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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 

VECTORSTHATADOPT3D 
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 (1012-1013 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), HI parvovirus, MmuPV, Bl 9, 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 (HSY), 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 (hCTCF 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 rAA V 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. SA-SC is a schematic depicting the differ­
ence between an adeno associated virus (AAV) vector (FIG. 
SA), a wild-type recombinant adeno-associated virus 
(rAAV) vector (FIG. SB), and a modified rAAV vector (FIG. 
SC). 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. 7 A), and rAAV with CTCF inserts from Hl (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 efficient trans­
gene expression. Also provided are modified rAA V 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 
trans genes, and have been designed from Adena-Associated 
Viruses (AAVs), that are single-stranded DNA viruses'. 
Recombinant AA V gene therapy vectors have been designed 
from AA V parvoviruses by removing all genomic elements, 
retaining only the Inverted Terminal Repeats (ITRs), which 
are required to package the trans gene in the vector capsid2

. 

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 chromatin3

' 
4

. 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 elements3

. 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 of3D 
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] Adena 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. SA). 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 i=une 
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 anAAV vector in which the Rep/Cap 
genes and their regulatory sequences have been replaced 
with a transgene, as depicted in FIG. SB. 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. SC), 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 rAA V 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 (I) 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 
CTCF 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), Hl 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), humanpapillomavirus (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 theAAV 
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 lxl012 viral genome/kg (vg/kg) or less. 
(0058] In the 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 



������������	
�	�
 ������
������

US 2024/0052368 Al 

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 100/o 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. 

6 
Feb. 15,2024 

(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 
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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 fromAddgene (rAAV-GFP; plasmid #105530). 
Specifically, a human forward CTCF binding sequence 
(5'-CCACAAGGTGGCGC-3'; SEQ ID NO:l) was inserted 
in the 5' end of the rAAV vector between the 5' ITR and the 
CMV 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 CTCF 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-silica 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 inrAAV 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:l); 
Reverse: 5'-CCACCAGGGGGCGG-3' (SEQ ID NO:2)) at 
an MOI of2,500 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 (EBY) 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, Hl parvovirus, CPV, and Bl9) and well-charac­
terized DNA viruses ( e.g. HCMY, HSY, EBY, HPV and 
HBV) 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, Hl, 
Bl9, CPV, as well as herpesviruses such as EBY, HSY, 
HCMV and tumor viruses such as HPVl 6 and HBV, to 
identify CTCF binding sites in-silica using the JASPAR 
online database of transcription factor binding sites5

. 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-wide3

. 

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 NheI restriction enzyme site). 
They additionally cloned these CTCF sequences into the 3' 
CTCF insert site, downstream of the poly-A tail (labelled as 
3' CTCF insert into the XhoI restriction enzyme site). These 
sequence orientations were varied according to their forward 
version (labelled as Fin 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 rAA.V gene therapy 
containingv ector construct s TCF insertions 

that hav e been successfully generated 

CTCF 

5' CTCF insert 
sequence (position 
200 of SEQ ID 

Vec tor site NO: 29 , on the 
number origin NheI site) 

AAV 
CTCF 

1 SF C2 TTGCGACACCATGTGGTCA 
(SEQ ID NO, 3) 

3 ' CTCF 
insert sequence 
(po sition 
24 7 2 o f SEQ ID 
NO, 2 9, on the 
Xho I s ite ) 

2 SF 3R TTGCGACACCATGTGGTCA ACTGGTGTACCACAG 
con (SEQ ID NO, 3) CGTT 

(SEQ ID NO, 41 ) 
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TABLE 1-continued 

Location and sequences of rAA.V gene therapy 
containingv ector constructs TCF insertions 

that have been successfully generated 

CTCF 

5' CTCF insert 
sequence (pos ition 
20 0 o f S EQ ID 

Vector site NO: 2 9, o n the 
number origin NheI site) 

3' CTCF 
insert sequence 
(position 
24 72 of SEQ ID 
NO, 29 , on the 
XhoI site ) 

3 SF 3 F TTGCGACACCATGTGGT CA TTGCGACACCATGTG 
noncon (SEQ ID NO, 3) GTCA 

(SEQ ID NO, 3 ) 

hCTCF 

4 SF Cl CCACAAGGTGGCGC 
(SEQ ID NO, 1) 

5 SF 3R CCACAAGGTGGCGC CCGCCCCCTGGTGG 
con (SEQ ID NO, 1) (SEQ ID NO, 42 ) 

(reverse 
complement 
of S EQ 
ID NO, 2) 

6 SF 3 F CCACAAGGTGGCGC GGTGGTCCCCCGCC 
noncon (SEQ ID NO, 1) (SEQ ID NO, 43 ) 

MVM/14 

7 SF TTGCTCACTAGATGGCGCT 
C (S EQ ID NO, 44 ) 

8 SR CT CGCGGTAGATCACTCGT 
T (S EQ ID NO, 4 ) 

MVM/15 

9 SF CCACCACTAAATGGCAT TC 
TT (SEQ ID NO, 5 ) 

1 0 SR TTCTTACGGTAAATCAC CA 
cc (SEQ ID NO, 45) 

11 SF 3 F CCACCACTAAATGGCAT TC TTCTTACGGTAAATC 
TT (SEQ ID NO, 5 ) ACCACC 

(SEQ ID NO, 46 ) 

1 2 SF 3R CCACCACTAAATGGCATTC CCAC CACTAAATGGC 
TT (SEQ ID NO, 5 ) ATTCTT 

(SEQ ID NO, 5 ) 

Hl 
Parvo 

13 SF AGTCCACCAAGGGACGGAG 
(SEQ ID NO, 9) 

14 SF 3 F AGTCCACCAAGGGACGGAG GAGGCAGGGAAC CAC 
(SEQ ID NO, 9) CTGA 

(SEQ ID NO, 47 ) 

15 SF 3R AGTCCACCAAGGGACGGAG AGTCCACCAAGGGAC 
(SEQ ID NO, 9) GGAG 

(SEQ ID NO, 9 ) 

1 6 SF 3RF AGTCCACCAAGGGACGGAG AGTCCACCAAGGGAC 
(SEQ ID NO, 9) GGAGGAGGCAGGGAA 

CCAC CTGA 
(SEQ ID NO, 48 ) 
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TABLE 1-continued 

Location and sequence s of rAAV gene therapy 
containingv ector construct s TCF insertions 

that hav e been s uc cessfully generated 

CT CF 
Vec tor site 

5' CTCF insert 
sequence (position 
200 of SEQ ID 

NO, 29 , on the 

number origin NheI site) 

17 

18 

19 

20 

2 1 

SR 

HBV 
CT CF 1 

5RR 

5RRR 

HBV 
CTCF 2 

SF 

HBV 
CT CF 1 

5RF 

GAGGCAGGGAACCACCTGA 
(SEQ ID NO, 49 ) 

ACCTAGGTTGACCACCAGC 
ACCTAGGTTGACCACCAGC 
(SEQ ID NO, 50 ) 

ACCTAGGTTGACCACCAGC 
ACCTAGGTTGAC CACCAGC 
ACCTAGGTTGACCACCAGC 
(SEQ ID NO, 51 ) 

TCTACAGCATGGGGCAGAA 
(SEQ ID NO, 22 ) 

ACCTAGGTTGACCACCAGC 
CGACCACCAGTTGGATCCA 
(SEQ ID NO, 52 ) 

2 2 5RFFR ACCTAGGTTGACCACCAGC 
CGACCACCAGTTGGATCCA 
CGACCACCAGTTGGATCCA 
CGACCACCAGTTGGATCCA 
(SEQ ID NO, 53 ) 

EBV 
CT CF2 

2 3 5FFFFF CACCCAACAGGTGGTGAAA 
CACCCAACAGGTGGTGAAA 
CACCCAACAGGTGGTGAAA 
CACCCAACAGGTGGTGAAA 
CACCCAACAGGTGGTGAAA 
(SEQ ID NO, 54 ) 

2 4 5RRRRR AAAGTGGTGGACAACCCAC 

2 5 

R AAAGTGGTGGACAACCCAC 

EBV 

CTCF3 

AAAGTGGTGGACAACCCAC 
AAAGTGGTGGACAACCCAC 
AAAGTGGTGGACAACCCAC 

AAAGTGGTGGACAACCCAC 
(SEQ ID NO, 55 ) 

SR ACCGTGGTGTACCACGGTT 
(SEQ ID NO, 56 ) 

3 ' CTCF 
insert sequence 
(po sition 

24 7 2 o f SEQ ID 

NO, 2 9, on the 

Xho I s ite ) 

9 
Feb. 15,2024 

TABLE 1-continued 

Location and sequences of rAAV gene therapy 
containingv ector constructs TCF insertions 

that have been successfully generated 

5' CTCF insert 
sequence (pos ition 

CTCF 20 0 o f S EQ ID 
Vector site NO: 2 9, o n the 
number origin NheI site) 

26 5FF 

CPV 
CTCF 

27 SF 

28 SR 

29 5FF 

HSV 
CTCF2 

30 SF 

3 1 5FF 

32 5FFF 

B19 

33 SF 

34 5FF 

HCMV 

35 SF 

HPV16 

36 SF 

37 5RR 

TTGGCACCATGTGGTGCCA 
TTGGCACCATGTGGTGCCA 
(SEQ ID NO, 57) 

CAACCAGGAGGTGAAAATC 
(SEQ ID NO, 12) 

CTAAAAGTGGAGGACCAAC 
(SEQ ID NO, 58) 

CAACCAGGAGGTGAAAATC 
CAACCAGGAGGTGAAAATC 
(SEQ ID NO, 59) 

CCACCGGCGGGGGGCGGCG 
(SEQ ID NO, 15) 

CCACCGGCGGGGGGGGCG 
CCACCGGCGGGGGGCGGCG 
(SEQ ID NO, 6 0 ) 

CCACCGGCGGGGGGCGGCG 
CCACCGGCGGGGGGCGGCG 
CCACCGGCGGGGGGCGGCG 
(SEQ ID NO, 61) 

ATACTGGGGGATAACCACC 
(SEQ ID NO, 6 2 ) 

ATACTGGGGGATAACCACC 
ATACTGGGGGATAACCACC 
(SEQ ID NO, 6 3 ) 

CGACCCGCACATGGCGCTG 
(SEQ ID NO, 13 ) 

TAACCACCAGGTGGTGCCA 
(SEQ ID NO, 20) 

AC CGTGGTGGACCACCAAT 
AC CGTGGTGGACCACCAAT 
(SEQ ID NO, 64) 

Vector Production 

3' CTCF 
insert sequence 
(position 
24 72 of SEQ ID 
NO, 29 , on the 
Xho I site ) 

(0079] rAAV vectors were produced in HEK 293T cells by 
cotransfecting them with Rep/Cap plasmids ( expressing 
AAV Rep and Cap proteins) and pH el per plasmids ( express­
ing essential Adenovirus proteins such as El, E2, E40RF6 
and VA-RNA) for 6-7 days. Vectors were harvested from the 
producer cells by rapid freeze/thaw cycles, DNAse treated 
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and transduced into target 293T cells6
. 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 
Hl 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 Hl, MVM and AAV CTCF insertions 
were in the 5' end of the genome only, whereas the hCTCF 

10 
Feb. 15,2024 

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 rAA V 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, rAAVAAv-crcF yielded similar levels of GFP 
mRNA per vector whereas rAA VhcrcF 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 
ofrAAV 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 CT CF 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 AAV 166 Fwd 

4 CTCGCGGTAGATCACTCGT Minute virus o f mice 9 90 Rev 
T (MVM) 

5 CCACCACTAAATGGCATTC Minute virus of mice 4460 Fwd 
TT (MVM ) 

6 CTCGCGGTAGATCACTCGT Minute virus o f mice 9 90 Rev 
T (MVM) 

7 TGCTCACTAGATGGCGCTC Hl parvovirus 900 Rev 

8 TGCACAGCAGAGGACTCTG Hl parvovirus 26 82 Fwd 

9 AGTCCAC CAAGGGACGGAG Hl parvovirus 8 28 Fwd 

1 0 TGAACAGTAGGAGTCAGTT MmuPV 29 66 Fwd 

11 CCACCAATAGGGGGTCATA B1 9 1516 Rev 

1 2 CAACCAGGAGGTGAAAATC Canine parv ovirus 1 2 20 Fwd 

13 CGACCCGCACATGGCGCTG HCMV ; Human 22 05 Fwd 
herpesv irus 5 strain 
Merlin 

14 AGACCACCAGGTGGCGCAC Human 1 0 68 Rev 
alphaherpesvirus 1 

15 CCACCGGCGGGGGGCGGCG Human 6 55 Rev 
alphaherpesvirus 1 
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TABLE 2- continued 

Native CTCF binding site s eque nc es f o und in 
human and v iral geno me s 

SEQ ID CTCF sequence 
NO , (5' to 3') Organism 

Locatio n Strand 
in (Fwd / 

g e nome Rev) 

1 6 CGGGCGGCCGGGGGGGGCG Human 
alphaherpes v irus 1 

54 3 Rev 

1 7 TGGCCAAAAGACGGCGGTT Human herpesv irus 4 
t y pe 2 (Epste in-Barr 
v irus type 2 ) 

2 22 6 Fwd 

1 8 CACCCAACAGGTGGTGAAA Human herpesv irus 4 2 02 0 Fwd 
t y pe 2 (Epste in-Barr 
v irus type 2 ) 

1 9 TTGGCAC CATGTGGTGCCA Human herpesv irus 4 40 7 Fwd 
t y pe 2 (Epste in-Barr 
v irus type 2 ) 

20 TAACCACCAGGTGGTGCCA HPV1 6 2 053 Fwd 

2 1 CGACCAC CAGTTGGATCCA HBV 1079 Fwd 

22 TCTACAGCATGGGGCAGAA HBV 102 7 Fwd 

TABLE 3 

Othe r CTCF b inding si te s equenc es used in the Example s 

SEQ I D CT CF sequence 
NO , (5 ' t o 3' ) Des cription 

2 4 CCACNAGGTGGCAG Human forwa rd CTCF consens us s equ ence 

2 5 CTGCCAC CTNGTGG Human reverse CTCF consens us s equ ence 

2 6 GGCGGGGGACCAC C Human reverse CTCF sequenc e in the 
div erge nt o rientation ( i .e ., SEQ ID 
NO: 2 in r e vers e o rder ) 

2 7 AACGCTGTGGTACA AAV Rev erse CTCF seque nce , g e nera ted 
CCAGT for u se the n a tive AA.V CTCF seque nce , 

converg ent orie nta tion 

2 8 TGACCACATGGTGT AAV Rev erse CTCF s eque nce , g e nerated 
CGCAA for u se the n a tive AA.V CTCF sequence , 

div erge nt o ri e ntation ( i .e ., SEQ ID 
NO: 2 7 in reverse o rde r) 

TABLE 4 

rAA.V sequences. The insert ed CTCF b inding 
sites are unde rlined. 

SEQ I D NO , De sc ription and Seq uenc e 

2 9 r AAV with f o r ward AAV CTCF seq uenc e knocked in 
on posi t i ve -sense s tra nd (Vector 1, Table 1 ) 
CCGC TCGC TCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTCGGGC 
GACC TTTGGTCGC CCGGCC TCAGTGAGCGAGCGAGCGCGCAGAGAGGGA 
GTGGCCAACTCCATCACTAGGGGTTCCTTGTAGTTAATGATTAACCCGC 
CATGCTAC TTATCTACGTAGC CATGCTCTAGGAAGATCGGAATTCGCCC 
TTAAGCTAGTTGCGACACCATGTGGTCACTAGCTAGTTATTAATAGTAA 
TCAATTACGGGGT CATTAGTT CATAGCCCATATATGGAGTTCCGCGTTA 
CATAACTTACGGTAAATGGCC CGCCTGGCTGACCGCCCAACGACCCCCG 
CC CATTGACGTCAATAATGACGTATGTT CC CATAGTAACGCCAATAGGG 
ACTTTC CATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACT 
TGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGT 

Feb. 15, 2024 
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TABLE 4-continued 

rAA.V sequences. The inserted CTCF binding 
sites are underlined. 

SEQ ID NO, Description and Sequence 

12 

CAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTA 
TGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTA 
CCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTT 
TGAC TCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGT 
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 
GGAC TTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGCCGC 
CTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACAAT 
TCCGTGGTGTTGTCGGGGAAATCATCGTCCTTTCCTTGGCTGCTCGCCT 
GTGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTC 
GGCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTG 
CGGCCTCTTCCGCGTCTTCGAGATCTGCCTCGACTGTGCCTTCTAGTTG 
CCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAA 
GGTGCCAC TCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGC 
ATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGA 
CAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGACTCG 
ATCGAGTTAAGGGCGAATTCCCGATAAGGATCTTCCTAGAGCATGGCTA 
CGTAGATAAGTAGCATGGCGGGTTAATCATTAACTACAAGGAACCCCTA 
GTGATGGAGTTGGCCACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGG 
CCGGGCGACCAAAGGTCGCCCGACGCCCGGGCTTTGCCCGGGCGGCCTC 
AGTGAGCGAGCGAGCGCGCAG 

30 rP-.AV with reverse AA.V CTCF sequence knocked 
in o n positive-sense strand 
CCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTCGGGC 
GACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGA 
GTGGCCAACTCCATCACTAGGGGTTCCTTGTAGTTAATGATTAACCCGC 
CATGCTAC TTATCTACGTAGCCATGCTCTAGGAAGATCGGAATTCGCCC 
TTAAGCTAGCTAGCTAGTTATTAATAGTAATCAATTACGGGGTCATTAG 
TTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGG 
CCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATG 
ACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAAT 
GGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTA 
TCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCC 
GCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGC 
AGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTG 
GCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCA 
AGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATC 
AACGGGAC TTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAAT 
GGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTGGTTTA 
GTGAACCGTCAGATCCTGCAGAAGTTGGTCGTGAGGCACTGGGCAGGTA 
AGTATCAAGGTTACAAGACAGGTTTAAGGAGACCAATAGAAACTGGGCT 
TGTCGAGACAGAGAAGACTCTTGCGTTTCTGATAGGCACCTATTGGTCT 
TACTGACATCCACTTTGCCTTTCTCTCCACAGGTGTCCAGGCGGCCGCC 
ATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGG 
TCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGA 
GGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGC 

Feb. 15,2024 
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TABLE 4-continued 

rAA.V sequences. The inserted CTCF binding 
sites are underlined. 

SEQ ID NO, Description and Sequence 

13 

ACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGA 
CCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCA 
CGAC TTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACC 
ATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGT 
TCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTT 
CAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAAC 
AGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGG 
TGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGC 
CGAC CACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTG 
CCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCA 
ACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGG 
GATCACTCTCGGCATGGACGAGCTGTACAAGTAATAAGCTTGGATCCAA 
TCAACCTCTGGATTACAAAATTTGTGAAAGATTGACTGGTATTCTTAAC 
TATGTTGCTCCTTTTACGCTATGTGGATACGCTGCTTTAATGCCTTTGT 
ATCATGCTATTGCTTCCCGTATGGCTTTCATTTTCTCCTCCTTGTATAA 
ATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAA 
CGTGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGG 
GCATTGCCACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCT 
CCCTATTGCCACGGCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGG 
ACAGGGGCTCGGCTGTTGGGCACTGACAATTCCGTGGTGTTGTCGGGGA 
AATCATCGTCCTTTCCTTGGCTGCTCGCCTGTGTTGCCACCTGGATTCT 
GCGCGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGCGGAC 
CTTCCTTCCCGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTC 
GAGATCTGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGC 
CCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCC 
TTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCA 
TTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGG 
GAAGACAATAGCAGGCATGCTGGGGACTCGAACTGGTGTACCACAGCGT 
TTCGAGTTAAGGGCGAATTCCCGATAAGGATCTTCCTAGAGCATGGCTA 
CGTAGATAAGTAGCATGGCGGGTTAATCATTAACTACAAGGAACCCCTA 
GTGATGGAGTTGGCCACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGG 
CCGGGCGACCAAAGGTCGCCCGACGCCCGGGCTTTGCCCGGGCGGCCTC 
AGTGAGCGAGCGAGCGCGCAG 

31 rAAV with AAV CTCF convergent sequence 
knocked in on positive-sense strand 
CCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTCGGGC 
GACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGA 
GTGGCCAACTCCATCACTAGGGGTTCCTTGTAGTTAATGATTAACCCGC 
CATGCTAC TTATCTACGTAGCCATGCTCTAGGAAGATCGGAATTCGCCC 
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 

rAA.V sequences. The inserted CTCF binding 
sites are underlined. 

SEQ ID NO, Description and Sequence 

14 

ATTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATAC 
GCTGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCA 
TTTTCTCCTCCTTGTATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTT 
GTGGCCCGTTGTCAGGCAACGTGGCGTGGTGTGCACTGTGTTTGCTGAC 
GCAACCCCCACTGGTTGGGGCATTGCCACCACCTGTCAGCTCCTTTCCG 
GGAC TTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGCCGC 
CTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACAAT 
TCCGTGGTGTTGTCGGGGAAATCATCGTCCTTTCCTTGGCTGCTCGCCT 
GTGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTC 
GGCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTG 
CGGCCTCTTCCGCGTCTTCGAGATCTGCCTCGACTGTGCCTTCTAGTTG 
CCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAA 
GGTGCCAC TCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGC 
ATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGGGGGCAGGAC 
AGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGACTCGA 
ACTGGTGTACCACAGCGTTTCGAGTTAAGGGCGAATTCCCGATAAGGAT 
CTTCCTAGAGCATGGCTACGTAGATAAGTAGCATGGCGGGTTAATCATT 
AACTACAAGGAACCCCTAGTGATGGAGTTGGCCACTCCCTCTCTGCGCG 
CTCGCTCGCTCACTGAGGCCGGGCGACCAAAGGTCGCCCGACGCCCGGG 
CTTTGCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAG 

32 rAAV with AAV CTCF divergent sequence knocked 
in o n positive sense strand 
CCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTCGGGC 
GACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGA 
GTGGCCAACTCCATCACTAGGGGTTCCTTGTAGTTAATGATTAACCCGC 
CATGCTAC TTATCTACGTAGCCATGCTCTAGGAAGATCGGAATTCGCCC 
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 
GGAC TTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGCCGC 
CTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACAAT 
TCCGTGGTGTTGTCGGGGAAATCATCGTCCTTTCCTTGGCTGCTCGCCT 
GTGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTC 
GGCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTG 
CGGCCTCTTCCGCGTCTTCGAGATCTGCCTCGACTGTGCCTTCTAGTTG 
CCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAA 
GGTGCCAC TCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGC 
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TABLE 4-continued 

rAA.V sequences. The inserted CTCF binding 
sites are underlined. 

SEQ ID NO, Description and Sequence 

15 

ATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGA 
CAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGACTCG 
ATTGCGACACCATGTGGTCATCGAGTTAAGGGCGAATTCCCGATAAGGA 
TCTTCCTAGAGCATGGCTACGTAGATAAGTAGCATGGCGGGTTAATCAT 
TAACTACAAGGAACCCCTAGTGATGGAGTTGGCCACTCCCTCTCTGCGC 
GCTCGCTCGCTCACTGAGGCCGGGCGACCAAAGGTCGCCCGACGCCCGG 
GCTTTGCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAG 

33 rP-.AV with AAV CTCF repeat conv ergent sequence 
knocked in on positive-sense strand 
CCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTCGGGC 
GACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGA 
GTGGCCAACTCCATCACTAGGGGTTCCTTGTAGTTAATGATTAACCCGC 
CATGCTAC TTATCTACGTAGCCATGCTCTAGGAAGATCGGAATTCGCCC 
TTAAGCTAGTTGCGA CACCATGTGGTCATTGCGACACCATGTGGTCATT 
GCGACACCATGTGGTCATTGCGACACCATGTGGTCATTGCGACACCATG 
TGGTCACTAGCTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTC 
ATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCC 
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 
CCAC TACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCC 
GACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACG 
AGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGAT 
CACTCTCGGCATGGACGAGCTGTACAAGTAATAAGCTTGGATCCAATCA 
ACCTCTGGATTACAAAATTTGTGAAAGATTGACTGGTATTCTTAACTAT 
GTTGCTCCTTTTACGCTATGTGGATACGCTGCTTTAATGCCTTTGTATC 
ATGCTATTGCTTCCCGTATGGCTTTCATTTTCTCCTCCTTGTATAAATC 
CTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACGT 
GGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCA 
TTGCCACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCC 
TATTGCCACGGCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACA 
GGGGCTCGGCTGTTGGGCACTGACAATTCCGTGGTGTTGTCGGGGAAAT 
CATCGTCCTTTCCTTGGCTGCTCGCCTGTGTTGCCACCTGGATTCTGCG 
CGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGCGGACCTT 
CCTTCCCGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGAG 
ATCTGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCC 
TCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTT 
CCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTC 
TATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAA 
GACAATAGCAGGCATGCTGGGGACTCGAACTGGTGTACCACAGCGTTAC 
TGGTGTACCACAGCGTTACTGGTGTACCACAGCGTTACTGGTGTACCAC 
AGCGTTACTGGTGTA CCACAGCGTTTCGAGTTAAGGGCGAATTCCCGAT 
AAGGATCTTCCTAGAGCATGGCTACGTAGATAAGTAGCATGGCGGGTTA 
ATCATTAACTACAAGGAACCCCTAGTGATGGAGTTGGCCACTCCCTCTC 
TGCGCGCTCGCTCGCTCACTGAGGCCGGGCGACCAAAGGTCGCCCGACG 
CCCGGGCTTTGCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAG 
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TABLE 4-continued 

rAA.V sequences. The inserted CTCF binding 
sites are underlined. 

SEQ ID NO, Description and Sequence 

16 

34 rAAV with AAV CTCF forward on positive -sense 
and reverse on negative -sense strand , convergent 
CCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTCGGGC 
GACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGA 
GTGGCCAACTCCATCACTAGGGGTTCCTTGTAGTTAATGATTAACCCGC 
CATGCTAC TTATCTACGTAGCCATGCTCTAGGAAGATCGGAATTCGCCC 
TTAAGCTAGTTGCGACACCATGTGGTCACTAGCTAGTTATTAATAGTAA 
TCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTA 
CATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCG 
CCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGG 
ACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACT 
TGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGT 
CAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTA 
TGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTA 
CCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTT 
TGAC TCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGT 
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 
GGAC TTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGCCGC 
CTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACAAT 
TCCGTGGTGTTGTCGGGGAAATCATCGTCCTTTCCTTGGCTGCTCGCCT 
GTGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTC 
GGCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTG 
CGGCCTCTTCCGCGTCTTCGAGATCTGCCTCGACTGTGCCTTCTAGTTG 
CCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAA 
GGTGCCAC TCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGC 
ATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGA 
CAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGACTCG 
ATGACCACATGGTGTCGCAATCGAGTTAAGGGCGAATTCCCGATAAGGA 
TCTTCCTAGAGCATGGCTACGTAGATAAGTAGCATGGCGGGTTAATCAT 
TAACTACAAGGAACCCCTAGTGATGGAGTTGGCCACTCCCTCTCTGCGC 
GCTCGCTCGCTCACTGAGGCCGGGCGACCAAAGGTCGCCCGACGCCCGG 
GCTTTGCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAG 

35 rP-.AV with forward human CTCF sequence knocked 
in o n positive-sense strand 
CTGCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTC 
GGGCGACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGA 
GGGAGTGGCCAACTCCATCACTAGGGGTTCCTTGTAGTTAATGATTAAC 
CCGCCATGCTACTTATCTACGTAGCCATGCTCTAGGAAGATCGGAATTC 
GCCCTTAAGCTAGCCACAAGGTGGCGCCTAGCTAGTTATTAATAGTAAT 
CAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTAC 
ATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGC 
CCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGA 
CTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTT 
GGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTC 
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TABLE 4-continued 

rAA.V sequences. The inserted CTCF binding 
sites are underlined. 

SEQ ID NO, Description and Sequence 

17 

AATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTAT 
GGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTAC 
CATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTT 
GACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTT 
TGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTC 
CGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTAT 
ATAAGCAGAGCTGGTTTAGTGAACCGTCAGATCCTGCAGAAGTTGGTCG 
TGAGGCAC TGGGCAGGTAAGTATCAAGGTTACAAGACAGGTTTAAGGAG 
ACCAATAGAAACTGGGCTTGTCGAGACAGAGAAGACTCTTGCGTTTCTG 
ATAGGCAC CTATTGGTCTTACTGACATCCACTTTGCCTTTCTCTCCACA 
GGTGTCCAGGCGGCCGCCATGGTGAGCAAGGGCGAGGAGCTGTTCACCG 
GGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAA 
GTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTG 
ACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCA 
CCCTCGTGACCACCCTGAC CTACGGCGTGCAGTGCTTCAGCCGCTACCC 
CGAC CACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGC 
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 
CGGGCGAC CAAAGGTCGCCCGACGCCCGGGCTTTGCCCGGGCGGCCTCA 
GTGAGCGAGCGAGCGCGCAG 

36 rP-.AV with reverse human CTCF sequence knocked 
in o n 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 

rAA.V sequences. The inserted CTCF binding 
sites are underlined. 

SEQ ID NO, Description and Sequence 

18 

CTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACC 
CTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGC 
AGCACGAC TTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCG 
CACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTG 
AAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCG 
ACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTA 
CAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATC 
AAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGC 
TCGCCGAC CACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCT 
GCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGAC 
CCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCG 
CCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAATAAGCTTGGAT 
CCAATCAACCTCTGGATTACAAAATTTGTGAAAGATTGACTGGTATTCT 
TAACTATGTTGCTCCTTTTACGCTATGTGGATACGCTGCTTTAATGCCT 
TTGTATCATGCTATTGCTTCCCGTATGGCTTTCATTTTCTCCTCCTTGT 
ATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAG 
GCAACGTGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGT 
TGGGGCATTGCCACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCC 
CCCTCCCTATTGCCACGGCGGAACTCATCGCCGCCTGCCTTGCCCGCTG 
CTGGACAGGGGCTCGGCTGTTGGGCACTGACAATTCCGTGGTGTTGTCG 
GGGAAATCATCGTCCTTTCCTTGGCTGCTCGCCTGTGTTGCCACCTGGA 
TTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGC 
GGAC CTTCCTTCCCGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGT 
CTTCGAGATCTGCCTCGAC TGTGCCTTCTAGTTGCCAGCCATCTGTTGT 
TTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACT 
GTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGT 
GTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGA 
TTGGGAAGACAATAGCAGGCATGCTGGGGACTCGACCGCCCCCTGGTGG 
TCGAGTTAAGGGCGAATTCCCGATAAGGATCTTCCTAGAGCATGGCTAC 
GTAGATAAGTAGCATGGCGGGTTAATCATTAACTACAAGGAACCCCTAG 
TGATGGAGTTGGCCACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGGC 
CGGGCGAC CAAAGGTCGCCCGACGCCCGGGCTTTGCCCGGGCGGCCTCA 
GTGAGCGAGCGAGCGCGCAG 

37 rAA.V with human CTCF convergent sequence 
knocked in on positive-sense strand 
CTGCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTC 
GGGCGACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGA 
GGGAGTGGCCAACTCCATCACTAGGGGTTCCTTGTAGTTAATGATTAAC 
CCGCCATGCTACTTATCTACGTAGCCATGCTCTAGGAAGATCGGAATTC 
GCCCTTAAGCTAGCCACAAGGTGGCGCCTAGCTAGTTATTAATAGTAAT 
CAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTAC 
ATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGC 
CCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGA 
CTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTT 
GGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTC 
AATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTAT 
GGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTAC 
CATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTT 
GACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTT 
TGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTC 
CGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTAT 
ATAAGCAGAGCTGGTTTAGTGAACCGTCAGATCCTGCAGAAGTTGGTCG 
TGAGGCAC TGGGCAGGTAAGTATCAAGGTTACAAGACAGGTTTAAGGAG 
ACCAATAGAAACTGGGCTTGTCGAGACAGAGAAGACTCTTGCGTTTCTG 
ATAGGCAC CTATTGGTCTTACTGACATCCACTTTGCCTTTCTCTCCACA 
GGTGTCCAGGCGGCCGCCATGGTGAGCAAGGGCGAGGAGCTGTTCACCG 
GGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAA 
GTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTG 
ACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCA 
CCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCC 
CGAC CACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGC 
TACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGA 
CCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGA 
GCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAG 
CTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGC 
AGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGA 
CGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGC 
GACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCG 
CCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGA 
GTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAG 
TAATAAGCTTGGATCCAATCAACCTCTGGATTACAAAATTTGTGAAAGA 
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TABLE 4-continued 

rAA.V sequences. The inserted CTCF binding 
sites are underlined. 

SEQ ID NO, Description and Sequence 

19 

TTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACG 
CTGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCAT 
TTTCTCCTCCTTGTATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTG 
TGGCCCGTTGTCAGGCAACGTGGCGTGGTGTGCACTGTGTTTGCTGACG 
CAACCCCCACTGGTTGGGGCATTGCCACCACCTGTCAGCTCCTTTCCGG 
GACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGCCGCC 
TGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACAATT 
CCGTGGTGTTGTCGGGGAAATCATCGTCCTTTCCTTGGCTGCTCGCCTG 
TGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTCG 
GCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTGC 
GGCCTCTTCCGCGTCTTCGAGATCTGCCTCGACTGTGCCTTCTAGTTGC 
CAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAG 
GTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCA 
TTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGAC 
AGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGACTCGA 
CCGCCCCCTGGTGGTCGAGTTAAGGGCGAATTCCCGATAAGGATCTTCC 
TAGAGCATGGCTACGTAGATAAGTAGCATGGCGGGTTAATCATTAACTA 
CAAGGAACCCCTAGTGATGGAGTTGGCCACTCCCTCTCTGCGCGCTCGC 
TCGCTCAC TGAGGCCGGGCGACCAAAGGTCGCCCGACGCCCGGGCTTTG 
CCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAG 

38 rP-.AV with human CTCF divergent sequence 
knocked in on positive sense strand 
CTGCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTC 
GGGCGACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGA 
GGGAGTGGCCAACTCCATCACTAGGGGTTCCTTGTAGTTAATGATTAAC 
CCGCCATGCTACTTATCTACGTAGCCATGCTCTAGGAAGATCGGAATTC 
GCCCTTAAGCTAGCCACAAGGTGGCGCCTAGCTAGTTATTAATAGTAAT 
CAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTAC 
ATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGC 
CCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGA 
CTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTT 
GGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTC 
AATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTAT 
GGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTAC 
CATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTT 
GACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTT 
TGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTC 
CGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTAT 
ATAAGCAGAGCTGGTTTAGTGAACCGTCAGATCCTGCAGAAGTTGGTCG 
TGAGGCAC TGGGCAGGTAAGTATCAAGGTTACAAGACAGGTTTAAGGAG 
ACCAATAGAAACTGGGCTTGTCGAGACAGAGAAGACTCTTGCGTTTCTG 
ATAGGCAC CTATTGGTCTTACTGACATCCACTTTGCCTTTCTCTCCACA 
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 
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TABLE 4- c ontinued 

r AA.V sequences. The insert ed CTCF b ind ing 
sites are unde rlined. 

SEQ I D NO , De sc rip tion and Sequenc e 

20 

TTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGAC 
AGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGAC TCGA 
GGTGGT CC CCCGC CTCGAGTTAAGGGCGAATT CCCGATAAGGATCTTCC 
TAGAGCATGGCTACGTAGATAAGTAGCATGGCGGGTTAATCATTAACTA 
CAAGGAAC CCCTAGTGATGGAGTTGGCCAC TC CCTCTCTGCGCGCTCGC 
TCGC TCAC TGAGGCCGGGCGACCAAAGGTCGC CCGACGCCCGGGCTTTG 
CC CGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAG 

3 9 r AAV with human CTCF multiple convergent 
sequence kno c ked in on pos itiv e- sense strand 
CTGCGCGC TCGCTCGCT CACTGAGGCCGCCCGGGCAAAGCCCGGGCGTC 
GGGCGACC TTTGGTCGC CCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGA 
GGGAGTGGCCAACTCCATCACTAGGGGTTCCTTGTAGTTAATGATTAAC 
CCGC CATGCTACTTATCTACGTAGCCATGCTCTAGGAAGATCGGAATTC 
GC CC TTAAGCTAGCCACAAGGTGGCGCCCACAAGGTGGCGCCCACAAGG 
TGGCGCCCACAAGGTGGCGCCCACAAGGTGGCGCC TAGCTAGTTATTAA 
TAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCC 
GCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGA 
CC CC CGCC CATTGACGT CAATAATGACGTATGTTCCCATAGTAACGCCA 
ATAGGGAC TTTCCATTGACGT CAATGGGTGGAGTATTTACGGTAAACTG 
CC CACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTAT 
TGACGT CAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATG 
AC CTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCG 
CTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATA 
GCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAAT 
GGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTA 
ACAACT CCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGA 
GGTCTATATAAGCAGAGCTGGTTTAGTGAACCGTCAGATCCTGCAGAAG 
TTGGTCGTGAGGCAC TGGGCAGGTAAGTATCAAGGTTACAAGACAGGTT 
TAAGGAGACCAATAGAAAC TGGGCTTGTCGAGACAGAGAAGACTCTTGC 
GTTTCTGATAGGCAC CTATTGGTCTTACTGACATCCACTTTGCCTTTCT 
CT CCACAGGTGTC CAGGCGGC CGCCATGGTGAGCAAGGGCGAGGAGCTG 
TT CACCGGGGTGGTGCC CATC CTGGTCGAGCTGGACGGCGACGTAAACG 
GC CACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGG 
CAAGCTGACCCTGAAGTTCAT CTGCACCAC CGGCAAGCTGCCCGTGCCC 
TGGC CCAC CCTCGTGAC CACC CTGACCTACGGCGTGCAGTGCTTCAGCC 
GCTACC CCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCC 
CGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAAC 
TACAAGAC CCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACC 
GCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGG 
GCACAAGC TGGAGTACAAC TACAACAGCCACAACGTCTATATCATGGCC 
GACAAGCAGAAGAACGGCATCAAGGTGAACTT CAAGATCCGCCACAACA 
TCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCC 
CATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACC 
CAGTCCGC CCTGAGCAAAGAC CCCAACGAGAAGCGCGATCACATGGTCC 
TGCTGGAGTTCGTGACCGC CGCCGGGATCACT CTCGGCATGGACGAGCT 
GTACAAGTAATAAGCTTGGAT CCAATCAACCT CTGGATTACAAAATTTG 
TGAAAGATTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGT 
GGATACGC TGCTTTAATGC CTTTGTATCATGCTATTGCTTCCCGTATGG 
CTTTCATTTTCTC CTCCTTGTATAAATCCTGGTTGCTGTCTCTTTATGA 
GGAGTTGTGGCCCGTTGTCAGGCAACGTGGCGTGGTGTGCACTGTGTTT 
GCTGACGCAACCC CCACTGGTTGGGGCATTGC CACCACCTGTCAGCTCC 
TTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCAT 
CGCCGC CTGCCTTGCCCGC TGCTGGACAGGGGCTCGGCTGTTGGGCACT 
GACAATTCCGTGGTGTTGTCGGGGAAATCATCGTCCTTTCCTTGGCTGC 
TCGC CTGTGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGT 
CC CTTCGGCCCTCAATC CAGCGGACCTTCCTT CCCGCGGCCTGCTGCCG 
GCTCTGCGGCCTCTTCCGCGT CTTCGAGATCTGCCTCGACTGTGCCTTC 
TAGTTGCCAGCCATCTGTTGTTTGCCCCTCCC CCGTGCCTTCCTTGACC 
CTGGAAGGTGCCACTCC CACTGTCCTTTCCTAATAAAATGAGGAAATTG 
CATCGCATTGTCTGAGTAGGTGTCATTCTATT CTGGGGGGTGGGGGGGG 
CAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGG 
ACTCGACCGCCCCCTGGTGGCCGCCCCCTGGTGGCCGCCCCCTGGTGGC 
CGCCCCCTGGTGGCCGCCCCCTGGTGGTCGAGTTAAGGGCGAATTCCCG 
ATAAGGATCTTCCTAGAGCATGGCTACGTAGATAAGTAGCATGGCGGGT 
TAATCATTAACTACAAGGAACCCCTAGTGATGGAGTTGGCCACTCCCTC 
TCTGCGCGCTCGCTCGCTCACTGAGGCCGGGCGACCAAAGGTCGCCCGA 
CGCC CGGGCTTTGCC CGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAG 

4 0 r AA.V wi t h human CTCF f o r ward o n posit ive-sens e 
and rev erse on negativ e-se nse strand , conv ergent 
CTGCGCGC TCGCTCGCT CACTGAGGCCGCCCGGGCAAAGCCCGGGCGTC 
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TABLE 4- c ontinued 

r AA.V sequences. The insert ed CTCF b ind ing 
sites are unde rlined. 

SEQ I D NO , De sc rip tion and Sequenc e 

21 

GGGCGACC TTTGGTCGC CCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGA 
GGGAGTGGCCAACTCCATCACTAGGGGTTCCTTGTAGTTAATGATTAAC 
CCGC CATGCTACTTATCTACGTAGCCATGCTCTAGGAAGATCGGAATTC 
GC CC TTAAGCTAGCCACAAGGTGGCGCCTAGCTAGTTATTAATAGTAAT 
CAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTAC 
ATAACTTACGGTAAATGGC CCGCCTGGCTGACCGCCCAACGACCCCCGC 
CCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGA 
CTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTT 
GGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTC 
AATGACGGTAAATGGCC CGCCTGGCATTATGC CCAGTACATGACCTTAT 
GGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTAC 
CATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTT 
GACTCACGGGGATTTCCAAGT CTCCACCCCATTGACGTCAATGGGAGTT 
TGTTTTGGCACCAAAATCAACGGGAC TTTCCAAAATGTCGTAACAACTC 
CGCC CCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTAT 
ATAAGCAGAGCTGGTTTAGTGAACCGTCAGATCCTGCAGAAGTTGGTCG 
TGAGGCAC TGGGCAGGTAAGTATCAAGGTTACAAGACAGGTTTAAGGAG 
ACCAATAGAAACTGGGCTTGT CGAGACAGAGAAGACTCTTGCGTTTCTG 
ATAGGCAC CTATTGGTCTTACTGACATCCACTTTGCCTTTCTCTCCACA 
GGTGTC CAGGCGGCCGC CATGGTGAGCAAGGGCGAGGAGCTGTTCACCG 
GGGTGGTGCCCATCC TGGTCGAGCTGGACGGCGACGTAAACGGCCACAA 
GTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTG 
AC CC TGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCA 
CC CTCGTGACCACCCTGAC CTACGGCGTGCAGTGCTTCAGCCGCTACCC 
CGAC CACATGAAGCAGCACGACTTCTTCAAGT CCGCCATGCCCGAAGGC 
TACGTC CAGGAGCGCAC CATCTTCTTCAAGGACGACGGCAACTACAAGA 
CC CGCGCCGAGGTGAAGTTCGAGGGCGACACC CTGGTGAACCGCATCGA 
GCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAG 
CTGGAGTACAACTACAACAGC CACAACGTCTATATCATGGCCGACAAGC 
AGAAGAACGGCATCAAGGTGAACTTCAAGATC CGCCACAACATCGAGGA 
CGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGC 
GACGGC CC CGTGCTGCTGC CCGACAACCAC TACCTGAGCACCCAGTCCG 
CC CTGAGCAAAGACC CCAACGAGAAGCGCGATCACATGGTCCTGCTGGA 
GTTCGTGACCGCCGCCGGGAT CACTCTCGGCATGGACGAGCTGTACAAG 
TAATAAGC TTGGATCCAATCAACCTCTGGATTACAAAATTTGTGAAAGA 
TTGACTGGTATTCTTAACTATGTTGCTC CTTTTACGCTATGTGGATACG 
CTGC TTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCAT 
TTTCTC CTCCTTGTATAAATC CTGGTTGCTGTCTCTTTATGAGGAGTTG 
TGGC CCGTTGTCAGGCAACGTGGCGTGGTGTGCACTGTGTTTGCTGACG 
CAAC CC CCACTGGTTGGGGCATTGCCACCACCTGTCAGCTCCTTTCCGG 
GACTTT CGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGCCGCC 
TGCC TTGC CCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACAATT 
CCGTGGTGTTGTCGGGGAAATCATCGTC CTTT CCTTGGCTGCTCGCCTG 
TGTTGC CACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTCG 
GC CC TCAATCCAGCGGACC TT CCTTCCCGCGGCCTGCTGCCGGCTCTGC 
GGCC TCTTCCGCGTCTT CGAGATCTGCCTCGACTGTGCCTTCTAGTTGC 
CAGC CATCTGTTGTTTGCC CCTCCCCCGTGCCTTCCTTGACCCTGGAAG 
GTGC CACTCCCACTGTC CTTT CCTAATAAAATGAGGAAATTGCATCGCA 
TTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGAC 
AGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGAC TCGA 
GGCGGGGGGACCACC TCGAGTTAAGGGCGAATTCCCGATAAGGATCTTC 
CTAGAGCATGGCTACGTAGATAAGTAGCATGGCGGGTTAATCATTAACT 
ACAAGGAACCCCTAGTGATGGAGTTGGCCACT CCCTCTCTGCGCGCTCG 
CT CGCT CACTGAGGCCGGGCGACCAAAGGTCGCCCGACGCCCGGGCTTT 
GC CCGGGCGGCCT CAGTGAGCGAGCGAGCGCGCAG 
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SEQUENCE LISTING 

Sequence total quantity, 64 
SEQ ID NO, 1 moltype = DNA length 14 
FEATURE Location/ Qualifiers 
source 1 .. 14 

SEQUENCE, 1 
ccacaaggtg gcgc 

SEQ ID NO, 2 
FEATURE 
source 

SEQUENCE, 2 
ccaccagggg gcgg 

SEQ ID NO, 3 
FEATURE 
source 

mol type 
organism 

genomic DNA 
Homo sapiens 

moltype = DNA length 
Location/ Qualifiers 
1 .. 14 
mol type 
organism 

genomic DNA 
Homo sapiens 

moltype = DNA length 
Location/ Qualifiers 
1 .. 19 

14 

19 

22 

mol type 
organism 

genomic DNA 
Adeno-associated virus 

SEQUENCE, 3 
ttgcgacacc atgtggtca 

SEQ ID NO, 4 
FEATURE 
source 

moltype = DNA length 
Location/ Qualifiers 
1 .. 20 

genomic DNA 

20 
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14 

14 

19 

mol type 
organism Rodent protoparvovirus 1 

SEQUENCE, 4 
ctcgcggtag atcactcgtt 

SEQ ID NO, 5 
FEATURE 
source 

moltype = DNA length 
Location/ Qualifiers 
1 .. 21 

genomic DNA 

21 

mol type 
organism 

SEQUENCE, 5 
Rodent protoparvovirus 1 

ccaccactaa atggcattct t 

SEQ ID NO, 6 
FEATURE 
source 

SEQUENCE, 6 
ctcgcggtag atcactcgtt 

SEQ ID NO, 7 
FEATURE 
source 

SEQUENCE, 7 
tgctcactag atggcgctc 

SEQ ID NO, 8 
FEATURE 

moltype = DNA length 
Location/ Qualifiers 
1 .. 20 

genomic DNA 

20 

mol type 
organism Rodent protoparvovirus 1 

moltype = DNA length 
Location/ Qualifiers 
1 .. 19 
mol type 
organism 

genomic DNA 
Hl parvov irus 

moltype = DNA length 
Location/ Qualifiers 

19 

19 

20 

21 

20 

19 
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source 

SEQUENCE, 8 

tgcacagcag aggactctg 

SEQ ID NO, 9 
FEATURE 
source 

SEQUENCE, 9 
agtccaccaa gggacggag 

SEQ ID NO, 10 
FEATURE 
source 

SEQUENCE, 10 
tgaacagtag gagtcagtt 

SEQ ID NO, 11 
FEATURE 
source 

SEQUENCE, 11 
ccaccaatag ggggtcata 

SEQ ID NO, 12 
FEATURE 
source 

SEQUENCE, 12 
caaccaggag gtgaaaatc 

SEQ ID NO, 13 
FEATURE 
source 

SEQUENCE, 13 
cgacccgcac atggcgctg 

SEQ ID NO, 14 
FEATURE 
source 

SEQUENCE, 14 
agaccaccag gtggcgcac 

SEQ ID NO, 15 
FEATURE 
source 

SEQUENCE, 15 
ccaccggcgg ggggcggcg 

SEQ ID NO, 16 
FEATURE 
source 

SEQUENCE, 16 
cgggcggccg ggggcggcg 

SEQ ID NO, 17 
FEATURE 
source 

SEQUENCE, 17 

23 

- continued 

1 . . 19 
mol type 
organism 

moltype = 

genomic DNA 
Hl parvovirus 

DNA length 
Location/Qualifier s 
1 .. 19 
mol type genomic DNA 
organism Hl parvovirus 

moltype = DNA length 
Location/Qualifier s 
1 .. 19 

genomic DNA 

19 

19 

mol type 
organism Mouse papillomavirus 

moltype = DNA length 
Location/Qualifier s 
1 .. 19 

genomic DNA 

19 

mol type 
organism Primate ery throparvovirus 1 

moltype = DNA length 
Location/Qualifier s 
1 .. 19 

genomic DNA 

19 

mol type 
organism Carnivore protoparvovirus 1 

moltype = DNA length 
Location/Qualifier s 
1 .. 19 

genomic DNA 

19 

mol type 
organism Human betaherpesvirus 5 

moltype = DNA length 
Location/Qualifier s 
1 .. 19 

genomic DNA 

19 

mol type 
organism Human alphaherpesvirus 1 

moltype = DNA length 
Location/Qualifier s 
1 .. 19 

genomic DNA 

19 

mol type 
organism Human alphaherpesvirus 1 

moltype = DNA length 
Location/Qualifiers 
1 .. 19 

genomic DNA 

19 

mol type 
organism Human alphaherpesvirus 1 

moltype = DNA length 
Location/Qualifiers 
1 .. 19 

genomic DNA 

19 

mol type 
organism Human gammaherpesvirus 4 
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24 

- con tinued 

tggccaaaag a cggcggtt 19 

SEQ ID NO , 18 moltype = DNA leng th 1 9 
FEATURE Location/ Qualifiers 
source 1 . . 19 

mol type genomic DNA 
organi sm Human gammaherpesv irus 4 

SEQUENCE, 1 8 
cacccaacag g tgg tgaa a 19 

SEQ ID NO, 19 moltype = DNA leng th 19 
FEATURE Locatio n/Qualifiers 
source 1 . . 19 

mol t ype geno mic DNA 
organi sm Human gammaherpesv irus 4 

SEQUENCE, 1 9 
ttggcaccat g tgg tgcc a 19 

SEQ ID NO , 2 0 moltype = DNA leng th 19 
FEATURE Location/Qualifier s 
source 1 . . 19 

mol type genomic DNA 
organi sm Alphapapillomav irus 9 

SEQUENCE, 20 
taaccaccag g tgg tgcc a 19 

SEQ ID NO, 2 1 moltype = DNA leng th 19 
FEATURE Location/ Qualifier s 
source 1 . . 19 

mol type geno mic DNA 
organi sm Hepatitis B virus 

SEQUENCE, 2 1 
cgaccaccag ttggatcca 19 

SEQ ID NO , 2 2 moltype = DNA leng th 19 
FEATURE Location/Qualifier s 
source 1 . . 19 

mol type genomic DNA 
organi sm Hepatitis B virus 

SEQUENCE, 22 
tctacagcat g gggcaga a 19 

SEQ ID NO, 2 3 moltype length 
SEQUENCE, 23 
0 0 0 

SEQ ID NO, 2 4 moltype = DNA leng th 14 
FEATURE Location/ Qualifier s 
source 1 . . 14 

mol type o the r DNA 
organi sm synthetic construct 

SEQUENCE, 24 
ccacnaggtg g cag 14 

SEQ ID NO, 2 5 moltype = DNA leng th 14 
FEATURE Locatio n/Qualifiers 
source 1 . . 14 

mol type other DNA 
organi sm synthetic construct 

SEQUENCE, 2 5 
ctgccacctn g tgg 14 

SEQ ID NO, 2 6 moltype = DNA leng th 14 
FEATURE Location/ Qualifier s 
source 1 . . 14 

mol type other DNA 
organi sm synthetic construct 

SEQUENCE, 26 
g gcggggg ac c ac c 14 

SEQ ID NO , 2 7 moltype = DNA leng th 19 
FEATURE Locatio n/Qualifiers 
source 1 . . 19 

mol type other DNA 
organi sm synthetic construct 

SEQUENCE, 27 
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aacgctgtgg tacaccagt 

SEQ ID NO, 28 
FEATURE 
source 

SEQUENCE, 28 
tgaccacatg gtgtcgcaa 

SEQ ID NO, 29 
FEATURE 
source 

misc_binding 

moltype = DNA length 
Location/Qualifiers 
1 .. 19 

other DNA 

25 

-continued 

19 

mol type 
organism synthetic construct 

moltype = DNA length 
Location/Qualifiers 
1. . 2716 

other DNA 

2716 

mol type 
organism 
206 .. 224 

synthetic construct 

bound_moiety = CTCF binding sites 
SEQUENCE, 29 

19 

19 

ccgctcgctc gctcactgag gccgcccggg caaagcccgg gcgtcgggcg acctttggtc 60 
gcccggcctc agtgagcgag cgagcgcgca gagagggagt ggccaactcc atcactaggg 120 
gttccttgta gttaatgatt aacccgccat gctacttatc tacgtagcca tgctctagga 180 
agatcggaat tcgcccttaa gctagttgcg acaccatgtg gtcactagct agttattaat 240 
agtaatcaat tacggggtca ttagttcata gcccatatat ggagttccgc gttacataac 300 
ttacggtaaa tggcccgcct ggctgaccgc 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 caactccgcc ccattgacgc aaatgggcgg taggcgtgta cggtgggagg 780 
tctatataag cagagctggt ttagtgaacc gtcagatcct gcagaagttg gtcgtgaggc 840 
actgggcagg taagtatcaa ggttacaaga caggtttaag gagaccaata gaaactgggc 900 
ttgtcgagac agagaagact cttgcgtttc tgataggcac ctattggtct tactgacatc 960 
cactttgcct ttctctccac aggtgtccag gcggccgcca tggtgagcaa gggcgaggag 1020 
ctgttcaccg gggtggtgcc catcctggtc gagctggacg gcgacgtaaa cggccacaag 1080 
ttcagcgtgt ccggcgaggg cgagggcgat gccacctacg gcaagctgac cctgaagttc 1140 
atctgcacca ccggcaagct gcccgtgccc tggcccaccc tcgtgaccac cctgacctac 1200 
ggcgtgcagt gcttcagccg ctaccccgac cacatgaagc agcacgactt cttcaagtcc 1260 
gccatgcccg aaggctacgt ccaggagcgc accatcttct tcaaggacga cggcaactac 1320 
aagacccgcg ccgaggtgaa gttcgagggc gacaccctgg tgaaccgcat cgagctgaag 1380 
ggcatcgact tcaaggagga cggcaacatc ctggggcaca agctggagta caactacaac 1440 
agccacaacg tctatatcat ggccgacaag cagaagaacg gcatcaaggt gaacttcaag 1500 
atccgccaca acatcgagga cggcagcgtg cagctcgccg accactacca gcagaacacc 1560 
cccatcggcg acggccccgt gctgctgccc gacaaccact acctgagcac ccagtccgcc 1620 
ctgagcaaag accccaacga gaagcgcgat cacatggtcc tgctggagtt cgtgaccgcc 1680 
gccgggatca ctctcggcat ggacgagctg tacaagtaat aagcttggat ccaatcaacc 1740 
tctggattac aaaatttgtg aaagattgac tggtattctt aactatgttg ctccttttac 1800 
gctatgtgga tacgctgctt taatgccttt gtatcatgct attgcttccc gtatggcttt 1860 
cattttctcc tccttgtata aatcctggtt gctgtctctt tatgaggagt tgtggcccgt 1920 
tgtcaggcaa cgtggcgtgg tgtgcactgt gtttgctgac gcaaccccca ctggttgggg 1980 
cattgccacc acctgtcagc tcctttccgg gactttcgct ttccccctcc ctattgccac 2040 
ggcggaactc atcgccgcct gccttgcccg ctgctggaca ggggctcggc tgttgggcac 2100 
tgacaattcc gtggtgttgt cggggaaatc atcgtccttt ccttggctgc tcgcctgtgt 2160 
tgccacctgg attctgcgcg ggacgtcctt ctgctacgtc ccttcggccc tcaatccagc 2220 
ggaccttcct tcccgcggcc tgctgccggc tctgcggcct cttccgcgtc ttcgagatct 2280 
gcctcgactg tgccttctag ttgccagcca tctgttgttt gcccctcccc cgtgccttcc 2340 
ttgaccctgg aaggtgccac tcccactgtc ctttcctaat aaaatgagga aattgcatcg 2400 
cattgtctga gtaggtgtca ttctattctg gggggtgggg tggggcagga cagcaagggg 2460 
gaggattggg aagacaatag caggcatgct ggggactcga tcgagttaag ggcgaattcc 2520 
cgataaggat cttcctagag catggctacg tagataagta gcatggcggg ttaatcatta 2580 
actacaagga acccctagtg atggagttgg ccactccctc tctgcgcgct cgctcgctca 2640 
ctgaggccgg gcgaccaaag gtcgcccgac gcccgggctt tgcccgggcg gcctcagtga 2700 
gcgagcgagc gcgcag 2716 

SEQ ID NO, 30 
FEATURE 
source 

misc_binding 

moltype = DNA length 
Location/Qualifiers 
1. . 2716 
mol type= other DNA 

2716 

organism= synthetic construct 
2482 .. 2500 
bound_moiety = CTCF binding site 

SEQUENCE, 30 
ccgctcgctc gctcactgag gccgcccggg caaagcccgg gcgtcgggcg acctttggtc 60 
gcccggcctc agtgagcgag cgagcgcgca gagagggagt ggccaactcc atcactaggg 120 
gttccttgta gttaatgatt aacccgccat gctacttatc tacgtagcca tgctctagga 180 
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agatcggaat tcgcccttaa gctagctagc tagttattaa tagtaatcaa ttacggggtc 240 
attagttcat agcccatata tggagttccg cgttacataa cttacggtaa atggcccgcc 300 
tggctgaccg cccaacgacc cccgcccatt gacgtcaata atgacgtatg ttcccatagt 360 
aacgccaata gggactttcc attgacgtca atgggtggag tatttacggt aaactgccca 420 
cttggcagta catcaagtgt atcatatgcc aagtacgccc cctattgacg tcaatgacgg 480 
taaatggccc gcctggcatt atgcccagta catgacctta tgggactttc ctacttggca 540 
gtacatctac gtattagtca tcgctattac catggtgatg cggttttggc agtacatcaa 600 
tgggcgtgga tagcggtttg actcacgggg atttccaagt ctccacccca ttgacgtcaa 660 
tgggagtttg ttttggcacc aaaatcaacg ggactttcca aaatgtcgta acaactccgc 720 
cccattgacg caaatgggcg gtaggcgtgt acggtgggag gtctatataa gcagagctgg 780 
tttagtgaac cgtcagatcc tgcagaagtt ggtcgtgagg cactgggcag gtaagtatca 840 
aggttacaag acaggtttaa ggagaccaat agaaactggg cttgtcgaga cagagaagac 900 
tcttgcgttt ctgataggca cctattggtc ttactgacat ccactttgcc tttctctcca 960 
caggtgtcca ggcggccgcc atggtgagca agggcgagga gctgttcacc ggggtggtgc 1020 
ccatcctggt cgagctggac ggcgacgtaa acggccacaa gttcagcgtg tccggcgagg 1080 
gcgagggcga tgccacctac ggcaagctga ccctgaagtt catctgcacc accggcaagc 1140 
tgcccgtgcc ctggcccacc ctcgtgacca ccctgaccta cggcgtgcag tgcttcagcc 1200 
gctaccccga ccacatgaag cagcacgact tcttcaagtc cgccatgccc gaaggctacg 1260 
tccaggagcg caccatcttc ttcaaggacg acggcaacta caagacccgc gccgaggtga 1320 
agttcgaggg cgacaccctg gtgaaccgca tcgagctgaa gggcatcgac ttcaaggagg 1380 
acggcaacat cctggggcac aagctggagt acaactacaa cagccacaac gtctatatca 1440 
tggccgacaa gcagaagaac ggcatcaagg tgaacttcaa gatccgccac aacatcgagg 1500 
acggcagcgt gcagctcgcc gaccactacc agcagaacac ccccatcggc gacggccccg 1560 
tgctgctgcc cgacaaccac tacctgagca cccagtccgc cctgagcaaa gaccccaacg 1620 
agaagcgcga tcacatggtc ctgctggagt tcgtgaccgc cgccgggatc actctcggca 1680 
tggacgagct gtacaagtaa taagcttgga tccaatcaac ctctggatta caaaatttgt 1740 
gaaagattga ctggtattct taactatgtt gctcctttta cgctatgtgg atacgctgct 1800 
ttaatgcctt tgtatcatgc tattgcttcc cgtatggctt tcattttctc ctccttgtat 1860 
aaatcctggt tgctgtctct ttatgaggag ttgtggcccg ttgtcaggca acgtggcgtg 1920 
gtgtgcactg tgtttgctga cgcaaccccc actggttggg gcattgccac cacctgtcag 1980 
ctcctttccg ggactttcgc tttccccctc cctattgcca cggcggaact catcgccgcc 2040 
tgccttgccc gctgctggac aggggctcgg ctgttgggca ctgacaattc cgtggtgttg 2100 
tcggggaaat catcgtcctt tccttggctg ctcgcctgtg ttgccacctg gattctgcgc 2160 
gggacgtcct tctgctacgt cccttcggcc ctcaatccag cggaccttcc ttcccgcggc 2220 
ctgctgccgg ctctgcggcc tcttccgcgt cttcgagatc tgcctcgact gtgccttcta 2280 
gttgccagcc atctgttgtt tgcccctccc ccgtgccttc cttgaccctg gaaggtgcca 2340 
ctcccactgt cctttcctaa taaaatgagg aaattgcatc gcattgtctg agtaggtgtc 2400 
attctattct ggggggtggg gtggggcagg acagcaaggg ggaggattgg gaagacaata 2460 
gcaggcatgc tggggactcg aactggtgta ccacagcgtt tcgagttaag ggcgaattcc 2520 
cgataaggat cttcctagag catggctacg tagataagta gcatggcggg ttaatcatta 2580 
actacaagga acccctagtg atggagttgg ccactccctc tctgcgcgct cgctcgctca 2640 
ctgaggccgg gcgaccaaag gtcgcccgac gcccgggctt tgcccgggcg gcctcagtga 2700 
gcgagcgagc gcgcag 2716 

SEQ ID NO, 31 
FEATURE 
source 

misc_binding 

moltype = DNA length 
Location/Qualifiers 
1. . 2735 

other DNA 

2735 

mol type 
organism 
207 .. 225 

synthetic construct 

bound_moiety = CTCF binding site 
SEQUENCE, 31 
ccgctcgctc gctcactgag gccgcccggg caaagcccgg gcgtcgggcg acctttggtc 60 
gcccggcctc agtgagcgag cgagcgcgca gagagggagt ggccaactcc atcactaggg 120 
gttccttgta gttaatgatt aacccgccat gctacttatc tacgtagcca tgctctagga 180 
agatcggaat tcgcccttaa gctagttgcg acaccatgtg gtcactagct agttattaat 240 
agtaatcaat tacggggtca ttagttcata gcccatatat ggagttccgc gttacataac 300 
ttacggtaaa tggcccgcct ggctgaccgc 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 caactccgcc ccattgacgc aaatgggcgg taggcgtgta cggtgggagg 780 
tctatataag cagagctggt ttagtgaacc gtcagatcct gcagaagttg gtcgtgaggc 840 
actgggcagg taagtatcaa ggttacaaga caggtttaag gagaccaata gaaactgggc 900 
ttgtcgagac agagaagact cttgcgtttc tgataggcac ctattggtct tactgacatc 960 
cactttgcct ttctctccac aggtgtccag gcggccgcca tggtgagcaa gggcgaggag 1020 
ctgttcaccg gggtggtgcc catcctggtc gagctggacg gcgacgtaaa cggccacaag 1080 
ttcagcgtgt ccggcgaggg cgagggcgat gccacctacg gcaagctgac cctgaagttc 1140 
atctgcacca ccggcaagct gcccgtgccc tggcccaccc tcgtgaccac cctgacctac 1200 
ggcgtgcagt gcttcagccg ctaccccgac cacatgaagc agcacgactt cttcaagtcc 1260 
gccatgcccg aaggctacgt ccaggagcgc accatcttct tcaaggacga cggcaactac 1320 
aagacccgcg ccgaggtgaa gttcgagggc gacaccctgg tgaaccgcat cgagctgaag 1380 
ggcatcgact tcaaggagga cggcaacatc ctggggcaca agctggagta caactacaac 1440 
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agccacaacg tctatatcat ggccgacaag cagaagaac g gcatcaaggt gaacttcaag 150 0 
atccgccaca acatcgagga c ggcagcgtg cagctcgccg accactacca gcagaacacc 156 0 
cccatcggcg acggccccgt gctgctgccc gacaaccact acctgagcac ccagtccgcc 162 0 
ctgagcaaag accccaacga gaagcgcgat cacatggtcc tgctggagtt cgtgaccgcc 168 0 
gccgggatca c tctcggcat ggacgagctg tacaagtaat aagcttggat ccaatcaacc 174 0 
tctggattac aaaatttgtg aaagattgac tggtattctt aactatgttg ctccttttac 180 0 
gctatgtgga tacgctgctt taatgccttt gtatcatgct attgcttccc gtatggcttt 186 0 
cattttctcc tccttgtata aatcctggtt gctgtctctt tatgaggagt tgtggcccgt 192 0 
tgtcaggcaa c gtggcgtgg tgtgcactgt gtttgctgac gcaaccccca ctggttgggg 198 0 
cattgccacc acctgtcagc tcctttccgg gactttcgct ttccccctcc ctattgccac 20 4 0 
ggcggaactc atcgccgcct gccttgcccg ctgctggac a ggggctcggc tgttgggcac 21 0 0 
tgacaattcc gtggtgttgt c ggggaaatc atcgtccttt ccttggctgc tcgcctgtgt 21 6 0 
tgccacctgg attctgcgcg ggacgtcctt ctgctacgtc ccttcggccc tcaatccagc 2 22 0 
ggaccttcct tcccgcggcc tgctgccggc tctgcggcct c ttccgcgtc ttcgagatct 2 28 0 
gcctcgactg tgccttctag ttgccagcca tctgttgttt gcccctcccc cgtgccttcc 23 4 0 
ttgaccctgg aaggtgccac tcccactgtc ctttc ctaat aaaatgagga aattgcatcg 24 0 0 
cattgtctga gtaggtgtca ttctattctg gggggtgggg tggggcagga cagcaagggg 24 6 0 
gaggattggg aagacaatag c aggc atgct ggggactcga actggtgtac cacagcgttt 25 2 0 
cgagttaagg gcgaattccc gataaggatc ttcctagagc atggctacgt agataagtag 25 8 0 
catggcgggt taatcattaa ctacaaggaa cccctagtga tggagttggc cactccctct 26 4 0 
ctgcgcgctc gctcgctcac tgaggccggg cgacc aaagg tcgcccgacg cccgggcttt 27 0 0 
gcccgggcgg c ctcagtgag c gagc gagcg cgcag 27 35 

SEQ ID NO, 3 2 moltype = DNA length 2735 
FEATURE Location/Qualifier s 
source 1. . 2 735 

mol type other DNA 
organism synthetic construct 

misc_binding 207 .. 2 25 
bound_mo iety CTCF binding site 

misc_binding 25 05 .. 2520 
bound_moiety CTCF binding site 

SEQUENCE, 32 
ccgctcgctc gctcactgag gccgcccggg caaagcc cgg gcgtcgggcg acctttggtc 60 
gcccggcctc agtgagcgag c gagc gcgca gagagggagt ggccaactcc atcactaggg 120 
gttccttgta gttaatgatt aacccgccat gctacttatc tacgtagcca tgctctagga 180 
agatcggaat tcgcccttaa gctagttgcg acaccatgtg gtcactagct agttattaat 24 0 
agtaatcaat tacggggtca ttagttcata gcccatatat ggagttccgc gttacataac 30 0 
ttacggtaaa tggcccgcct ggctgaccgc ccaacga ccc ccgcccattg acgtcaataa 36 0 
tgacgtatgt tcccatagta acgccaatag ggactttcca ttgacgtcaa tgggtggagt 420 
atttacggta aactgcccac ttggcagtac atcaagtgta tcatatgcca agtacgcccc 480 
ctattgacgt c aatgacggt aaatggcccg cctggcatta tgcccagtac atgaccttat 540 
gggactttcc tacttggcag tacatctacg tattagtcat cgctattacc atggtgatgc 60 0 
ggttttggca gtacatcaat gggcgtggat agcggtttga c tcacgggga tttccaagtc 66 0 
tccaccccat tgacgtcaat gggagtttgt tttggcacca aaatcaacgg gactttccaa 7 20 
aatgtcgtaa c aactccgcc ccattgacgc aaatgggcgg taggcgtgta cggtgggagg 78 0 
tctatataag c agagctggt ttagtgaacc gtcagatcct gcagaagttg gtcgtgaggc 840 
actgggcagg taagtatcaa ggttacaaga c aggtttaag gagaccaata gaaactgggc 90 0 
ttgtcgagac agagaagact cttgcgtttc tgataggcac ctattggtct tactgacatc 96 0 
cactttgcct ttctctccac aggtgtccag gcggccgcca tggtgagcaa gggcgaggag 102 0 
ctgttcaccg gggtggtgcc c at cc tggtc gagctggacg gcgacgtaaa cggccacaag 108 0 
ttcagcgtgt c cggcgaggg cgagggcgat gccacctacg gcaagctgac cctgaagttc 1140 
atctgcacca c cggcaagct gcccgtgccc tggcccaccc tcgtgaccac cctgacctac 120 0 
ggcgtgcagt gcttcagccg c tacc ccgac c acatgaagc agcacgactt cttcaagtcc 126 0 
gccatgcccg aaggctacgt ccaggagcgc accatcttct tcaaggacga cggcaactac 132 0 
aagacccgcg c cgaggtgaa gttcgagggc gacaccctgg tgaaccgcat cgagc tgaag 138 0 
ggcatcgact tcaaggagga c ggcaacatc ctggggcac a agctggagta caactacaac 144 0 
agccacaacg tctatatcat ggccgacaag c agaagaac g gcatcaaggt gaacttcaag 150 0 
atccgccaca acatcgagga c ggcagcgtg cagctcgccg accactacca gcagaacacc 156 0 
cccatcggcg acggccccgt gctgctgccc gacaaccact acctgagcac ccagtccgcc 162 0 
ctgagcaaag accccaacga gaagcgcgat c acatggtc c tgctggagtt cgtgaccgcc 168 0 
gccgggatca c tctcggc at ggacgagctg tacaagtaat aagcttggat ccaatcaacc 174 0 
tctggattac aaaatttgtg aaagattgac tggtattctt aactatgttg ctccttttac 180 0 
gctatgtgga tacgctgctt taatgccttt gtatcatgct attgcttccc gtatggcttt 186 0 
cattttctcc tccttgtata aatcctggtt gctgtctctt tatgaggagt tgtggcccgt 192 0 
tgtcaggcaa c gtggcgtgg tgtgcactgt gtttgctgac gcaaccccca ctggttgggg 198 0 
cattgccacc acctgtcagc tcctttccgg gactttcgct ttccccctcc ctattgccac 20 4 0 
ggcggaactc atcgccgcct gccttgcccg ctgctggac a ggggctcggc tgttgggcac 21 0 0 
tgacaattcc gtggtgttgt cggggaaatc atcgtccttt ccttggctgc tcgcctgtgt 21 6 0 
tgccacctgg attctgcgcg ggacgtcctt ctgctacgtc ccttcggcc c tcaatccagc 2 22 0 
ggaccttcct tcc cgcggcc tgctgccggc tctgcggcct c ttccgcgtc ttcgagatct 2 28 0 
gcctcgactg tgccttctag ttgccagcca tctgttgttt gcccctcccc cgtgccttcc 23 4 0 
ttgaccctgg aaggtgccac tcccactgtc ctttc ctaat aaaatgagga aattgcatcg 24 0 0 
cattgtctga gtaggtgtca ttctattctg gggggtgggg tggggcagga cagcaagggg 24 6 0 
gaggattggg aagacaatag caggcatgct ggggactcga ttgcgacacc atgtggtcat 25 2 0 
cgagttaagg gcgaattccc gataaggatc ttcctagagc atggctacgt agataagtag 25 8 0 
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catggcgggt taatcattaa c tacaaggaa cccctagtg a tggagttggc cactccctct 26 4 0 
ctgcgcgctc gctcgctcac tgaggccggg cgacc aaagg tcgcccgacg cccgggcttt 27 0 0 
gcccgggcgg c ctcagtgag c gagc gagcg cgcag 27 35 

SEQ ID NO, 3 3 moltype = DNA length 2887 
FEATURE Location/Qualifier s 
source 1. . 2 88 7 

mol type other DNA 
organism synthetic construct 

misc_binding 207 .. 2 25 
bound_mo iety CTCF binding site 

misc_binding 28 3 .. 301 
bound_moiety CTCF binding site 

misc_binding 25 78 .. 25 96 
bound_mo iety CTCF binding site 

misc_binding 261 6 .. 26 34 
bound_mo iety CTCF binding site 

misc_binding 2654 .. 26 72 
bound_moiety CTCF binding site 

misc_binding 245 .. 2 63 
bound_mo iety CTCF binding site 

SEQUENCE, 33 
ccgctcgctc gctcactgag gccgcccggg caaagcccgg gcgtcgggcg acctttggtc 60 
gcccggcctc agtgagcgag c gagc gcgca gagagggagt ggccaactcc atcactaggg 120 
gttccttgta gttaatgatt aacccgccat gctacttatc tacgtagcca tgctctagga 180 
agatcggaat tcgcccttaa gctagttgcg acaccatgtg gtcattgcga caccatgtgg 24 0 
tcattgcgac accatgtggt c attgcgaca ccatgtggtc attgcgacac catgtggtca 30 0 
ctagctagtt attaatagta atcaattacg gggtcattag ttcatagccc atatatggag 36 0 
ttccgcgtta c ataacttac ggtaaatggc ccgcctggct gaccgcccaa cgacccccgc 420 
ccattgacgt c aataatgac gtatgttccc atagtaacgc caatagggac tttccattga 480 
cgtcaatggg tggagtattt acggtaaact gcccacttgg cagtacatc a agtgtatcat 540 
atgccaagta c gc cccctat tgacgtcaat gacggtaaat ggcccgcctg gcattatgcc 60 0 
cagtacatga c cttatggga c tttc ctact tggcagtaca tctacgtatt agtcatcgct 66 0 
attaccatgg tgatgcggtt ttggcagtac atcaatgggc gtggatagcg gtttgactca 7 20 
cggggatttc c aagtctcca c cc cattgac gtcaatggga gtttgttttg gcaccaaaat 78 0 
caacgggact ttccaaaatg tcgtaacaac tccgccccat tgacgcaaat gggcggtagg 84 0 
cgtgtacggt gggaggtcta tataagcaga gctggtttag tgaaccgtca gatcctgcag 90 0 
aagttggtcg tgaggcactg ggcaggtaag tatcaaggtt acaagacagg tttaaggaga 96 0 
ccaatagaaa c tgggcttgt c gagacagag aagactcttg cgtttctgat aggcacctat 102 0 
tggtcttact gacatccact ttgcctttct ctccacaggt gtccaggcgg ccgccatggt 108 0 
gagcaagggc gaggagctgt tcaccggggt ggtgcccatc ctggtcgagc tggacggcga 1140 
cgtaaacggc c acaagttca gcgtgtccgg cgagggcgag ggcgatgcca cctacggcaa 120 0 
gctgaccctg aagttcatct gcaccaccgg caagctgccc gtgccctggc ccaccctcgt 126 0 
gaccaccctg acctacggcg tgcagtgctt cagccgctac cccgaccac a tgaagcagca 132 0 
cgacttcttc aagtccgcca tgcccgaagg ctacgtc cag gagcgcacca tcttcttcaa 138 0 
ggacgacggc aactacaaga cccgcgccga ggtgaagttc gagggcgaca ccctggtgaa 144 0 
ccgcatcgag c tgaagggca tcgacttcaa ggaggacggc aacatcctgg ggcacaagct 150 0 
ggagtacaac tacaacagcc acaacgtcta tatcatggcc gacaagcaga agaacggcat 156 0 
caaggtgaac ttcaagatcc gccacaacat cgaggacggc agcgtgcagc tcgccgacca 162 0 
ctaccagcag aacaccccca tcggcgacgg ccccgtgctg ctgcccgac a accactacct 1680 
gagcacccag tccgccctga gcaaagaccc caacgagaag cgcgatcac a tggtcctgct 174 0 
ggagttcgtg accgccgccg ggatcactct cggcatggac gagctgtaca agtaataagc 180 0 
ttggatccaa tcaacctctg gattacaaaa tttgtgaaag attgactggt attcttaact 186 0 
atgttgctcc ttttacgcta tgtggatacg ctgctttaat gcctttgtat catgc tattg 192 0 
cttcccgtat ggctttcatt ttctcctcct tgtataaatc ctggttgctg tctctttatg 198 0 
aggagttgtg gcccgttgtc aggcaacgtg gcgtggtgtg cactgtgttt gctgacgcaa 20 4 0 
cccccactgg ttggggcatt gccaccacct gtcagctcct ttccgggact ttcgctttcc 21 0 0 
ccctccctat tgccacggcg gaactcatcg ccgcc tgcc t tgcccgctgc tggacagggg 21 6 0 
ctcggctgtt gggcactgac aattccgtgg tgttgtcggg gaaatcatcg tcctttcctt 2 22 0 
ggctgctcgc c tgtgttgcc acctggattc tgcgcgggac gtccttctgc tacgtccctt 2 28 0 
cggccctcaa tccagcggac c tt cc ttccc gcggcctgct gccggctctg cggcctcttc 23 4 0 
cgcgtcttcg agatctgcct cgactgtgcc ttctagttgc cagccatctg ttgtttgccc 24 0 0 
ctcccccgtg c cttccttga ccctggaagg tgccactccc actgtccttt cctaataaaa 24 6 0 
tgaggaaatt gcatcgcatt gtctgagtag gtgtcattct attctggggg gtggggtggg 25 2 0 
gcaggacagc aagggggagg attgggaaga c aatagcagg catgctgggg actcgaactg 25 8 0 
gtgtaccaca gcgttactgg tgtaccacag cgttactggt gtaccacagc gttactggtg 26 4 0 
taccacagcg ttactggtgt accacagcgt ttcgagttaa gggcgaattc ccgataagga 2 70 0 
tcttcctaga gcatggctac gtagataagt agcatggcgg gttaatcatt aactacaagg 27 6 0 
aacccctagt gatggagttg gccactccct ctctgcgcgc tcgctcgctc actgaggccg 28 2 0 
ggcgaccaaa ggtcgcccga c gc ccgggct ttgcccgggc ggcctcagtg agcgagcgag 28 8 0 
cgcgcag 28 8 7 

SEQ ID NO, 3 4 moltype = DNA length 2735 
FEATURE Location/Qualifier s 
source 1. . 2 735 

mol type = other DNA 
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misc_binding 

misc_binding 

SEQUENCE, 34 

29 

-continued 

organism= synthetic construct 
207 .. 225 
bound_moiety 
2502 .. 2520 
bound_moiety 

CTCF binding site 

CTCF binding site 

ccgctcgctc gctcactgag gccgcccggg caaagcccgg gcgtcgggcg acctttggtc 60 
gcccggcctc agtgagcgag cgagcgcgca gagagggagt ggccaactcc atcactaggg 120 
gttccttgta gttaatgatt aacccgccat gctacttatc tacgtagcca tgctctagga 180 
agatcggaat tcgcccttaa gctagttgcg acaccatgtg gtcactagct agttattaat 240 
agtaatcaat tacggggtca ttagttcata gcccatatat ggagttccgc gttacataac 300 
ttacggtaaa tggcccgcct ggctgaccgc 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 caactccgcc ccattgacgc aaatgggcgg taggcgtgta cggtgggagg 780 
tctatataag cagagctggt ttagtgaacc gtcagatcct gcagaagttg gtcgtgaggc 840 
actgggcagg taagtatcaa ggttacaaga caggtttaag gagaccaata gaaactgggc 900 
ttgtcgagac agagaagact cttgcgtttc tgataggcac ctattggtct tactgacatc 960 
cactttgcct ttctctccac aggtgtccag gcggccgcca tggtgagcaa gggcgaggag 1020 
ctgttcaccg gggtggtgcc catcctggtc gagctggacg gcgacgtaaa cggccacaag 1080 
ttcagcgtgt ccggcgaggg cgagggcgat gccacctacg gcaagctgac cctgaagttc 1140 
atctgcacca ccggcaagct gcccgtgccc tggcccaccc tcgtgaccac cctgacctac 1200 
ggcgtgcagt gcttcagccg ctaccccgac cacatgaagc agcacgactt cttcaagtcc 1260 
gccatgcccg aaggctacgt ccaggagcgc accatcttct tcaaggacga cggcaactac 1320 
aagacccgcg ccgaggtgaa gttcgagggc gacaccctgg tgaaccgcat cgagctgaag 1380 
ggcatcgact tcaaggagga cggcaacatc ctggggcaca agctggagta caactacaac 1440 
agccacaacg tctatatcat ggccgacaag cagaagaacg gcatcaaggt gaacttcaag 1500 
atccgccaca acatcgagga cggcagcgtg cagctcgccg accactacca gcagaacacc 1560 
cccatcggcg acggccccgt gctgctgccc gacaaccact acctgagcac ccagtccgcc 1620 
ctgagcaaag accccaacga gaagcgcgat cacatggtcc tgctggagtt cgtgaccgcc 1680 
gccgggatca ctctcggcat ggacgagctg tacaagtaat aagcttggat ccaatcaacc 1740 
tctggattac aaaatttgtg aaagattgac tggtattctt aactatgttg ctccttttac 1800 
gctatgtgga tacgctgctt taatgccttt gtatcatgct attgcttccc gtatggcttt 1860 
cattttctcc tccttgtata aatcctggtt gctgtctctt tatgaggagt tgtggcccgt 1920 
tgtcaggcaa cgtggcgtgg tgtgcactgt gtttgctgac gcaaccccca ctggttgggg 1980 
cattgccacc acctgtcagc tcctttccgg gactttcgct ttccccctcc ctattgccac 2040 
ggcggaactc atcgccgcct gccttgcccg ctgctggaca ggggctcggc tgttgggcac 2100 
tgacaattcc gtggtgttgt cggggaaatc atcgtccttt ccttggctgc tcgcctgtgt 2160 
tgccacctgg attctgcgcg ggacgtcctt ctgctacgtc ccttcggccc tcaatccagc 2220 
ggaccttcct tcccgcggcc tgctgccggc tctgcggcct cttccgcgtc ttcgagatct 2280 
gcctcgactg tgccttctag ttgccagcca tctgttgttt gcccctcccc cgtgccttcc 2340 
ttgaccctgg aaggtgccac tcccactgtc ctttcctaat aaaatgagga aattgcatcg 2400 
cattgtctga gtaggtgtca ttctattctg gggggtgggg tggggcagga cagcaagggg 2460 
gaggattggg aagacaatag caggcatgct ggggactcga tgaccacatg gtgtcgcaat 2520 
cgagttaagg gcgaattccc gataaggatc ttcctagagc atggctacgt agataagtag 2580 
catggcgggt taatcattaa ctacaaggaa cccctagtga tggagttggc cactccctct 2640 
ctgcgcgctc gctcgctcac tgaggccggg cgaccaaagg tcgcccgacg cccgggcttt 2700 
gcccgggcgg cctcagtgag cgagcgagcg cgcag 2735 

SEQ ID NO, 35 
FEATURE 
source 

misc_binding 

moltype = DNA length 
Location/Qualifiers 
1. . 2715 

other DNA 

2715 

mol type 
organism 
211 .. 224 

synthetic construct 

bound_moiety = CTCFbinding site 
SEQUENCE, 35 
ctgcgcgctc gctcgctcac tgaggccgcc cgggcaaagc ccgggcgtcg ggcgaccttt 60 
ggtcgcccgg cctcagtgag cgagcgagcg cgcagagagg gagtggccaa ctccatcact 120 
aggggttcct tgtagttaat gattaacccg ccatgctact tatctacgta gccatgctct 180 
aggaagatcg gaattcgccc ttaagctagc cacaaggtgg cgcctagcta gttattaata 240 
gtaatcaatt acggggtcat tagttcatag cccatatatg gagttccgcg ttacataact 300 
tacggtaaat ggcccgcctg gctgaccgcc caacgacccc 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 tggtgatgcg 600 
gttttggcag tacatcaatg ggcgtggata gcggtttgac tcacggggat ttccaagtct 660 
ccaccccatt gacgtcaatg ggagtttgtt ttggcaccaa aatcaacggg actttccaaa 720 
atgtcgtaac aactccgccc cattgacgca aatgggcggt aggcgtgtac ggtgggaggt 780 
ctatataagc agagctggtt tagtgaaccg tcagatcctg cagaagttgg tcgtgaggca 840 
ctgggcaggt aagtatcaag gttacaagac aggtttaagg agaccaatag aaactgggct 900 
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-continued 

tgtcgagaca gagaagactc ttgcgtttct gataggcacc tattggtctt actgacatcc 960 
actttgcctt tctctccaca ggtgtccagg cggccgccat ggtgagcaag ggcgaggagc 1020 
tgttcaccgg ggtggtgccc atcctggtcg agctggacgg cgacgtaaac ggccacaagt 1080 
tcagcgtgtc cggcgagggc gagggcgatg ccacctacgg caagctgacc ctgaagttca 1140 
tctgcaccac cggcaagctg cccgtgccct ggcccaccct cgtgaccacc ctgacctacg 1200 
gcgtgcagtg cttcagccgc taccccgacc acatgaagca gcacgacttc ttcaagtccg 1260 
ccatgcccga aggctacgtc caggagcgca ccatcttctt caaggacgac ggcaactaca 1320 
agacccgcgc cgaggtgaag ttcgagggcg acaccctggt gaaccgcatc gagctgaagg 1380 
gcatcgactt caaggaggac ggcaacatcc tggggcacaa gctggagtac aactacaaca 1440 
gccacaacgt ctatatcatg gccgacaagc agaagaacgg catcaaggtg aacttcaaga 1500 
tccgccacaa catcgaggac ggcagcgtgc agctcgccga ccactaccag cagaacaccc 1560 
ccatcggcga cggccccgtg ctgctgcccg acaaccacta cctgagcacc cagtccgccc 1620 
tgagcaaaga ccccaacgag aagcgcgatc acatggtcct gctggagttc gtgaccgccg 1680 
ccgggatcac tctcggcatg gacgagctgt acaagtaata agcttggatc caatcaacct 1740 
ctggattaca aaatttgtga aagattgact ggtattctta actatgttgc tccttttacg 1800 
ctatgtggat acgctgcttt aatgcctttg tatcatgcta ttgcttcccg tatggctttc 1860 
attttctcct ccttgtataa atcctggttg ctgtctcttt atgaggagtt gtggcccgtt 1920 
gtcaggcaac gtggcgtggt gtgcactgtg tttgctgacg caacccccac tggttggggc 1980 
attgccacca cctgtcagct cctttccggg actttcgctt tccccctccc tattgccacg 2040 
gcggaactca tcgccgcctg ccttgcccgc tgctggacag gggctcggct gttgggcact 2100 
gacaattccg tggtgttgtc ggggaaatca tcgtcctttc cttggctgct cgcctgtgtt 2160 
gccacctgga ttctgcgcgg gacgtccttc tgctacgtcc cttcggccct caatccagcg 2220 
gaccttcctt cccgcggcct gctgccggct ctgcggcctc ttccgcgtct tcgagatctg 2280 
cctcgactgt gccttctagt tgccagccat ctgttgtttg cccctccccc gtgccttcct 2340 
tgaccctgga aggtgccact cccactgtcc tttcctaata aaatgaggaa attgcatcgc 2400 
attgtctgag taggtgtcat tctattctgg ggggtggggt ggggcaggac agcaaggggg 2460 
aggattggga agacaatagc aggcatgctg gggactcgat cgagttaagg gcgaattccc 2520 
gataaggatc ttcctagagc atggctacgt agataagtag catggcgggt taatcattaa 2580 
ctacaaggaa cccctagtga tggagttggc cactccctct ctgcgcgctc gctcgctcac 2640 
tgaggccggg cgaccaaagg tcgcccgacg cccgggcttt gcccgggcgg cctcagtgag 2700 
cgagcgagcg cgcag 2715 

SEQ ID NO, 36 
FEATURE 
source 

misc_binding 

SEQUENCE, 36 

moltype = DNA length 
Location/Qualifiers 
1. . 2715 
mol type= other DNA 

2715 

organism= synthetic construct 
2487 .. 2500 
bound_moiety = CTCF binding site 

ctgcgcgctc gctcgctcac tgaggccgcc cgggcaaagc ccgggcgtcg ggcgaccttt 60 
ggtcgcccgg cctcagtgag cgagcgagcg cgcagagagg gagtggccaa ctccatcact 120 
aggggttcct tgtagttaat gattaacccg ccatgctact tatctacgta gccatgctct 180 
aggaagatcg gaattcgccc ttaagctagc tagctagtta ttaatagtaa tcaattacgg 240 
ggtcattagt tcatagccca tatatggagt tccgcgttac ataacttacg gtaaatggcc 300 
cgcctggctg accgcccaac gacccccgcc cattgacgtc aataatgacg tatgttccca 360 
tagtaacgcc aatagggact ttccattgac gtcaatgggt ggagtattta cggtaaactg 420 
cccacttggc agtacatcaa gtgtatcata tgccaagtac gccccctatt gacgtcaatg 480 
acggtaaatg gcccgcctgg cattatgccc agtacatgac cttatgggac tttcctactt 540 
ggcagtacat ctacgtatta gtcatcgcta ttaccatggt gatgcggttt tggcagtaca 600 
tcaatgggcg tggatagcgg tttgactcac ggggatttcc aagtctccac cccattgacg 660 
tcaatgggag tttgttttgg caccaaaatc aacgggactt tccaaaatgt cgtaacaact 720 
ccgccccatt gacgcaaatg ggcggtaggc gtgtacggtg ggaggtctat ataagcagag 780 
ctggtttagt gaaccgtcag atcctgcaga agttggtcgt gaggcactgg gcaggtaagt 840 
atcaaggtta caagacaggt ttaaggagac caatagaaac tgggcttgtc gagacagaga 900 
agactcttgc gtttctgata ggcacctatt ggtcttactg acatccactt tgcctttctc 960 
tccacaggtg tccaggcggc cgccatggtg agcaagggcg aggagctgtt caccggggtg 1020 
gtgcccatcc tggtcgagct ggacggcgac gtaaacggcc acaagttcag cgtgtccggc 1080 
gagggcgagg gcgatgccac ctacggcaag ctgaccctga agttcatctg caccaccggc 1140 
aagctgcccg tgccctggcc caccctcgtg accaccctga cctacggcgt gcagtgcttc 1200 
agccgctacc ccgaccacat gaagcagcac gacttcttca agtccgccat gcccgaaggc 1260 
tacgtccagg agcgcaccat cttcttcaag gacgacggca actacaagac ccgcgccgag 1320 
gtgaagttcg agggcgacac cctggtgaac cgcatcgagc tgaagggcat cgacttcaag 1380 
gaggacggca acatcctggg gcacaagctg gagtacaact acaacagcca caacgtctat 1440 
atcatggccg acaagcagaa gaacggcatc aaggtgaact tcaagatccg ccacaacatc 1500 
gaggacggca gcgtgcagct cgccgaccac taccagcaga acacccccat cggcgacggc 1560 
cccgtgctgc tgcccgacaa ccactacctg agcacccagt ccgccctgag caaagacccc 1620 
aacgagaagc gcgatcacat ggtcctgctg gagttcgtga ccgccgccgg gatcactctc 1680 
ggcatggacg agctgtacaa gtaataagct tggatccaat caacctctgg attacaaaat 1740 
ttgtgaaaga ttgactggta ttcttaacta tgttgctcct tttacgctat gtggatacgc 1800 
tgctttaatg cctttgtatc atgctattgc ttcccgtatg gctttcattt tctcctcctt 1860 
gtataaatcc tggttgctgt ctctttatga ggagttgtgg cccgttgtca ggcaacgtgg 1920 
cgtggtgtgc actgtgtttg ctgacgcaac ccccactggt tggggcattg ccaccacctg 1980 
tcagctcctt tccgggactt tcgctttccc cctccctatt gccacggcgg aactcatcgc 2040 
cgcctgcctt gcccgctgct ggacaggggc tcggctgttg ggcactgaca attccgtggt 2100 
gttgtcgggg aaatcatcgt cctttccttg gctgctcgcc tgtgttgcca cctggattct 2160 
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gcgcgggacg tccttctgct acgtcccttc ggccctcaat ccagcggacc ttccttcccg 2220 
cggcctgctg ccggctctgc ggcctcttcc gcgtcttcga gatctgcctc gactgtgcct 2280 
tctagttgcc agccatctgt tgtttgcccc tcccccgtgc cttccttgac cctggaaggt 2340 
gccactccca ctgtcctttc ctaataaaat gaggaaattg catcgcattg tctgagtagg 2400 
tgtcattcta ttctgggggg tggggtgggg caggacagca agggggagga ttgggaagac 2460 
aatagcaggc atgctgggga ctcgaccgcc ccctggtggt cgagttaagg gcgaattccc 2520 
gataaggatc ttcctagagc atggctacgt agataagtag catggcgggt taatcattaa 2580 
ctacaaggaa cccctagtga tggagttggc cactccctct ctgcgcgctc gctcgctcac 2640 
tgaggccggg cgaccaaagg tcgcccgacg cccgggcttt gcccgggcgg cctcagtgag 2700 
cgagcgagcg cgcag 2715 

SEQ ID NO, 37 
FEATURE 
source 

misc_binding 

moltype = DNA length 
Location/Qualifiers 
1. . 2729 

other DNA 

2729 

mol type 
organism 
211 .. 224 

synthetic construct 

bound_moiety = CTCF binding site 
SEQUENCE, 37 
ctgcgcgctc gctcgctcac tgaggccgcc cgggcaaagc ccgggcgtcg ggcgaccttt 60 
ggtcgcccgg cctcagtgag cgagcgagcg cgcagagagg gagtggccaa ctccatcact 120 
aggggttcct tgtagttaat gattaacccg ccatgctact tatctacgta gccatgctct 180 
aggaagatcg gaattcgccc ttaagctagc cacaaggtgg cgcctagcta gttattaata 240 
gtaatcaatt acggggtcat tagttcatag cccatatatg gagttccgcg ttacataact 300 
tacggtaaat ggcccgcctg gctgaccgcc caacgacccc 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 tggtgatgcg 600 
gttttggcag tacatcaatg ggcgtggata gcggtttgac tcacggggat ttccaagtct 660 
ccaccccatt gacgtcaatg ggagtttgtt ttggcaccaa aatcaacggg actttccaaa 720 
atgtcgtaac aactccgccc cattgacgca aatgggcggt aggcgtgtac ggtgggaggt 780 
ctatataagc agagctggtt tagtgaaccg tcagatcctg cagaagttgg tcgtgaggca 840 
ctgggcaggt aagtatcaag gttacaagac aggtttaagg agaccaatag aaactgggct 900 
tgtcgagaca gagaagactc ttgcgtttct gataggcacc tattggtctt actgacatcc 960 
actttgcctt tctctccaca ggtgtccagg cggccgccat ggtgagcaag ggcgaggagc 1020 
tgttcaccgg ggtggtgccc atcctggtcg agctggacgg cgacgtaaac ggccacaagt 1080 
tcagcgtgtc cggcgagggc gagggcgatg ccacctacgg caagctgacc ctgaagttca 1140 
tctgcaccac cggcaagctg cccgtgccct ggcccaccct cgtgaccacc ctgacctacg 1200 
gcgtgcagtg cttcagccgc taccccgacc acatgaagca gcacgacttc ttcaagtccg 1260 
ccatgcccga aggctacgtc caggagcgca ccatcttctt caaggacgac ggcaactaca 1320 
agacccgcgc cgaggtgaag ttcgagggcg acaccctggt gaaccgcatc gagctgaagg 1380 
gcatcgactt caaggaggac ggcaacatcc tggggcacaa gctggagtac aactacaaca 1440 
gccacaacgt ctatatcatg gccgacaagc agaagaacgg catcaaggtg aacttcaaga 1500 
tccgccacaa catcgaggac ggcagcgtgc agctcgccga ccactaccag cagaacaccc 1560 
ccatcggcga cggccccgtg ctgctgcccg acaaccacta cctgagcacc cagtccgccc 1620 
tgagcaaaga ccccaacgag aagcgcgatc acatggtcct gctggagttc gtgaccgccg 1680 
ccgggatcac tctcggcatg gacgagctgt acaagtaata agcttggatc caatcaacct 1740 
ctggattaca aaatttgtga aagattgact ggtattctta actatgttgc tccttttacg 1800 
ctatgtggat acgctgcttt aatgcctttg tatcatgcta ttgcttcccg tatggctttc 1860 
attttctcct ccttgtataa atcctggttg ctgtctcttt atgaggagtt gtggcccgtt 1920 
gtcaggcaac gtggcgtggt gtgcactgtg tttgctgacg caacccccac tggttggggc 1980 
attgccacca cctgtcagct cctttccggg actttcgctt tccccctccc tattgccacg 2040 
gcggaactca tcgccgcctg ccttgcccgc tgctggacag gggctcggct gttgggcact 2100 
gacaattccg tggtgttgtc ggggaaatca tcgtcctttc cttggctgct cgcctgtgtt 2160 
gccacctgga ttctgcgcgg gacgtccttc tgctacgtcc cttcggccct caatccagcg 2220 
gaccttcctt cccgcggcct gctgccggct ctgcggcctc ttccgcgtct tcgagatctg 2280 
cctcgactgt gccttctagt tgccagccat ctgttgtttg cccctccccc gtgccttcct 2340 
tgaccctgga aggtgccact cccactgtcc tttcctaata aaatgaggaa attgcatcgc 2400 
attgtctgag taggtgtcat tctattctgg ggggtggggt ggggcaggac agcaaggggg 2460 
aggattggga agacaatagc aggcatgctg gggactcgac cgccccctgg tggtcgagtt 2520 
aagggcgaat tcccgataag gatcttccta gagcatggct acgtagataa gtagcatggc 2580 
gggttaatca ttaactacaa ggaaccccta gtgatggagt tggccactcc ctctctgcgc 2640 
gctcgctcgc tcactgaggc cgggcgacca aaggtcgccc gacgcccggg ctttgcccgg 2700 
gcggcctcag tgagcgagcg agcgcgcag 2729 

SEQ ID NO, 38 
FEATURE 
source 

misc_binding 

misc_binding 

SEQUENCE, 38 

moltype = DNA length 
Location/Qualifiers 
1. . 2729 

other DNA 

2729 

mol type 
organism synthetic construct 
211 .. 224 
bound_moiety 
2501 .. 2514 
bound_moiety 

CTCF binding site 

CTCF binding site 

Feb. 15,2024 
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ctgcgcgctc g ct cgctc ac tgaggccgcc cgggc aaag c ccgggcgtcg ggcgaccttt 60 
ggtcgcccgg c ctcagtgag c gagc gagcg cgcagagagg gagtggccaa ctccatcact 120 
aggggttcct tgtagttaat gattaacccg ccatgctac t tatctacgta gccatgctct 180 
aggaagatcg gaattcgccc ttaagctagc cacaaggtgg cgcctagcta gttattaata 24 0 
gtaatcaatt acggggtcat tagttcatag cccatatatg gagttccgcg ttacataact 30 0 
tacggtaaat ggcccgcctg gctgaccgcc caacgac ccc cgcccattga cgtcaataat 36 0 
gacgtatgtt c ccatagtaa cgccaatagg gactttccat tgacgtcaat gggtggagta 420 
tttacggtaa actgcccact tggcagtaca tcaagtgtat catatgccaa gtacgccccc 480 
tattgacgtc aatgacggta aatggcccgc ctggc attat gcccagtaca tgaccttatg 540 
ggactttcct acttggcagt acatctacgt attagtcatc gctattacca tggtgatgcg 60 0 
gttttggcag tacatcaatg ggcgtggata gcggtttgac tcacggggat ttccaagtct 66 0 
ccaccccatt gacgtcaatg ggagtttgtt ttggcaccaa aatcaacggg actttccaaa 7 20 
atgtcgtaac aactccgccc cattgacgca aatgggcggt aggcgtgtac ggtgggaggt 78 0 
ctatataagc agagctggtt tagtgaaccg tcagatcctg cagaagttgg tcgtgaggca 840 
ctgggcaggt aagtatcaag gttacaagac aggtttaagg agaccaatag aaactgggct 90 0 
tgtcgagaca gagaagactc ttgcgtttct gataggcacc tattggtctt actgacatcc 96 0 
actttgcctt tctctccaca ggtgtccagg cggccgc cat ggtgagcaag ggcgaggagc 102 0 
tgttcaccgg ggtggtgccc atcctggtcg agctggacgg cgacgtaaac ggccacaagt 108 0 
tcagcgtgtc c ggcgagggc gagggcgatg ccacc tacgg caagctgacc ctgaagttca 1140 
tctgcaccac c ggcaagctg cccgtgccct ggcccaccct cgtgaccacc ctgacctacg 120 0 
gcgtgcagtg c tt cagccgc taccccgacc acatgaagca gcacgacttc ttcaagtccg 126 0 
ccatgcccga aggctacgtc c aggagcgca ccatc ttct t caaggacgac ggcaactaca 132 0 
agacccgcgc c gaggtgaag ttcgagggcg acaccctggt gaaccgcatc gagctgaagg 138 0 
gcatcgactt c aaggaggac ggcaacatcc tggggcacaa gctggagtac aactacaaca 144 0 
gccacaacgt c tatatcatg gccgacaagc agaagaacgg catcaaggtg aacttcaaga 150 0 
tccgccacaa c at cgaggac ggcagcgtgc agctcgccga ccactaccag cagaacaccc 156 0 
ccatcggcga c ggccccgtg c tgctgcccg acaaccacta cctgagcacc cagtccgccc 162 0 
tgagcaaaga c cccaacgag aagcgcgatc acatggtcct gctggagttc gtgaccgccg 1680 
ccgggatcac tctcggcatg gacgagctgt acaagtaata agcttggatc caatcaacct 174 0 
ctggattaca aaatttgtga aagattgact ggtattctta actatgttgc tccttttacg 180 0 
ctatgtggat acgctgcttt aatgcctttg tatcatgcta ttgcttcccg tatggctttc 186 0 
attttctcct c cttgtataa atcctggttg ctgtc tcttt atgaggagtt gtggcccgtt 192 0 
gtcaggcaac gtggcgtggt gtgcactgtg tttgctgacg caacccccac tggttggggc 198 0 
attgccacca c ctgtcagct c ctttccggg actttcgctt tccccctccc tattgccacg 20 4 0 
gcggaactca tcgccgcctg c cttgcccgc tgctggacag gggctcggct gttgggcact 21 0 0 
gacaattccg tggtgttgtc ggggaaatca tcgtcctttc cttggctgct cgcctgtgtt 21 6 0 
gccacctgga ttctgcgcgg gacgtccttc tgctacgtcc cttcggccc t caatccagcg 2 22 0 
gaccttcctt c ccgcggcct gctgccggct ctgcggcctc ttccgcgtct tcgagatctg 2 28 0 
cctcgactgt gccttctagt tgccagccat ctgttgtttg cccctccccc gtgccttcct 23 4 0 
tgaccctgga aggtgccact c ccac tgtcc tttcctaata aaatgaggaa attgcatcgc 24 0 0 
attgtctgag taggtgtcat tctattctgg ggggtggggt ggggcaggac agcaaggggg 24 6 0 
aggattggga agacaatagc aggcatgctg gggactcgag gtggtccccc gcctcgagtt 25 2 0 
aagggcgaat tcccgataag gatcttccta gagcatggct acgtagataa gtagcatggc 25 8 0 
gggttaatca ttaactacaa ggaaccccta gtgatggagt tggccactcc ctctc tgcgc 26 4 0 
gctcgctcgc tcactgaggc c gggc gacca aaggtcgccc gacgcccggg ctttgcccgg 27 0 0 
gcggcctcag tgagcgagcg agcgcgcag 27 2 9 

SEQ ID NO, 3 9 moltype = DNA length 2841 
FEATURE Location/Qualifier s 
source 1. . 2 841 

mol type other DNA 
organism synthetic construct 

rnisc_binding 211 .. 224 
bound_rno iety CTCF binding site 

rnisc_binding 23 9 .. 252 
bound_rno iety CTCF binding site 

rnisc_binding 26 7 .. 2 80 
bound_rnoiety CTCF binding site 

rnisc_binding 2557 .. 25 70 
bound_rno iety CTCF binding site 

rnisc_binding 25 85 .. 25 98 
bound_rnoiety CTCF binding site 

rnisc_binding 2613 .. 26 26 
bound_rnoiety CTCF binding site 

SEQUENCE, 39 
ctgcgcgctc gctcgctcac tgaggccgcc cgggc aaagc ccgggcgtcg ggcgaccttt 60 
ggtcgcccgg c ctcagtgag c gagc gagcg cgcagagagg gagtggccaa ctccatcact 120 
aggggttcct tgtagttaat gattaacccg ccatgctact tatctacgta gccatgctct 180 
aggaagatcg gaattcgccc ttaagctagc cacaaggtgg cgcccacaag gtggcgccca 24 0 
caaggtggcg c ccacaaggt ggcgcccaca aggtggcgcc tagctagtta ttaatagtaa 30 0 
tcaattacgg ggtcattagt tcatagccca tatatggagt tccgcgttac ataacttacg 36 0 
gtaaatggcc c gcctggctg accgcccaac gacccccgcc cattgacgtc aataatgacg 420 
tatgttccca tagtaacgcc aatagggact ttccattgac gtcaatgggt ggagtattta 480 
cggtaaactg c ccacttggc agtacatcaa gtgtatcata tgccaagtac gccccctatt 540 
gacgtcaatg acggtaaatg gcccgcctgg cattatgccc agtacatgac cttatgggac 60 0 
tttcctactt ggcagtacat c tacgtatta gtcatcgcta ttaccatggt gatgcggttt 66 0 



������������	
�	�
 �������������

US 2024/0052368 Al Feb. 15,2024 
33 

- continued 

tggcagtaca tcaatgggcg tggatagcgg tttgactcac ggggatttcc aagtctccac 7 20 
cccattgacg tcaatgggag tttgttttgg caccaaaatc aacgggactt tccaaaatgt 78 0 
cgtaacaact c cgccccatt gacgcaaatg ggcggtaggc gtgtacggtg ggaggtctat 84 0 
ataagcagag c tggtttagt gaaccgtcag atcctgcaga agttggtcgt gaggcactgg 90 0 
gcaggtaagt atcaaggtta c aagacaggt ttaaggagac caatagaaac tgggcttgtc 96 0 
gagacagaga agactcttgc gtttctgata ggcacctatt ggtcttactg acatccactt 102 0 
tgcctttctc tccacaggtg tccaggcggc cgccatggtg agcaagggcg aggagctgtt 108 0 
caccggggtg gtgcccatcc tggtcgagct ggacggcgac gtaaacggcc acaagttcag 1140 
cgtgtccggc gagggcgagg gcgatgccac ctacggcaag ctgaccctga agttcatctg 120 0 
caccaccggc aagctgcccg tgccctggcc caccctcgtg accaccctga cctacggcgt 126 0 
gcagtgcttc agccgctacc c cgac cacat gaagcagcac gacttcttca agtccgccat 132 0 
gcccgaaggc tacgtccagg agcgcaccat cttcttcaag gacgacggca actacaagac 138 0 
ccgcgccgag gtgaagttcg agggcgacac cctggtgaac cgcatcgagc tgaagggcat 144 0 
cgacttcaag gaggacggca acatcctggg gcacaagctg gagtacaact acaacagcca 150 0 
caacgtctat atcatggccg acaagcagaa gaacggcatc aaggtgaact tcaagatccg 156 0 
ccacaacatc gaggacggca gcgtgcagct cgccgac cac taccagcaga acacccccat 162 0 
cggcgacggc c ccgtgctgc tgcccgacaa ccactacctg agcacccagt ccgccctgag 1680 
caaagacccc aacgagaagc gcgatcacat ggtcctgctg gagttcgtga ccgccgccgg 174 0 
gatcactctc ggcatggacg agctgtacaa gtaataagct tggatccaat caacctctgg 180 0 
attacaaaat ttgtgaaaga ttgactggta ttcttaacta tgttgctcct tttacgctat 186 0 
gtggatacgc tgctttaatg c ctttgtatc atgctattgc ttcccgtatg gctttcattt 192 0 
tctcctcctt gtataaatcc tggttgctgt ctctttatga ggagttgtgg cccgttgtca 198 0 
ggcaacgtgg c gtggtgtgc actgtgtttg ctgac gcaac ccccactggt tggggcattg 20 4 0 
ccaccacctg tcagctcctt tccgggactt tcgctttccc cctccctatt gccacggcgg 21 0 0 
aactcatcgc c gcctgcct t gcccgctgct ggacaggggc tcggctgttg ggcactgaca 21 6 0 
attccgtggt gttgtcgggg aaatcatcgt cctttccttg gctgctcgcc tgtgttgcca 2 22 0 
cctggattct gcgcgggacg tccttctgct acgtcccttc ggccctcaat ccagcggacc 2 28 0 
ttccttcccg c ggcctgctg c cggc tctgc ggcctcttcc gcgtcttcga gatctgcctc 23 4 0 
gactgtgcct tctagttgcc agccatctgt tgtttgcccc tcccccgtgc cttccttgac 24 0 0 
cctggaaggt gccactccca c tgtc ctttc ctaataaaat gaggaaattg catcgcattg 24 6 0 
tctgagtagg tgt cattcta ttctgggggg tggggtgggg caggacagc a agggggagga 25 2 0 
ttgggaagac aatagcaggc atgctgggga ctcgaccgc c ccctggtggc cgccccctgg 25 8 0 
tggccgcccc c tggtggccg c cc cc tggtg gccgccccct ggtggtcgag ttaagggcga 26 4 0 
attcccgata aggatcttcc tagagcatgg c tacgtagat aagtagcatg gcgggttaat 27 0 0 
cattaactac aaggaacccc tagtgatgga gttggccact ccctctctgc gcgctcgctc 27 6 0 
gctcactgag gccgggcgac caaaggtcgc ccgacgcccg ggctttgccc gggcggcctc 28 2 0 
agtgagcgag c gagcgcgca g 28 41 

SEQ ID NO, 40 moltype = DNA length 2730 
FEATURE Location/Qualifier s 
source 1. . 2 73 0 

mol type other DNA 
organism synthetic construct 

rnisc_binding 211 .. 2 24 
bound_rnoiety CTCF binding site 

rnisc_binding 2501 .. 2515 
bound_rno iety CTCF binding site 

SEQUENCE, 40 
ctgcgcgctc gctcgctcac tgaggccgcc cgggcaaagc ccgggcgtcg ggcgaccttt 60 
ggtcgcccgg c ctcagtgag c gagc gagcg cgcagagagg gagtggccaa ctccatcact 120 
aggggttcct tgtagttaat gattaacccg ccatgctact tatctacgta gccatgctct 180 
aggaagatcg gaattcgccc ttaagctagc cacaaggtgg cgcctagcta gttattaata 24 0 
gtaatcaatt acggggtcat tagttcatag cccatatatg gagttccgcg ttacataact 300 
tacggtaaat ggcccgcctg gctgaccgcc c aacgac ccc cgcccattga cgtcaataat 36 0 
gacgtatgtt c ccatagtaa cgccaatagg gactttccat tgacgtcaat gggtggagta 420 
tttacggtaa actgcccact tggcagtaca tcaagtgtat catatgccaa gtacgccccc 480 
tattgacgtc aatgacggta aatggcccgc ctggc attat gcccagtaca tgaccttatg 540 
ggactttcct acttggcagt acatctacgt attagtcatc gctattacca tggtgatgcg 60 0 
gttttggcag tacatcaatg ggcgtggata gcggtttgac tcacggggat ttccaagtct 66 0 
ccaccccatt gacgtcaatg ggagtttgtt ttggcaccaa aatcaacggg actttccaaa 7 20 
atgtcgtaac aactccgccc c attgacgca aatgggcggt aggcgtgtac ggtgggaggt 78 0 
ctatataagc agagctggtt tagtgaaccg tcagatcctg cagaagttgg tcgtgaggca 84 0 
ctgggcaggt aagtatcaag gttacaagac aggtttaagg agaccaatag aaactgggct 90 0 
tgtcgagaca gagaagactc ttgcgtttct gataggcacc tattggtctt actgacatcc 96 0 
actttgcctt tctctccaca ggtgtccagg cggccgc cat ggtgagcaag ggcgaggagc 102 0 
tgttcaccgg ggtggtgccc atcctggtcg agctggacgg cgacgtaaac ggccacaagt 108 0 
tcagcgtgtc c ggcgagggc gagggcgatg ccacc tacgg caagctgac c ctgaagttca 1140 
tctgcaccac c ggcaagctg cccgtgccct ggcccaccct cgtgaccacc ctgacctacg 120 0 
gcgtgcagtg c ttcagccgc taccccgacc acatgaagca gcacgacttc ttcaagtccg 126 0 
ccatgcccga aggctacgtc c aggagcgca ccatcttctt caaggacgac ggcaactaca 132 0 
agacccgcgc c gaggtgaag ttcgagggcg acaccctggt gaaccgcatc gagctgaagg 138 0 
gcatcgactt c aaggaggac ggcaacatcc tggggcacaa gctggagtac aactacaaca 144 0 
gccacaacgt c tatatcatg gccgacaagc agaagaacgg catcaaggtg aacttcaaga 150 0 
tccgccacaa c atcgaggac ggcagcgtgc agctcgccga ccactaccag cagaacaccc 156 0 
ccatcggcga c ggccccgtg ctgctgcccg acaaccacta cctgagcacc cagtccgccc 162 0 
tgagcaaaga c cccaacgag aagcgcgatc acatggtcct gctggagttc gtgaccgccg 1680 
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ccgggatcac tctcggcatg 
ctggattaca aaatttgtga 
ctatgtggat acgctgcttt 
attttctcct c cttgtataa 
gtcaggcaac gtggcgtggt 
attgccacca c ctgtcagct 
gcggaactca tcgccgcctg 
gacaattccg tggtgttgtc 
gccacctgga ttctgcgcgg 
gaccttcctt c ccgcggcct 
cctcgactgt gccttctagt 
tgaccctgga aggtgccact 
attgtctgag taggtgtcat 
aggattggga agacaatagc 
taagggcgaa ttcccgataa 
cgggttaatc attaactaca 
cgctcgctcg c tcactgagg 
ggcggcctca gtgagcgagc 

SEQ ID NO, 41 
FEATURE 
source 

SEQUENCE, 41 
actggtgtac c acagcgtt 

SEQ ID NO, 42 
FEATURE 
source 

SEQUENCE, 42 
ccgccccctg gtgg 

SEQ ID NO, 43 
FEATURE 
source 

SEQUENCE, 43 
ggtggtcccc c gcc 

SEQ ID NO, 44 
FEATURE 
source 

SEQUENCE, 44 
ttgctcacta gatggcgctc 

SEQ ID NO, 45 
FEATURE 
source 

SEQUENCE, 45 

34 

- continued 

gacgagctgt acaagtaata 
aagattgact ggtattctta 
aatgcctttg tatcatgcta 
atcctggttg ctgtc tcttt 
gtgcactgtg tttgctgacg 
c ctttccggg actttcgctt 
ccttgcccgc tgctggacag 
ggggaaatca tcgtcctttc 
gacgtccttc tgctacgtcc 
gctgccggct ctgcggcctc 
tgccagccat ctgttgtttg 
c ccac tgtcc tttcctaata 
tctattctgg ggggtggggt 
aggcatgctg gggactcgag 
ggatcttcct agagcatggc 
aggaacccct agtgatggag 
c cgggcgacc aaaggtcgcc 
gagcgcgcag 

moltype = DNA length 
Location/Qualifier s 
1 .. 19 

agcttggatc caatcaacct 
actatgttgc tccttttacg 
ttgcttcccg tatggctttc 
atgaggagtt gtggcccgtt 
caacccccac tggttggggc 
tccccctccc tattgccacg 
gggctcggct gttgggcact 
cttggctgc t cgcctgtgtt 
cttcggccct caatccagcg 
ttccgcgtct tcgagatctg 
cccctccccc gtgccttcct 
aaatgaggaa attgcatcgc 
ggggcaggac agcaaggggg 
gcggggggac cacctcgagt 
tacgtagata agtagcatgg 
ttggccactc cctctctgcg 
cgacgcccgg gctttgcccg 

19 

mol type 
organism 

genomic DNA 
Adeno-associated virus 

moltype = DNA length 
Location/Qualifier s 
1 .. 14 
mol type 
organism 

genomic DNA 
Homo sapiens 

14 

moltype = DNA length 14 
Location/Qualifier s 
1 .. 14 
mol type 
organism 

genomic DNA 
Homo sapiens 

moltype = DNA length 20 
Location/Qualifier s 
1 .. 2 0 
mol type 
organism 

genomic DNA 
Rodent protoparvovirus 1 

moltype = DNA length 
Location/Qualifier s 

21 

1 .. 21 
mol type 
organism 

genomic DNA 
Rodent protoparvovirus 1 

ttcttacggt aaatcaccac c 

SEQ ID NO, 46 moltype = DNA length 21 
FEATURE Location/Qualifier s 
source 1 .. 21 

mol type genomic DNA 
organism Rodent protoparvovirus 1 

SEQUENCE, 46 
ttcttacggt aaatcaccac C 

SEQ ID NO, 47 moltype = DNA length 19 
FEATURE Location/Qualifier s 
source 1 .. 19 

mol type genomic DNA 
organism Hl parvovirus 

SEQUENCE, 47 
gaggcaggga accacctga 

SEQ ID NO, 48 moltype DNA length 38 

Feb. 15,2024 

174 0 
1800 
186 0 
192 0 
1980 
20 4 0 
21 00 
21 60 
2 22 0 
2 28 0 
23 4 0 
24 00 
24 60 
25 2 0 
25 80 
26 4 0 
2 70 0 
27 3 0 

19 

14 

14 

20 

21 

21 

19 
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- continued 

FEATURE 
source 

SEQUENCE, 48 

Location/Qualifier s 
1. .3 8 
mol type 
orga ni sm 

genomic DNA 
Hl parvovirus 

agtccaccaa g ggacggagg a ggcagggaa ccacc tga 

SEQ ID NO, 49 
FEATURE 
source 

SEQUENCE, 49 
gaggcaggga accacctga 

SEQ ID NO, 50 
FEATURE 
source 

SEQUENCE, 50 
gaggcaggga accacctga 

SEQ ID NO, 51 
FEATURE 
source 

SEQUENCE, 51 
acctaggttg accaccagca 

SEQ ID NO, 52 
FEATURE 
source 

SEQUENCE, 52 
acctaggttg accaccagcc 

SEQ ID NO, 53 
FEATURE 
source 

SEQUENCE, 53 

moltype = DNA leng th 19 
Location/Qualifier s 
1 . . 19 
mol type genomic DNA 
organism Hl parvovirus 

moltype = DNA length 19 
Location/Qualifier s 
1 . . 19 
mol type genomic DNA 
organism Hepatitis B virus 

moltype = DNA length 57 
Location/Qualifier s 
1 .. 57 
mol type genomic DNA 
organism Hepatitis B virus 

c ctaggttga ccacc agcac c taggttgac 

moltype = DNA length 
Location/Qualifier s 
1. .38 
mol type genomic DNA 
organism Hepatitis 

gaccaccagt tggatcca 

moltype = DNA length 
Location/Qualifier s 
1 .. 7 6 

B 

= 38 

virus 

76 

mol type 
organism 

genomic DNA 
Hepatitis B virus 

caccagc 

38 

19 

19 

57 

38 

acctaggttg accaccagcc gaccaccagt tggatccacg accaccagtt ggatccacga 60 
ccaccagttg gatcca 76 

SEQ ID NO, 54 
FEATURE 
source 

SEQUENCE, 54 

moltype = DNA length 
Location/Qualifier s 
1 .. 9 5 

genomic DNA 

95 

mol type 
organism Human gammaherpesvirus 4 

cacccaacag gtggtgaaac acccaacagg tggtgaaaca cccaacaggt ggtgaaacac 60 
ccaacaggtg gtgaaacacc c aacaggtgg tgaaa 95 

SEQ ID NO, 55 
FEATURE 
source 

SEQUENCE, 55 

moltype = DNA length 
Location/Qualifier s 
1. .114 

genomic DNA 

114 

mol type 
organism Human gammaherpesvirus 4 

aaagtggtgg acaacccaca aagtggtgga c aacc cacaa agtggtggac aacccacaaa 60 
gtggtggaca acccacaaag tggtggacaa cccac aaagt ggtggacaac ccac 

SEQ ID NO, 56 
FEATURE 
source 

SEQUENCE, 56 
accgtggtgt accacggtt 

SEQ ID NO, 57 
FEATURE 

moltype = DNA length= 19 
Location/Qualifier s 
1 .. 19 

genomic DNA mol type 
organism Human gammaherpesvirus 4 

moltype = DNA length 
Location/Qualifier s 

38 

114 

19 

Feb. 15,2024 
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source 

SEQUENCE, 57 

1. .3 8 

mol type 

organi sm 

36 

- continued 

genomic DNA 

Human gammaherpesvirus 4 

ttggcaccat gtggtgccat tggcaccatg tggtgcca 

SEQ ID NO, 58 moltype = DNA length 19 
FEATURE Location/Qualifier s 

source 1. . 19 
mol type genomic DNA 

organism Carnivore protoparvovirus 
SEQUENCE, 58 

ctaaaagtgg aggaccaac 

SEQ ID NO, 59 moltype = DNA length 38 
FEATURE Location/Qualifier s 

source 1. .38 
mol type genomic DNA 

organism Carnivore protoparvovirus 
SEQUENCE, 59 

caaccaggag gtgaaaatcc aaccaggagg tgaaaatc 

SEQ ID NO, 6 0 moltype = DNA length 38 

FEATURE Location/Qualifier s 

source 1. .38 

mol type genomic DNA 

organism Human alphaherpesvirus 1 

SEQUENCE, 60 

ccaccggcgg ggggcggcgc caccggcggg gggcggcg 

SEQ ID NO, 6 1 moltype = DNA length 57 

FEATURE Location/Qualifier s 

source 1. .57 

mol type genomic DNA 

organism Human alphaherpesvirus 1 

SEQUENCE, 61 

1 

1 

ccaccggcgg ggggcggcgc c ac cggcggg gggcggcgcc accggcgggg ggcggcg 

SEQ ID NO, 6 2 

FEATURE 

source 

SEQUENCE, 62 

atactggggg ataaccacc 

SEQ ID NO, 6 3 

FEATURE 

source 

SEQUENCE, 63 

atactggggg ataaccacca 

SEQ ID NO, 6 4 

FEATURE 

source 

SEQUENCE, 64 

moltype = DNA length = 19 

Location/Qualifier s 

1. .19 

mol type genomic DNA 

organism Primate ery throparvovirus 

moltype = DNA length 38 

Location/Qualifier s 

1. .38 

mol type genomic DNA 

organism Primate ery throparvovirus 

tactggggga taaccacc 

moltype = DNA length 

Location/Qualifier s 

38 

1. .38 

mol type 

organism 

genomic DNA 

Alphapapillomav irus 9 

accgtggtgg accaccaata c cgtggtgga ccacc aat 
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38 

19 

38 

38 

57 

19 

38 

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), HI parvovirus, MmuPV, B19, canine parvo­
virus, human cytomegalovirus (HCMV)/human her­
pesvirus 5 strain Merlin, human alphaherpesvirus I, 
human herpesvirus 4 type 2 (Epstein-Barr virus type 2), 
HPV16, herpes simplex virus (HSY), 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: I 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 

c) 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 trans gene 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. 

* * * * * 




