAGGCCGGGCGACCAAAGGTCGCCCGACGCCCGGGCTTTG
CCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAG

rAAV with human CTCF divergent sequence

knocked in on positive sense strand
CTGCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTC
GGGCGACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGA
GGGAGTGGCCAACTCCATCACTAGGGGTTCCTTGTAGTTAATGATTAAC
CCGCCATGCTACTTATCTACGTAGCCATGCTCTAGGAAGATCGGAATTC
GCCCTTAAGCTAGCCACAAGGTGGCGCCTAGCTAGTTATTAATAGTAAT
CAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTAC
ATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGL
CCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGA
CTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTT
GGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTC
AATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTAT
GGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTAC
CATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTT
GACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTT
TGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTC
CGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTAT
ATAAGCAGAGCTGGTTTAGTGAACCGTCAGATCCTGCAGAAGTTGGTCG
TGAGGCACTGGGCAGGTAAGTATCAAGGTTACAAGACAGGTTTAAGGAG
ACCAATAGAAACTGGGCTTGTCGAGACAGAGAAGACTCTTGCGTTTCTG
ATAGGCACCTATTGGTCTTACTGACATCCACTTTGCCTTTCTCTCCACA
GGTGTCCAGGCGGCCGCCATGGTGAGCAAGGGCGAGGAGCTGTTCACCG
GGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAA
GTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTG
ACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCA
CCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCC
CGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGC
TACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGA
CCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGA
GCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAG
CTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGC
AGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGA
CGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGC
GACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCG
CCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGA
GTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAG
TAATAAGCTTGGATCCAATCAACCTCTGGATTACAAAATTTGTGAAAGA
TTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACG
CTGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCAT
TTTCTCCTCCTTGTATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTG
TGGCCCGTTGTCAGGCAACGTGGCGTGGTGTGCACTGTGTTTGCTGACG
CAACCCCCACTGGTTGGGGCATTGCCACCACCTGTCAGCTCCTTTCCGG
GACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGCCGCC
TGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACAATT
CCGTGGTGTTGTCGGGGAAATCATCGTCCTTTCCTTGGCTGCTCGCCTG
TGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTCG
GCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTGC
GGCCTCTTCCGCGTCTTCGAGATCTGCCTCGACTGTGCCTTCTAGTTGC
CAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAG
GTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCA

Feb. 15,2024

Page 28 of 46



US 2024/0052368 Al

20

TABLE 4-continued

rAAV sequences. The inserted CTCF binding
sites are underlined.

SEQ ID NO: Description and Sequence

2/27/2024 16:59:38

39

40

TTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGAC
AGCAAGGGGGAGGAT TGGGAAGACAATAGCAGGCATGCTGGGGACTCGA
GGTGGTCCCCCGCCTCGAGTTAAGGGCGAATTCCCGATAAGGATCTTCC
TAGAGCATGGCTACGTAGATAAGTAGCATGGCGGGTTAATCATTAACTA
CAAGGAACCCCTAGTGATGGAGTTGGCCACTCCCTCTCTGCGCGCTCGC
TCGCTCACTGAGGCCGGGCGACCAAAGGTCGCCCGACGCCCGGGCTTTG
CCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAG

rAAV with human CTCF multiple convergent

sequence knocked in on positive-sense strand
CTGCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTC
GGGCGACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGA
GGGAGTGGCCAACTCCATCACTAGGGGTTCCTTGTAGTTAATGATTAAC
CCGCCATGCTACTTATCTACGTAGCCATGCTCTAGGAAGATCGGAATTC
GCCCTTAAGCTAGCCACAAGGTGGCGCCCACAAGGTGGCGCCCACAAGG
TGGCGCCCACAAGGTGGCGCCCACAAGGTGGCGCCTAGCTAGTTATTAA
TAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCC
GCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGA
CCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCA
ATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTG
CCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTAT
TGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATG
ACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCG
CTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATA
GCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAAT
GGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTA
ACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGA
GGTCTATATAAGCAGAGCTGGTTTAGTGAACCGTCAGATCCTGCAGAAG
TTGGTCGTGAGGCACTGGGCAGGTAAGTATCAAGGTTACAAGACAGGTT
TAAGGAGACCAATAGAAACTGGGCTTGT CGAGACAGAGAAGACTCTTGC
GTTTCTGATAGGCACCTATTGGTCTTACTGACATCCACTTTGCCTTTCT
CTCCACAGGTGTCCAGGCGGCCGCCATGGTGAGCAAGGGCGAGGAGCTG
TTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACG
GCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGG
CAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCC
TGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCC
GCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCC
CGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAAC
TACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACC
GCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGG
GCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCC
GACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACA
TCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCC
CATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACC
CAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCC
TGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCT
GTACAAGTAATAAGCTTGGATCCAATCAACCTCTGGATTACAAAATTTG
TGAAAGATTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGT
GGATACGCTGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGG
CTTTCATTTTCTCCTCCTTGTATAAATCCTGGTTGCTGTCTCTTTATGA
GGAGTTGTGGCCCGTTGTCAGGCAACGTGGCGTGGTGTGCACTGTGTTT
GCTGACGCAACCCCCACTGGTTGGGGCATTGCCACCACCTGTCAGCTCC
TTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCAT
CGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACT
GACAATTCCGTGGTGTTGTCGGGGAAATCATCGTCCTTTCCTTGGCTGC
TCGCCTGTGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGT
CCCTTCGGCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCCG
GCTCTGCGGCCTCTTCCGCGTCTTCGAGATCTGCCTCGACTGTGCCTTC
TAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACC
CTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTG
CATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGGGGG
CAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGG
ACTCGACCGCCCCCTGGTGGCCGCCCCCTGGTGGCCGCCCCCTGGTGGL
CGCCCCCTGGTGGCCGCCCCCTGGTGGTCGAGTTAAGGGCGAATTCCCG
ATAAGGATCTTCCTAGAGCATGGCTACGTAGATAAGTAGCATGGCGGGT
TAATCATTAACTACAAGGAACCCCTAGTGATGGAGTTGGCCACTCCCTC
TCTGCGCGCTCGCTCGCTCACTGAGGCCGGGCGACCAAAGGTCGCCCGA
CGCCCGGGCTTTGCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAG

rAAV with human CTCF forward on positive-sense
and reverse on negative-sense strand, convergent
CTGCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTC
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21

TABLE 4-continued

rAAV sequences. The inserted CTCF binding
sites are underlined.

SEQ ID NO: Description and Sequence

GGGCGACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGA
GGGAGTGGCCAACTCCATCACTAGGGGTTCCTTGTAGTTAATGATTAAC
CCGCCATGCTACTTATCTACGTAGCCATGCTCTAGGAAGATCGGAATTC
GCCCTTAAGCTAGCCACAAGGTGGCGCCTAGCTAGTTATTAATAGTAAT
CAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTAC
ATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGTC
CCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGA
CTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTT
GGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTC
AATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTAT
GGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTAC
CATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTT
GACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTT
TGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTC
CGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGT CTAT
ATAAGCAGAGCTGGTTTAGTGAACCGTCAGATCCTGCAGAAGTTGGTCG
TGAGGCACTGGGCAGGTAAGTATCAAGGTTACAAGACAGGTTTAAGGAG
ACCAATAGAAACTGGGCTTGTCGAGACAGAGAAGACTCTTGCGTTTCTG
ATAGGCACCTATTGGTCTTACTGACATCCACTTTGCCTTTCTCTCCACA
GGTGTCCAGGCGGCCGCCATGGTGAGCAAGGGCGAGGAGCTGTTCACCG
GGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAA
GTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTG
ACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCA
CCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCC
CGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGC
TACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGA
CCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGA
GCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAG
CTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGC
AGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGA
CGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGC
GACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCG
CCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGA
GTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAG
TAATAAGCTTGGATCCAATCAACCTCTGGATTACAAAATTTGTGAAAGA
TTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACG
CTGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCAT
TTTCTCCTCCTTGTATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTG
TGGCCCGTTGTCAGGCAACGTGGCGTGGTGTGCACTGTGTTTGCTGACG
CAACCCCCACTGGTTGGGGCATTGCCACCACCTGTCAGCTCCTTTCCGG
GACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGCCGCC
TGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACAATT
CCGTGGTGTTGTCGGGGAAATCATCGTCCTTTCCTTGGCTGCTCGCCTG
TGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTCG
GCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTGC
GGCCTCTTCCGCGTCTTCGAGATCTGCCTCGACTGTGCCTTCTAGTTGC
CAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAG
GTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCA
TTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGAC
AGCAAGGGGGAGGAT TGGGAAGACAATAGCAGGCATGCTGGGGACTCGA
GGCGGGGGGACCACCTCGAGTTAAGGGCGAATTCCCGATAAGGATCTTC
CTAGAGCATGGCTACGTAGATAAGTAGCATGGCGGGTTAATCATTAACT
ACAAGGAACCCCTAGTGATGGAGTTGGCCACTCCCTCTCTGCGCGCTCG
CTCGCTCACTGAGGCCGGGCGACCAAAGGTCGCCCGACGCCCGGGCTTT
GCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAG
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SEQUENCE LISTING

Sequence total quantity: 64

SEQ ID NO: 1
FEATURE
source

SEQUENCE: 1
ccacaaggtg gcgce

SEQ ID NO: 2
FEATURE
source

SEQUENCE: 2
ccaccagggg gcgg

SEQ ID NO: 3
FEATURE
source

SEQUENCE: 3
ttgcgacace atgtggtca

SEQ ID NO: 4
FEATURE
source

SEQUENCE: 4
ctegeggtag atcactegtt
SEQ ID NO: 5

FEATURE
source

SEQUENCE: 5

ccaccactaa atggcattet t

SEQ ID NO: 6
FEATURE
source

SEQUENCE: 6
ctcgeggtag atcactegtt
SEQ ID NO: 7

FEATURE
source

SEQUENCE: 7
tgctcactag atggcgetce

SEQ ID NO: 8
FEATURE

2/27/2024 16:59:38

moltype = DNA length = 14
Location/Qualifiers

1..14
mol_type = genomic DNA
organism = Homo sapiens

moltype = DNA length = 14
Location/Qualifiers

1..14
mol_type = genomic DNA
organism = Homo sapiens

moltype = DNA length = 19
Location/Qualifiers

1..19

mol_type = genomic DNA

organism = Adeno-associated virus

moltype = DNA Ilength = 20
Location/Qualifiers

1..20
mol_type = genomic DNA
organism = Rodent protoparvovirus

moltype = DNA Ilength = 21
Location/Qualifiers

1..21
mol type = genomic DNA
organism = Rodent protoparvovirus

moltype = DNA length = 20
Location/Qualifiers

1..20

mol_type = genomic DNA

organism = Rodent protoparvovirus

moltype = DNA length = 19
Location/Qualifiers

1..19

mol_type = genomic DNA
organism = H1l parvovirus

moltype = DNA Ilength = 19
Location/Qualifiers

14

14

19

20

21

20

19
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-continued

source 1..19

mol_type = genomic DNA

organism = Hl parvovirus
SEQUENCE: 8
tgcacagcag aggactctg 19
SEQ ID NO: 9 moltype = DNA 1length = 19
FEATURE Location/Qualifiers
source 1..19

mol_type = genomic DNA

organism = Hl parvovirus
SEQUENCE: 9
agtccaccaa gggacggag 19
SEQ ID NO: 10 moltype = DNA length = 19
FEATURE Location/Qualifiers
source 1..19

mol_type = genomic DNA
organism = Mouse papillomavirus
SEQUENCE: 10

tgaacagtag gagtcagtt 19
SEQ ID NO: 11 moltype = DNA length = 19

FEATURE Location/Qualifiers

source 1..19

mol_type = genomic DNA
organism = Primate erythroparvovirus 1
SEQUENCE: 11

ccaccaatag ggggtcata 19
SEQ ID NO: 12 moltype = DNA length = 19

FEATURE Location/Qualifiers

source 1..19

mol_type = genomic DNA
organism = Carnivore protoparvovirus 1
SEQUENCE: 12

caaccaggag gtgaaaatc 19
SEQ ID NO: 13 moltype = DNA length = 19

FEATURE Location/Qualifiers

source 1..19

mol_type = genomic DNA
organism = Human betaherpesvirus 5
SEQUENCE: 13

cgacccgcac atggegcetg 19
SEQ ID NO: 14 moltype = DNA 1length = 19
FEATURE Location/Qualifiers
source 1..19
mol_type = genomic DNA
organism = Human alphaherpesvirus 1
SEQUENCE: 14
agaccaccag gtggcgcac 19
SEQ ID NO: 15 moltype = DNA 1length = 19
FEATURE Location/Qualifiers
source 1..19

mol_type = genomic DNA
organism = Human alphaherpesvirus 1
SEQUENCE: 15

ccaccggcegyg gyggceggced 19
SEQ ID NO: 16 moltype = DNA length = 19

FEATURE Location/Qualifiers

source 1..19

mol type = genomic DNA
organism = Human alphaherpesvirus 1
SEQUENCE: 16

¢gggceggeceyg ggggeggcey 19
SEQ ID NO: 17 moltype = DNA 1length = 19

FEATURE Location/Qualifiers

source 1..19

mol_type = genomic DNA
organism = Human gammaherpesvirus 4
SEQUENCE: 17
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-continued

tggccaaaag acggcggtt 19
SEQ ID NO: 18 moltype = DNA 1length = 19
FEATURE Location/Qualifiers
source 1..19

mol_type = genomic DNA

organism = Human gammaherpesvirus 4
SEQUENCE: 18
cacccaacag gtggtgaaa 19
SEQ ID NO: 19 moltype = DNA 1length = 19
FEATURE Location/Qualifiers
source 1..19

mol_type = genomic DNA
organism = Human gammaherpesvirus 4
SEQUENCE: 19

ttggcaccat gtggtgcca 19
SEQ ID NO: 20 moltype = DNA length = 19

FEATURE Location/Qualifiers

source 1..19

mol_type = genomic DNA
organism = Alphapapillomavirus 9
SEQUENCE: 20

taaccaccag gtggtgceca 19
SEQ ID NO: 21 moltype = DNA length = 19

FEATURE Location/Qualifiers

source 1..19

mol_type = genomic DNA
organism = Hepatitis B virus
SEQUENCE: 21

cgaccaccag ttggatcca 19
SEQ ID NO: 22 moltype = DNA length = 19

FEATURE Location/Qualifiers

source 1..19

mol_type = genomic DNA
organism = Hepatitis B virus
SEQUENCE: 22

tctacagcat ggggcagaa 19
SEQ ID NO: 23 moltype = length =
SEQUENCE: 23
000
SEQ ID NO: 24 moltype = DNA Ilength = 14
FEATURE Location/Qualifiers
source 1..14
mol type = other DNA
organism = synthetic construct
SEQUENCE: 24
ccacnaggtg gcag 14
SEQ ID NO: 25 moltype = DNA Ilength = 14
FEATURE Location/Qualifiers
source 1..14

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 25

ctgccacctn gtgg 14
SEQ ID NO: 26 moltype = DNA length = 14

FEATURE Location/Qualifiers

source 1..14

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 26

ggcgggggac cacc 14
SEQ ID NO: 27 moltype = DNA 1length = 19

FEATURE Location/Qualifiers

source 1..19

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 27
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-continued

Feb. 15,2024

aacgetgtgg

SEQ ID NO:
FEATURE
source

SEQUENCE :
tgaccacatg

SEQ ID NO:
FEATURE
source

tacaccagt

28

28

gtgtcgcaa

29

misc_binding

SEQUENCE :

cecgetegete
gceeggecte
gtteettgta
agatcggaat
agtaatcaat
ttacggtaaa
tgacgtatgt
atttacggta
ctattgacgt
gggactttee
ggttttggca
tccaccecat
aatgtcgtaa
tctatataag
actgggcagyg
ttgtecgagac
cactttgecet
ctgttcaceg
ttecagegtgt
atctgcacca
ggcgtgeagt
gccatgeeeg
aagaccegeg
ggcatcgact
agccacaacg
atccgecaca
ccecateggeg
ctgagcaaag
gccgggatca
tctggattac
gctatgtgga
cattttctcece
tgtcaggcaa
cattgccace
ggcggaacte
tgacaattcc
tgccacctgg
ggaccttect
gectegactg
ttgaccetgg
cattgtetga
gaggattggg
cgataaggat
actacaagga
ctgaggccgg
gcgagegage

SEQ ID NO:
FEATURE
source

29

getcactgag
agtgagcgag
gttaatgatt
tcgeecttaa
tacggggtca
tggceegecet
tcccatagta
aactgcccac
caatgacggt
tacttggecag
gtacatcaat
tgacgtcaat
caactcegece
cagagetggt
taagtatcaa
agagaagact
ttctetecac
gggtggtgcee
ccggegaggy
ccggcaagcet
gcettcagecy
aaggctacgt
ccgaggtgaa
tcaaggagga
tctatatcat
acatcgagga
acggeeeegt
accccaacga
ctcteggeat
aaaatttgtg
tacgctgett
tecttgtata
cgtggegtygy
acctgtcage
atcgeegect
gtggtgttgt
attctgegeyg
tccegeggece
tgccttetag
aaggtgccac
gtaggtgtca
aagacaatag
cttectagag
accectagtg
gegaccaaag

gcgeag

30

misc_binding

SEQUENCE :

30

moltype = DNA 1length = 19
Location/Qualifiers

1..19
mol_type = other DNA
organism = synthetic construct

moltype = DNA Ilength = 2716
Location/Qualifiers

1..2716

mol_type = other DNA

organism = synthetic construct
206..224

bound moiety = CTCF binding sites

gecgeceggg caaagecegyg gegtegggeg acctttggte
cgagcgcegcea gagagggagt ggccaactcce atcactaggg
aacccgecat gctacttate tacgtagcca tgctctagga
gctagttgeg acaccatgtg gtcactaget agttattaat
ttagttcata gcccatatat ggagttccge gttacataac
ggctgacege ccaacgacce ccgeccattg acgtcaataa
acgccaatag ggactttceca ttgacgtcaa tgggtggagt
ttggcagtac atcaagtgta tcatatgcca agtacgcccce
aaatggeceg cctggcatta tgcccagtac atgaccttat
tacatctacg tattagtcat cgctattacc atggtgatge
gggcgtggat agceggtttga ctcacgggga tttcecaagte
gggagtttgt tttggcacca aaatcaacgg gactttccaa
ccattgacge aaatgggcegg taggegtgta cggtgggagg
ttagtgaacc gtcagatcct gcagaagttg gtegtgagge
ggttacaaga caggtttaag gagaccaata gaaactgggc
cttgegttte tgataggcac ctattggtct tactgacatc
aggtgtecag geggecgeca tggtgagcaa gggegaggag
catcectggte gagctggacg gegacgtaaa cggccacaag
cgagggegat gccacctacg gcaagctgac cctgaagtte
gccegtgece tggeccacce tegtgaccac cctgacctac
ctaccecegac cacatgaage agcacgactt cttcaagtcece
ccaggagege accatcttet tcaaggacga cggcaactac
gttcgaggge gacaccectgyg tgaaccgcat cgagetgaag
cggcaacatce ctggggcaca agctggagta caactacaac
ggccgacaag cagaagaacg gcatcaaggt gaacttcaag
cggeagegtyg cagctcgeeg accactacca gcagaacacce
getgetgece gacaaccact acctgagcac ccagteegec
gaagcgcgat cacatggtce tgetggagtt cgtgacegec
ggacgagctg tacaagtaat aagcttggat ccaatcaacc
aaagattgac tggtattctt aactatgttg ctecttttac
taatgcettt gtatcatget attgettccc gtatggettt
aatcetggtt getgtcetett tatgaggagt tgtggecegt
tgtgcactgt gtttgctgac gcaaccccca ctggttgggg
tcectttecgg gacttteget ttecccctece ctattgecac
gecttgeceg ctgetggaca ggggetegge tgttgggeac
cggggaaate atcgtceettt cettggetge tegectgtgt
ggacgtcectt ctgctacgte cctteggecce tcaatccage
tgctgeegge tetgeggect ctteegegte ttegagatcet
ttgccageca tetgttgttt geccctecce cgtgecttece
tcccactgte ctttectaat aaaatgagga aattgcatcg
ttctattcetg gggggtgggyg tggggcagga cagcaagggyg
caggcatgct ggggactcga tcgagttaag ggcgaattcec
catggctacg tagataagta gcatggcggg ttaatcatta
atggagttgg ccactceccte tetgegeget cgetegetca
gtcgecegace gecegggett tgecegggeg gectcagtga

moltype = DNA length = 2716
Location/Qualifiers

1..2716

mol type = other DNA

organism = synthetic construct
2482..2500

bound_moiety = CTCF binding site

ccgetegete getcactgag gecgeceggg caaagecegg gegtegggeg acctttggte
geceggecte agtgagegag cgagegegcea gagagggagt ggccaactcce atcactaggg
gttccttgta gttaatgatt aacccgecat gectacttatce tacgtagcca tgctctagga

2/27/2024 16:59:38

19

19

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2716

60
120
180
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-continued
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agatcggaat tcgcccttaa
attagttcat agcccatata
tggctgaccg cccaacgacce
aacgccaata gggactttece
cttggcagta catcaagtgt
taaatggcee gectggeatt
gtacatctac gtattagtca
tgggegtgga tageggttty
tgggagtttg ttttggcacce
cccattgacg caaatgggeg
tttagtgaac cgtcagatcce
aggttacaag acaggtttaa
tcttgegttt ctgataggca
caggtgtcca ggcggecgece
ccatectggt cgagetggac
gcgagggega tgccacctac
tgcecegtgee ctggeccace
gctaccccga ccacatgaag
tccaggageg caccatctte
agttcgaggg cgacaccctg
acggcaacat cctggggeac
tggcecgacaa gcagaagaac
acggcagegt gcagctegece
tgctgetgee cgacaaccac
agaagcgcga tcacatggtce
tggacgagct gtacaagtaa
gaaagattga ctggtattct
ttaatgectt tgtatcatge
aaatcctggt tgctgtcetet
gtgtgcactyg tgtttgctga
cteettteeg ggactttege
tgcettgece getgetggac
tcggggaaat catcgtectt
gggacgtect tetgetacgt
ctgetgecgg ctetgeggece
gttgccagee atetgttgtt
ctececactgt cctttectaa
attctattct ggggggtggy
gcaggcatge tggggactceg
cgataaggat cttcctagag
actacaagga acccctagtyg
ctgaggcegg gcgaccaaag
gcgagcgage gegeag

SEQ ID NO: 31
FEATURE
source

misc_binding

SEQUENCE: 31

ccgetegete getcactgag
geceggecte agtgagegag
gttccttgta gttaatgatt
agatcggaat tcgcccttaa
agtaatcaat tacggggtca
ttacggtaaa tggcccgect
tgacgtatgt tcccatagta
atttacggta aactgcccac
ctattgacgt caatgacggt
gggactttce tacttggcag
ggttttggca gtacatcaat
tccaccccat tgacgtcaat
aatgtcgtaa caactccgcece
tctatataag cagagctggt
actgggcagg taagtatcaa
ttgtegagac agagaagact
cactttgect ttctctecac
ctgttcaccg gggtggtgcec
ttcagegtgt ccggegagygyg
atctgcacca ccggcaagcet
ggcgtgcagt gettcagecyg
geccatgeceg aaggcetacgt
aagaccegeg ccgaggtgaa
ggcatcgact tcaaggagga

2/27/2024 16:59:38

gctagetage tagttattaa tagtaatcaa ttacggggtce
tggagttceg cgttacataa cttacggtaa atggeccegece
ccegeccatt gacgtcaata atgacgtatg ttcccatagt
attgacgtca atgggtggag tatttacggt aaactgccca
atcatatgcc aagtacgcce cctattgacg tcaatgacgg
atgceccagta catgacctta tgggactttce ctacttggca
tcgetattac catggtgatg cggttttgge agtacatcaa
actcacgggg atttccaagt ctccacccca ttgacgtcaa
aaaatcaacg ggactttcca aaatgtcgta acaactccge
gtaggcegtgt acggtgggag gtctatataa gcagagetgg
tgcagaagtt ggtcgtgagg cactgggcag gtaagtatca
ggagaccaat agaaactggyg cttgtcgaga cagagaagac
cctattggte ttactgacat ccactttgec ttteteteca
atggtgagca agggcgagga getgttcacce ggggtggtge
ggcgacgtaa acggccacaa gttcagegtg tceggegagg
ggcaagctga ccctgaagtt catctgcacc accggcaagce
ctegtgacca cectgaccta cggegtgcag tgettcagece
cagcacgact tcttcaagte cgccatgccc gaaggctacg
ttcaaggacg acggcaacta caagacccgc gecgaggtga
gtgaaccgca tcgagctgaa gggcatcgac ttcaaggagg
aagctggagt acaactacaa cagccacaac gtctatatca
ggcatcaagg tgaacttcaa gatcecgecac aacatcgagg
gaccactace agcagaacac ccccategge gacggecceg
tacctgageca cccagteege cctgagcaaa gaccccaacg
ctgctggagt tcgtgaccgce cgccgggatc actctcggca
taagcttgga tccaatcaac ctctggatta caaaatttgt
taactatgtt gctectttta cgetatgtgg atacgetget
tattgcttee cgtatggett tcattttete ctecttgtat
ttatgaggag ttgtggcceg ttgtcaggca acgtggegtg
cgcaacccee actggttggg gecattgccac cacctgtcag
tttececececte cctattgeca cggcggaact catcgecgece
aggggctegg ctgttgggea ctgacaattc cgtggtgttg
tcettggetyg ctegectgtyg ttgccacctyg gattetgege
ccetteggee ctcaatccag cggaccttee tteccegegge
tctteegegt cttcgagate tgectcgact gtgecttceta
tgccectece cegtgectte cttgaccctg gaaggtgceca
taaaatgagg aaattgcate gcattgtctg agtaggtgte
gtggggcagg acagcaaggg ggaggattgg gaagacaata
aactggtgta ccacagcgtt tcgagttaag ggcgaattcce
catggctacg tagataagta gcatggceggg ttaatcatta
atggagttgg ccactcecte tetgegeget cgetegetca
gtecgececgac gecegggett tgcccgggeyg gectcagtga

moltype = DNA length = 2735
Location/Qualifiers

1..2735

mol_type = other DNA

organism = synthetic construct
207..225

bound_moiety = CTCF binding site

geecgeceggg caaagecegyg gegtegggeg acctttggte
cgagegegea gagagggagt ggccaactcc atcactaggg

aacccgecat gctacttate tacgtageca tgctctagga
gctagttgeg acaccatgtg gtcactaget agttattaat
ttagttcata gcccatatat ggagttccge gttacataac
ggctgaccge ccaacgacce ccgeccattg acgtcaataa
acgccaatag ggacttteca ttgacgtcaa tgggtggagt
ttggcagtac atcaagtgta tcatatgcca agtacgcccce
aaatggecceg cctggcatta tgcccagtac atgaccttat
tacatctacg tattagtcat cgctattacc atggtgatge
gggcgtggat ageggtttga ctecacgggga tttccaagte
gggagtttgt tttggcacca aaatcaacgg gactttccaa
ccattgacgce aaatgggcegg taggegtgta cggtgggagg
ttagtgaacc gtcagatcct gcagaagttg gtegtgagge
ggttacaaga caggtttaag gagaccaata gaaactgggc
cttgegttte tgataggcac ctattggtct tactgacatce
aggtgtecag geggecgeca tggtgagcaa gggegaggag
catcctggte gagctggacg gcgacgtaaa cggccacaag
cgagggegat gccacctacg gcaagctgac cctgaagtte
gccegtgecee tggeccacce tegtgaccac cctgacctac
ctacccegac cacatgaage agcacgactt cttcaagtcece
ccaggagege accatcttet tcaaggacga cggcaactac
gttcgaggge gacaccctgyg tgaaccgcat cgagetgaag
cggcaacatce ctggggcaca agcetggagta caactacaac

240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2716

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
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agccacaacg tctatatcat ggccgacaag cagaagaacg gcatcaaggt gaacttcaag 1500
atccgccaca acatcgagga cggcagegtg cagctcgecg accactacca gcagaacacc 1560
cccatecggeg acggeccegt getgectgcce gacaaccact acctgagcac ccagtceccecgec 1620
ctgagcaaag accccaacga gaagcgcgat cacatggtcc tgctggagtt cgtgaccgece 1680
gccgggatca ctcectcecggcat ggacgagcetg tacaagtaat aagcttggat ccaatcaacc 1740
tctggattac aaaatttgtg aaagattgac tggtattctt aactatgttg ctccttttac 1800
gctatgtgga tacgctgcett taatgcecttt gtatcatget attgcttcec gtatggettt 1860
cattttctcc tccttgtata aatcctggtt gectgtcectectt tatgaggagt tgtggcccecgt 1920
tgtcaggcaa cgtggcgtgg tgtgcactgt gtttgctgac gcaaccccca ctggttgggg 1980
cattgccacc acctgtcage tccttteecgg gacttteget ttcecccectece ctattgceccac 2040
ggcggaactc atcgccgect gecttgeceg ctgctggaca ggggetcgge tgttgggcac 2100
tgacaattcc gtggtgttgt cggggaaatc atcgtccttt ccttggctge tcgectgtgt 2160
tgccacctgg attctgcgeg ggacgtectt ctgctacgte cctteggecce tcaatccage 2220
ggaccttect tcececgeggece tgctgecgge tectgcggect cttecgegte ttcgagatcet 2280
gcctegactg tgccttectag ttgccageca tetgttgttt gececteccce cgtgecttee 2340
ttgaccctgg aaggtgccac tcccactgte ctttectaat aaaatgagga aattgcatcg 2400
cattgtctga gtaggtgtca ttctattctg gggggtgggg tggggcagga cagcaagggg 2460
gaggattggg aagacaatag caggcatgct ggggactcga actggtgtac cacagegttt 2520
cgagttaagg gcgaattccc gataaggatc ttcctagage atggctacgt agataagtag 2580
catggcgggt taatcattaa ctacaaggaa cccctagtga tggagttgge cactccctet 2640
ctgcgegete getegetcac tgaggccggg cgaccaaagg tcgcccgacg cccgggcettt 2700
gcecgggegyg cctcagtgag cgagcegageg cgcag 2735
SEQ ID NO: 32 moltype = DNA length = 2735
FEATURE Location/Qualifiers
source 1..2735

mol_type = other DNA

organism = synthetic construct
misc_binding 207..225

bound moiety = CTCF binding site
misc_binding 2505..2520

bound_moiety = CTCF binding site
SEQUENCE: 32
ccgctegete getcactgag gcecgeecggg caaagcccgg gegtcegggeg acctttggte 60
gcccggecte agtgagcgag cgagcgcgca gagagggagt ggccaactcc atcactaggg 120
gttccttgta gttaatgatt aacccgccat gctacttatc tacgtagcca tgctctagga 180
agatcggaat tcgcccttaa gctagttgeg acaccatgtg gtcactaget agttattaat 240
agtaatcaat tacggggtca ttagttcata gcccatatat ggagttccge gttacataac 300
ttacggtaaa tggcccgect ggctgaccgce ccaacgaccc ccgcccattg acgtcaataa 360
tgacgtatgt tcccatagta acgccaatag ggactttcca ttgacgtcaa tgggtggagt 420
atttacggta aactgcccac ttggcagtac atcaagtgta tcatatgcca agtacgcccc 480
ctattgacgt caatgacggt aaatggcccg cctggcatta tgcccagtac atgaccttat 540
gggactttcc tacttggcag tacatctacg tattagtcat cgctattacc atggtgatgc 600
ggttttggca gtacatcaat gggcgtggat agcggtttga ctcacgggga tttccaagtc 660
tccaccccat tgacgtcaat gggagtttgt tttggcacca aaatcaacgg gactttccaa 720
aatgtcgtaa caactccgece ccattgacgce aaatgggcegg taggegtgta cggtgggagg 780
tctatataag cagagctggt ttagtgaacc gtcagatcct gcagaagttg gtcgtgaggce 840
actgggcagg taagtatcaa ggttacaaga caggtttaag gagaccaata gaaactgggc 900
ttgtcgagac agagaagact cttgcgtttc tgataggcac ctattggtct tactgacatc 960
cactttgcct ttctctccac aggtgtccag gcggccgceca tggtgagcaa gggcgaggag 1020
ctgttcaccg gggtggtgce catcctggte gagectggacg gcgacgtaaa cggccacaag 1080
ttcagecgtgt ccggcgaggg cgagggcgat gccacctacg gcaagctgac cctgaagttce 1140
atctgcacca ccggcaagct gccecgtgecce tggcccacce tcgtgaccac cctgacctac 1200
ggcgtgcagt gcttcagceccg ctaccccgac cacatgaagce agcacgactt cttcaagtce 1260
gccatgecceg aaggctacgt ccaggagcge accatcttet tcaaggacga cggcaactac 1320
aagacccgceg ccgaggtgaa gttcgagggce gacacccectgg tgaaccgcat cgagctgaag 1380
ggcatcgact tcaaggagga cggcaacatc ctggggcaca agctggagta caactacaac 1440
agccacaacg tctatatcat ggccgacaag cagaagaacg gcatcaaggt gaacttcaag 1500
atccgccaca acatcgagga cggcagegtg cagctcgecg accactacca gcagaacacc 1560
cccatcggeg acggeccccgt gectgetgecce gacaaccact acctgagcac ccagtccgee 1620
ctgagcaaag accccaacga gaagcgcgat cacatggtcc tgctggagtt cgtgaccgecce 1680
gccgggatca ctcectcecggcat ggacgagctg tacaagtaat aagcttggat ccaatcaacc 1740
tctggattac aaaatttgtg aaagattgac tggtattctt aactatgttg ctccttttac 1800
gctatgtgga tacgctgcett taatgcecttt gtatcatget attgcttcecec gtatggettt 1860
cattttctec tccttgtata aatcctggtt gectgtcectett tatgaggagt tgtggcccecgt 1920
tgtcaggcaa cgtggcgtgg tgtgcactgt gtttgctgac gcaaccccca ctggttgggg 1980
cattgccacc acctgtcage tceccttteegg gacttteget ttcecccectee ctattgceccac 2040
ggcggaactc atcgccgect gecttgeceg ctgctggaca ggggctcegge tgttgggcac 2100
tgacaattcc gtggtgttgt cggggaaatc atcgtccttt ccttggetge tegectgtgt 2160
tgccacctgg attctgcgeg ggacgtectt ctgctacgtc cctteggece tcaatccage 2220
ggaccttcct tceccgeggece tgctgcecgge tcectgecggect cttceccgegte ttcgagatct 2280
gcctcecgactg tgccttcectag ttgccageca tectgttgttt geccecctecce cgtgecttee 2340
ttgaccectgg aaggtgccac tcccactgte ctttectaat aaaatgagga aattgcatcg 2400
cattgtctga gtaggtgtca ttctattctg gggggtgggg tggggcagga cagcaagggg 2460
gaggattggg aagacaatag caggcatgct ggggactcga ttgcgacacc atgtggtcat 2520
cgagttaagg gcgaattcce gataaggatc ttcctagagce atggctacgt agataagtag 2580

2/27/2024 16:59:38
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catggcgggt taatcattaa ctacaaggaa cccctagtga tggagttggce cactccctcect 2640
ctgegegete getegetcac tgaggccggg cgaccaaagg tcegeccgacg cecgggettt 2700

gcecegggegg cctcagtgag cgagcgageg cgcag 2735
SEQ ID NO: 33 moltype = DNA length = 2887

FEATURE Location/Qualifiers

source 1..2887

mol_type = other DNA
organism = synthetic construct

misc_binding 207..225

bound moiety = CTCF binding site
misc_binding 283..301

bound_moiety = CTCF binding site
misc_binding 2578 ..2596

bound _moiety = CTCF binding site
misc_binding 2616..2634

bound moiety = CTCF binding site
misc_binding 2654..2672

bound _moiety = CTCF binding site
misc_binding 245..263

bound_moiety = CTCF binding site

SEQUENCE: 33

cecgectegete gectcactgag gccgeccggg caaagcccgg gegtcecgggeg acctttggte 60
gcceggecte agtgagcgag cgagcgcgca gagagggagt ggccaactcce atcactaggg 120
gttcecttgta gttaatgatt aacccgccat gctacttatc tacgtagcca tgctctagga 180
agatcggaat tcgcccttaa gctagttgcg acaccatgtg gtcattgcga caccatgtgg 240
tcattgcgac accatgtggt cattgcgaca ccatgtggtc attgcgacac catgtggtca 300
ctagctagtt attaatagta atcaattacg gggtcattag ttcatagccc atatatggag 360
ttcecgegtta cataacttac ggtaaatgge ccgectgget gaccgcccaa cgacccccege 420
ccattgacgt caataatgac gtatgttccc atagtaacgc caatagggac tttccattga 480
cgtcaatggg tggagtattt acggtaaact gcccacttgg cagtacatca agtgtatcat 540
atgccaagta cgcccecctat tgacgtcaat gacggtaaat ggcccgcctg gcattatgcce 600
cagtacatga ccttatggga ctttcctact tggcagtaca tctacgtatt agtcatcget 660
attaccatgg tgatgcggtt ttggcagtac atcaatggge gtggatagcg gtttgactca 720
cggggatttc caagtctcca ccccattgac gtcaatggga gtttgttttg gcaccaaaat 780
caacgggact ttccaaaatg tcgtaacaac tccgccccat tgacgcaaat gggcggtagg 840
cgtgtacggt gggaggtcta tataagcaga gctggtttag tgaaccgtca gatcctgcag 900
aagttggtcg tgaggcactg ggcaggtaag tatcaaggtt acaagacagg tttaaggaga 960
ccaatagaaa ctgggcttgt cgagacagag aagactcttg cgtttctgat aggcacctat 1020
tggtcttact gacatccact ttgcctttct cteccacaggt gtccaggcgg ccgccatggt 1080
gagcaagggc gaggagctgt tcaccggggt ggtgcccatce ctggtcgage tggacggcga 1140
cgtaaacggc cacaagttca gegtgtccgg cgagggcgag ggcgatgcca cctacggcaa 1200
gctgaccctg aagttcatct gcaccaccgg caagctgccce gtgccctgge ccaccctegt 1260
gaccaccctg acctacggcg tgcagtgctt cagccgctac cccgaccaca tgaagcagca 1320
cgacttctte aagtccgcca tgcccgaagg ctacgtccag gagcgcacca tcecttcecttcaa 1380
ggacgacggc aactacaaga cccgcgecga ggtgaagttce gagggcgaca ccctggtgaa 1440
ccgcatcgag ctgaagggca tcgacttcaa ggaggacggce aacatcctgg ggcacaagcet 1500
ggagtacaac tacaacagcc acaacgtcta tatcatggcc gacaagcaga agaacggcat 1560
caaggtgaac ttcaagatcc gccacaacat cgaggacggc agcgtgcagc tcgccgacca 1620
ctaccagcag aacaccccca tcggegacgg cccegtgetg ctgcccgaca accactacct 1680
gagcacccag tccgecctga gcaaagaccce caacgagaag cgcgatcaca tggtcecctget 1740
ggagttcegtg accgccgecg ggatcactcect cggcatggac gagctgtaca agtaataage 1800
ttggatccaa tcaacctctg gattacaaaa tttgtgaaag attgactggt attcttaact 1860
atgttgctce ttttacgcta tgtggatacg ctgctttaat gectttgtat catgctattg 1920
cttceccegtat ggetttcatt ttcectectect tgtataaatc ctggttgetg tetcetttatg 1980
aggagttgtg gccecgttgte aggcaacgtg gcecgtggtgtg cactgtgttt gctgacgcaa 2040
ccecccactgg ttggggcatt gceccaccacct gtcagctect ttccgggact ttegetttee 2100
ccectecctat tgccacggeg gaactcatcg ccgectgect tgcccegetge tggacagggg 2160
cteggetgtt gggcactgac aattccegtgg tgttgteggg gaaatcatcg tecttteett 2220
ggctgctcecge ctgtgttgec acctggattce tgcgcgggac gtceccttctge tacgtccctt 2280
cggccectcaa tccagcggac cttecttece gecggectget gecggcetcectg cggectette 2340
cgcgtetteg agatctgect cgactgtgece ttctagttge cagccatctg ttgtttgcecce 2400
ctcceecegtg cecttecttga cecctggaagg tgccactcecce actgtecttt cctaataaaa 2460
tgaggaaatt gcatcgcatt gtctgagtag gtgtcattct attctggggg gtggggtggg 2520
gcaggacagc aagggggagg attgggaaga caatagcagg catgectgggg actcgaactg 2580
gtgtaccaca gcgttactgg tgtaccacag cgttactggt gtaccacagc gttactggtg 2640
taccacagcg ttactggtgt accacagcgt ttcgagttaa gggcgaattc ccgataagga 2700
tcttectaga gcatggctac gtagataagt agcatggcgg gttaatcatt aactacaagg 2760
aacccctagt gatggagttg gccactcect ctectgegege tegetcecgete actgaggecg 2820
ggcgaccaaa ggtcgcecccga cgeceggget ttgcecccggge ggcectcagtg agcgagcgag 2880

cgcgcag 2887
SEQ ID NO: 34 moltype = DNA length = 2735

FEATURE Location/Qualifiers

source 1..2735

mol_type = other DNA
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misc_binding
misc_binding

SEQUENCE: 34

cegetegete gcetcactgag
gcceggecte agtgagcegag
gttcecttgta gttaatgatt
agatcggaat tcgcccttaa
agtaatcaat tacggggtca
ttacggtaaa tggcccgect
tgacgtatgt tcccatagta
atttacggta aactgcccac
ctattgacgt caatgacggt
gggactttece tacttggcag
ggttttggca gtacatcaat
tccaccecat tgacgtcaat
aatgtcgtaa caactcegece
tctatataag cagagctggt
actgggcagg taagtatcaa
ttgtcgagac agagaagact
cactttgect ttctctecac
ctgttecaceg gggtggtgece
ttcagegtgt ccggegaggyg
atctgcacca ccggcaagcet
ggcgtgcagt gettcagecyg
gccatgecceg aaggcetacgt
aagacccgeg ccgaggtgaa
ggcatcgact tcaaggagga
agccacaacg tctatatcat
atcecgecaca acatcgagga
ccecateggeg acggeccegt
ctgagcaaag accccaacga
gccgggatca cteteggeat
tctggattac aaaatttgtg
gctatgtgga tacgetgett
cattttctece tcecttgtata
tgtcaggcaa cgtggcgtygyg
cattgccace acctgtcage
ggcggaacte ategecgect
tgacaattcc gtggtgttgt
tgccacctgg attctgegeg
ggaccttect teeegeggece
gectegactyg tgecttcetag
ttgaccetgg aaggtgecac
cattgtctga gtaggtgtca
gaggattggg aagacaatag
cgagttaagg gcgaattcce
catggegggt taatcattaa
ctgegegete gcetegetcac
gccegggegyg cctcagtgag

SEQ ID NO: 35
FEATURE
source

misc_binding

SEQUENCE: 35

ctgegegete getegetcac
ggtcgecegyg cctecagtgag
aggggttcct tgtagttaat
aggaagatcg gaattcgecce
gtaatcaatt acggggtcat
tacggtaaat ggcccgectg
gacgtatgtt cccatagtaa
tttacggtaa actgcccact
tattgacgtc aatgacggta
ggactttect acttggcagt
gttttggcag tacatcaatg
ccaccecatt gacgtcaatg
atgtegtaac aactcegecce
ctatataagc agagctggtt
ctgggcaggt aagtatcaag

2/27/2024 16:59:38

organism = synthetic construct

207..225
bound_moiety =
2502..2520

bound_moiety =

CTCF binding site

CTCF binding site

geecgeceggyg caaagceccegg gegtegggeg
cgagegegea gagagggagt ggccaactcec
aacccgecat gctacttate tacgtagceca
gctagttgeg acaccatgtg gtcactaget
ttagttecata gcccatatat ggagttccge
ggctgaccge ccaacgacce ccgeccattg
acgccaatag ggactttcca ttgacgtcaa
ttggcagtac atcaagtgta tcatatgcca
aaatggeceg cctggcatta tgcccagtac
tacatctacg tattagtcat cgctattacc
gggcgtggat ageggtttga ctcacgggga
gggagtttgt tttggcacca aaatcaacgg
ccattgacge aaatgggcegg taggegtgta
ttagtgaacc gtcagatcct gcagaagttg
ggttacaaga caggtttaag gagaccaata
cttgegttte tgataggcac ctattggtcet
aggtgtecag geggccgeca tggtgagcaa
catcetggte gagctggacyg gegacgtaaa
cgagggegat gccacctacg gcaagctgac
gccegtgecee tggeccacee tegtgaccac
ctaccecegac cacatgaage agcacgactt
ccaggagege accatcttet tcaaggacga
gttcgaggge gacaccctgg tgaaccgcat
cggcaacatce ctggggcaca agcetggagta
ggccgacaag cagaagaacg gcatcaaggt
cggcagegtyg cagctcegeeg accactacca
getgetgece gacaaccact acctgageac
gaagcgcgat cacatggtcc tgetggagtt
ggacgagctg tacaagtaat aagcttggat
aaagattgac tggtattctt aactatgttg
taatgecettt gtatcatget attgettcece
aatcctggtt getgtctett tatgaggagt
tgtgcactgt gtttgctgac gcaaccccca
tcecttteegg gacttteget tteccectec
gecttgeceg ctgetggaca ggggetegge
cggggaaatc atcgtcecttt cecttggetge
ggacgtcctt ctgctacgte cctteggecce
tgctgeegge tetgeggect cttecgegte
ttgccageca tetgttgttt gecectecce
tceccactgte ctttcctaat aaaatgagga
ttctattety gggggtyggy tggggcagga
caggcatgct ggggactcga tgaccacatg
gataaggatc ttcctagage atggetacgt
ctacaaggaa cccctagtga tggagttgge

tgaggcecggg cgaccaaagg tcgcccgacg

cgagegageg cgcag

moltype = DNA

length = 2715

Location/Qualifiers

1..2715

mol type = other DNA
organism = synthetic construct

211..224
bound_moiety =

CTCFbinding site

tgaggcegee cgggcaaage cegggegteg
cgagegageg cgcagagagg gagtggccaa
gattaacccg ccatgctact tatctacgta
ttaagctage cacaaggtgg cgcectagceta
tagttcatag cccatatatg gagttccgeg
gctgaccgee caacgaccee cgeccattga
cgccaatagg gactttccat tgacgtcaat
tggcagtaca tcaagtgtat catatgccaa
aatggcccge ctggcattat geccagtaca
acatctacgt attagtcatc gctattacca
ggcgtggata geggtttgac tcacggggat
ggagtttgtt ttggcaccaa aatcaacggg
cattgacgca aatgggcggt aggegtgtac
tagtgaaccg tcagatcctyg cagaagttgg
gttacaagac aggtttaagg agaccaatag

acctttggte
atcactaggg
tgctctagga
agttattaat
gttacataac
acgtcaataa
tgggtggagt
agtacgecccece
atgaccttat
atggtgatgce
tttccaagte
gactttccaa
cggtgggagg
gtcegtgagge
gaaactggge
tactgacatc
gggcgaggag
cggccacaag
cctgaagtte
cctgacctac
cttcaagtec
cggcaactac
cgagctgaag
caactacaac
gaacttcaag
gcagaacacc
ccagteegee
cgtgacegece
ccaatcaacc
ctccttttac
gtatggettt
tgtggccegt
ctggttgggg
ctattgecac
tgttgggcac
tegectgtgt
tcaatccage
ttcgagatet
cgtgecttee
aattgcateg
cagcaagggy
gtgtcgcaat
agataagtag
cactceetet
ccegggettt

ggcgaccttt
ctccatcact
gccatgetet
gttattaata
ttacataact
cgtcaataat
gggtggagta
gtacgcceee
tgaccttatg
tggtgatgeg
ttccaagtet
actttccaaa
ggtgggaggt
tcgtgaggea
aaactgggcet

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2735

60

120
180
240
300
360
420
480
540
600
660
720
780
840
900
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tgtcgagaca gagaagactce
actttgeett tctctccaca
tgttcaccgg ggtggtgecc
tcagegtgte cggcgaggge
tctgecaccac cggcaagetyg
gegtgcagtyg cttecagecge
ccatgcccga aggctacgtce
agacccgege cgaggtgaag
gcatcgactt caaggaggac
gccacaacgt ctatatcatg
tcegecacaa catcgaggac
ccatcggega cggcccegtyg
tgagcaaaga ccccaacgag
ccgggatecac tceteggeatg
ctggattaca aaatttgtga
ctatgtggat acgctgcettt
attttctecet ccttgtataa
gtcaggcaac gtggegtggt
attgccacca cctgtecaget
gcggaactca tegecgectyg
gacaattccg tggtgttgte
gccacctgga ttetgegegyg
gacctteett cecegeggect
cctegactgt gecttetagt
tgaccctgga aggtgecact
attgtctgag taggtgtcat
aggattggga agacaatagce
gataaggatc ttectagage
ctacaaggaa cccctagtga
tgaggceggg cgaccaaagg
cgagegageg cgcag

SEQ ID NO: 36
FEATURE
source

misc_binding

SEQUENCE: 36

ctgegegete getegeteac
ggtcgecegg cctcagtgag
aggggttcct tgtagttaat
aggaagatcg gaattcgecce
ggtcattagt tcatagccca
cgeetggetyg accgeccaac
tagtaacgcce aatagggact
cccacttgge agtacatcaa
acggtaaatg gcccegectgg
ggcagtacat ctacgtatta
tcaatgggcg tggatagcgg
tcaatgggag tttgttttgg
ccgececatt gacgcaaatg
ctggtttagt gaaccgtcag
atcaaggtta caagacaggt
agactcttge gtttctgata
tccacaggtg tccaggegge
gtgcccatee tggtegaget
gagggcgagyg gegatgecac
aagctgeceg tgcectggece
agcegetace ccgaccacat
tacgtccagg agcgcaccat
gtgaagttcg agggcgacac
gaggacggca acatcctggg
atcatggeeg acaagcagaa
gaggacggca gegtgcaget
ccegtgetge tgcccgacaa
aacgagaagc gcgatcacat
ggcatggacyg agetgtacaa
ttgtgaaaga ttgactggta
tgctttaatg cetttgtate
gtataaatcce tggttgetgt
cgtggtgtge actgtgtttg
tcagetectt tccgggactt
cgectgectt geccgetget
gttgtcegggg aaatcatcgt

2/27/2024 16:59:38

ttgegtttet gataggcace tattggtcett actgacatcce
ggtgtccagg cggecgcecat ggtgagcaag ggcgaggage
atcectggteg agetggacgg cgacgtaaac ggccacaagt
gagggcgatg ccacctacgg caagetgacce ctgaagttca
ccegtgecct ggcccaccect cgtgaccace ctgacctacg
tacceccgace acatgaagca gcacgacttce ttcaagtceeg
caggagcgca ccatcttcett caaggacgac ggcaactaca
ttcgagggeg acaccctggt gaaccgcatc gagetgaagg
ggcaacatce tggggcacaa gctggagtac aactacaaca
gccgacaage agaagaacgg catcaaggtg aacttcaaga
ggcagegtge agetcgecga ccactaccag cagaacacec
ctgectgeceg acaaccacta cctgagcacce cagtccgecce
aagcgegate acatggtect getggagttce gtgaccgecg
gacgagctgt acaagtaata agettggatc caatcaacct
aagattgact ggtattctta actatgttgce tecettttacg
aatgcctttg tatcatgcta ttgcttcecceg tatggettte
atcctggttg ctgtctettt atgaggagtt gtggecegtt
gtgcactgtg tttgctgacg caacccccac tggttgggge
ccttteeggg actttegett teccecctecce tattgecacg
cettgecege tgctggacag gggctegget gttgggcact
ggggaaatca tcgtccttte cttggetget cgectgtgtt
gacgtecctte tgctacgtce ctteggecct caatccageg
getgeegget ctgeggecte tteegegtet tegagatctg
tgccagecat ctgttgtttg ccccteccce gtgecttect
cccactgtee tttectaata aaatgaggaa attgcatcge
tctattetgg ggggtggggt ggggcaggac agcaaggggy
aggcatgetg gggactcgat cgagttaagg gegaattccce
atggctacgt agataagtag catggcgggt taatcattaa
tggagttgge cactccctet ctgcgegete gcetegetcac
tcgecegacg cecgggettt geccgggegg cctcagtgag

moltype = DNA Ilength = 2715
Location/Qualifiers

1..2715

mol_type = other DNA

organism = synthetic construct
2487..2500

bound_moiety = CTCF binding site

tgaggcegee cgggcaaage cegggegtceg ggegaccttt
cgagcgageg cgcagagagg gagtggccaa ctccatcact
gattaacccg ccatgctact tatctacgta gccatgetet
ttaagctage tagctagtta ttaatagtaa tcaattacgg
tatatggagt tccgcgttac ataacttacg gtaaatggcec
gaccccegee cattgacgte aataatgacg tatgttecca
ttccattgac gtcaatgggt ggagtattta cggtaaactg
gtgtatcata tgccaagtac gcccectatt gacgtcaatg
cattatgcce agtacatgac cttatgggac tttectactt
gtcatcgeta ttaccatggt gatgeggttt tggcagtaca
tttgactcac ggggatttcce aagtctccac cccattgacg
caccaaaatc aacgggactt tccaaaatgt cgtaacaact
ggcggtagge gtgtacggtyg ggaggtctat ataagcagag
atcctgeaga agttggtegt gaggcactgg gcaggtaagt
ttaaggagac caatagaaac tgggcttgtce gagacagaga
ggcacctatt ggtcttactg acatccactt tgectttete
cgecatggtyg agcaagggeg aggagcetgtt cacceggggtg
ggacggcgac gtaaacggcce acaagttcag cgtgteegge
ctacggecaag ctgaccctga agttcatctg caccaccegge
caccctegtg accaccctga cctacggegt geagtgette
gaagcagcac gacttcttca agtcegecat geccgaagge
cttecttecaag gacgacggca actacaagac ccgegecgag
cctggtgaac cgcatcgage tgaagggcat cgacttcaag
gcacaagctg gagtacaact acaacagcca caacgtctat
gaacggcatc aaggtgaact tcaagatccg ccacaacatc
cgeccgaccac taccagcaga acacccccat cggegacgge
ccactacctg agcacccagt ccgccctgag caaagacccce
ggtcctgetyg gagttegtga cegeegeegg gatcactete
gtaataagct tggatccaat caacctetgg attacaaaat
ttcttaacta tgttgctect tttacgctat gtggatacge
atgctattge ttcccgtatg getttcattt tcetectectt
ctctttatga ggagttgtgg ccegttgtca ggcaacgtgg
ctgacgcaac ccccactggt tggggcattg ccaccacctg
tcgetttece ccteectatt gecacggegg aactcatege
ggacagggge teggcetgttyg ggeactgaca attcegtggt
cctttecttg getgectegee tgtgttgcca cctggattet

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2715

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
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gegegggacyg teettetget
cggectgetyg ceggetetge
tctagttgee agccatctgt
gccactceca ctgtecttte
tgtcattcta ttetgggggy
aatagcaggce atgctgggga
gataaggatc ttcctagagce
ctacaaggaa cccctagtga
tgaggeeggg cgaccaaagg
cgagegageg cgcag

SEQ ID NO: 37
FEATURE
source

misc_binding

SEQUENCE: 37

ctgegegete gcetegetcac
ggtcgecegg cctcagtgag
aggggttcct tgtagttaat
aggaagatcg gaattcgece
gtaatcaatt acggggtcat
tacggtaaat ggcccgectyg
gacgtatgtt cccatagtaa
tttacggtaa actgcccact
tattgacgtce aatgacggta
ggactttecct acttggcagt
gttttggcag tacatcaatg
ccaccecatt gacgtcaatg
atgtegtaac aactccgece
ctatataagc agagctggtt
ctgggcaggt aagtatcaag
tgtcgagaca gagaagactc
actttgeett tctctccaca
tgttecacegg ggtggtgece
tcagcegtgte cggcgaggge
tctgecaccac cggcaagetyg
gegtgcagtyg cttcagecge
ccatgeecga aggctacgte
agacccgege cgaggtgaag
gcatcgactt caaggaggac
gccacaacgt ctatatcatg
tcegecacaa catcgaggac
ccateggega cggeccegty
tgagcaaaga ccccaacgag
ccgggatcac tceteggeatg
ctggattaca aaatttgtga
ctatgtggat acgctgettt
attttctecct ccttgtataa
gtcaggcaac gtggegtggt
attgccacca cctgtcaget
geggaactca tegeegecty
gacaattceg tggtgttgte
gccacctgga ttetgegegg
gacctteett cecegeggect
cctegactgt gecttetagt
tgaccctgga aggtgecact
attgtctgag taggtgtcat
aggattggga agacaatagce
aagggcgaat tcccgataag
gggttaatca ttaactacaa
getegetege tecactgagge

geggecteag tgagegageg
SEQ ID NO: 38

FEATURE

source

misc_binding
misc_binding

SEQUENCE: 38

2/27/2024 16:59:38

acgteceette ggccctcaat ccageggacce ttectteceg
ggcctettee gegtettega gatctgecte gactgtgeet
tgtttgccce tccccegtge cttecttgac cctggaaggt
ctaataaaat gaggaaattg catcgcattg tctgagtagg
tggggtgggg caggacagca agggggagga ttgggaagac
ctecgacegee cectggtggt cgagttaagg gegaattcecce
atggctacgt agataagtag catggcgggt taatcattaa
tggagttgge cactccctet ctgegegete getegetcac
tcgeecgacg cecgggettt gecegggegg cctcagtgag

moltype = DNA Ilength = 2729
Location/Qualifiers

1..2729

mol_type = other DNA

organism = synthetic construct
211..224

bound_moiety = CTCF binding site

tgaggccegee cgggcaaage ccgggegteg ggcgaccttt
cgagcgageg cgcagagagg gagtggccaa ctccatcact
gattaacceg ccatgctact tatctacgta gccatgetet
ttaagctage cacaaggtgg cgcctagcta gttattaata
tagttcatag cccatatatg gagttccgeg ttacataact
gctgaccgee caacgacccce cgcccattga cgtcaataat
cgccaatagg gactttecat tgacgtcaat gggtggagta
tggcagtaca tcaagtgtat catatgccaa gtacgccccce
aatggcecge ctggcattat geccagtaca tgaccttatg
acatctacgt attagtcatc gctattacca tggtgatgeg
ggcgtggata geggtttgac tcacggggat ttccaagtet
ggagtttgtt ttggcaccaa aatcaacggg actttccaaa
cattgacgca aatgggcggt aggcgtgtac ggtgggaggt
tagtgaaccg tcagatcctyg cagaagttgg tegtgaggca
gttacaagac aggtttaagg agaccaatag aaactgggct
ttgegtttet gataggcace tattggtctt actgacatcce
ggtgtccagg cggecgecat ggtgagcaag ggcgaggage
atcctggteg agetggacgg cgacgtaaac ggecacaagt
gagggcgatg ccacctacgg caagctgacc ctgaagttca
ccegtgecct ggeccaccect cgtgaccace ctgacctacg
tacceccgace acatgaagca gcacgacttc ttcaagtceg
caggagegea ccatcttett caaggacgac ggcaactaca
ttcgagggeg acaccctggt gaaccgcatce gagctgaagg
ggcaacatce tggggcacaa gctggagtac aactacaaca
gccgacaage agaagaacgg catcaaggtg aacttcaaga
ggcagegtge agetcegcecga ccactaccag cagaacacec
ctgetgeceg acaaccacta cctgagcacce cagteegecce
aagcgegate acatggtect getggagttce gtgaccgecg
gacgagctgt acaagtaata agettggatc caatcaacct
aagattgact ggtattctta actatgttgc tcettttacg
aatgectttg tatcatgcta ttgcttcceg tatggettte
atcectggttyg ctgtetettt atgaggagtt gtggeccegtt
gtgcactgtg tttgctgacyg caacccccac tggttgggge
ccttteeggg actttegett teccectecce tattgecacg
ccttgeeege tgctggacag gggctegget gttgggeact
ggggaaatca tegtccttte cttggetget cgectgtgtt
gacgtecctte tgctacgtee ctteggecct caatccageg
gctgeegget ctgeggecte tteegegtet tegagatcetg
tgccagecat ctgttgtttg ccecteccce gtgecttect
cccactgtee tttectaata aaatgaggaa attgcatege
tctattetgg ggggtggggt ggggcaggac agcaagggyy
aggcatgetg gggactcgac cgecccectgg tggtegagtt
gatcttecta gagecatgget acgtagataa gtagcatgge
ggaaccecta gtgatggagt tggecactee ctetetgege
cgggegacca aaggtcegece gacgeceggg ctttgecegg
agcgegeag

moltype = DNA 1length = 2729
Location/Qualifiers

1..2729

mol_type = other DNA

organism = synthetic construct
211..224

bound_moiety = CTCF binding site
2501..2514

bound moiety = CTCF binding site

2220
2280
2340
2400
2460
2520
2580
2640
2700
2715

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2729
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ctgcgcgete gectegetcac tgaggccgcce cgggcaaagce ccgggcgtcecg ggcgaccttt 60
ggtcgecegg cctcagtgag cgagcgagcg cgcagagagg gagtggccaa ctccatcact 120
aggggttcct tgtagttaat gattaacccg ccatgctact tatctacgta gccatgctet 180
aggaagatcg gaattcgccc ttaagctagc cacaaggtgg cgcctagcta gttattaata 240
gtaatcaatt acggggtcat tagttcatag cccatatatg gagttccgcg ttacataact 300
tacggtaaat ggccecgcectyg gctgaccgece caacgaccce cgcccattga cgtcaataat 360
gacgtatgtt cccatagtaa cgccaatagg gactttccat tgacgtcaat gggtggagta 420
tttacggtaa actgcccact tggcagtaca tcaagtgtat catatgccaa gtacgccccc 480
tattgacgtc aatgacggta aatggcccgc ctggcattat gcccagtaca tgaccttatg 540
ggactttcct acttggcagt acatctacgt attagtcatc gctattacca tggtgatgeg 600
gttttggcag tacatcaatg ggcgtggata gecggtttgac tcacggggat ttccaagtct 660
ccaccccatt gacgtcaatg ggagtttgtt ttggcaccaa aatcaacggg actttccaaa 720
atgtcgtaac aactccgccc cattgacgca aatgggceggt aggcgtgtac ggtgggaggt 780
ctatataagc agagctggtt tagtgaaccg tcagatcctg cagaagttgg tcgtgaggca 840
ctgggcaggt aagtatcaag gttacaagac aggtttaagg agaccaatag aaactgggct 900
tgtcgagaca gagaagactc ttgcgtttct gataggcacce tattggtctt actgacatcc 960
actttgectt tetctceccaca ggtgtccagg cggccgecat ggtgagcaag ggcgaggage 1020
tgttcaccgg ggtggtgccce atcctggtcg agctggacgg cgacgtaaac ggccacaagt 1080
tcagcgtgte cggcgagggc gagggcgatg ccacctacgg caagctgacc ctgaagttca 1140
tctgcaccac cggcaagctg cccgtgecct ggecccaccect cgtgaccace ctgacctacg 1200
gcgtgcagtg cttcagccge taccccgacce acatgaagca gcacgacttce ttcaagtccg 1260
ccatgcccga aggctacgtc caggagcgca ccatcttctt caaggacgac ggcaactaca 1320
agacccgcge cgaggtgaag ttcgagggcg acaccctggt gaaccgcatc gagctgaagg 1380
gcatcgactt caaggaggac ggcaacatcc tggggcacaa gctggagtac aactacaaca 1440
gccacaacgt ctatatcatg gccgacaagce agaagaacgg catcaaggtg aacttcaaga 1500
tcecgecacaa catcgaggac ggcagcgtgce agctcgeccga ccactaccag cagaacaccce 1560
ccatcggcga cggccccegtg ctgectgecccg acaaccacta cctgagcacc cagtccgecce 1620
tgagcaaaga ccccaacgag aagcgcgatc acatggtcct gctggagttc gtgaccgecg 1680
ccgggatcac tctecggcatg gacgagetgt acaagtaata agcttggatc caatcaacct 1740
ctggattaca aaatttgtga aagattgact ggtattctta actatgttgc tccttttacg 1800
ctatgtggat acgctgcttt aatgcctttg tatcatgcta ttgcttcecceccg tatggecttte 1860
attttctccet ccttgtataa atcctggttg ctgtctettt atgaggagtt gtggcccegtt 1920
gtcaggcaac gtggcgtggt gtgcactgtg tttgctgacg caacccccac tggttgggge 1980
attgccacca cctgtcagcet cctttececggg actttegett tcccectece tattgccacg 2040
gcggaactca tcgeccgectg ccttgecege tgctggacag gggctcecgget gttgggcact 2100
gacaattccg tggtgttgtce ggggaaatca tcgtceccttte cttggctget cgectgtgtt 2160
gccacctgga ttctgcgegg gacgtectte tgectacgtec ctteggcect caatccageg 2220
gaccttectt ccecgeggect gctgecgget ctgecggecte ttceccgegtet tcegagatctg 2280
cctcgactgt gecttctagt tgccagecat ctgttgtttg ccccteccce gtgecttect 2340
tgaccctgga aggtgccact cccactgtcce tttcecctaata aaatgaggaa attgcatcge 2400
attgtctgag taggtgtcat tctattctgg ggggtggggt ggggcaggac agcaaggggg 2460
aggattggga agacaatagc aggcatgctg gggactcgag gtggtcccce gectcecgagtt 2520
aagggcgaat tcccgataag gatcttecta gagcatggcet acgtagataa gtagcatgge 2580
gggttaatca ttaactacaa ggaaccccta gtgatggagt tggccactcce ctctcectgege 2640
gctcegetege tcactgaggce cgggcgacca aaggtcgcec gacgeccggg ctttgccegg 2700
gcggectcag tgagcgageg agcgcegeag 2729
SEQ ID NO: 39 moltype = DNA length = 2841
FEATURE Location/Qualifiers
source 1..2841

mol_type = other DNA

organism = synthetic construct
misc_binding 211..224

bound moiety CTCF binding site
misc_binding 239..252

bound_moiety CTCF binding site
misc_binding 267..280

bound _moiety CTCF binding site
misc_binding 2557..2570

bound_moiety CTCF binding site
misc_binding 2585..2598

bound_moiety CTCF binding site
misc_binding 2613..2626

bound_moiety CTCF binding site
SEQUENCE: 39
ctgcgegete gectegetcac tgaggccgcce cgggcaaagce ccgggcgtcg ggcgaccttt 60
ggtcgeccecgg cctcagtgag cgagcgagcg cgcagagagg gagtggccaa ctccatcact 120
aggggttcct tgtagttaat gattaacccg ccatgctact tatctacgta gccatgctct 180
aggaagatcg gaattcgccce ttaagctagc cacaaggtgg cgcccacaag gtggegccca 240
caaggtggcg cccacaaggt ggcgcccaca aggtggcgcece tagctagtta ttaatagtaa 300
tcaattacgg ggtcattagt tcatagccca tatatggagt tccgcgttac ataacttacg 360
gtaaatggcc cgcctggetg accgcccaac gacccccgec cattgacgtc aataatgacg 420
tatgttccca tagtaacgcc aatagggact ttccattgac gtcaatgggt ggagtattta 480
cggtaaactg cccacttggc agtacatcaa gtgtatcata tgccaagtac gcccecctatt 540
gacgtcaatg acggtaaatg gcccgectgg cattatgeccce agtacatgac cttatgggac 600
tttectactt ggcagtacat ctacgtatta gtcatcgcta ttaccatggt gatgcecggttt 660

2/27/2024 16:59:38
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tggcagtaca tcaatgggcg
ccecattgacg tcaatgggag
cgtaacaact ccgccccatt
ataagcagag ctggtttagt
gcaggtaagt atcaaggtta
gagacagaga agactcttge
tgcctttete tcecacaggty
caccggggtg gtgcccatce
cgtgtcegge gagggcgagy
caccaccgge aagctgecceg
gcagtgcette agecgctace
gcccgaagge tacgtccagg
ccgegecgag gtgaagtteg
cgacttcaag gaggacggca
caacgtctat atcatggecg
ccacaacatc gaggacggca
cggegacgge ceccgtgetge
caaagaccce aacgagaagce
gatcactcte ggeatggacyg
attacaaaat ttgtgaaaga
gtggatacge tgctttaatg
tctectectt gtataaatce
ggcaacgtgg cgtggtgtge
ccaccacctg tcageteett
aactcatcgce cgecctgectt
attcegtggt gttgtcegggyg
cctggattet gegegggacy
tteetteceg cggectgety
gactgtgect tetagttgece
cctggaaggt gcecactccca
tctgagtagg tgtcattcta
ttgggaagac aatagcaggce
tggeegecee ctggtggecy
attcccgata aggatcttece
cattaactac aaggaacccce
gctcactgag geegggegac
agtgagegag cgagcgegcea

SEQ ID NO: 40
FEATURE
source

misc_binding
misc_binding

SEQUENCE: 40

ctgegegete getegetcac
ggtcegecegyg cctecagtgag
aggggttcct tgtagttaat
aggaagatcg gaattcgecce
gtaatcaatt acggggtcat
tacggtaaat ggcccgectyg
gacgtatgtt cccatagtaa
tttacggtaa actgcccact
tattgacgtc aatgacggta
ggactttect acttggcagt
gttttggcag tacatcaatg
ccaccccatt gacgtcaatg
atgtcgtaac aactccgecce
ctatataagc agagctggtt
ctgggeaggt aagtatcaag
tgtcgagaca gagaagactc
actttgectt tctctccaca
tgttcaccgg ggtggtgece
tcagegtgte cggcgaggge
tctgecaccac cggcaagetyg
gegtgcagtyg cttecagecge
ccatgcccga aggctacgtce
agacccegege cgaggtgaag
gcatcgactt caaggaggac
gccacaacgt ctatatcatg
tcegecacaa catcgaggac
ccateggega cggeccegty
tgagcaaaga ccccaacgag
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tggatagegg tttgactcac ggggatttce
tttgttttgg caccaaaatc aacgggactt
gacgcaaatg ggcggtaggce gtgtacggtg
gaaccgtcag atcctgcaga agttggtegt
caagacaggt ttaaggagac caatagaaac
gtttctgata ggcacctatt ggtcttactg
tccaggegge cgccatggtyg agcaagggceg
tggtcgaget ggacggcgac gtaaacggcec
gcgatgecac ctacggcaag ctgaccctga
tgccetggee caccctegtg accaccctga
ccgaccacat gaagcagcac gacttcettca
agcgcaccat cttcttcaag gacgacggca
agggcgacac cctggtgaac cgcatcgage
acatcctggg gcacaagctg gagtacaact
acaagcagaa gaacggcate aaggtgaact
gcgtgcaget cgecgaccac taccagcaga
tgccecgacaa ccactacctg agcacccagt
gcgatcacat ggtectgetg gagttegtga
agctgtacaa gtaataagcet tggatccaat
ttgactggta ttcttaacta tgttgctcct
cctttgtate atgctattge ttccegtatg
tggttgetgt ctctttatga ggagttgtgyg
actgtgtttg ctgacgcaac ccccactggt
tcegggactt tegettteee cetecctatt
gcccgetget ggacaggggce tcggctgttg
aaatcatcgt cctttecttg getgetegec
tcecttetget acgtccctte ggecctcaat
ccggetetge ggectettee gegtettega
agccatcetgt tgtttgccce tecccegtge
ctgtecttte ctaataaaat gaggaaattg
ttctgggggg tggggtgggg caggacagca
atgctgggga ctcgaccgee cectggtgge
cceeetggty gecgeccect ggtggtegag
tagagcatgg ctacgtagat aagtagcatg
tagtgatgga gttggccact cecctctctge
caaaggtcge ccgacgeceg ggetttgece
g

moltype = DNA length = 2730
Location/Qualifiers

1..2730

mol_type = other DNA

organism = synthetic construct
211. .224

bound_moiety = CTCF binding site
2501..2515

bound _moiety = CTCF binding site

tgaggcegee cgggcaaage cegggegteg
cgagegageg cgcagagagg gagtggccaa
gattaacccg ccatgctact tatctacgta
ttaagctage cacaaggtgg cgcctagceta
tagttcatag cccatatatg gagttccgeg
gctgacegee caacgaccce cgeccattga
cgccaatagg gactttccat tgacgtcaat
tggcagtaca tcaagtgtat catatgccaa
aatggcecge ctggcattat geccagtaca
acatctacgt attagtcatc getattacca
ggcgtggata geggtttgac tcacggggat
ggagtttgtt ttggcaccaa aatcaacggg
cattgacgca aatgggcggt aggegtgtac
tagtgaaccg tcagatcctg cagaagttgg
gttacaagac aggtttaagg agaccaatag
ttgegtttet gataggcacce tattggtcett
ggtgtccagg cggccgecat ggtgagcaag
atcctggteg agcetggacgg cgacgtaaac
gagggcgatg ccacctacgg caagcetgacce
ccegtgeccet ggeccaccct cgtgaccace
taccecegace acatgaagca gecacgactte
caggagcgca ccatcttcett caaggacgac
ttcgagggeg acaccctggt gaaccgcate
ggcaacatce tggggcacaa gctggagtac
gccgacaage agaagaacgg catcaaggtg
ggcagegtge agetegecga ccactaccag
ctgctgeceg acaaccacta cetgagcace
aagcgegate acatggtcct getggagtte

aagtctccac
tccaaaatgt
ggaggtctat
gaggcactgg
tgggettgte
acatccactt
aggagctgtt
acaagttcag
agttcatctg
cctacggegt
agtcegecat
actacaagac
tgaagggcat
acaacagcca
tcaagatceg
acacccccat
cecgeectgag
cecgeegecgyg
caacctetgg
tttacgctat
gettteattt
ccegttgtea
tggggcattg
gecacggegg
ggcactgaca
tgtgttgeca
ccageggacce
gatctgecte
cttecttgac
catcgeattg
agggggagga
cgeceectgg
ttaagggcga
gcgggttaat
gegetegete
gggcggecte

ggcgaccttt
ctccatcact
gccatgetet
gttattaata
ttacataact
cgtcaataat
gggtggagta
gtacgcceec
tgaccttatg
tggtgatgeg
ttccaagtet
actttccaaa
ggtgggaggt
tcgtgaggea
aaactggget
actgacatcce
ggcgaggage
ggccacaagt
ctgaagttca
ctgacctacyg
ttcaagtceg
ggcaactaca
gagctgaagg
aactacaaca
aacttcaaga
cagaacaccc
cagteegeee
gtgaccgeceg

720

780

840

900

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2841

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
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34

-continued

ccgggatcac tctcggcatg gacgagcetgt acaagtaata agcttggatc caatcaacct 1740
ctggattaca aaatttgtga aagattgact ggtattctta actatgttgce teccttttacg 1800
ctatgtggat acgctgcttt aatgcctttg tatcatgcecta ttgcttceccg tatggctttce 1860
attttctcect ccttgtataa atcctggttg ctgtctettt atgaggagtt gtggecccegtt 1920
gtcaggcaac gtggcgtggt gtgcactgtg tttgctgacg caacccccac tggttgggge 1980
attgccacca cctgtcaget ccttteecggg actttegett teccectece tattgeccacg 2040
gcggaactca tcgecgectg ccttgeccge tgctggacag gggctegget gttgggcact 2100
gacaattccg tggtgttgtc ggggaaatca tcgtccttte cttggctget cgecctgtgtt 2160
gccacctgga ttectgecgegg gacgtectte tgctacgtece ctteggeccct caatccageg 2220
gaccttectt ccecgeggect getgeegget ctgceggecte tteegegtet tcecgagatctg 2280
cctegactgt gecttetagt tgecagecat ctgttgtttg cccecteccce gtgecttect 2340
tgaccctgga aggtgccact cccactgtce tttectaata aaatgaggaa attgcatcge 2400
attgtctgag taggtgtcat tctattctgg ggggtggggt ggggcaggac agcaaggggg 2460
aggattggga agacaatagc aggcatgctg gggactcgag gcggggggac cacctcgagt 2520
taagggcgaa ttcccgataa ggatcttect agagcatgge tacgtagata agtagcatgg 2580
cgggttaatc attaactaca aggaacccct agtgatggag ttggccactc cctctcectgeg 2640
cgctegeteg ctcactgagg ccgggcgacce aaaggtcgece cgacgeccgg getttgeceg 2700
ggcggcectca gtgagcgage gagcgcgcag 2730
SEQ ID NO: 41 moltype = DNA 1length = 19
FEATURE Location/Qualifiers
source 1..19

mol_type = genomic DNA

organism = Adeno-associated virus
SEQUENCE: 41
actggtgtac cacagcgtt 19
SEQ ID NO: 42 moltype = DNA length = 14
FEATURE Location/Qualifiers
source 1..14

mol_type = genomic DNA

organism = Homo sapiens
SEQUENCE: 42
ccgeccectg gtgg 14
SEQ ID NO: 43 moltype = DNA length = 14
FEATURE Location/Qualifiers
source 1..14

mol_type = genomic DNA

organism = Homo sapiens
SEQUENCE: 43
ggtggtccce cgece 14
SEQ ID NO: 44 moltype = DNA length = 20
FEATURE Location/Qualifiers
source 1..20

mol_type = genomic DNA

organism = Rodent protoparvovirus 1
SEQUENCE: 44
ttgctcacta gatggegete 20
SEQ ID NO: 45 moltype = DNA length = 21
FEATURE Location/Qualifiers
source 1..21

mol_type = genomic DNA

organism = Rodent protoparvovirus 1
SEQUENCE: 45
ttcttacggt aaatcaccac ¢ 21
SEQ ID NO: 46 moltype = DNA 1length = 21
FEATURE Location/Qualifiers
source 1..21

mol_type = genomic DNA

organism = Rodent protoparvovirus 1
SEQUENCE: 46
ttcttacggt aaatcaccac ¢ 21
SEQ ID NO: 47 moltype = DNA length = 19
FEATURE Location/Qualifiers
source 1..19

mol_type = genomic DNA

organism = Hl parvovirus
SEQUENCE: 47
gaggcaggga accacctga 19
SEQ ID NO: 48 moltype = DNA 1length = 38
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-continued
FEATURE Location/Qualifiers
source 1..38
mol_type = genomic DNA
organism = Hl parvovirus
SEQUENCE: 48
agtccaccaa gggacggagg aggcagggaa ccacctga 38
SEQ ID NO: 49 moltype = DNA 1length = 19
FEATURE Location/Qualifiers
source 1..19
mol_type = genomic DNA
organism = Hl parvovirus
SEQUENCE: 49
gaggcaggga accacctga 19
SEQ ID NO: 50 moltype = DNA 1length = 19
FEATURE Location/Qualifiers
source 1..19
mol_type = genomic DNA
organism = Hepatitis B virus
SEQUENCE: 50
gaggcaggga accacctga 19
SEQ ID NO: 51 moltype = DNA length = 57
FEATURE Location/Qualifiers
source 1..57
mol_type = genomic DNA
organism = Hepatitis B virus
SEQUENCE: 51
acctaggttg accaccagca cctaggttga ccaccagcac ctaggttgac caccagce 57
SEQ ID NO: 52 moltype = DNA length = 38
FEATURE Location/Qualifiers
source 1..38
mol_type = genomic DNA
organism = Hepatitis B virus
SEQUENCE: 52
acctaggttg accaccagcc gaccaccagt tggatcca 38
SEQ ID NO: 53 moltype = DNA length = 76
FEATURE Location/Qualifiers
source 1..76
mol_type = genomic DNA
organism = Hepatitis B virus
SEQUENCE: 53
acctaggttg accaccagcce gaccaccagt tggatccacg accaccagtt ggatccacga 60
ccaccagttg gatcca 76
SEQ ID NO: 54 moltype = DNA length = 95
FEATURE Location/Qualifiers
source 1..95
mol_type = genomic DNA
organism = Human gammaherpesvirus 4
SEQUENCE: 54
cacccaacag gtggtgaaac acccaacagg tggtgaaaca cccaacaggt ggtgaaacac 60
ccaacaggtg gtgaaacacc caacaggtgg tgaaa 95
SEQ ID NO: 55 moltype = DNA length = 114
FEATURE Location/Qualifiers
source 1..114
mol_type = genomic DNA
organism = Human gammaherpesvirus 4
SEQUENCE: 55
aaagtggtgg acaacccaca aagtggtgga caacccacaa agtggtggac aacccacaaa 60
gtggtggaca acccacaaag tggtggacaa cccacaaagt ggtggacaac ccac 114
SEQ ID NO: 56 moltype = DNA length = 19
FEATURE Location/Qualifiers
source 1..19
mol_type = genomic DNA
organism = Human gammaherpesvirus 4
SEQUENCE: 56
accgtggtgt accacggtt 19

SEQ ID NO: 57 moltype = DNA length = 38
FEATURE Location/Qualifiers
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source

SEQUENCE: 57

1..38
mol_type = genomic DNA
organism = Human gammaherpesvirus 4

ttggcaccat gtggtgceat tggcaccatg tggtgeca 38

SEQ ID NO: 58
FEATURE
source

SEQUENCE: 58

moltype = DNA 1length = 19
Location/Qualifiers

1..19

mol_type = genomic DNA

organism = Carnivore protoparvovirus 1

ctaaaagtgg aggaccaac 19
SEQ ID NO: 59 moltype = DNA length = 38
FEATURE Location/Qualifiers
source 1..38
mol_type = genomic DNA
organism = Carnivore protoparvovirus 1
SEQUENCE: 59
caaccaggag gtgaaaatcc aaccaggagg tgaaaatc 38
SEQ ID NO: 60 moltype = DNA 1length = 38
FEATURE Location/Qualifiers
source 1..38
mol_type = genomic DNA
organism = Human alphaherpesvirus 1
SEQUENCE: 60
ccaccggegyg gggdgeggege caccggeggg gggceggcd 38
SEQ ID NO: 61 moltype = DNA length = 57
FEATURE Location/Qualifiers
source 1..57
mol_type = genomic DNA
organism = Human alphaherpesvirus 1
SEQUENCE: 61
ccacceggegyg ggdggeggege caccggeggg gggceggegece accggeggdg ggegged 57
SEQ ID NO: 62 moltype = DNA length = 19
FEATURE Location/Qualifiers
source 1..19
mol_type = genomic DNA
organism = Primate erythroparvovirus 1
SEQUENCE: 62
atactggggg ataaccacc 19
SEQ ID NO: 63 moltype = DNA 1length = 38
FEATURE Location/Qualifiers
source 1..38
mol_type = genomic DNA
organism = Primate erythroparvovirus 1
SEQUENCE: 63
atactggggg ataaccacca tactggggga taaccacc 38
SEQ ID NO: 64 moltype = DNA length = 38
FEATURE Location/Qualifiers
source 1..38
mol_type = genomic DNA
organism = Alphapapillomavirus 9
SEQUENCE: 64
accgtggtgg accaccaata ccgtggtgga ccaccaat 38
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What is claimed:

1. A construct for producing a recombinant adeno-asso-
ciated virus (rAAV) vector, the construct comprising: a 5'
inverted terminal repeat (ITR), a first CCCTC-binding factor
(CTCF) binding site, a promoter, a transgene, and a 3' ITR.

2. The construct of claim 1 further comprising a second
CTCF binding site.

3. The construct of claim 2, wherein the construct com-
prises from 5'to 3" the 5' inverted terminal repeat (ITR), the
first CCCTC-binding factor (CTCF) binding site, the pro-
moter, the transgene, the second CTCF binding site, and the
3'ITR.

4. The construct of claim 2, wherein the second CTCF
binding site is in the convergent orientation relative to the
first CTCF binding site.

5. The construct of claim 1, wherein the CTCF binding
site(s) are from a human or a virus.

6. The construct of claim 5, wherein the virus is selected
from the group consisting of:

adeno-associated virus (AAV), minute virus of mice

(MVM), H1 parvovirus, MmuPV, B19, canine parvo-
virus, human cytomegalovirus (HCMV)/human her-
pesvirus 5 strain Merlin, human alphaherpesvirus 1,
human herpesvirus 4 type 2 (Epstein-Barr virus type 2),
HPV16, herpes simplex virus (HSV), and herpes B
virus (HBV).

7. The construct of claim 5, wherein the CTCF binding
site(s) comprise a sequence selected from: SEQ ID NOs:1-
28.

8. The construct of claim 7, wherein the first CTCF
binding site comprises SEQ ID NO:1 and the second CTCF
binding site comprises SEQ ID NO:42.

9. The construct of claim 1, wherein the first and/or
second CTCF binding site comprises multiple CTCF bind-
ing sequences.
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10. The construct of claim 9, wherein the first and/or
second CTCF binding site comprises five CTCF binding
sequences.

11. The construct of claim 1, wherein the first CTCF
binding site comprises SEQ ID NO: 3.

12. A host cell transduced with the construct of claim 1.

13. A modified rAAV virus particle comprising the con-
struct of claim 1.

14. A packaging cell line for producing the virus particle
of claim 13.

15. The packaging cell line of claim 14, wherein the cell
line comprises the complement of any genes functionally
deleted in the virus particle.

16. A method for producing a modified rAAV virus
particle, the method comprising:

a) transducing a host cell with:

i. a plasmid comprising the construct of claim 1,
ii. a packaging plasmid, and
iii. a helper plasmid;

b) collecting the supernatant and the cells from culture;

and

¢) isolating virus particles from the supernatant and cells.

17. The method of claim 16 further comprising concen-
trating the virus particles.

18. A method of delivering a transgene to a subject, the
method comprising: administering the rAAV virus particle
of claim 13 to the subject.

19. The method of claim 18, wherein the transgene is
expressed in a greater proportion of the subject’s cells when
it is delivered in the modified rAAV vector as compared to
when it is delivered in a wild-type rAAV vector.

20. The method of claim 18, wherein the transgene is
expressed at higher levels when it is delivered in the
modified rAAV vector as compared to when it is delivered
in a wild-type rAAV vector.
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