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COMPOSITIONS COMPRISING TALENS AND METHODS OF TREATING HIV

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of the filing dates of U.S. Provisional Application
No. 62/140,048, which was filed on March 30, 2015; and U.S. Provisional Application No.
62/265,232, which was filed on December 9, 2015. The contents of these earlier filed

applications are hereby incorporated by reference in their entirety.

SEQUENCE LISTING
The sequence listing submitted March 30, 2016 as a text file named
"37474 0040P1_SL.txt," created on March 15, 2016, and having a size of 90,993 bytes is
hereby incorporated by reference pursuant to 37 C.F.R. § 1.52(e)(5).

STATEMENT REGARDING FEDERALLY FUNDED RESEARCH
This invention was made with government support under grant number P20-
GM103440 and R25-DK078385 awarded by the National Institutes of Health. The

government has certain rights in the invention.

BACKGROUND

Human immunodeficiency virus (HI'V), the causative agent of Acquired
Immunodeficiency Syndrome (AIDS), is a pathogenic retrovirus that integrates a proviral
DNA copy of its genome into the genome of host cells. Three decades of research and
development have produced many antiretroviral (ARV) drugs that, when combined in
highly active antiretroviral therapy (HAART) can reduce the plasma viral load in infected
patients, and even shut down viral production (Shen et al. (2008) Nat Med 14: 762-766).
But even with chronic HAART treatment, an integrated copy of proviral HIV DNA remains
in latent cells, which can re-establish viral production and cause a rebound, producing
plasma viremia (Matreyek et al. (2012) Expert Rev Anti Infect Ther 10: 855-857).

The persistent latent HIV reservoir is a barrier to HIV treatment (Sigal and
Baltimore, (2012) Cell Host Microbe 12: 132-138). The current strategy to address HIV
latency is, while under HAART therapy, to reactivate latently infected cells so that they can
be targeted by the immune system (Matreyek et al. (2012) Expert Rev Anti Infect Ther 10:
855-857; Dhamija et al. (2012) Subcell Biochem 61: 479-505; Sgarbanti and Battistini,

(2013) Curr Opin Virol., 3(4):394-401; and Colin and Van Lint, (2009) Retrovirology 6:
1



10

15

20

25

30

WO 2016/161004 PCT/US2016/025037

111). A major problem with this approach is that specific reactivation of latent cells has not
been achieved and nonspecific reactivation of T-cells can lead to a cytokine storm (Shan
and Siliciano, (2013) BioEssays News Rev Mol Cell Dev Biol 35: 544-552). Thus, new

strategies to eradicate or damage the integrated HIV proviral DNA are needed.

SUMMARY

Provided herein are compositions and methods relating to treatment and prevention
of retroviral infections.

Disclosed herein, are engineered transcription activator like effector nucleases
(TALENS) comprising from the N-terminus to the C-terminus, a first spacer sequence, a
TALE DNA binding domain, a second spacer sequence, and a Fokl nuclease catalytic
domain fused to the C-terminus.

Disclosed herein, is a nucleic acid comprising a sequence encoding a TALEN,
wherein the TALEN comprises from the N-terminus to the C-terminus, a first spacer
sequence a TALE DNA binding domain, a second spacer sequence, and a Fokl nuclease
catalytic domain fused to the C-terminus.

Disclosed herein, are pharmaceutical compositions comprising vectors encoding one
or more TALEN monomers, wherein the one or more TALEN monomers comprise from the
N-terminus to the C-terminus, a first spacer sequence, a TALE DNA binding domain, a
second spacer sequence, and a Fokl nuclease catalytic domain fused to the C-terminus.

Disclosed herein, are methods of inactivating a retrovirus in a mammalian cell, the
method comprising exposing the cell to a composition comprising an isolated nucleic acid
encoding a gene editing complex comprising a TALEN, wherein the TALEN comprises a
TALE DNA binding domain, wherein the TALE DNA binding domain provides sequence-
specific binding to a predetermined nucleotide sequence to target a nucleic acid sequence in
the retrovirus.

Disclosed herein, are methods of treating a subject having a human
immunodeficiency virus infection, the method comprising: determining the nucleic acid
sequence of the human immunodeficiency virus; and administering to the subject a
pharmaceutical composition comprising a nucleic acid sequence encoding a TALEN,
wherein the TALEN comprises from the N-terminus to the C-terminus, a first spacer
sequence, a TALE DNA binding domain, a second spacer sequence, and a Fokl nuclease

catalytic domain fused to the C-terminus.
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Disclosed herein, are kits comprising a predetermined amount of a composition
comprising an isolated nucleic acid sequence comprising a sequence encoding a TALEN,
wherein the TALEN comprises a TALE DNA binding domain providing a sequence-
specific binding to a target nucleotide sequence in a human immunodeficiency virus,
instructions, sterile fluid, syringe, and a sterile container.

Other features and advantages of the present compositions and methods are

illustrated in the description below, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-1D illustrate results from the HIV-1 genome conservation analysis to
select TALEN sites. A. Schematic diagram of HIV-1 genome adapted from the LANL HIV
website (Leitner et al. (2005) HIV Sequence Compendium, 2005 Los Alamos, NM:
Theoretical Biology and Biophysics Group, Los Alamos National Laboratory). Bolded
boxes are regions with HT-TALEN DNA targets, one of which is shown in B. B. 5° LTR
DNA TALEN target sequence. The TALE binding targets are indicated by black lines. The
endonuclease target site sequence is in lower case font and indicated by grey lines. C. TAR
RNA with partial 5 TALE binding site in upper-case font and endonuclease target site in
lower-case font. D. HIV-1 DNA sequences (274,874 total) from the Los Alamos HIV
Sequence Database were aligned with Clustal€ to determine sequence conservation, which
is presented in a position specific-scoring matrix (Sievers et al. (2011) Mol Syst Biol, 7:539;
and Leitner et al. (2005) HIV Sequence Compendium, 2005 Los Alamos, NM: Theoretical
Biology and Biophysics Group, Los Alamos National Laboratory). The most conserved
contiguous regions were chosen as TALEN target sequences and are found in the TAR
coding region (B) of the LTRs (226 sequences) (A).

FIGS. 2A-2D demonstrate that HT-TALEN and NS-TALEN pairs cleave an HIV-1
DNA fragment in vitro. A. Schematic diagram representing HT-TALENs and NS-TALENs
bound to their cognate DNA target sequence (thick lines). Relative locations of the Fokl
endonuclease, Flag epitope tag, and nuclear localization sequence (NLS) are indicated.
Asterisks and grey boxes designate where a “NS” repeat variable diresidue (RVD) coded in
a TALE repeat was used in the 5° NS-TALEN construction. B. Western blot of in vitro
transcription/translation reactions containing no expression plasmids, each TALEN alone,
the HT-TALEN pair, or the NS-TALEN pair. C. Gel electrophoresis analysis of in vitro
cleavage reactions containing no TALEN plasmids, the HT-TALEN pair, or the NS-
TALEN pair. The HIV-1 target DNA fragment size is 747 bp, with expected on-target

3



10

15

20

25

30

WO 2016/161004 PCT/US2016/025037

cleavage products of approximately 430 bp and 317 bp. Quantification of cleavage was
performed using ImagelJ software and is shown below the gel image. D. The HIV-1 target
DNA fragment from (C) was mutated in the 5° TALE binding site to create a set of triple
mutant templates (Mut1-Mut4). The sequences of Mutl-Mut4 are depicted in bold,
lowercase font and mutated positions are indicated by asterisks. Products from cleavage
reactions containing either the HT-TALEN or NS-TALEN pairs incubated with the HIV-1
target templates were size fractionated by electrophoresis and quantified by densitometry
with ImageJ (Schneider Rasband, and Eliceiri, (2012) Nat Methods, 9:671-675).

FIGS. 3A-3D show HT-TALEN and NS-TALEN targeting HIV-1 LTR in cell
culture. A. Schematic diagram of DNA GFP reporter to be targeted by HT-TALENSs and
NS-TALENSs. The target DNA contains the 5> LTR of HIV-1 fused upstream of the coding
region of d1EGFP. B. Western blot analysis of HeLa-tat-III/LTR/d1EGFP cells transfected
with either the HT-TALEN pair or NS-TALEN pair. The blot was probed with anti-Flag
and anti-Actin as a loading control. C. Dose-response plot based on quantification of flow
cytometry analysis of GFP reporter expression. Transiently transfected HeL a-tat-
III/LTR/d1EGFP samples were analyzed for GFP and mCherry expression. Cells with
mCherry contained the transfected plasmids. Cells containing the functional HIV-1 LTR
fused d1EGFP reporter expressed GFP. Samples were done in triplicate. Those samples not
expressing GFP, only mCherry were compared. Standard deviations from triplicate samples
are smaller than the symbols and not shown. Statistically significant differences between
slopes for TALEN treatment and control indicated is by a * (p<0.000001); NS-TALEN and
HT-TALENSs were not significantly different (p<0.08). D. Sequences of genomic clones
containing mutated target regions. Upper-case bolded font indicates designated 5 TALE
and 3° TALE binding sites. Inserted nucleotides are in lower-case italicized font. A deletion
is represented by dashes. Lengths of the insertions (+) and deletions (-) are at the right of
each sequence.

FIGS. 4A-4E show TALEN targeting integrated complete HIV-1 proviral DNA in
cell culture. A. Schematic diagram of the complete HIV-1 proviral DNA to be targeted by
the HT-TALEN pair or the NS-TALEN pair. The target region is found in both the 5 and
3’LTRs. The host genome is indicated in grey. B. Western blot analysis of HeLa/LAV cells
transfected with a HT-TALEN plasmid pair or the NS-TALEN pair. The blot was probed
with anti-Flag and anti-Actin as a loading control. C. Bar graph showing quantitation of
flow cytometry analysis of cytotoxicity. Transiently transfected HeLa/LAV cells were
analyzed by flow cytometry (n = 3) to identify Annexin V positive cells. Standard
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deviations are indicated by error bars with no statistical significance (NS) p>0.05 in
cytotoxicity between the control and the TALEN pairs. D. Sequences of clones containing
mutated target regions represented as in Fig 3. E. A schematic of the 5° target region of
wild type plai.2 HIV-1 proviral DNA and the mutated plai.2 HIV-1 proviral DNA. The
mutated proviral DNA was designed based on the sequence from HeLa/LAV clone HL-16
(Fig 4D). The Gag coding region (containing capsid) is indicated. Western blot analysis of
cell lysates harvested from pEAK Rapid cells transfected with mutant or wild type plai.2
proviral DNA. The blot was probed with anti-Capsid gingto detect Gag production and
anti-Actin as a loading control.

FIG. 5 shows the expression of TALENS in vitro. The Western blot from in vitro
transcription/translation reactions in FIG. 2B, showing the full gel.

FIG. 6 illustrates the expression of TALENs in HeLa-tat-III/LTR/d1EGFP cells.
The Western blot of extracts from transiently transfected HeLa-tat-III/LTR/d1EGFP cells in
Fig. 3B, showing the full gel. The blot was probed with anti-Flag.

FIG. 7 shows the results of flow cytometry analysis of pRSET.mCherry transfected
Hela-tat-ITI/LTR/d1EGFP cells. Flow cytometry analysis of GFP reporter expression
analyzed to create FIG. 3C. HeLa-tat-III/LTR/d1 EGFP samples were analyzed for GFP and
mCherry expression. Cells comprising the functional HIV-1 LTR fused d1EGFP reporter
expressed GFP (n = 3).

FIG. 8 shows the results of flow analysis of HT-TALEN transfected HeL a-tat-
III/LTR/d1EGFP cells. Flow cytometry analysis of GFP reporter expression analyzed to
create Fig. 3C. Transiently transfected HeLa-tat-1II/LTR/d1 EGFP samples were analyzed
for GFP and mCherry expression. Cells with mCherry comprised the transfected mCherry
plasmid and the HT-TALEN pair. Cells comprising the functional HIV-1 LTR fused to the
d1EGFP reporter expressed GFP (n =3).

FIG. 9 shows the results of flow analysis of NS-TALEN transfected HeLa-tat-
III/LTR/d1EGFP cells. Flow cytometry analysis of GFP reporter expression analyzed to
create Fig. 3C. Transiently transfected HeLa-tat-III/LTR/d1 EGFP samples were analyzed
for GFP and mCherry expression. Cells with mCherry comprised the transfected mCherry
plasmid and the NS-TALEN pair. Cells comprising the functional HIV-1 LTR fused to the
d1EGFP reporter expressed GFP (n =3).

FIG. 10 illustrates the expression of TALENs in HeLa/LAV cells. The Western blot
from HeLa/LAV cells transfected with either the HT-TALEN pair or NS-TALEN pair in
FIG. 4B showing the full gel. The blot was probes with anti-Flag.

5
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FIG. 11 shows the results of flow cytometry analysis of pRSET.mCherry transfected
HeLa/LAV cells following Annexin V staining. Flow cytometry analysis of HeLa/LAV
cells transiently transfected with pRSET.mcherry and immunostained with an Annexin V
antibody (GFP channel) to create FIG. 4C (n=3).

FIG. 12 shows the results of flow cytometry analysis of HT-TALEN transfected
HeLa/LAV cells following Annexin V staining. Flow cytometry analysis of HeLa/LAV
cells transiently transfected with HT-TALENs and immunostained with an Annexin V
antibody (GFP channel) to create FIG. 4C (n=3).

FIG. 13 shows the results of flow cytometry analysis of NS-TALEN transfected
HeLa/LAV cells following Annexin V staining. Flow cytometry analysis of HeLa/LAV
cells transiently transfected with NS-TALENs and immunostained with an Annexin V
antibody (GFP channel) to create FIG. 4C (n=3).

FIG. 14 illustrates the expression of Gag and Actin in transiently transfected pPEAK
Rapid cells. The western blot from pEAK Rapid cells transfected with either mutant or wild
type plai.2 proviral DNA in FIG. 4E, showing the full gel. The blot was probed with anti-
Capsid to detect Gag production.

DETAILED DESCRIPTION

The present disclosure can be understood more readily by reference to the following
detailed description of the invention, the figures and the examples included herein.

Before the present compositions and methods are disclosed and described, it is to be
understood that they are not limited to specific synthetic methods unless otherwise
specified, or to particular reagents unless otherwise specified, as such may, of course, vary.
It is also to be understood that the terminology used herein is for the purpose of describing
particular aspects only and is not intended to be limiting. Although any methods and
materials similar or equivalent to those described herein can be used in the practice or
testing of the present disclosure, example methods and materials are now described.

Moreover, it is to be understood that unless otherwise expressly stated, it is in no
way intended that any method set forth herein be construed as requiring that its steps be
performed in a specific order. Accordingly, where a method claim does not actually recite
an order to be followed by its steps or it is not otherwise specifically stated in the claims or
descriptions that the steps are to be limited to a specific order, it is in no way intended that
an order be inferred, in any respect. This holds for any possible non-express basis for

interpretation, including matters of logic with respect to arrangement of steps or operational
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flow, plain meaning derived from grammatical organization or punctuation, and the number
or type of aspects described in the specification.

All publications mentioned herein are incorporated herein by reference to disclose
and describe the methods and/or materials in connection with which the publications are
cited. The publications discussed herein are provided solely for their disclosure prior to the
filing date of the present application. Nothing herein is to be construed as an admission that
the present disclosure is not entitled to antedate such publication by virtue of prior
disclosure. Further, the dates of publication provided herein can be different from the actual

publication dates, which can require independent confirmation.

DEFINITIONS

As used in the specification and the appended claims, the singular forms "a," "an"
and "the" include plural referents unless the context clearly dictates otherwise.

The word "or" as used herein means any one member of a particular list and also
includes any combination of members of that list.

As used in the specification and in the claims, the term "comprising" can include the
aspects "consisting of" and “consisting essentially of." "Comprising can also mean
"including but not limited to."

Ranges can be expressed herein as from "about" or "approximately" one particular
value, and/or to "about" or "approximately" another particular value. When such a range is
expressed, a further aspect includes from the one particular value and/or to the other
particular value. Similarly, when values are expressed as approximations, by use of the
antecedent "about," or "approximately," it will be understood that the particular value forms
a further aspect. It will be further understood that the endpoints of each of the ranges are
significant both in relation to the other endpoint and independently of the other endpoint. It
is also understood that there are a number of values disclosed herein and that each value is
also herein disclosed as "about" that particular value in addition to the value itself. For
example, if the value "10" is disclosed, then "about 10" is also disclosed. It is also
understood that each unit between two particular units is also disclosed. For example, if 10
and 15 are disclosed, then 11, 12, 13, and 14 are also disclosed.

The phrase "nucleic acid" as used herein refers to a naturally occurring or synthetic
oligonucleotide or polynucleotide, whether DNA or RNA or a DNA-RNA hybrid, single-
stranded or double-stranded, sense or antisense, which is capable of hybridization to a

complementary nucleic acid by Watson-Crick base-pairing. Nucleic acids as disclosed
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herein can also include nucleotide analogs (e.g., BrdU), and non-phosphodiester
internucleoside linkages (e.g., peptide nucleic acid or thiodiester linkages). In particular,
nucleic acids can include, without limitation, DNA, RNA, cDNA, gDNA, ssDNA, dsDNA
or any combination thereof.

"Inhibit," "inhibiting," "inhibition," and "inactivate" are used herein to mean to
diminish or decrease an activity, response, condition, disease, or other biological parameter.
This can include, but is not limited to, the complete ablation of the activity, response,
condition, or disease. This may also include, for example, a 10% inhibition or reduction in
the activity, response, condition, or disease as compared to the native or control level.
Thus, in an aspect, the inhibition or reduction can be a 10, 20, 30, 40, 50, 60, 70, 80, 90,
100 percent, or any amount of reduction in between as compared to native or control levels.
In an aspect, the inhibition or reduction is 10-20, 20-30, 30-40, 40-50, 50-60, 60-70, 70-80,
80-90, or 90-100 percent as compared to native or control levels. In an aspect, the inhibition
or reduction is 0-25, 25-50, 50-75, or 75-100 percent as compared to native or control
levels.

As used herein, the term "subject" refers to the target of administration, e.g., a
human. Thus, the subject of the disclosed methods can be a vertebrate, such as a mammal, a
fish, a bird, a reptile, or an amphibian. The term "subject" also includes domesticated
animals (e.g., cats, dogs, etc.), livestock (e.g., cattle, horses, pigs, sheep, goats, etc.), and
laboratory animals (e.g., mouse, rabbit, rat, guinea pig, fruit fly, etc.). In one aspect, a
subject is a mammal. In another aspect, a subject is a human. The term does not denote a
particular age or sex. Thus, adult, child, adolescent and newborn subjects, as well as
fetuses, whether male or female, are intended to be covered.

As used herein, the term "patient" refers to a subject afflicted with a disease,
disorder or infection. The term "patient”" includes human and veterinary subjects. In some
aspects of the disclosed methods the "patient" has been diagnosed or identified with a need
for treatment, for having an infection (e.g., HIV), such as, for example, prior to the
administering step.

As used herein, the term "TALEN" refers to a nucleic acid encoding a protein
comprising a TALE DNA binding domain fused to an endonuclease, resulting in a
monomeric TALEN. A monomeric TALEN can be functional. A monomeric TALEN can
be capable of dimerizing with another monomeric TALEN. Such dimerization can be a
result of a homodimeric TALEN wherein both monomeric TALENS are the same (e.g.,

identical). Alternatively, the dimerization can be a result of the dimerization of two
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monomeric TALENS that are different. For example, two monomeric TALENS can be
different when the repeat variable diresidues of each monomeric TALEN are different.

All publications and patent applications mentioned in the specification are indicative
of the level of those skilled in the art to which this invention pertains. All publications and
patent applications are herein incorporated by reference to the same extent as if each
individual publication or patent application was specifically and individually indicated to be
incorporated by reference.

Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, certain changes and

modifications may be practiced within the scope of the appended claims.

INTRODUCTION

Integration of human immunodeficiency virus (HIV)-1 from HIV-1 infected cells
using the genome editing tool with engineered nucleases, transcription activator-like
effector nucleases (TALENS), can be inactivated. It is well known that HIV integrates its
proviral DNA genome into the host genome, presenting barriers for virus eradication. Thus,
an approach to eradicate or damage the integrated HIV proviral DNA was needed. Several
new gene-editing technologies have emerged that can be used to damage integrated proviral
DNA.

One strategy is genome editing with engineered nucleases (GEEN). There are four
main technologies used for GEEN: (1) meganucleases; (2) zinc finger nucleases (ZFN); (3)
transcription activator-like effector nucleases (TALENS); and (4) clustered regulatory
interspaced short palindromic repeat (CRISPR)/Cas-based RNA-guided DNA
endonucleases. The technologies catalyze double strand breaks in genomic DNA that are
thought to be repaired in cells by endogenous nonhomologous end joining (NHEJ). These
repairs can produce mistake insertions or deletions, introducing indels into the targeted
DNA, thus mutating the genomic DNA.

Others have tested Tre recombinase, zinc finger nucleases, and CRISPR/Cas-9 in
attempts to target the integrated HIV-1 proviral DNA in cells (Hauber et al. (2013) PLoS
Pathog 9: e1003587; Qu et al. (2013) Nucleic Acids Res 41: 7771-7782; and Hu et al.
(2014) Proc Natl Acad Sci U S A 111: 11461-11466). One limitation of these GEEN
approaches is that the HIV-1 proviral DNA has few long stretches with conserved

nucleotides, thus GEEN treatment can be prone to HIV-1 escape mutations.



10

15

20

25

30

WO 2016/161004 PCT/US2016/025037

TALEN based technology was chosen over other GEEN technologies to mutate and
thus inactivate the HIV-1 proviral DNA for many reasons. TALENSs are the only GEEN in
which the targeting construct can encode specific degeneracy for the DNA recognition site,
and thus, can be engineered to inhibit escape mutations (Boch et al. (2009) Science 326:
1509-1512). TALENSs also are reported to have damage efficiencies of >50% achieved in
several systems (Cade et al. (2012) Nucleic Acids Res 40: 8001-8010; Qiu et al. (2013)
Nucleic Acids Res 41: e120; and Chen et al. (2013) Nucleic Acids Res 41: 2769-27780).
TALENSs have flexibility in the target sequences, whereas meganucleases and ZFNs have a
limited breadth (Mukherjee and Thrasher, (2013) Gene 525: 174-181; and Wei et al. (2013)
J Genet Genomics Y1 Chuan Xue Bao 40: 281-289). TALENS can be specific in some
systems evaluated by exome sequencing with limited off-target editing and toxicity
(Ousterout et al. (2013) Mol Ther J Am Soc Gene Ther 21: 1718-1726). ZFNs have
reported off-target editing sites, as well as CRISPR/Cas where sites with multiple base pairs
that differ from the guide RNA can be edited (Wei et al. (2013) J Genet Genomics Yi
Chuan Xue Bao 40: 281-289; Pennisi (2013) Science 341: 833-836; and Fu et al. (2013)
Nat Biotechnol 31: 822-82). Using TALENS for treating HIV latency is supported by
recent publications (Stone et al. (2013) Curr Opin HIV AIDS 8: 217-223; and Weber et al.
(2013) Mol Ther J Am Soc Gene Ther 21: 1819-1820). Further support for using this
approach to treat HIV comes from a recent report where TALENs were effectively used to
disable the episomal HBV genome and reduce viral load in cells and animals (Schiffer et al.
(2012) J Virol 86: 8920-8936; and Bloom et al. (2013) Mol Ther ] Am Soc Gene Ther 21:
1889-1897).

HIV-1 can persist due to latent cell reservoirs containing integrated HIV-1 proviral
DNA, even with chronic HAART therapy. These reservoirs can remain inactive for years,
not expressing viral proteins or producing infectious virus (Sigal and Baltimore (2012) Cell
Host Microbe 12: 132-138). Upon activation, previously latent HIV-1 infected memory
CD4+ T cells and other cell types can reseed viral infection (Chun et al. (1995) Nat Med 1:
1284-1290; and Zhou et al. (2005) J Virol 79: 2199-2210). Upon cessation of HAART
therapy, viremia is reestablished in approximately 50 days (Chun T et al. (2010) AIDS Lond
Engl 24: 2803-2808). In order to eradicate HIV-1 infection, the cells with integrated HIV-1
proviral DNA must be removed or damaged.

To address viral latency, GEEN technologies have been developed that could be
used in combination with HAART therapy (Peterson et al. (2013) Gene Ther 20: 695-702).

Tre recombinase and zinc finger nuclease were both previously used to edit an integrated
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copy of HIV-1 proviral DNA and CRISPR/CAS has been used to remove a GFP reporter
flanked by the HIV-1 LTRs (Mariyanna et al. (2012) PloS One 7: e31576; Ebina et al.
(2013) Sci Rep 3:2510; and Aubert et al. (2011) PloS One 6: e16825). TALENSs were
previously used to target the episomal Hepatitis B virus and can reduce viremia in cells and
animal models (Bloom et al. (2013) Mol Ther 21: 1889-1897).

Described herein are custom TALEN pairs of HIV targeted-TALENs (HT-TALENS)
that were engineered to specifically target a conserved region of the HIV-1 genome. A NS-
TALEN was also designed, built and tested with some degenerate recognition to
accommodate escape mutations in regions where viral genome mutations have been
previously observed. As described herein, the engineered TALENs cleave a DNA template
with the HIV-1 proviral target site in vitro. Briefly, a GFP reporter, under control of HIV-1
TAR, was inactivated by mutations introduced by transfection of TALEN plasmids. When
infected cells containing the full-length integrated HIV-1 proviral DNA were transfected
with TALENSs, the TAR region accumulated indels. When one of these mutants was tested,
the mutated HIV-1 proviral DNA was incapable of producing detectable Gag expression.
TALEN variants engineered for degenerate recognition of select nucleotide positions also
cleaved proviral DNA in vitro and the full-length integrated proviral DNA genome in living
cells. These results suggest a design strategy for therapeutic considerations of incomplete
target sequence conservation and acquired resistance mutations. As described herein, a new
strategy was developed for damaging integrated HIV proviral DNA that can provide HIV-1
proviral DNA eradication. The results further show that both TALEN pairs can be used to
damage the integrated HIV-1 proviral DNA in cultured cells infected with HIV-1. These
data are the first demonstration that the full-length integrated HIV-1 proviral DNA can be
mutated and protein expression negatively affected by introduction of TALENS, and thus
inactivated in cells. The technology described herein is an alternative approach for treating

viral latency as can serve as a covalent modification of the proviral DNA.

COMPOSITIONS

Transcription activator-like effector nucleases (TALENs). TALENSs are artificial
endonucleases (i.e., restriction enzymes) and are produced by the fusion of a transcription
activator-like effector (TALE) DNA binding domain with a DNA cleavage domain.
TALENSs can be engineered to bind any DNA sequence of interest. In an aspect, an
engineered TALEN comprises from the N-terminus to the C-terminus, a first spacer, a

TALE DNA binding domain, a second spacer, and a FokI nuclease catalytic domain fused
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to the C-terminus. The DNA cleavage domain cuts DNA strands and, so the fusion with a
TALE DNA binding domain can be specific for a DNA sequence of interest to edit genomes
by inducing double strand breaks. TALENSs can function alone, in pairs, or in a plurality of
pairs. For example, the TALE DNA binding domain can bind to targets positioned opposite
of one another, across a spacer wherein the Fokl domains come together to create the break
in the DNA. In an aspect, TALE DNA binding domains can be designed for use in the
disclosed TALENs. A single TALEN (also referred to herein as a monomeric TALEN or a
TALEN monomer) comprises a TALE DNA binding domain and a FoklI nuclease catalytic
domain fused to the C-terminus. A TALEN can be engineered to be used in a TALEN pair
(or also referred to herein as a pair of TALENs or TALEN pairs) designed to bind to a
target nucleotide sequence configured from the N-terminus to the C-terminus on opposing
strands of DNA. TALENs in a TALEN pair can have the same sequence or can be different
in sequence.

Transcription activator-like effector (TALE). In an aspect, the TALE DNA binding
domain comprises a protein sequence specific for binding to a target nucleotide sequence.
The TALE DNA binding domains are derived from TALEs. TALE:s are a class of specific
DNA binding proteins found in Xanthomonas bacteria that upon binding to specific DNA
sequences can activate the expression of target genes. TALE-like proteins can also found in
other bacteria including but not limited to Ralstonia and Burkholderia. In an aspect, the
target nucleotide sequence is in a retrovirus. The retrovirus can be a lentivirus, including,
for example, a human immunodeficiency virus, a simian immunodeficiency virus, a feline
immunodeficiency virus or a bovine immunodeficiency virus. In an aspect, the human
immunodeficiency virus can be HIV-1 or HIV-2.

The target nucleotide sequence can include any sequence from any HIV (e.g., HIV-1
and HIV-2), and any circulating recombinant form thereof. HIV is known to be genetically
variable and the multiple groups and subtypes have been described. HIV isolate DNA
sequences are in the Los Alamos HIV sequence database (i.e., the sequence database

website is hitp//www v iank sov/). The compositions and methods described herein can

be carried out to affect HIV from any group, subtype and circulating recombinant forms.
Examples of HIV-1 groups include but are not limited to major group (sometimes called
Group M) and the minor groups (e.g., N, O, and P). Examples of HIV-1 subtypes include
but are not limited to, A, B, C, D, F, G, H, J and K. Examples of HIV-2 include but are not

limited to A, B, C, F or G subtypes or groups, as well as any circulating recombinant forms.
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In an aspect, the TALEN can be optimized for expression in a human cell. For
example, the nucleic acid sequence can be codon optimized for efficient expression (e.g.,
transcription and/or translation) in mammalian cells, i.e., "humanized." Methods of codon
optimization are well-known in the art. A humanized TALEN sequence can be, for
example, TALEN binding sites (e.g., sequences) encompassing nucleotides corresponding
to Genbank accession number K03455. Altematively, the TALEN sequence can be inserted
into a commercially available, for example, a vector such as JDS70, JDS71, JDS74 and
JDS78 from Addgene (Cambridge, MA). Examples of such TALEN sequences are listed in
Table 1. In some embodiments, the TALEN binding sites can have an amino acid sequence
that is a variant or a fragment of the TALEN sequence of Genbank accession number
K03455. The TALE nucleotide sequence can be modified to encode biologically active
variants of a TALEN, and these variants can have or include, for example, an amino acid
sequence that differs from a wild type TALEN by containing one or more mutations (e.g.,
an addition, deletion, or substitution mutation or a combination of such mutations). One or
more substitution mutations can be a substitution (e.g., a conservative amino acid
substitution). For example, a biologically active variant of a TALE polypeptide can have an
amino acid sequence with at least or about 50% sequence identity (e.g., at least or about
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98%, or 99% sequence
identity) to a wild type TALE polypeptide. Conservative amino acid substitutions typically
include substitutions within the following groups: glycine and alanine; valine, isoleucine,
and leucine; aspartic acid and glutamic acid; asparagine, glutamine, serine and threonine;
lysine, histidine and arginine; and phenylalanine and tyrosine. The amino acid residues in
the TALE amino acid sequence can be non-naturally occurring amino acid residues.
Naturally occurring amino acid residues include those naturally encoded by the genetic code
as well as non-standard amino acids (e.g., amino acids having the D-configuration instead
of the L-configuration). The present peptides can also include amino acid residues that are
modified versions of standard residues (e.g. pyrrolysine can be used in place of lysine and
selenocysteine can be used in place of cysteine). Non-naturally occurring amino acid
residues are those that have not been found in nature, but that conform to the basic formula
of an amino acid and can be incorporated into a peptide. These include D-
alloisoleucine(2R,3S)-2-amino-3-methylpentanoic acid and L-cyclopentyl glycine (S)-2-
amino-2-cyclopentyl acetic acid. For other examples, one skilled in the art can consult a
reference book or the worldwide web (a site is currently maintained by the California

Institute of Technology and displays structures of non-natural amino acids that have been
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successfully incorporated into functional proteins). Examples of TALEN nucleotide
sequences that can be modified to encode a biological variant of a TALEN are listed in
Table 1.

The compositions disclosed herein can include a TALEN polypeptide encoded by

any of the nucleic acid sequences described above. The terms "peptide," "polypeptide," and
"protein" can be used herein interchangeably even though they may refer to peptide
sequences of different sizes or lengths. A polypeptide of the present disclosure can include
a fragment of a TALEN or a biologically active variant thereof, but it can also include
additional amino acid residues as well. The biologically active variants will retain sufficient
activity to cleave target DNA sequences.

The amino acid residues can be linked together by conventional peptide bonds or
other types of covalent bonds (e.g., ester bond). The polypeptides can be modified by
amidation, phosphorylation or glycosylation. A biologically active variant of a TALEN can
include one or more structural modifications resulting from any combination of naturally
occurring (e.g., in vivo) and synthetic modifications (i.e., made in vitro). Modifications of
the present disclosure include but are not limited to amidation (e.g., replacement of the free
carboxyl group at the C-terminus by an amino group); biotinylation (e.g., acylation of lysine
or other reactive amino acid residues with a biotin molecule); glycosylation (e.g., addition
of a glycosyl group to either asparagines, hydroxylysine, serine or threonine residues to
generate a glycoprotein or glycopeptide); acetylation (e.g., the addition of an acetyl group,
typically at the N-terminus of a polypeptide); alkylation (e.g., the addition of an alkyl
group); isoprenylation (e.g., the addition of an isoprenoid group); lipoylation (e.g.
attachment of a lipoate moiety); and phosphorylation (e.g., addition of a phosphate group to
serine, tyrosine, threonine or histidine).

Polypeptides can be produced, isolated and purified by a variety of methods known
to one skilled in the art. The final polypeptide composition can be confirmed by amino acid
analysis after degradation of the peptide by amino acid sequencing or by FAB-MS methods
or any other known standard technique. Polypeptide salts, including acid salts, esters,
amides, and N-acyl derivatives of an amino group can be prepared using techniques known
to one skilled in the art.

As disclosed herein, the TALE DNA binding domain comprises a sequence
complimentary to a target sequence in a retrovirus. The retrovirus can be a human
immunodeficiency virus (e.g., HIV-1 or HIV-2). For example, the target sequence can be

an HIV sequence including a long terminal repeat (LTR) sequence, a protein coding
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sequence, or a regulatory sequence. The HIV-1 LTR region contains identical DNA
sequences of about 640 base pairs in length and is further subdivided into the U3, R, and U5
regions. LTRs contain all of the required signals for gene expression and play a part in the
integration of a provirus into the genome of a host cell. The U3 region contains a core
promoter, a core enhancer and a modulatory region while the R region contains the
transactivation response element (TAR). The US5 region of HIV-1 contains the following
sub-regions, a TAR that is important for transcriptional activation; poly(A) which is
involved in dimerization and genome packaging; a primer binding site that is involved in
the initiation of reverse transcription; a Psi packaging element involved in packaging of the
viral genome into the capsid; and a dimer initiation site involved encapsidation. In an
aspect, the TALE DNA binding domain comprises a sequence targeting a conserved
sequence in the TAR of a human immunodeficiency virus.

An example of a target sequence or region encompassing TAR (e.g., encompassing
HIVBSLTR) for the 5' HT-TALEN and 5' NS-TALEN binding sites involve nucleotide
positions 459-478 (HIV-1 HXB2 accession number K03455; SEQ ID NO: 1), while the 3'
HT-TALEN binding site encompasses nucleotide positions 499-515 (HIV HXB2 accession
number K03455; SEQ ID NO: 2). In an aspect, the 5' HT-TALEN binding site is SEQ ID
NO: 1. In an aspect, the 3' HT-TALEN binding site has the sequence of SEQ ID NO: 3. A
target sequence can comprise, for example, the sequence of: SEQ ID NOs: 1-7.

The TALE DNA binding domain consists of a series of repeated amino acids
sequences or segments that are referred to as TAL repeats. The TAL repeats are highly
conserved sequences wherein each segment contains about 33-34 amino acids. Each of the
TAL repeats also contains two highly variable amino acid acids at the 12" and 13" positions
that encode DNA nucleotide binding specificity. These highly variable amino acids of the
TAL repeats are commonly referred to as repeat variable diresidues (RVDs). The TALE
DNA binding domain can include 2, 3,4, 5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, or more TAL repeats. In an
aspect, the TALE DNA binding domain includes between 15 and 25 TAL repeats.
Accordingly, the TALE DNA binding domain can thereby specifically recognize and bind
to anucleic acid sequence consisting of at least 2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15,
16,17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, or more
continuous nucleotides. In an aspect, the TALE DNA binding domain comprises 20 TAL
repeats. The number and composition of the TAL repeats can be varied within the TALE

DNA binding domain. The TAL repeats can also be selected or varied to modulate TALEN
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specificity and activity. Examples of TALE DNA binding domain sequences are provided
in SEQ ID NOs: 1-7. In an aspect, the TALE DNA binding domain sequences comprise a
sequence having at least 80%, 85%, 90%, 95%, or 99% identify to the sequence of any one
of SEQ ID NOs: 1-7. The RVDs within the TAL repeats also specifically recognize and
bind to a corresponding nucleotide within a target sequence. Thus, a TALE DNA binding
domain can be formed or engineered by selecting a combination of TAL repeats containing
the relevant RVDs to recognize a specific target sequence. In other words, the RVD
determines the single nucleotide that TALE recognizes. For example, the following RVDs
recognize the following nucleotides: HD recognizes C; NG recognizes T; NI recognizes A;
NN recognizes G or A; NS recognizes A or C or G; HG recognizes T; and 1G recognizes T.
Other RV Ds and the nucleotides they recognize are known to one skilled in the art. In an
aspect, the TALE DNA binding domain comprises one or more RVDs. The composition of
the RVDs can be varied to modulate TALEN activity. In an aspect, a TALEN comprising
the RVD NS is engineered. In an aspect, a TALEN comprising an RVD that recognizes
methylated DNA.

HIV with escape mutations can produce resistance to antiretroviral drugs.
Incorporation of an RVD into the TALEN can be used to encode predicted potential
degenerate positions of a mutation in the target DNA. For example, a TALEN comprising
an NS RVD variant can encode degenerate nucleotide recognition and tolerate predicted
escape mutants, based on nucleotide conservation. Thus, such TALENs (e.g., NS-TALEN)
can allow degenerate recognition of escape mutations and provide an advantage over other
GEEN technologies.

The TALENSs described herein can include a C-terminal truncated TAL repeat in the
TALE DNA binding domain. The C-terminal truncated TAL repeat can be about 34 or few
amino acids. For example, the C-terminal truncated TAL repeat can be 33, 32, 31, 30, 29,
and so on amino acids in length or less. The C-terminal truncated TAL repeat regardless of
length still contains the RVDs for specificity for a nucleotide. In an aspect, the TALE DNA
binding domain comprises a C-terminal truncated TAL repeat.

In an aspect, the TALEN can further comprise a nuclear localization signal (NLS)
for import into a cell nucleus. NLS sequences are short segments of amino acids
comprising positively charged lysines or arginines or a combination thereof. Generally, a
NLS contains positively charged residues since it is well-known that positive residues bind
importins to gain access into the nucleus of a cell. The NLS can be any sequence from a

nuclear encoded protein. The NLS can be of a classical or non-classical type. An example
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of an NLS is the SV40 NLS. In an aspect, the SV40 NLS comprises PKKKRKYV (SEQ ID
NO: 8). The NLS can be positioned at the N-terminal or C-terminal end of the TALEN
described herein. In an aspect, the NLS is positioned at the N-terminus.

The TALENSs described herein can further comprise one or more labels or detection
tags (e.g., FLAG™ tag, epitope or protein tags, such as myc tag, 6 His, and fluorescent
fusion protein). In an aspect, the label (e.g., FLAG™ tag) is fused to the NLS. In an
aspect, the disclosed methods and compositions further comprise a fusion protein, or a
polynucleotide encoding the same. In various aspects, the fusion protein comprises at least
one epitope-providing amino acid sequence (e.g., "epitope-tag"), wherein the epitope-tag is
selected from 1) an epitope-tag added to the N- and/or C-terminus of the protein (e.g.,
TALEN) ; or i1) an epitope-tag inserted into a region of the protein (e.g., TALEN), and an
epitope-tag replacing a number of amino acids in the protein (e.g., TALEN).

Epitope tags are short stretches of amino acids to which a specific antibody can be
raised, which in some aspects allows one to specifically identify and track the tagged
protein that has been added to a living organism or to cultured cells. Detection of the
tagged molecule can be achieved using a number of different techniques. Examples of such
techniques include: immunohistochemistry, immunoprecipitation, flow cytometry,
immunofluorescence microscopy, ELISA, immunoblotting (“Western blotting™), and
affinity chromatography. Epitope tags add a known epitope (e.g., antibody binding site) on
the subject protein, to provide binding of a known and often high-affinity antibody, and
thereby allowing one to specifically identify and track the tagged protein that has been
added to aliving organism or to cultured cells. Examples of epitope tags include, but are
not limited to, myc, T7, GST, GFP, HA (hemagglutinin), V5 and FLAG tags. The first four
examples are epitopes derived from existing molecules. In contrast, FLAG is a synthetic
epitope tag designed for high antigenicity (see, e.g., U.S. Pat. Nos. 4,703,004 and
4,851,341). Epitope tags can have one or more additional functions, beyond recognition by
an antibody.

In an aspect, the disclosed methods and compositions comprise an epitope-tag
wherein the epitope-tag has a length of between 6 to 15 amino acids. In an alternative
aspect, the epitope-tag has a length of 9 to 11 amino acids. The disclose methods and
compositions can also comprise a fusion protein comprising two or more epitope-tags,
either spaced apart or directly in tandem. Further, the disclosed methods and composition
can comprise 2, 3, 4, 5 or even more epitope-tags, as long as the fusion protein maintains its

biological activity/activities (e.g., “functional™).
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In an aspect, the epitope-tag is a VSV-G tag, CD tag, calmodulin-binding peptide
tag, S-tag, Avitag, SF-TAP-tag, strep-tag, myc-tag, FLAG-tag, T7-tag, HA (hemagglutinin)-
tag, His-tag, S-tag, GST-tag, or GFP-tag. The sequences of these tags are described in the
literature and well known to the person of skill in art.

As described herein, the term “immunologically binding™ is a non-covalent form of
attachment between an epitope of an antigen (e.g., the epitope-tag) and the antigen-specific
part of an antibody or fragment thereof. Antibodies are preferably monoclonal and must be
specific for the respective epitope tag(s) as used. Antibodies include murine, human and
humanized antibodies. Antibody fragments are known to the person of skill and include,
amongst others, single chain Fv antibody fragments (scFv fragments) and Fab-fragments.
The antibodies can be produced by regular hybridoma and/or other recombinant techniques.
Many antibodies are commercially available.

The construction of fusion proteins from domains of known proteins, or from whole
proteins or proteins and peptides, is well known. Generally, a nucleic acid molecule that
encodes the desired protein and/or peptide portions are joined using genetic engineering
techniques to create a single, operably linked fusion oligonucleotide. Appropriate
molecular biological techniques may be found in Sambrook et al. (Molecular Cloning: A
laboratory manual Second Edition Cold Spring Harbor Laboratory Press, Cold spring
harbor, NY, USA, 1989). Examples of genetically engineered multi-domain proteins,
including those joined by various linkers, and those containing peptide tags, can be found in
the following patent documents: U.S. Pat. No. 5,994,104 (“Interleukin-12 fusion protein™);
U.S. Pat. No. 5,981,177 (“Protein fusion method and construction™); U.S. Pat. No.
5,914,254 (“Expression of fusion polypeptides transported out of the cytoplasm without
leader sequences™); U.S. Pat. No. 5,856,456 (“Linker for linked fusion polypeptides™); U.S.
Pat. No. 5,767,260 (“Antigen-binding fusion proteins™); U.S. Pat. No. 5,696,237
(“Recombinant antibody-toxin fusion protein™); U.S. Pat. No. 5,587,455 (“Cytotoxic agent
against specific virus infection™); U.S. Pat. No. 4,851,341 (“Immunoaffinity purification
system”™); U.S. Pat. No. 4,703,004 (“Synthesis of protein with an identification peptide”);
and WO 98/36087 (“Immunological tolerance to HIV epitopes™).

The placement of the functionalizing peptide portion (epitope-tag) within the subject
fusion proteins can be influenced by the activity of the functionalizing peptide portion and
the need to maintain at least substantial fusion protein, such as TCR, biological activity in
the fusion. Two methods for placement of a functionalizing peptide are: N-terminal, and at

a location within a protein portion that exhibits amenability to insertions. Though these are
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not the only locations in which functionalizing peptides can be inserted, they serve as good
examples, and will be used as illustrations. Other appropriate insertion locations can be
identified by inserting test peptide encoding sequences (e.g., a sequence encoding the FLAG
peptide) into a construct at different locations, then assaying the resultant fusion for the
appropriate biological activity and functionalizing peptide activity, using assays that are
appropriate for the specific portions used to construct the fusion. The activity of the subject
proteins can be measured using any of various known techniques, including those described
herein.

Spacers. The TALENSs described herein can comprise spacer sequences. Spacer
sequences are oriented on either side of the TALE DNA binding domain and are sufficiently
long enough to permit two Fokl catalytic domains to dimerize and cleave the DNA. In
other words, the spacer length should be sufficiently long enough to separate the TALE
binding sites to enable the two Fokl catalytic domains to efficiently dimerize. The spacer
sequence can also be selected or varied to modulate TALEN specificity and activity. As
disclosed herein, the TALEN comprises from the N-terminus to the C-terminus, a first
spacer sequence, a TALE DNA binding domain, a second spacer sequence, and a FokI
nuclease catalytic domain fused to the C-terminus. The spacer sequences can be about 10 to
about 200 amino acids in length. Examples of spacer sequences include SEQ ID NOs: 9
and 10.

In an aspect, the first spacer sequence is fused to the NLS. The first spacer sequence
can also be fused to one or more labels or detection tags. Further, the first spacer sequence
can comprise an N-terminal portion of the coding region for a TALE, for example, the first
space sequence can be derived from N-terminal portion of a Xanthomonas TALE. In an
aspect, the second spacer sequence comprises part of a C-terminal TALE domain. In some
aspects, the second spacer comprises a truncated C-terminal TALE domain. The second
spacer can also be fused to the NLS and/or to one or more labels or detection tags.

Nuclease catalytic domain. As used herein, the term "nuclease" refers to an
exonuclease or an endonuclease. Endonucleases are enzymes that cleave or hydrolyze the
bond between nucleotides in an RNA or DNA molecules. An example of an endonuclease
is Fokl, naturally found in Flavobacterium okeanokoites. As described herein, the TALENs
can also include a Fokl nuclease catalytic domain. Examples of a Fokl include SEQ ID
NOs: 11-12 (nucleotides) and SEQ ID NOs: 13-14 (amino acids). In an aspect, the Fokl
nuclease catalytic domain is an obligate homodimer or an obligate heterodimer. The Fokl

nuclease catalytic domain dimerizes to form an active nuclease, thus two TALENSs (e.g.,
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two TALEN monomers) or a pair of TALENs makes a functional genome-editing
endonuclease. For example, for a pair of TALENS, each contain one member of the
obligate heterodimer pair binds to the adjacent (e.g., within 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25 or more continuous nucleotides) recognition site (i.e., effector
binding element) to enable dimerization of the endonuclease for cleavage. In an aspect,
each effector binding element of an obligate heterodimer pair can independently be about
10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 or more base
pairs in length. Each monomer of an obligate dimer pair recognizes one strand of a target
double-stranded nucleic acid and the other monomer of the obligate dimer pair recognizes
the other strand of a target double-stranded nucleic acid. The effector binding elements are
generally sufficiently separated by the first and second spacer components where the DNA
cleavage occurs.

The FokI nuclease catalytic domain can be modified. For instance, the modified
FokI nuclease catalytic domain can include specific mutations, such as, for example,
Sharkey mutations and obligate heterodimer mutations. In an aspect, the FoklI nuclease
catalytic domain can be engineered such that the mutations replace wild-type Gln (Q)
residue at position 486 with a Glu (E), the wild-type Iso (I) residue at position 499 with a
Leu (L) residue and the wild-type Asn (N) residue at position 496 with an Asp (D) (also
referred to as "ELD;" numbered relative to wild-type Fokl). In an aspect, the Fokl nuclease
catalytic domain can be engineered such that the mutations replace wild-type Glu (E)
residue at position 490 with a Lys (K), the wild-type Iso (I) residue at position 538 with a
Lys (K) residue and the wild-type His (N) residue at position 537 with an Arg (R) (also
referred to as "KKR;" numbered relative to wild-type Fokl).

In an aspect, the present disclosure provides a pair of TALENS that bind to and flank
anucleic acid of interest. In an aspect, a pair of TALEN obligate heterodimers is disclosed
such that they flank a nucleic acid region of interest. In some embodiments, the pair of
obligate heterodimers bind to and flank a sequence within the transactivation response
element of a human immunodeficiency virus.

In some aspects, the catalytic domain can be a nuclease catalytic domain for a
nuclease other than FoklI.

Polynucleotides. In an aspect, polynucleotides or polynucleotide sequences
encoding the engineered TALENS are disclosed. The polynucleotides or polynucleotide
sequences can be optimized for expression in a subject (e.g., human). Methods of codon

optimization are well-known in the art.
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In an aspect, the present disclosure provides mRNAs encoding any of the TALENs
described herein. For example, the mRNA can be obtained via in vitro or in vivo
transcription. Such mRNA can be used for the translation into TALENS in a host cell.
Examples of administering the mRNA to a host cell include injection, or transfection using
polyethylenimine, lipid, or calcium phosphate, or electroporation. The mRNA can also be
fused to a translocation domain that is useful for translocation across a cell membrane.
Once the mRNA is present inside the host cell, TALEN synthesis can begin.

Vectors. Vectors comprising nucleic acids or polynucleotides as described herein
are also provided. As used herein, a "vector" refers a carrier molecule into which another
DNA segment can be inserted to initiate replication of the inserted segment. A nucleic acid
sequence can be "exogenous," which means that it is foreign to the cell into which the
vector is being introduced or that the sequence is homologous to a sequence in the cell but
in a position within the host cell nucleic acid in which the sequence is ordinarily not found.
Vectors include plasmids, cosmids, and viruses (e.g., bacteriophage, animal viruses, and
plant viruses), and artificial chromosomes (e.g., YACs). Vectors can comprise targeting
molecules. A targeting molecule is one that directs the desired nucleic acid to a particular
organ, tissue, cell, or other location in a subject's body. A vector, generally, brings about
replication when it is associated with the proper control elements (e.g., a promoter, a stop
codon, and a polyadenylation signal). Examples of vectors that are routinely used in the art
include plasmids and viruses. The term "vector" includes expression vectors and refers to a
vector containing a nucleic acid sequence coding for at least part of a gene product capable
of being transcribed. A variety of ways can be used to introduce an expression vector into
cells. In an aspect, the expression vector comprises a virus or an engineered vector derived
from a viral genome. As used herein, "expression vector" is a vector that includes a
regulatory region. A variety of host/expression vector combinations can be used to express
the nucleic acid sequences disclosed herein. Examples of expression vectors include but are
not limited to plasmids and viral vectors derived from, for example, bacteriophages ,
retroviruses (e.g., lentiviruses), and other viruses (e.g., adenoviruses, poxviruses,
herpesviruses and adeno-associated viruses). Vectors and expression systems are
commercially available and known to one skilled in the art.

The vectors disclosed herein can also include detectable labels. Such detectable
labels can include a tag sequence designed for detection (e.g., purification or localization) of
an expressed polypeptide. Tag sequences include, for example, green fluorescent protein,

glutathione S-transferase, polyhistidine, c-myc, hemagglutinin, or Flag™ tag, and can be
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fused with the encoded polypeptide and inserted anywhere within the polypeptide, including
at either the carboxyl or amino terminus.

The term "expression cassette" as used herein refers to a nucleic acid construct. The
expression cassette can be produced either through recombinant techniques or synthetically
that will result in the transcription of a certain polynucleotide sequence in a host cell. The
expression cassette can be part of a plasmid, viral genome or nucleic acid fragment.
Generally, the expression cassette includes a polynucleotide operably linked to a promoter.
In an aspect, an expression cassette comprises a promoter and the polynucleotide or
polynucleotide sequence encoding any of the engineered TALENS described herein. The
expression cassette can further comprise a coding sequence for a nuclear localization signal
fused to the N- or C-terminus of the TALEN and a polyadenylation signal. The expression
cassette can further encode a detection or purification label or tag, fused to the N- or C-
terminus of the TALEN. In an aspect, the expression cassette is a plasmid. Useful
commercially available kits include the Voytas/Bogdanove TALEN kit and Dr. Keith
Joung's lab TALEN kit, both available through Addgene. Plasmids that are useful include
JDS70, JDS71, JDS74 and JDS78. The expression cassette can be adapted for expression in
a specific type of host cell (e.g., using a specific type of promoter). The expression cassette
can also comprise other components such as polyadenylation signals, enhancer elements or
any other component that results in the expression of an engineered TALEN disclosed
herein in a specific type of host cell.

As used herein, the term "operably linked" refers to the position of a regulatory
region and a sequence to be transcribed in a nucleic acid to facilitate transcription or
translation of the sequence. The choice of promoters depends on several factors including
but not limited to efficiency, selectability, inducibility, desired expression level, and cell- or
tissue-preferential expression. One skilled in the art is capable of appropriately selecting
and positioning promoters and other regulatory regions relative to the coding sequence.

Vectors include, for example, viral vectors (such as adenoviruses ("Ad"), adeno-
associated viruses (AAV), and retroviruses, including lentiviruses), liposomes and other
lipid-containing complexes, and other macromolecular complexes capable of mediating
delivery of a polynucleotide to a host cell. Vectors can also comprise other components to
further modulate TALEN delivery and/or TALEN expression, or that otherwise provides
beneficial properties to the targeted cells. A wide variety of vectors is known to those
skilled in the art and is generally available. Other suitable complexes capable of mediating

delivery of any of the engineered TALENSs described herein include retroviruses (e.g.,
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lentivirus), vaults, cell penetrating peptides and biolistic particle guns. Cell penetrating
peptides are capable of transporting or translocating proteins across a plasma membrane;
thus, cell penetrating peptides act as delivery vehicles. Examples include but are not limited
to labels (e.g., GFP, MRI contrast agents, quantum dots), Tat (a protein made by HIV), and
ANT (from drosophila Antennepedia).

A host cell can be selected depending on the nature of the transfection vector. In an
aspect, the host cell comprises an expression cassette comprising a promoter and
polynucleotide or polynucleotide sequence encoding any of the engineered TALENs
described herein. The promoter can be operably linked to the polynucleotide sequence
encoding the engineered TALEN. The cell can be examined using a variety of different
physiologic assays. Such assays and methods are known to one skilled in the art.

Nucleic acids. The present disclosure also includes a nucleic acid comprising a
sequence encoding a TALEN, wherein the TALEN comprises from the N-terminus to the
C-terminus, a first spacer sequence a TALE DNA binding domain, a second spacer
sequence, and a FokI nuclease catalytic domain fused to the C-terminus. In an aspect, the
TALE DNA binding domain is specific for a target sequence in HIV proviral DNA. As
described above, the TALEN can comprise a sequence that is optimized for expression in a
cell or organism (e.g., human). The nucleic acid sequence can be codon optimized for
efficient expression in mammalian cells (i.e., "humanized"). The target sequence can
comprise a sequence within a transactivation response element of HIV. In as aspect, the
target sequence within the TAR of HIV can have an amino acid sequence with at least or
about 50% sequence identity (e.g., at least or about 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, 97%, 98%, or 99% sequence identity) to SEQ ID NOs: 1-7. As used
herein, "percent sequence identity" means the degree of identity between two sequences,
such as a query sequence an a subject sequence. For example, a naturally occurring TALE
sequence can be the query sequence and a fragment thereof (e.g, TALE protein) can be the
subject sequence. The computer program ClustalQ (default parameters) can be used to
determine the sequence identify of any nucleic acid or amino acid sequences for
comparison.

The term "exogenous" as used herein refers to a nucleic acid or polypeptide that is a
part of, or encoded by, a recombinant nucleic acid construct. An exogenous nucleic acid
can be a sequence from one species that is introduced into another species, generally
through a recombinant nucleic acid construct. Alternatively, an exogenous nucleic acid can

be a native sequence that is reintroduced into the cells of that same organism. An
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exogenous nucleic acid sequence can comprise both naturally occurring sequences and non-
naturally occurring sequences (e.g., regulatory sequences flanking a naturally occurring
sequence in a recombinant nucleic acid construct).

Recombinant constructs are also disclosed herein. Recombinant sequences can be
useful to transform cells to express any one or both of the TALENSs comprising sequences
complementary to a target sequence in HIV. For example, a recombinant nucleic acid
construct comprises TALEN, operably linked to a regulatory region for expressing the
TALEN complementary to a target sequence in HIV in a cell. Codons in the coding
sequence for TALEN can be modified for optimal expression in a particular organism.

The term "recombinant viral vector" as used herein refers to a viral vector
comprising one or more heterologous gene products or sequences. Generally, the
heterologous gene products or sequences are introduced by replacing one or more regions of
the viral genome.

Examples of promoters that can be useful for gene expression include, but are not
limited to, Rous sarcoma virus (RSV), SV40, herpes thymidine kinase promoter, [3-
lactamase promoter, the tac promoter, Gal 4 promoter, alcohol dehydrogenase promoter,
phosphoglycerol kinase promoter, elongation factor-1 alpha promoter, cytomegalovirus
promoter, and alkaline phosphatase promoter.

The term "isolated nucleic acid" as used herein refers to a naturally-occurring DNA
molecule or a fragment thereof such that the isolated nucleic acid includes a DNA molecule
that exists as separate molecule, independent of other sequences. An isolated nucleic acid
molecule can be incorporated into a vector, plasmid, or virus. The isolated nucleic acid can
include an engineered nucleic acid. Isolated nucleic acid molecules can be produced by
standard techniques (e.g., polymerase chain reaction) and are known to one skilled in the

art.

PHARMACEUTICAL COMPOSITIONS

As disclosed herein, are pharmaceutical compositions, comprising a vector encoding
a one or more TALEN monomers, wherein the one or more TALEN monomers comprises
from the N-terminus to the C-terminus, a first spacer sequence, a TALE DNA binding
domain, a second spacer sequence, and a FokI nuclease catalytic domain fused to the C-
terminus. In an aspect, the pharmaceutical compositions further comprise a
pharmaceutically acceptable carrier. As used herein, the term "pharmaceutically acceptable

carrier" refers to solvents, dispersion media, coatings, antibacterial, isotonic and absorption
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delaying agents, buffers, excipients, binders, lubricants, gels, surfactants that can be used as
media for a pharmaceutically acceptable substance. The pharmaceutically acceptable
carriers can be lipid-based or a polymer-based colloid. Examples of colloids include
liposomes, hydrogels, microparticles, nanoparticles and micelles. The compositions can be
formulated for administration by any of a variety of routes of administration, and can
include one or more physiologically acceptable excipients, which can vary depending on the
route of administration. Any of the nucleic acids and vectors described herein can be
administered in the form of a pharmaceutical composition. As used herein, the term
"excipient" means any compound or substance, including those that can also be referred to
as "carriers" or "diluents." Preparing pharmaceutical and physiologically acceptable
compositions is considered routine in the art, and thus, one of ordinary skill in the art can
consult numerous authorities for guidance if needed. The compositions can also include
additional agents (e.g., preservatives).

The pharmaceutical compositions as disclosed herein can be prepared for oral or
parenteral administration. Pharmaceutical compositions prepared for parenteral
administration include those prepared for intravenous (or intra-arterial), intramuscular,
subcutaneous, intraperitoneal, transmucosal (e.g., intranasal, intravaginal, or rectal), or
transdermal (e.g., topical) administration. Paternal administration can be in the form of a
single bolus dose, or may be, for example, by a continuous pump. Topical administration
includes ophthalmic and to mucous membranes including intranasal, vaginal and rectal
delivery. Aerosol inhalation can also be used to deliver the TALENS or any of the nucleic
acids, polypeptide sequences and vectors described herein. Pulmonary administration
includes inhalation or insufflation of powders or aerosols, including by nebulizer;
intratracheal, intranasal, epidemeral and transdermal. Thus, compositions can be prepared
for parenteral administration that includes dissolving or suspending the TALENS, nucleic
acids, polypeptide sequences or vectors in an acceptable carrier, including but not limited to
an aqueous carrier, such as water, buffered water, saline, buffered saline (e.g., PBS), and the
like. One or more of the excipients included can help approximate physiological conditions,
such as pH adjusting and buffering agents, tonicity adjusting agents, wetting agents,
detergents, and the like. Where the compositions include a solid component (as they may
for oral administration), one or more of the excipients can act as a binder or filler (e.g., for
the formulation of a tablet, a capsule, and the like). Where the compositions are formulated
for application to the skin or to a mucosal surface, one or more of the excipients can be a

solvent or emulsifier for the formulation of a cream, an ointment, and the like.
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The pharmaceutical compositions can be sterile and sterilized by conventional
sterilization techniques or sterile filtered. Aqueous solutions can be packaged for use as is,
or lyophilized, the lyophilized preparation, which is encompassed by the present disclosure,
can be combined with a sterile aqueous carrier prior to administration. The pH of the
pharmaceutical compositions typically will be between 3 and 11 (e.g., between about 5 and
9) or between 6 and 8 (e.g., between about 7 and 8). The resulting compositions in solid
form can be packaged in multiple single dose units, each containing a fixed amount of the
above-mentioned agent or agents, such as in a sealed package of tablets or capsules. The
composition in solid form can also be packaged in a container for a flexible quantity, such
as in a squeezable tube designed for a topically applicable cream or ointment. The
compositions can also be formulated as powders, elixirs, suspensions, emulsions, solutions,
syrups, aerosols, lotions, creams, ointments, gels, suppositories, sterile injectable solutions
and sterile packaged powders.

The active ingredient can be nucleic acids or vectors described herein in
combination with one or more pharmaceutically acceptable carriers. As used herein
"pharmaceutically acceptable" means molecules and compositions that do not produce or
lead to an untoward reaction (i.e., adverse, negative or allergic reaction) when administered
to a subject as intended (i.e., as appropriate).

In an aspect, the nucleic acid sequences as disclosed herein can be delivered to a cell
of the subject. Such action can be achieved, for example, by using polymeric,
biodegradable microparticle or microcapsule delivery vehicle, sized to optimize

phagocytosis by phagocytic cells (e.g., macrophages).

METHODS OF TREATMENT

The methods disclosed herein are useful for the treatment of a subject having a
retroviral infection (e.g., HIV infection). The method is effective for targeting any HIV,
(e.g., HIV-1, HIV-2, and any circulating recombinant form thereof). The method can also
include the step of administering a therapeutic effective amount of a pair of engineered
TALENs comprising from the N-terminus to the C-terminus, a first spacer sequence, a
TALE DNA binding domain, a second spacer sequence, and a Fokl nuclease catalytic
domain fused to the C-terminus. The method can further include the step of identifying a
subject (e.g., a human patient) who has an HIV infection and then providing to the subject a
composition comprising a nucleic acid encoding a pair of TALENs. The subject can be

identified using standard clinical tests known to those skilled in the art. Examples of tests
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for diagnosing HIV in a subject include immunoassays to detect the presence of HIV
antibodies in the subject's serum. As described above, the therapeutically effective amount
can be the amount of the composition administered to a subject that leads to a full resolution
of the symptoms of the infection, a reduction in the severity of the symptoms of the
infection, or a slowing of the progression of symptoms of the infection. The methods
described herein can also include a monitoring step to optimize dosing and detect the onset
of drug resistance. In some cases, a clinician can determine whether a subject has a latent
HIV infection. The methods can also include the step of determining the nucleic acid
sequence of the specific HIV present in a subject's serum and then design the TALENS to
comprise specific TALE DNA binding domain sequences. Accordingly, in an aspect, the
present disclosure includes a method comprising a TALE DNA binding domain comprising
a sequence that targets a sequence in the HIV infecting the subject. For example, one
skilled in the art can determine the nucleic acid sequence of a subject's TAR region and then
design one or more pairs of TALENS to be specific and complementary to the patient's
sequences. Further, the method described herein, also includes TALENSs engineered to
comprise RVDs within the TAL repeats to specifically recognize and bind to a
corresponding nucleotide within a target sequence. Thus, a TALE DNA binding domain
can be formed or engineered by selecting a combination of TAL repeats containing the
relevant RVDs to recognize a specific target sequence.

The compositions described herein can be administered as a prophylactic treatment
(i.e., a subject at risk for having a retroviral infection, e.g., an HIV infection). Examples of
a subject at risk for having an HIV infection include but are not limited to any sexually
active individual engaging in unprotected sex (e.g., engaging in sexual activity without the
use of a condom), having a sexually transmitted infection, an intravenous drug user, or
using needles for piercing or tattooing that are not sterile. Subjects at risk for having an
HIV infection can be, for example, an inmate in a correction setting or an individual that
uses sexual activity for income or non-monetary items, or health care worker or first
responder (i.e., an individual whose occupation brings him/her into contact with an HIV -
infected individual or sample). The compositions described herein can also be administered
to a pregnant or lactating woman having an HIV infection for the purpose of reducing the
risk of transmitting HIV to the child. Since HIV can be transmitted transplacentally in
utero, at the time of delivery or following delivery and through breast milk, the
compositions described herein can be administered to a woman (e.g., mother) having an

HIV infection prenatally, perinatally or postnatally encompassing the time duration of
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breast feeding, or any combination thereof. The compositions can also be administered to
the child (e.g., infant) immediately following birth and at various intervals thereafter.

The compositions described herein can also be administered as a prophylactic
treatment to suppress new infections in subjects having an HIV infection and/or currently
undergoing HAART therapy and/or treatment with one or more anti-retroviral agents. In
some instances, the subject has a latent HIV infection.

The compositions disclosed herein can also be co-administered with another
therapeutic agent, for example, an anti-retroviral agent including any agents that are
routinely used in HAART therapy. Examples of anti-retroviral agents include reverse
transcriptase inhibitors (e.g., nucleoside/nucleotide reverse transcriptase inhibitors, such as
zidovudine, emtricitibine, lamivudine and tenofivir; and non-nucleoside reverse
transcriptase inhibitors (e.g., efavarenz, nevirapine, rilpivirine); protease inhibitors (e.g.,
tipiravir, darunavir, indinavir); entry inhibitors (e.g., maraviroc); fusion inhibitors (e.g.,
enfuviritide); or integrase inhibitors (e.g., raltegrivir, dolutegravir). Anti-retroviral agents
can also include multi-class combination agents for example, combinations of emtricitabine,
efavarenz, and tenofivir; combinations of emtricitabine; rilpivirine, and tenofivir; or
combinations of elvitegravir, cobicistat, emtricitabine and tenofivir. Co-administration of
two or more therapeutic agents refers to the administration of the agents at the same time, at
different times such that the time period of their therapeutic effect overlaps, or by the same
route. Administration can be simultaneous or sequential, including on different days or
weeks.

The dosage to be administered depends on many factors including, for example, the
route of administration, the formulation, the severity of the patient's illness/disease, previous
treatments, the patient's size, weight, surface area, age, and gender, other drugs being
administered, and the overall general health of the patient including the presence or absence
of other diseases, disorders or illnesses. Dosage levels can be adjusted using standard
empirical methods for optimization known by one skilled in the art. Administrations of the
compositions described herein can be single or multiple (e.g., 2- or 3-, 4-, 6-, 8-, 10-, 20-,
50-, 100-, 150-, or more fold). Further, encapsulation of the compositions in a suitable
delivery vehicle (e.g., polymeric microparticles or implantable devices) can improve the
efficiency of delivery.

The therapeutically effective amount of the compositions described herein can
include a single treatment or a series of treatments (i.e., multiple treatments or administered

multiple times). Treatment duration using any of compositions disclosed herein can be any
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length of time, such as, for example, one day to as long as the life span of the subject (e.g.,
many vears). For instance, the composition can be administered daily, weekly, monthly,
yearly for a period of 5 years, ten years, or longer. The frequency of treatment can vary.
For example, the compositions described herein can be administered once (or twice, three
times, etc.) daily, weekly, monthly, or yearly for a period of 5 years, ten years, or longer.

In an aspect, the methods disclosed herein also include inactivating a retrovirus. The
method can include the steps of inactivating a retrovirus in a mammalian cell. Further, the
method can include exposing the cell to a composition comprising an isolated nucleic acid
encoding a gene editing complex comprising a TALEN, wherein the TALEN comprises a
TALE DNA binding domain wherein the TALE DNA binding domain provides sequence-
specific binding to a predetermined nucleotide sequence to target a nucleic acid sequence in
the retrovirus. The retrovirus can be a lentivirus including HIV, simian immunodeficiency
virus, a feline immunodeficiency or a bovine immunodeficiency virus. The HIV can be
HIV-1 or HIV-2. The mammalian cell can be any cell type infected by HIV, including, but
not limited to CD4+ lymphocytes, macrophages, fibroblasts, monocytes, T lymphocytes, B
lymphocytes, natural killer cells, dendritic cells such as Langerhans cells and follicular
dendritic cells, hematopoietic stem cells, endothelial cells, brain microglial cells, and
gastrointestinal epithelial cells (e.g., gut-associated lymphoid cell). These cell types also
include cell types that make up latent HIV reservoirs or the latently infected cell. The
exposing step above can occur in vivo (i.e., administration of the compounds directly to the
subject) or ex vivo. For exposing the cell to any of the compositions described herein in an
ex vivo situation, a cell or a plurality of cells or a tissue explant is removed from the subject
having an infection (e.g., HIV) and placed in culture. Next, the cells in culture are
contacted with a composition comprising isolated nucleic acid encoding a gene editing
complex comprising a TALEN, wherein the TALEN comprises a TALE DNA binding
domain wherein the TALE DNA binding domain provides sequence-specific binding to a
predetermined nucleotide sequence to target a nucleic acid sequence in the retrovirus.

In an aspect, a cell or a plurality of cells are removed from a subject having an
infection (e.g., HIV), exposed to any of the compositions described herein in an ex vivo
situation, and then returned to the subject via dialysis, re-infusion or re-implantation of the
cells into the subject, generally, after selection for cells which have incorporated any of the
TALENSs described herein. A cell or plurality of cells can also be removed via a dialysis
system and transferred to a culture. Once the cells are placed in culture, they can be

exposed to any of the compositions described herein (e.g., composition comprising isolated
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nucleic acid encoding a gene editing complex comprising one or more TALENSs, wherein
the one or more TALEN comprises a TALE DNA binding domain wherein the TALE DNA
binding domain provides sequence-specific binding to a predetermined nucleotide sequence
to target a nucleic acid sequence in the retrovirus), and then returned to the subject through
the dialysis system.

In an aspect, the HIV comprises integrated proviral DNA. Proviral DNA means a
virus genome that is integrated into the DNA of the host cell. The HIV genome is RNA,
thus, proviral as used herein can also refer to a DNA version of the genome. It is during this
stage that the virus is likely replicating. The method described above can comprise a gene
editing system that introduces one or more indel mutations in the proviral DNA, wherein the
indel mutation inactivates viral replication or viral gene expression. The term "indel" as
used herein refers to an insertion or the deletion of bases in the DNA of an organism. The
indel can lead to a frame shift wherein the encoded protein or RNA is longer or shorter than
the wild-type gene product. In an aspect, the indel is a deletion, an insertion and/or a point
mutation. The indel can be located in regulatory sequences or structural gene sequences
resulting in defective production of HIV. The size of a deletion or insertion, for example,
can be from a single nucleotide base pair to about 10,000 base pairs. In an aspect, the
deletion or insertion comprises about one to twenty base pairs of proviral DNA. The indel
can also be a point mutation (i.e., the replacement of a single nucleotide with another
nucleotide).

In an aspect, the method of inactivating a retrovirus in a mammalian cell can also
comprise an isolated nucleic acid encoding the gene editing system that further comprises a
nuclear localization signal.

In an aspect, the method of inactivating a retrovirus in a mammalian cell can also
comprise an isolated nucleic acid encoding the gene editing system that is operably linked
to an expression vector. The expression vector can be, for example, an adenoviral vector.

In an aspect, the method of inactivating a retrovirus in a mammalian cell can also
comprise a composition comprising a pharmaceutically acceptable carrier.

The present disclosure also includes methods of reducing risk of HIV infection in a
subject at risk for an HIV infection, the method comprising administering to the subject a
therapeutically effective amount of a pharmaceutical composition comprising a vector
encoding a TALEN, wherein the TALEN comprises from the N-terminus to the C-terminus,
a first spacer sequence, a TALE DNA-binding domain, a second spacer sequence, and a

FokI nuclease catalytic domain fused to the C-terminus.
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The present disclosure also features methods of treating a subject having an HIV
infection, the method comprising: determining the nucleic acid sequence of the HIV; and
administering to the subject a pharmaceutical composition comprising a nucleic acid
sequence encoding a TALEN, wherein the TALEN comprises from the N-terminus to the
C-terminus, a first spacer, a TALE DNA binding domain, a second spacer sequence, and a
FokI nuclease catalytic domain fused to the C-terminus. In an aspect, the TALEN is
optimized for expression in a human cell. Further, the method includes a TALE DNA
binding domain comprising a protein sequence specific for binding to a target nucleotide
sequence. In an aspect, the target sequence comprises a sequence within the transactivation
response element. The target sequence can have the sequence of SEQ ID NOs: 1, 4-7. In
an aspect, the TALE DNA binding domain sequences comprise a sequence having at least

80%, 85%, 90%, 95%, or 99% identify to the sequence of SEQ ID NOs: 1, 4-7.

Kirs

The kits described herein can include any combination of the compositions
described above and suitable instructions (e.g., written and/or provided as audio-, visual-, or
audiovisual material). In an aspect, the kit comprises a predetermined amount of a
composition comprising an isolated nucleic acid sequence comprising a sequence encoding
a TALEN, wherein the TALEN comprises a TALE DNA binding domain providing a
sequence-specific binding to a target nucleotide sequence in HIV. The kit can further
comprise one or more of the following: instructions, sterile fluid, syringes, a sterile
container, delivery devices, and buffers or other control reagents.

The kits can also include one or more anti-retroviral agents, including, for example,
a reverse transcriptase inhibitor, or a protease inhibitor. These agents can be packaged
together in the same container as the compositions described herein and above or they can
be packaged separately. The one or more anti-retroviral agents can be combined with

compositions described herein before use or administered separately.
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ACTGGAGGAGAAGAAATCTGAACTTCGTC
ATAAATTGAAATATGTGCCTCATGAATATA
TTGAATTAATTGAAATTGCCAGAAA
CTCAGGATAGAATTCTTGAAATGAAGGTAA
TGGAATTTTTTATGAAAGTTTATGGATATA

CATTTGGGTGGATCAAGGAAA

CCGGACGGAGCAATTTATACTGTCGGATCT
CCTATTGATTACGGTGTGATCGTGGATACT
AAAGCTTATAGCGGAGGTTATAATCTGCCA

CCCTAATGAATGGTGGAAAGTCT
ATCCATCTTCTGTAACGGAATTTAAGTTTT
TATTTGTGAGTGGTCACTTTAAAGGAAACT
ACAAAGCTCAGCTTACACGATTAAATCATA
TCACTAATTGTAATGGAGCTGTTCTTAGTG
TAGAAGAGCTTTTAATTGGTGGAGAAATGA
TTAAAGCCGGCACATTAACCTTAGAGGAAG
TCAGACGGAAATTTAATAACGGCGAGATAA

SEQ ID | Sequence Name

NO:

1 tctetggttagaccagatet HIV-1 HXB2 accession
number K03455; nucleotide
positions 459-478; (5' TALE
binding target, Fig. 1B)

2 taactagggaacccact HIV HXB2 accession
number K03455; nucleotide
positions 499-515 (3' TALE
binding target)

3 taagcactgggttcectagtta 3' TALE binding target

4 TCTCTAGTCAGACCAGATCA 5'TALE binding mutant 1

5 TCTCTAGTCAGACCAGATCC 5'TALE binding mutant 2

6 TCTCTTGTCAGACCAGATCA 5'TALE binding mutant 3

7 TCTCTTGTCAGACCAGATCC 5'TALE binding mutant 4

8 PKKKRKYV NLS

9 gagcctgggagetetetgge Spacer sequence, Fig. 1B

10 ctcggaccctcgagagaccg Spacer sequence, Fig. 1B

11 GTCGCGH CAACTAGTCAAAAGTGA | T256/T258 5>TALEN FokI

Gblock ELD.Sharkey

12

CAACTAGTCAAAAGTGA
ACTGGCAGGAGAAGAAATCTGAACTTCGTC

T278 3’'TALEN Fokl Gblock
(672bps) KKR.Sharkey
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ATAAATTGAAATATGTGCCTCATGAATATA
TTGAATTAATTGAAATTGCCAGAAAT
CTCAGGATAGAATTCTTGAAATGAAGGTAA
TGGAATTTTTTATGAAAGTTTATGGATATA

CATTTGGGTGGATCAAGGAAA

CCGGACGGAGCAATTTATACTGTCGGATCT
CCTATTGATTACGGTGTGATCGTGGATACT
AAAGCTTATAGCGGAGGTTATAATCTGCCA
ATT( AAGCAGATGAAATGCAACGATAT
GTC:

TCCATCTTCTGTAACGGAATTTAAGTTTTT
ATTTGTGAGTGGTCACTTTAAAGGAAACTA
CAAAGCTCAGCTTACACGATTAAATE
BACTAATTGTAATGGAGCTGTTCTTAGTGT
AGAAGAGCTTTTAATTGGTGGAGAAATGAT
TAAAGCCGGCACATTAACCTTAGAGGAAGT
CAGACGGAAATTTAATAACGGCGAGATAA
ACTTTTAAGGGCCCTTCGAAGGTAAGCCT
ATCCCTAACCCTCTCCTCGGTCTCGATTCT

13

VAGSQLVKSELEEKKSELRHKL
KYVPHEYIELIEITARNPTQDRIL

topGPFEGKPIPNPLL
GLDSTRTGHH

T256/T258 5' TALEN Fokl
ELD Sharkey Amino Acid
Sequence; shaded portion
refers to the protein coding
region open reading frame

14

VAGSQLVKSELEEKKSELRHKL
KYVPHEYIELIETARNPTQDRIL

P
GLDSTRTGHH

T278 3' TALEN Fokl KKR
Sharkey Amino Acid
Sequence; shaded portion
refers to the protein coding
region open reading frame

15

CAGCTGGATCCTGATTGGCAG

forward primer
U3BamHI75F

16

GGGTGCGAGAGCGTCGACGACGG

reverse primer
GagSall804Rev

17

CAGGCTCNNATCTGGTCNNNCNA

randomized reverse primer;
RandomS'siteRev

18

CTCTNGNNNGACCAGATNNGAGC

randomized forward primer;
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Random3'siteFor
19 GGCATGCTCGAGCTCAGATGCTGCATAT forward primer pPBSNY5For
20 CATGCCTCTAGAAGTGGGTTCCCTAGC 21
21 sGACTACAAAGACCATGACGGTGAT | STALEN.ELD.Sharkey

TATAAAGATCATGACATCGATTACAAG
GATGACGATGACAAGATGGCCCCCaagaa
gaagaggaaggtggocattcaccgcggootacctatggtecactte

aggacactcggttaticgcaacagcaacaggagaaaatcaagecta

aggtcaggagcaccgtcgegcaacaccacgagecgctigtogooc
atggcttcactcatgcgceatattgtcgcgctttcacageaccetgcgg

cgctiggoacgotooctgtcaaataccaagatatgattgcggccctg
cccgaagecacgcacgaggcaattgtagggotcogotaaacagiog
tcgggagcocgagcacttgaggcgctgctgactgtggcggotoag
cttagggogoocctecgcteccagetcgacaccgggcagetgctgaaga
tcgcgaagagaggoooaotaacageggtagaggcagigcacace
tggcocaatgcoctcaccgeoocccccttGAACCTGACC
CCAGACCAGGTAGTCGCAATCGCGTCACA
TGACGGGGGAAAGCAAGCCCTGGAAACC
GTGCAAAGGTTGTTGCCGGTCCTTTGTCA
AGACCACGGCCTTACACCGGAGCAAGTCGT
GGCCATTGCAAGCAATGGGGGTGGCAAACA
GGCTCTTGAGACGGTTCAGAGACTTCTCCCA
GTTCTCTGTCAAGCCCACGGGCTGACTCCC
GATCAAGTTGTAGCGATTGCGTCGCATGA
CGGAGGGAAACAAGCATTGGAGACTGTC
CAACGGCTCCTTCCCGTGTTGTGTCAAGC
CCACGGTTTGACGCCTGCACAAGTGGTCGC
CATCGCCTCGAATGGCGGCGGTAAGCAGGC
GCTGGAAACAGTACAGCGCCTGCTGCCTGT
ACTGTGCCAGGATCATGGActgaceccagaccaggt
agtcgcaatcgcegaacaataatgggggaaageaagecctgga
aaccgtgcaaaggttgttgccggtectttgtcaagaccacggect
tacaccggagcaagtcgtggccattgcaaataataacggtgge
aaacaggctcttgagacggttcagagacttctcccagttctetgte
aageecacgggCTGACTCCCGATCAAGTTGTAGC
GATTGCGTCCAACGGTGGAGGGAAACAAGC
ATTGGAGACTGTCCAACGGCTCCTTCCCGTG
TTGTGTCAAGCCCACGGTITTGACGCCTGCAC
AAGTGGTCGCCATCGCCTCGAATGGCGGCG
GTAAGCAGGCGCTGGAAACAGTACAGCGCC
TGCTGCCTGTACTGTGCCAGGATCATGGA

tacaccggagcaagtcgtggccattgcaaataataacg

Vgtggcaaacaggctcttv
tetgtcaageecacggg

TTGACGCCTGCACA

DNA sequence (From start
codon to stop codon)
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AGTGGTCGCCATCGCCAGCCATGATGGCG
GTAAGCAGGCGCTGGAAACAGTACAGCG
CCTGCTGCCTGTACTGTGCCAGGATCATG
GACTGACCCCAGACCAGGTAGTCGCAATC
GCGTCACATGACGGGGGAAAGCAAGCCC
TGGAAACCGTGCAAAGGTTGTTGCCGGTC
CITTTGTCAAGACCACGG!

8
octgacteceg
atcaagttgtagcgattgcgaataacaatggagggaaacaage
attggagactgtccaacggctectteccgtgtigtgtcaagecea

CCAGGTAGTCGCAATCGCGTCAAACGGAGG
GGGAAAGCAAGCCCTGGAAACCGTGCAAAG
GTTGTTGCCGGTCCTTTIGTCAAGACCACGGC
CTTACACCGGAGCAAGTCGTGGCCATTGC

ATCCCACGACGGTGGCAAACAGGCTCTTG
AGACGGTTCAGAGACTTCTCCCAGTTCTC
TGTCAAGCCCACGGGcteacacccgaacageteotco
ccattgcttctaatgggogagoacggccagecttggagiccatcgta
gcccaattgtccaggcccgatcccgegttggctgcgttaacgaatga
ccatctggtogcgttgocatgtcttggtggacgacccgcgctcgatg
cagtcaaaaagggtctgcctcatgcteccgeattgatcaaaagaace
gocooattcccgagagaacttcccatcgagtcgoc
AACTAGTCAAAAGTGAACTGGAGGAG
AAGAAATCTGAACTTCGTCATAAATTGAAA
TATGTGCCTCATGAATATATTGAATTAATT
CTCAGGATAGA
ATTCTTGAAATGAAGGTAATG GAA‘TTTTTT
ATGAAAGTTTATGGATATAGAGG
TTGGCGGCTGGATCAAGGAAACCGGACGGAGC
AATTTATACTGTCGGATCTCCTATTGATTA
CGGTGTGATCGTGGATACTAAAGCTTATAG
CTGCCAATTGGCCAAGC

AAACATERBAACCCTA
ATGAATGGTGGAAAGTCTATCCATCTTCTG
TAACGGAATTTAAGTTTTTATTTGTGAGTG
GTCACTTTAAAGGAAACTACAAAGCTCAGC
TTACACGATTAAATCATATCACTAATTGTA
ATGGAGCTGTTCTTAGTGTAGAAGAGCTTT
TAATTGGTGGAGAAATGATTAAAGCCGGC
ACATTAACCTTAGAGGAAGTCAGACGGAA
ATTTAATAACGGCGAGATAAACT

22

GACTACAAAGACCATGACGGTGAT
TATAAAGATCATGACATCGATTACAAG
GATGACGATGACAAGATGGCCCCCaagaa

JDS78 (with
S'TALEN.ELD .Sharkey)
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2agagoaa cattcaccgce tacctatggtooactt

aggacactcggttattcgcaacagcaacaggagaaaatcaagecta
aggtcaggagcaccgtcgcgcaacaccacgagococttotogooc
atggcttcactcatgcgcatattgtcgegctttcacagecaccctgcgg
cgctiggoacgotooctgtcaaataccaagatatgattgcggccctg
cccgaagecacgcacgaggcaattgtagggotcogotaaacagiog
tcgggagcocgagcacttgaggcgctgctgactgtggcggotoag
cttagggogoocctecgcteccagetcgacaccgggcagetgctgaaga
tcgcgaagaga agtaacagcggtagaggcagtecacgce
tgecgcaatgcgctcaccgggacccccttGAACCTGACC

CCAGACCAGGTAGTCGCAATCGCGTCACA
TGACGGGGGAAAGCAAGCCCTGGAAACC

GTGCAAAGGTTGTTGCCGGTCCTTTGTCA

AGACCACGGCCTTACACCGGAGCAAGTCGT
GGCCATTGCAAGCAATGGGGGTGGCAAACA

GGCTCTTGAGACGGTTCAGAGACTTCTCCCA
GTTCTCTGTCAAGCCCACGGGCTGACTCCC

GATCAAGTTGTAGCGATTGCGTCGCATGA
CGGAGGGAAACAAGCATTGGAGACTGTC

CAACGGCTCCTTCCCOGTGTTGTGTCAAGC

CCACGGTTTGACGCCTGCACAAGTGGTCGC
CATCGCCTCGAATGGCGGCGGTAAGCAGGC
GCTGGAAACAGTACAGCGCCTGCTGCCTGT
ACTGTGCCAGGATCATGGActgaceccagaccaggt
agtcgcaatcgcegaacaataatgggggaaageaagecctgga

aaccgtgcaaaggttgttgccggtectttgtcaagaccacggect
tacaccggagcaagtcgtggccattgcaaataataacggtgge

aaacaggctcttgagacggttcagagacttctcccagttctetgte
aageecacgggCTGACTCCCGATCAAGTTGTAGC
GATTGCGTCCAACGGTGGAGGGAAACAAGC
ATTGGAGACTGTCCAACGGCTCCTTCCCGTG
TTGTGTCAAGCCCACGGTITTGACGCCTGCAC
AAGTGGTCGCCATCGCCTCGAATGGCGGCG
GTAAGCAGGCGCTGGAAACAGTACAGCGCC
TGCTGCCTGTACTGTGCCAGGATCATGG Ax

tacaccggagcaagtcgtggccattgcaaataataacg
gtggcaaacaggctcttv
tctgtcaagcccacggg

g
TTGACGCCTGCACA
AGTGGTCGCCATCGCCAGCCATGATGGCG
GTAAGCAGGCGCTGGAAACAGTACAGCG
CCTGCTGCCTGTACTGTGCCAGGATCATG
GACTGACCCCAGACCAGGTAGTCGCAATC
GCGTCACATGACGGGGGAAAGCAAGCCC
TGGAAACCGTGCAAAGGTTGTTGCCGGTC
CTTTGTCAAGACCACGGC
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TCAAACGGAGG
GGGAAAGCAAGCCCTGGAAACCGTGCAAAG
GTTGTTGCCGGTCCTTTGTCAAGACCACGGC
CTTACACCGGAGCAAGTCGTGGCCATTGC
ATCCCACGACGGTGGCAAACAGGCTCTTG
AGACGGTTCAGAGACTTCTCCCAGTTCTC
TGTCAAGCCCACGGGcteacacccgaacageteotco
ccattgcttctaatgggogagoacggccagecttggagiccatcgta
gcccaattgtccaggcccgatcccgegttggctgcgttaacgaatga
ccatctggtogcgttgocatgtcttggtggacgacccgcgctcgatg
cagtcaaaaagggtctgcctcatgcteccgceattgatcaa.
aaccggcggattcccgagagaacttcccatcgagtcgce

AAGAAATCTGAACTTCGTCATAAATTGAAA

TATGTGCCTCATGAATATATTGAATTAATT

TTGGGTGGATCAAGGAAACCGGACGGAGC
AATTTATACTGTCGGATCTCCTATTGATTA
CGGTGTGATCGTGGATACTAAAGCTTATAG
CGGAGGTTATAATCTGCCAATTGGCCAAGC

ATGAATGGTGGAAAGTCTATCCATCTTCTG
TAACGGAATTTAAGTTTTTATTTGTGAGTG
GTCACTTTAAAGGAAACTACAAAGCTCAGC
TTACACGATTAAATCATATCACTAATTGTA
ATGGAGCTGTTCTTAGTGTAGAAGAGCTTT
TAATTGGTGGAGAAATGATTAAAGCCGGC
ACATTAACCTTAGAGGAAGTCAGACGGAA

ATTTAATAACGGCGAGATAAACT
GGGCCCTTCGAAGGTAAGCCTATCCCT
AACCCTCTCCTCGGTCTCGATTCTACGC
JCATCATCACCATCACCATTG
AGTTTAAACCCGCTGATCAGCCTCGAC
TGTGCCTTCTAGTTGCCAGCCATCTGTT
GTTTGCCCCTCCCCCGTGCCTTCCTTGA
CCCTGGAAGGTGCCACTCCCACTGTCC
TTTCCTAATAAAATGAGGAAATTGCATC
GCATTGTCTGAGTAGGTGTCATTCTATT
CTGGGGGGTGGGGTGGGGCAGGACAG
CAAGGGGGAGGATTGGGAAGACAATAG
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CAGGCATGCTGGGGATGCGGTGGGCTC
TATGGCTTCTGAGGCGGAAAGAACCAG
CTGGGGCTCTAGGGGGTATCCCCACGC
GCCCTGTAGCGGCGCATTAAGCGCGGC
GGGTGTGGTGGTTACGCGCAGCGTGAC
CGCTACACTTGCCAGCGCCCTAGCGCC
CGCTCCTTTCGCTTTCTTCCCTTCCTTT
CTCGCCACGTTCGCCGGCTTTCCCCGT
CAAGCTCTAAATCGGGGCATCCCTTTA
GGGTTCCGATTTAGTGCTTTACGGCAC
CTCGACCCCAAAAAACTTGATTAGGGT
GATGGTTCACGTAGTGGGCCATCGCCC
TGATAGACGGTTTTTCGCCCTTTGACGT
TGGAGTCCACGTTCTTTAATAGTGGACT
CTTGTTCCAAACTGGAACAACACTCAAC
CCTATCTCGGTCTATTCTTTTGATTTAT
AAGGGATTTTGGGGATTTCGGCCTATT
GGTTAAAAAATGAGCTGATTTAACAAA
AATTTAACGCGAATTAATTCTGTGGAAT
GTGTGTCAGTTAGGGTGTGGAAAGTCC
CCAGGCTCCCCAGGCAGGCAGAAGTAT
GCAAAGCATGCATCTCAATTAGTCAGC
AACCAGGTGTGGAAAGTCCCCAGGCTC
CCCAGCAGGCAGAAGTATGCAAAGCAT
GCATCTCAATTAGTCAGCAACCATAGTC
CCGCCCCTAACTCCGCCCATCCCGCCC
CTAACTCCGCCCAGTTCCGCCCATTCTC
CGCCCCATGGCTGACTAATTTTTTTTAT
TTATGCAGAGGCCGAGGCCGCCTCTGC
CTCTGAGCTATTCCAGAAGTAGTGAGG
AGGCTTTTTTGGAGGCCTAGGCTTTTG
CAAAAAGCTCCCGGGAGCTTGTATATC
CATTTTCGGATCTGATCAGCACGTGTTG
ACAATTAATCATCGGCATAGTATATCGG
CATAGTATAATACGACAAGGTGAGGAA
CTAAACCATGGCCAAGCCTTTGTCTCAA
GAAGAATCCACCCTCATTGAAAGAGCA
ACGGCTACAATCAACAGCATCCCCATC
TCTGAAGACTACAGCGTCGCCAGCGCA
GCTCTCTCTAGCGACGGCCGCATCTTC
ACTGGTGTCAATGTATATCATTTTACTG
GGGGACCTTGTGCAGAACTCGTGGTGC
TGGGCACTGCTGCTGCTGCGGCAGCTG
GCAACCTGACTTGTATCGTCGCGATCG
GAAATGAGAACAGGGGCATCTTGAGCC
CCTGCGGACGGTGTCGACAGGTGCTTC
TCGATCTGCATCCTGGGATCAAAGCGA
TAGTGAAGGACAGTGATGGACAGCCGA
CGGCAGTTGGGATTCGTGAATTGCTGC
CCTCTGGTTATGTGTGGGAGGGCTAAG
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CACTTCGTGGCCGAGGAGCAGGACTGA
CACGTGCTACGAGATTTCGATTCCACC
GCCGCCTTCTATGAAAGGTTGGGCTTC
GGAATCGTTTTCCGGGACGCCGGCTGG
ATGATCCTCCAGCGCGGGGATCTCATG
CTGGAGTTCTTCGCCCACCCCAACTTGT
TTATTGCAGCTTATAATGGTTACAAATA
AAGCAATAGCATCACAAATTTCACAAAT
AAAGCATTTTTTTCACTGCATTCTAGTT
GTGGTTTGTCCAAACTCATCAATGTATC
TTATCATGTCTGTATACCGTCGACCTCT
AGCTAGAGCTTGGCGTAATCATGGTCA
TAGCTGTTTCCTGTGTGAAATTGTTATC
CGCTCACAATTCCACACAACATACGAG
CCGGAAGCATAAAGTGTAAAGCCTGGG
GTGCCTAATGAGTGAGCTAACTCACAT
TAATTGCGTTGCGCTCACTGCCCGCTTT
CCAGTCGGGAAACCTGTCGTGCCAGCT
GCATTAATGAATCGGCCAACGCGCGGG
GAGAGGCGGTTTGCGTATTGGGCGCTC
TTCCGCTTCCTCGCTCACTGACTCGCTG
CGCTCGGTCGTTCGGCTGCGGCGAGCG
GTATCAGCTCACTCAAAGGCGGTAATA
CGGTTATCCACAGAATCAGGGGATAAC
GCAGGAAAGAACATGTGAGCAAAAGGC
CAGCAAAAGGCCAGGAACCGTAAAAAG
GCCGCGTTGCTGGCGTTTTTCCATAGG
CTCCGCCCCCCTGACGAGCATCACAAA
AATCGACGCTCAAGTCAGAGGTGGCGA
AACCCGACAGGACTATAAAGATACCAG
GCGTTTCCCCCTGGAAGCTCCCTCGTG
CGCTCTCCTGTTCCGACCCTGCCGCTTA
CCGGATACCTGTCCGCCTTTCTCCCTTC
GGGAAGCGTGGCGCTTTCTCAATGCTC
ACGCTGTAGGTATCTCAGTTCGGTGTA
GGTCGTTCGCTCCAAGCTGGGCTGTGT
GCACGAACCCCCCGTTCAGCCCGACCG
CTGCGCCTTATCCGGTAACTATCGTCTT
GAGTCCAACCCGGTAAGACACGACTTA
TCGCCACTGGCAGCAGCCACTGGTAAC
AGGATTAGCAGAGCGAGGTATGTAGGC
GGTGCTACAGAGTTCTTGAAGTGGTGG
CCTAACTACGGCTACACTAGAAGGACA
GTATTTGGTATCTGCGCTCTGCTGAAG
CCAGTTACCTTCGGAAAAAGAGTTGGT
AGCTCTTGATCCGGCAAACAAACCACC
GCTGGTAGCGGTGGTTTTTTTGTTTGCA
AGCAGCAGATTACGCGCAGAAAAAAAG
GATCTCAAGAAGATCCTTTGATCTTTTC
TACGGGGTCTGACGCTCAGTGGAACGA
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AAACTCACGTTAAGGGATTTTGGTCAT
GAGATTATCAAAAAGGATCTTCACCTA
GATCCTTTTAAATTAAAAATGAAGTTTT
AAATCAATCTAAAGTATATATGAGTAAA
CTTGGTCTGACAGTTACCAATGCTTAAT
CAGTGAGGCACCTATCTCAGCGATCTG
TCTATTTCGTTCATCCATAGTTGCCTGA
CTCCCCGTCGTGTAGATAACTACGATA
CGGGAGGGCTTACCATCTGGCCCCAGT
GCTGCAATGATACCGCGAGACCCACGC
TCACCGGCTCCAGATTTATCAGCAATAA
ACCAGCCAGCCGGAAGGGCCGAGCGCA
GAAGTGGTCCTGCAACTTTATCCGCCT
CCATCCAGTCTATTAATTGTTGCCGGGA
AGCTAGAGTAAGTAGTTCGCCAGTTAA
TAGTTTGCGCAACGTTGTTGCCATTGCT
ACAGGCATCGTGGTGTCACGCTCGTCG
TTTGGTATGGCTTCATTCAGCTCCGGTT
CCCAACGATCAAGGCGAGTTACATGAT
CCCCCATGTTGTGCAAAAAAGCGGTTA
GCTCCTTCGGTCCTCCGATCGTTGTCA
GAAGTAAGTTGGCCGCAGTGTTATCAC
TCATGGTTATGGCAGCACTGCATAATTC
TCTTACTGTCATGCCATCCGTAAGATGC
TTTTCTGTGACTGGTGAGTACTCAACCA
AGTCATTCTGAGAATAGTGTATGCGGC
GACCGAGTTGCTCTTGCCCGGCGTCAA
TACGGGATAATACCGCGCCACATAGCA
GAACTTTAAAAGTGCTCATCATTGGAAA
ACGTTCTTCGGGGCGAAAACTCTCAAG
GATCTTACCGCTGTTGAGATCCAGTTC
GATGTAACCCACTCGTGCACCCAACTG
ATCTTCAGCATCTTTTACTTTCACCAGC
GTTTCTGGGTGAGCAAAAACAGGAAGG
CAAAATGCCGCAAAAAAGGGAATAAGG
GCGACACGGAAATGTTGAATACTCATA
CTCTTCCTTTTTCAATATTATTGAAGCA
TTTATCAGGGTTATTGTCTCATGAGCGG
ATACATATTTGAATGTATTTAGAAAAAT
AAACAAATAGGGGTTCCGCGCACATTT
CCCCGAAAAGTGCCACCTGACGTC

23

GACGGATCGGGAGATCTCCCGATCCCC
TATGGTCGACTCTCAGTACAATCTGCTC
TGATGCCGCATAGTTAAGCCAGTATCT
GCTCCCTGCTTGTGTGTTGGAGGTCGC
TGAGTAGTGCGCGAGCAAAATTTAAGC
TACAACAAGGCAAGGCTTGACCGACAA
TTGCATGAAGAATCTGCTTAGGGTTAG
GCGTTTTGCGCTGCTTCGCGATGTACG
GGCCAGATATACGCGTTGACATTGATT

JDS78
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ATTGACTAGTTATTAATAGTAATCAATT
ACGGGGTCATTAGTTCATAGCCCATAT
ATGGAGTTCCGCGTTACATAACTTACG
GTAAATGGCCCGCCTGGCTGACCGCCC
AACGACCCCCGCCCATTGACGTCAATA
ATGACGTATGTTCCCATAGTAACGCCA
ATAGGGACTTTCCATTGACGTCAATGG
GTGGACTATTTACGGTAAACTGCCCAC
TTGGCAGTACATCAAGTGTATCATATGC
CAAGTACGCCCCCTATTGACGTCAATG
ACGGTAAATGGCCCGCCTGGCATTATG
CCCAGTACATGACCTTATGGGACTTTCC
TACTTGGCAGTACATCTACGTATTAGTC
ATCGCTATTACCATGGTGATGCGGTTTT
GGCAGTACATCAATGGGCGTGGATAGC
GGTTTGACTCACGGGGATTTCCAAGTC
TCCACCCCATTGACGTCAATGGGAGTT
TGTTTTGGCACCAAAATCAACGGGACT
TTCCAAAATGTCGTAACAACTCCGCCCC
ATTGACGCAAATGGGCGGTAGGCGTGT
ACGGTGGGAGGTCTATATAAGCAGAGC
TCTCTGGCTAACTAGAGAACCCACTGC
TTACTGGCTTATCGAAATTAATACGACT
CACTATAGGGAGACCCAAGCTGGCTAG

: ACTACAAAGACCATGACGGT
GATTATAAAGATCATGACATCGATTACA
AGGATGACGATGACAAGATGGCCCCCA
AGAAGAAGAGGAAGGTGGGCATTCACC
GCGGGGTACCTATGGTGGACTTGAGGA
CACTCGGTTATTCGCAACAGCAACAGG
AGAAAATCAAGCCTAAGGTCAGGAGCA
CCGTCGCGCAACACCACGAGGCGCTTG
TGGGGCATGGCTTCACTCATGCGCATA
TTGTCGCGCTTTCACAGCACCCTGCGG
CGCTTGGGACGGTGGCTGTCAAATACC
AAGATATGATTGCGGCCCTGCCCGAAG
CCACGCACGAGGCAATTGTAGGGGTCG
GTAAACAGTGGTCGGGAGCGCGAGCAC
TTGAGGCGCTGCTGACTGTGGCGGGTG
AGCTTAGGGGGCCTCCGCTCCAGCTCG
ACACCGGGCAGCTGCTGAAGATCGCGA
AGAGAGGGGGAGTAACAGCGGTAGAG
GCAGTGCACGCCTGGCGCAATGCGCTC
ACCGGGGCCCCCTTGAACAGAGACGAT
TAATGCGTCTCGCTGACACCCGAACAG
GTGGTCGCCATTGCTTCTAATGGGGGA
GGACGGCCAGCCTTGGAGTCCATCGTA
GCCCAATTGTCCAGGCCCGATCCCGCG
TTGGCTGCGTTAACGAATGACCATCTG
GTGGCGTTGGCATGTCTTGGTGGACGA
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CCCGCGCTCGATGCAGTCAAAAAGGGT
CTGCCTCATGCTCCCGCATTGATCAAAA
GAACCAACCGGCGGATTCCCGAGAGAA
CTTCCCATCGAGTCGCGGGATCCCAAC
TAGTCAAAAGTGAACTGGAGGAGAAGA
AATCTGAACTTCGTCATAAATTGAAATA
TGTGCCTCATGAATATATTGAATTAATT
GAAATTGCCAGAAATTCCACTCAGGAT
AGAATTCTTGAAATGAAGGTAATGGAA
TTTTTTATGAAAGTTTATGGATATAGAG
GTAAACATTTGGGTGGATCAAGGAAAC
CGGACGGAGCAATTTATACTGTCGGAT
CTCCTATTGATTACGGTGTGATCGTGG
ATACTAAAGCTTATAGCGGAGGTTATA
ATCTGCCAATTGGCCAAGCAGATGAAA
TGCAACGATATGTCGAAGAAAATCAAA
CACGAAACAAACATATCAACCCTAATG
AATGGTGGAAAGTCTATCCATCTTCTGT
AACGGAATTTAAGTTTTTATTTGTGAGT
GGTCACTTTAAAGGAAACTACAAAGCT
CAGCTTACACGATTAAATCATATCACTA
ATTGTAATGGAGCTGTTCTTAGTGTAGA
AGAGCTTTTAATTGGTGGAGAAATGAT
TAAAGCCGGCACATTAACCTTAGAGGA
AGTCAGACGGAAATTTAATAACGGCGA
(GGGCCCTTCGAAGG
TAACCCTCTCCTCGGT
CTCGATTCTACGCGTACCGGTCATCATC
ACCATCACCATTGAGTTTAAACCCGCTG
ATCAGCCTCGACTGTGCCTTCTAGTTGC
CAGCCATCTGTITGTTTGCCCCTCCCCCG
TGCCTTCCTTGACCCTGGAAGGTGCCA
CTCCCACTGTCCTTTCCTAATAAAATGA
GGAAATTGCATCGCATTGTCTGAGTAG
GTGTCATTCTATTCTGGGGGGTGGGGT
GGGGCAGGACAGCAAGGGGGAGGATT
GGGAAGACAATAGCAGGCATGCTGGGG
ATGCGGTGGGCTCTATGGCTTCTGAGG
CGGAAAGAACCAGCTGGGGCTCTAGGG
GGTATCCCCACGCGCCCTGTAGCGGCG
CATTAAGCGCGGCGGGTGTGGTGGTTA
CGCGCAGCGTGACCGCTACACTTGCCA
GCGCCCTAGCGCCCGCTCCTTTCGCTT
TCTTCCCTTCCTTTCTCGCCACGTTCGC
CGGCTTTCCCCGTCAAGCTCTAAATCG
GGGCATCCCTTTAGGGTTCCGATTTAG
TGCTTTACGGCACCTCGACCCCAAAAA
ACTTGATTAGGGTGATGGTTCACGTAG
TGGGCCATCGCCCTGATAGACGGTTTT
TCGCCCTTTGACGTTGGAGTCCACGTT
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CTTTAATAGTGGACTCTTGTTCCAAACT
GGAACAACACTCAACCCTATCTCGGTC
TATTCTTTTGATTTATAAGGGATTTTGG
GGATTTCGGCCTATTGGTTAAAAAATG
AGCTGATTTAACAAAAATTTAACGCGAA
TTAATTCTGTGGAATGTGTGTCAGTTAG
GGTGTGGAAAGTCCCCAGGCTCCCCAG
GCAGGCAGAAGTATGCAAAGCATGCAT
CTCAATTAGTCAGCAACCAGGTGTGGA
AAGTCCCCAGGCTCCCCAGCAGGCAGA
AGTATGCAAAGCATGCATCTCAATTAGT
CAGCAACCATAGTCCCGCCCCTAACTC
CGCCCATCCCGCCCCTAACTCCGCCCA
GTTCCGCCCATTCTCCGCCCCATGGCT
GACTAATTTTTTTTATTTATGCAGAGGC
CGAGGCCGCCTCTGCCTCTGAGCTATT
CCAGAAGTAGTGAGGAGGCTTTTTTGG
AGGCCTAGGCTTTTGCAAAAAGCTCCC
GGGAGCTTGTATATCCATTTTCGGATCT
GATCAGCACGTGTTGACAATTAATCATC
GGCATAGTATATCGGCATAGTATAATA
CGACAAGGTGAGGAACTAAACCATGGC
CAAGCCTTTGTCTCAAGAAGAATCCAC
CCTCATTGAAAGAGCAACGGCTACAAT
CAACAGCATCCCCATCTCTGAAGACTA
CAGCGTCGCCAGCGCAGCTCTCTCTAG
CGACGGCCGCATCTTCACTGGTGTCAA
TGTATATCATTTTACTGGGGGACCTTGT
GCAGAACTCGTGGTGCTGGGCACTGCT
GCTGCTGCGGCAGCTGGCAACCTGACT
TGTATCGTCGCGATCGGAAATGAGAAC
AGGGGCATCTTGAGCCCCTGCGGACGG
TGTCGACAGGTGCTTCTCGATCTGCAT
CCTGGGATCAAAGCGATAGTGAAGGAC
AGTGATGGACAGCCGACGGCAGTTGGG
ATTCGTGAATTGCTGCCCTCTGGTTATG
TGTGGGAGGGCTAAGCACTTCGTGGCC
GAGGAGCAGGACTGACACGTGCTACGA
GATTTCGATTCCACCGCCGCCTTCTATG
AAAGGTTGGGCTTCGGAATCGTTTTCC
GGGACGCCGGCTGGATGATCCTCCAGC
GCGGGGATCTCATGCTGGAGTTCTTCG
CCCACCCCAACTTGTTTATTGCAGCTTA
TAATGGTTACAAATAAAGCAATAGCATC
ACAAATTTCACAAATAAAGCATTTTTTT
CACTGCATTCTAGTTGTGGTTTGTCCAA
ACTCATCAATGTATCTTATCATGTCTGT
ATACCGTCGACCTCTAGCTAGAGCTTG
GCGTAATCATGGTCATAGCTGTTTCCTG
TGTGAAATTGTTATCCGCTCACAATTCC
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ACACAACATACGAGCCGGAAGCATAAA
GTGTAAAGCCTGGGGTGCCTAATGAGT
GAGCTAACTCACATTAATTGCGTTGCG
CTCACTGCCCGCTTTCCAGTCGGGAAA
CCTGTCGTGCCAGCTGCATTAATGAAT
CGGCCAACGCGCGGGGAGAGGCGGTTIT
GCGTATTGGGCGCTCTTCCGCTTCCTC
GCTCACTGACTCGCTGCGCTCGGTCGT
TCGGCTGCGGCGAGCGGTATCAGCTCA
CTCAAAGGCGGTAATACGGTTATCCAC
AGAATCAGGGGATAACGCAGGAAAGAA
CATGTGAGCAAAAGGCCAGCAAAAGGC
CAGGAACCGTAAAAAGGCCGCGTTGCT
GGCGTTTTTCCATAGGCTCCGCCCCCC
TGACGAGCATCACAAAAATCGACGCTC
AAGTCAGAGGTGGCGAAACCCGACAGG
ACTATAAAGATACCAGGCGTTTCCCCCT
GGAAGCTCCCTCGTGCGCTCTCCTGTT
CCGACCCTGCCGCTTACCGGATACCTG
TCCGCCTTTCTCCCTTCGGGAAGCGTG
GCGCTTTCTCAATGCTCACGCTGTAGG
TATCTCAGTTCGGTGTAGGTCGTTCGCT
CCAAGCTGGGCTGTGTGCACGAACCCC
CCGTTCAGCCCGACCGCTGCGCCTTAT
CCGGTAACTATCGTCTTGAGTCCAACC
CGGTAAGACACGACTTATCGCCACTGG
CAGCAGCCACTGGTAACAGGATTAGCA
GAGCGAGGTATGTAGGCGGTGCTACAG
AGTTCTTGAAGTGGTGGCCTAACTACG
GCTACACTAGAAGGACAGTATTTGGTA
TCTGCGCTCTGCTGAAGCCAGTTACCTT
CGGAAAAAGAGTTGGTAGCTCTTGATC
CGGCAAACAAACCACCGCTGGTAGCGG
TGGTTTTTTTGTTTGCAAGCAGCAGATT
ACGCGCAGAAAAAAAGGATCTCAAGAA
GATCCTTTGATCTTTTCTACGGGGTCTG
ACGCTCAGTGGAACGAAAACTCACGTT
AAGGGATTTTGGTCATGAGATTATCAA
AAAGGATCTTCACCTAGATCCTTTTAAA
TTAAAAATGAAGTTTTAAATCAATCTAA
AGTATATATGAGTAAACTTGGTCTGACA
GTTACCAATGCTTAATCAGTGAGGCAC
CTATCTCAGCGATCTGTCTATTTCGTTC
ATCCATAGTTGCCTGACTCCCCGTCGT
GTAGATAACTACGATACGGGAGGGCTT
ACCATCTGGCCCCAGTGCTGCAATGAT
ACCGCGAGACCCACGCTCACCGGCTCC
AGATTTATCAGCAATAAACCAGCCAGC
CGGAAGGGCCGAGCGCAGAAGTGGTCC
TGCAACTTTATCCGCCTCCATCCAGTCT
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ATTAATTGTTGCCGGGAAGCTAGAGTA
AGTAGTTCGCCAGTTAATAGTTTGCGC
AACGTTGTTGCCATTGCTACAGGCATC
GTGGTGTCACGCTCGTCGTTTGGTATG
GCTTCATTCAGCTCCGGTTCCCAACGAT
CAAGGCGAGTTACATGATCCCCCATGT
TGTGCAAAAAAGCGGTTAGCTCCTTCG
GTCCTCCGATCGTTGTCAGAAGTAAGT
TGGCCGCAGTGTTATCACTCATGGTTAT
GGCAGCACTGCATAATTCTCTTACTGTC
ATGCCATCCGTAAGATGCTTTTCTGTGA
CTGGTGAGTACTCAACCAAGTCATTCT
GAGAATAGTGTATGCGGCGACCGAGTT
GCTCTTGCCCGGCGTCAATACGGGATA
ATACCGCGCCACATAGCAGAACTTTAA
AAGTGCTCATCATTGGAAAACGTTCTTC
GGGGCGAAAACTCTCAAGGATCTTACC
GCTGTTGAGATCCAGTTCGATGTAACC
CACTCGTGCACCCAACTGATCTTCAGC
ATCTTTTACTTTCACCAGCGTTTCTGGG
TGAGCAAAAACAGGAAGGCAAAATGCC
GCAAAAAAGGGAATAAGGGCGACACGG
AAATGTTGAATACTCATACTCTTCCTTT
TTCAATATTATTGAAGCATTTATCAGGG
TTATTGTCTCATGAGCGGATACATATTT
GAATGTATTTAGAAAAATAAACAAATAG
GGGTTCCGCGCACATTTCCCCGAAAAG
TGCCACCTGACGTC

24

‘GACTACAAAGACCATGACGGTGAT
TATAAAGATCATGACATCGATTACAAG

GATGACGATGACAAGATGGCCCCCaagaa
2agagoaa cattcaccgce tacctatggtooactt

aggacactcggttaticgcaacagcaacaggagaaaatcaagecta
aggtcaggagcaccgtcgcgcaacaccacgagococttotogooc
atggcttcactcatgcgcatattgtcgegctttcacagecaccctgcgg
cgctiggoacgotooctgtcaaataccaagatatgattgcggccctg
cccgaagecacgcacgaggcaattgtagggotcogotaaacagiog
tcgggagcocgagcacttgaggcgctgctgactgtggcggotoag
cttagggogoocctecgcteccagetcgacaccgggcagetgctgaaga
tcgcgaagagageeooactaacagceet

tggcgcaatgcgctcaccgggocccectty:

ctgacteeccgatcaagttgtagegattgegaataacaat
ggagggaaacaagecattggagactgtccaacggctecttecegt
gttgtgtcaageccacggt ITGACGCCTGCACAAGT
GGTCGCCATCGCCAGCCATGATGGCGGTA
AGCAGGCGCTGGAAACAGTACAGCGCCT

3’TALEN (in JDS70)
Constructs T278
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GCTGCCTGTACTGTGCCAGGATCATGG

aacggtggcaaacaggctcttgagacggttcagagacttctccc
agttctetgtcaageccacgggCTGACTCCCGATCAAG
TTGTAGCGATTGCGTCCAACGGTGGAGGGA
AACAAGCATTGGAGACTGTCCAACGGCTCCT
TCCCGTGTTIGTGTCAAGCCCACGGTttgacgect
gcacaagtggtcgecatcgecaacaacaacggeggtaageag
gcgctggaaacagtacagegectgctgectgtactgtgccagga
tcatggactgaccccagaccaggtagtcgcaatcgegaacaat
aatgggggaaagcaagecctggaaaccgtgcaaaggttgttge
cggtectttgtcaagaccacggecttacaccggagcaagtegte
gccattgcaaataataacggtggcaaacaggctcttgagacggt
tcagagacttcteccagttetctgtcaageccacgggCTGACT
CCCGATCAAGTTGTAGCGATTGCGTCCAACG
GTGGAGGGAAACAAGCATTGGAGACTGTCC
AACGGCTCCTICCCGTIGTTGTIGTCAAGCCCA
CGGTTIGACGCCTGCACAAGTGGTCGCCAT
CGCCTCGAATGGCGGCGGTAAGCAGGCGCT
GGAAACAGTACAGCGCCTGCTGCCTGTACT
GTGCCAGGATCATGGACTGACCCCAGACCA
GGTAGTCGCAATCGCGTCACATGACGGGG
GAAAGCAAGCCCTGGAAACCGTGCAAAG
GTTGTTGCCGGTCCTTTGTCAAGACCACG
GCCTTACACCGGAGCAAGTCGTGGCCATT
GCATCCCACGACGGTGGCAAACAGGCTCT
TGAGACGGTTCAGAGACTTCTCCCAGTTC
TCTGTCAAGCCCACGGGCTGACTCCCGAT
CAAGTTGTAGCGATTGCGTCGCATGACGG
AGGGAAACAAGCATTGGAGACTGTCCAA
CGGCTCCTTCCCGTGTTGTGTCAAGCCCA
CGGTTTGACGCCTGCACAAGTGGTCGCCAT
CGCCTCGAATGGCGGCGGTAAGCAGGCGCT
GGAAACAGTACAGCGC
GTGCCAGGATCATGGA

cttacaccggag
caagtcgtggccattgcaaataataacggtggcaaacaggctct
tgagacggttcagagacttctcccagttctetgtcaageccacgg
gCTGACTCCCGATCAAGTTGTAGCGATTGCG
TCCAACGGTGGAGGGAAACAAGCATTGGAG
ACTGTCCAACGGCTCCTTCCCGTIGTIGTGTIC
AAGCCCACGGTTTGACGCCTGCACAAGTGG
TCGCCATCGCCTCGAATGGCGGCGGTAAGC
AGGCGCTGGAAACAGTACAGCGCCTGCTGC
CIGTACTGTGCCAGGATCATGGActgacacccgaa
caggtggtcgccattgcttctaacatcggaggacggccagecttgga
gtccatcgtageccaattgteccaggeccgatecegegtiggctacgtt
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aacgaatgaccatctggtgocgttoocatgtcttggtooacgacceg
cgctcgatgcagtcaaaaagggtctecctecatgctecccgceattgatca

aaagaaccaaccggcgeattcccgagagaacttcccatcgagtcgc
200aTCCCAACTAGTCAAAAGTGAACTGGAG
GAGAAGAAATCTGAACTTCGTCATAAATTG
AAATATGCTGCCTCATGAATATATTGAATTA
ATTGAAATTGCCAGAAATTCCACTCAGGAT
AGAATTCTTGAAATGAAGGTAATGGAATTT
TTTATGAAAGTTTATGGATATAGAGGTAAA
CATTTGGGTGGATCAAGGAAACCGGACGG
AGCAATTTATACTGTCGGATCTICCTATTGA
TTACGGTGTGATCGTGGATACTAAAGCTTA
TAGCGCGGAGGTTATAATCTGCCAATTGGCCA
AGCAGATGCGAAATGCAACGATATGTCGAAG
AAAATCAAACACGAAACAAACATATCAACC
CTAATGAATGGTGGAAAGTCTATCCATCTT
CTGTAACGGAATTTAAGTTTTTATTTGTGA
GTGGTCACTTTAAAGGAAACTACAAAGCTC
AGCTTACACGATTAAATCATATCACTAATT
GTAATGGAGCTGTTCTTAGTGTAGAAGAGC
TTTTAATTGGTGGAGAAATGATTAAAGCCG
GCACATTAACCTTAGAGGAAGTCAGACGG
AAATTTAATAACGGCGAGATAAACT

25

GACGGATCGGGAGATCTCCCGATCCCCTA
TGGTCGACTCTCAGTACAATCTGCTCTGA
TGCCGCATAGTTAAGCCAGTATCTGCTCC
CTGCTTGTGTGTTGGAGGTCGCTGAGTAG
TGCGCGAGCAAAATTTAAGCTACAACAAG
GCAAGGCTTGACCGACAATTGCATGAAGA
ATCTGCTTAGGGTTAGGCGTTTTGCGCTG
CTTCGCGATGTACGGGCCAGATATACGCG
TTGACATTGATTATTGACTAGTTATTAATA
GTAATCAATTACGGGGTCATTAGTTCATA
GCCCATATATGGAGTITCCGCGTTACATAA
CTTACGGTAAATGGCCCGCCTGGCTGACC
GCCCAACGACCCCCGCCCATTGACGTCAA
TAATGACGTATGTTCCCATAGTAACGCCA
ATAGGGACTTTCCATTGACGTCAATGGGT
GGACTATTTACGGTAAACTGCCCACTTGG
CAGTACATCAAGTGTATCATATGCCAAGT
ACGCCCCCTATTGACGTCAATGACGGTAA
ATGGCCCGCCTGGCATTATGCCCAGTACA
TGACCTTATGGGACTTTCCTACTTGGCAGT
ACATCTACGTATTAGTCATCGCTATTACC
ATGGTGATGCGGTTTTGGCAGTACATCAA
TGGGCGTGGATAGCGGTTTGACTCACGGG
GATTTCCAAGTCTCCACCCCATTGACGTC
AATGGGAGTTTGTTTTGGCACCAAAATCA
ACGGGACTTTCCAAAATGTCGTAACAACT
CCGCCCCATTGACGCAAATGGGCGGTAGG

JDS70
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CGTGTACGGTGGGAGGTCTATATAAGCAG
AGCTCTCTGGCTAACTAGAGAACCCACTG
CTTACTGGCTTATCGAAATTAATACGACT
CACTATAGGGAGACCCAAGCTGGCTAGCa
GACTACAAAGACCATGACGGTGAT
T AAGATCATGACATCGATTACAAGGA
TGACGATGACAAGATGGCCCCCAAGAAG
AAGAGGAAGGTGGGCATTCACCGCGGGG
TACCTATGGTGGACTTGAGGACACTCGGT
TATTCGCAACAGCAACAGGAGAAAATCA
AGCCTAAGGTCAGGAGCACCGTCGCGCA
ACACCACGAGGCGCTTGTGGGGCATGGCT
TCACTCATGCGCATATTGTCGCGCTTTCAC
AGCACCCTGCGGCGCTTGGGACGGTGGCT
GTCAAATACCAAGATATGATTGCGGCCCT
GCCCGAAGCCACGCACGAGGCAATTGTA
GGGGTCGGTAAACAGTGGTCGGGAGCGC
GAGCACTTGAGGCGCTGCTGACTGTGGCG
GGTGAGCTTAGGGGGCCTCCGCTCCAGCT
CGACACCGGGCAGCTGCTGAAGATCGCG
AAGAGAGGGGGAGTAACAGCGGTAGAGG
CAGTGCACGCCTGGCGCAATGCGCTCACC
GGGGCCCCCTTGAACAGAGACGATTAATG
CGTCTCGcetgacacccgaacagetootcoccattocttctaac
atcggagoacggccagecttggagtccatcgtageccaatigicca
ggcccgateccgegttgoctgcgttaacgaatgaccatctgotogecy
ttggcatgtcttggtoggacgacccgcgctcgatgcagicaaaaaggeg
tctgcctecatgctcccgeattgatcaaaaga

AGGGCCCTTCGAAGGTAAGCCTA
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TCCCTAACCCTCTCCTCGGTCTCGATTCTA
CGCGTACCGGTCATCATCACCATCACCAT
TGAGTTTAAACCCGCTGATCAGCCTCGAC
TGTGCCTTCTAGTTGCCAGCCATCTGTTGT
TTGCCCCTCCCCCGTGCCTTCCTTGACCCT
GGAAGGTGCCACTCCCACTGTCCTTTCCT
AATAAAATGAGGAAATTGCATCGCATTGT
CTGAGTAGGTGTCATTCTATTCTGGGGGG
TGGGGTGGGGCAGGACAGCAAGGGGGAG
GATTGGGAAGACAATAGCAGGCATGCTG
GGGATGCGGTGGGCTCTATGGCTTCTGAG
GCGGAAAGAACCAGCTGGGGCTCTAGGG
GGTATCCCCACGCGCCCTGTAGCGGCGCA
TTAAGCGCGGCGGGTGTGGTGGTTACGCG
CAGCGTGACCGCTACACTTGCCAGCGCCC
TAGCGCCCGCTCCTTTCGCTTTCTTCCCTT
CCTTTCTCGCCACGTTCGCCGGCTTTCCCC
GTCAAGCTCTAAATCGGGGCATCCCTTTA
GGGTTCCGATTTAGTGCTTTACGGCACCT
CGACCCCAAAAAACTTGATTAGGGTGATG
GTTCACGTAGTGGGCCATCGCCCTGATAG
ACGGTTTTTCGCCCTTTGACGTTGGAGTCC
ACGTTCTTTAATAGTGGACTCTTGTTCCAA
ACTGGAACAACACTCAACCCTATCTCGGT
CTATTCTTTTGATTTATAAGGGATTTTGGG
GATTTCGGCCTATTGGTTAAAAAATGAGC
TGATTTAACAAAAATTTAACGCGAATTAA
TTCTGTGGAATGTGTGTCAGTTAGGGTGT
GGAAAGTCCCCAGGCTCCCCAGGCAGGC
AGAAGTATGCAAAGCATGCATCTCAATTA
GTCAGCAACCAGGTGTGGAAAGTCCCCAG
GCTCCCCAGCAGGCAGAAGTATGCAAAG
CATGCATCTCAATTAGTCAGCAACCATAG
TCCCGCCCCTAACTCCGCCCATCCCGCCC
CTAACTCCGCCCAGTTCCGCCCATTCTCCG
CCCCATGGCTGACTAATTTTTTTTATTTAT
GCAGAGGCCGAGGCCGCCTCTGCCTCTGA
GCTATTCCAGAAGTAGTGAGGAGGCTTTT
TTGGAGGCCTAGGCTTTTGCAAAAAGCTC
CCGGGAGCTTGTATATCCATTTTCGGATCT
GATCAGCACGTGTTGACAATTAATCATCG
GCATAGTATATCGGCATAGTATAATACGA
CAAGGTGAGGAACTAAACCATGGCCAAG
CCTTTGTCTCAAGAAGAATCCACCCTCAT
TGAAAGAGCAACGGCTACAATCAACAGC
ATCCCCATCTCTGAAGACTACAGCGTCGC
CAGCGCAGCTCTCTCTAGCGACGGCCGCA
TCTTCACTGGTGTCAATGTATATCATTTTA
CTGGGGGACCTTGTGCAGAACTCGTGGTG
CTGGGCACTGCTGCTGCTGCGGCAGCTGG

49



WO 2016/161004 PCT/US2016/025037

CAACCTGACTTGTATCGTCGCGATCGGAA
ATGAGAACAGGGGCATCTTGAGCCCCTGC
GGACGGTGTCGACAGGTGCTTCTCGATCT
GCATCCTGGGATCAAAGCGATAGTGAAG
GACAGTGATGGACAGCCGACGGCAGTTG
GGATTCGTGAATTGCTGCCCTCTGGTTAT
GTGTGGGAGGGCTAAGCACTTCGTGGCCG
AGGAGCAGGACTGACACGTGCTACGAGA
TTTCGATTCCACCGCCGCCTTCTATGAAA
GGTTGGGCTTCGGAATCGTTTTCCGGGAC
GCCGGCTGGATGATCCTCCAGCGCGGGGA
TCTCATGCTGGAGTTCTTCGCCCACCCCA
ACTTGTTTATTGCAGCTTATAATGGTTACA
AATAAAGCAATAGCATCACAAATTTCACA
AATAAAGCATTTTTTTCACTGCATTCTAGT
TGTGGTTTGTCCAAACTCATCAATGTATCT
TATCATGTCTGTATACCGTCGACCTCTAGC
TAGAGCTTGGCGTAATCATGGTCATAGCT
GTTTCCTGTGTGAAATTGTTATCCGCTCAC
AATTCCACACAACATACGAGCCGGAAGC
ATAAAGTGTAAAGCCTGGGGTGCCTAATG
AGTGAGCTAACTCACATTAATTGCGTTGC
GCTCACTGCCCGCTTTCCAGTCGGGAAAC
CTGTCGTGCCAGCTGCATTAATGAATCGG
CCAACGCGCGGGGAGAGGCGGTTTGCAT
ATTGGGCGCTCTTCCGCTTCCTCGCTCACT
GACTCGCTGCGCTCGGTCGTTCGGCTGCG
GCGAGCGGTATCAGCTCACTCAAAGGCGG
TAATACGGTTATCCACAGAATCAGGGGAT
AACGCAGGAAAGAACATGTGAGCAAAAG
GCCAGCAAAAGGCCAGGAACCGTAAAAA
GGCCGCGTTGCTGGCGTTTTTCCATAGGC
TCCGCCCCCCTGACGAGCATCACAAAAAT
CGACGCTCAAGTCAGAGGTGGCGAAACC
CGACAGGACTATAAAGATACCAGGCGTTT
CCCCCTGGAAGCTCCCTCGTGCGCTCTCCT
GTTCCGACCCTGCCGCTTACCGGATACCT
GTCCGCCTTTCTCCCTTCGGGAAGCGTGG
CGCTTTCTCAATGCTCACGCTGTAGGTATC
TCAGTTCGGTGTAGGTCGTTCGCTCCAAG
CTGGGCTGTGTGCACGAACCCCCCGTTCA
GCCCGACCGCTGCGCCTTATCCGGTAACT
ATCGTCTTGAGTCCAACCCGGTAAGACAC
GACTTATCGCCACTGGCAGCAGCCACTGG
TAACAGGATTAGCAGAGCGAGGTATGTA
GGCGGTGCTACAGAGTTCTTGAAGTGGTG
GCCTAACTACGGCTACACTAGAAGGACAG
TATTTGGTATCTGCGCTCTGCTGAAGCCA
GTTACCTTCGGAAAAAGAGTTGGTAGCTC
TTGATCCGGCAAACAAACCACCGCTGGTA
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GCGGTGGTTTTTTTGTTTGCAAGCAGCAG
ATTACGCGCAGAAAAAAAGGATCTCAAG
AAGATCCTTTGATCTTTTCTACGGGGTCTG
ACGCTCAGTGGAACGAAAACTCACGTTAA
GGGATTTTGGTCATGAGATTATCAAAAAG
GATCTTCACCTAGATCCTTTTAAATTAAA
AATGAAGTTTTAAATCAATCTAAAGTATA
TATGAGTAAACTTGGTCTGACAGTTACCA
ATGCTTAATCAGTGAGGCACCTATCTCAG
CGATCTGTCTATTTCGTTCATCCATAGTTG
CCTGACTCCCCGTCGTGTAGATAACTACG
ATACGGGAGGGCTTACCATCTGGCCCCAG
TGCTGCAATGATACCGCGAGACCCACGCT
CACCGGCTCCAGATTTATCAGCAATAAAC
CAGCCAGCCGGAAGGGCCGAGCGCAGAA
GTGGTCCTGCAACTTTATCCGCCTCCATCC
AGTCTATTAATTGTTGCCGGGAAGCTAGA
GTAAGTAGTTCGCCAGTTAATAGTTTGCG
CAACGTTGTTGCCATTGCTACAGGCATCG
TGGTGTCACGCTCGTCGTTTGGTATGGCTT
CATTCAGCTCCGGTTCCCAACGATCAAGG
CGAGTTACATGATCCCCCATGTTGTGCAA
AAAAGCGGTTAGCTCCTTCGGTCCTCCGA
TCGTTGTCAGAAGTAAGTTGGCCGCAGTG
TTATCACTCATGGTTATGGCAGCACTGCA
TAATTCTCTTACTGTCATGCCATCCGTAAG
ATGCTTTTCTGTGACTGGTGAGTACTCAA
CCAAGTCATTCTGAGAATAGTGTATGCGG
CGACCGAGTTGCTCTTGCCCGGCGTCAAT
ACGGGATAATACCGCGCCACATAGCAGA
ACTTTAAAAGTGCTCATCATTGGAAAACG
TTCTTCGGGGCGAAAACTCTCAAGGATCT
TACCGCTGTTGAGATCCAGTTCGATGTAA
CCCACTCGTGCACCCAACTGATCTTCAGC
ATCTTTTACTTTCACCAGCGTTTCTGGGTG
AGCAAAAACAGGAAGGCAAAATGCCGCA
AAAAAGGGAATAAGGGCGACACGGAAAT
GTTGAATACTCATACTCTTCCTTTTTCAAT
ATTATTGAAGCATTTATCAGGGTTATTGTC
TCATGAGCGGATACATATTTGAATGTATT
TAGAAAAATAAACAAATAGGGGTTCCGC
GCACATTTCCCCGAAAAGTGCCACCTGAC
GTC

26

GACGGATCGGGAGATCTCCCGATCCCCTA
TGGTCGACTCTCAGTACAATCTGCTCTGA
TGCCGCATAGTTAAGCCAGTATCTGCTCC
CTGCTTGTGTGTTGGAGGTCGCTGAGTAG
TGCGCGAGCAAAATTTAAGCTACAACAAG
GCAAGGCTTGACCGACAATTGCATGAAGA
ATCTGCTTAGGGTTAGGCGTTTTGCGCTG

JDS70 (with 3 TALEN)
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CTTCGCGATGTACGGGCCAGATATACGCG
TTGACATTGATTATTGACTAGTTATTAATA
GTAATCAATTACGGGGTCATTAGTTCATA
GCCCATATATGGAGTTCCGCGTTACATAA
CTTACGGTAAATGGCCCGCCTGGCTGACC
GCCCAACGACCCCCGCCCATTGACGTCAA
TAATGACGTATGTTCCCATAGTAACGCCA
ATAGGGACTTTCCATTGACGTCAATGGGT
GGACTATTTACGGTAAACTGCCCACTTGG
CAGTACATCAAGTGTATCATATGCCAAGT
ACGCCCCCTATTGACGTCAATGACGGTAA
ATGGCCCGCCTGGCATTATGCCCAGTACA
TGACCTTATGGGACTTTCCTACTTGGCAGT
ACATCTACGTATTAGTCATCGCTATTACC
ATGGTGATGCGGTTTTGGCAGTACATCAA
TGGGCGTGGATAGCGGTTTGACTCACGGG
GATTTCCAAGTCTCCACCCCATTGACGTC
AATGGGAGTTTGTTTTGGCACCAAAATCA
ACGGGACTTTCCAAAATGTCGTAACAACT
CCGCCCCATTGACGCAAATGGGCGGTAGG
CGTGTACGGTGGGAGGTCTATATAAGCAG
AGCTCTCTGGCTAACTAGAGAACCCACTG
CTTACTGGCTTATCGAAATTAATACGACT
CACTATAGGGAGACCCAAGCTGGCTAGCa
EGACTACAAAGACCATGACGGTGA
TTATAAAGATCATGACATCGATTACAAG
GATGACGATGACAAGATGGCCCCCaagaa
gaagaggaaggtooocaticaccgcgggotacctatggtooacttg

aggacactcggttaticgcaacagcaacaggagaaaatcaagecta

aggtcaggagcaccgtcgegcaacaccacgagecgctigtogooc
atggcttcactcatgcgcatattgtcgcgctttcacageaccctgcgg

coctt acggtgoctotcaaataccaagatatgatigcggoccct.
cccgaagecacgcacgaggcaattgtagggotcogotaaacagiog
tcgggagcocgagcacttgaggcgctgctgactgtggcggotoag
cttagggogoocctecgcteccagetcgacaccgggcagetgctgaaga

tcgcgaagagagggooactaacageegtagaggcagtecacece

ggagggaaacaagecattggagactgtccaacggctecttecegt
gttgtgtcaageccacggt ITGACGCCTGCACAAGT
GGTCGCCATCGCCAGCCATGATGGCGGTA
AGCAGGCGCTGGAAACAGTACAGCGCCT
GCTGCCTGTACTGTGCCAGGATCATGGAcH

cttacaccggagcaagtcgtggccattgcaaataat
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aacggtggcaaacaggctcttgagacggttcagagacttctece
agttctetgtcaageccacgggCTGACTCCCGATCAAG
TTGTAGCGATTGCGTCCAACGGTGGAGGGA
AACAAGCATTGGAGACTGTCCAACGGCTCCT
TCCCGTGTTIGTGTCAAGCCCACGGTttgacgect
gcacaagtggtcgecatcgecaacaacaacggeggtaageag
gcgctggaaacagtacagegectgctgectgtactgtgccagga
tcatggactgaccccagaccaggtagtcgcaatcgegaacaat
aatgggggaaagcaagecctggaaaccgtgcaaaggttgttge
cggtectttgtcaagaccacggecttacaccggagcaagtegte
gccattgcaaataataacggtggcaaacaggctcttgagacggt
tcagagacttcteccagttetctgtcaageccacgggCTGACT
CCCGATCAAGTTGTAGCGATTGCGTCCAACG
GTGGAGGGAAACAAGCATTGGAGACTGTCC
AACGGCTCCTICCCGTIGTTGTIGTCAAGCCCA
CGGTTIGACGCCTGCACAAGTGGTCGCCAT
CGCCTCGAATGGCGGCGGTAAGCAGGCGCT
GGAAACAGTACAGCGCCTGCTGCCTGTACT
GTGCCAGGATCATGGACTGACCCCAGACCA
GGTAGTCGCAATCGCGTCACATGACGGGG
GAAAGCAAGCCCTGGAAACCGTGCAAAG
GTTGTTGCCGGTCCTTTGTCAAGACCACG
GCCTTACACCGGAGCAAGTCGTGGCCATT
GCATCCCACGACGGTGGCAAACAGGCTCT
TGAGACGGTTCAGAGACTTCTCCCAGTTC
TCTGTCAAGCCCACGGGCTGACTCCCGAT
CAAGTTGTAGCGATTGCGTCGCATGACGG
AGGGAAACAAGCATTGGAGACTGTCCAA
CGGCTCCTTCCCAGTGTTGTGTCAAGCCCA

CGGTTTGACGCCTGCACAAGTGGTCGCCAT
CGCCTCGAATGGCGGCGGTAAGCAGGCGCT
GGAAACAGTACAGCGCCTGCTGCCTGTACT

tgagacggttcagagacttctcccagttctetgtcaageccacgg
gCTGACTCCCGATCAAGTTGTAGCGATTGCG
TCCAACGGTGGAGGGAAACAAGCATTGGAG
ACTGTCCAACGGCTCCTTCCCGTGTIGTGTC
AAGCCCACGGTTTGACGCCTGCACAAGTGG
TCGCCATCGCCTCGAATGGCGGCGGTAAGC
AGGCGCTGGAAACAGTACAGCGCCTGCTGC
CIGTACTGTGCCAGGATCATGGActgacacccgaa
caggtootcgccattgcttctaacatcggaggacggccagecttgga
gtccatcgtageccaattgtccaggeccgatecegegttggctocatt
aacgaatgaccatctggtgocatiggcatgicttggtggacgacceg
cgctcgatgcagtcaaaaagggtctgcctcatgcteccgeattgatca
aaagaaccaaccggcgeattcccgagagaacttcccatcgagtcge
g900aTCCCAACTAGTCAAAAGTGAACTGGAG
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GAGAAGAAATCTGAACTTCGTCATAAATTG
AAATATGTGCCTCATGAATATATTGAATTA
ATTGAAATTGCCAGAAATTCCACTCAGGAT
AGAATTCTTGAAATGAAGGTAATGGAATIT
TTTATGAAAGTTTATGGATATAGAGGTAAA
CATTTGGGTGGATCAAGGAAACCGGACGG
AGCAATTTATACTGTCGGATCTCCTATTGA
TTACGGTGTGATCGTGGATACTAAAGCTTA
TAGCGGAGGTTATAATCTGCCAATTGGCCA
AGCAGATGAAATGCAACGATATGTCGAAG
AAAATCAAACACGAAACAAACATATCAACC
CTAATGAATGGTGGAAAGTCTATCCATCIT
CTGTAACGGAATTTAAGTTTTTATTTGTGA
GTGGTCACTTTAAAGGAAACTACAAAGCTC
AGCTTACACGATTAAATCATATCACTAATT
GTAATGGAGCTGTTCTTAGTGTAGAAGAGC
TTTTAATTGGTGGAGAAATGATTAAAGCCG
GCACATTAACCTTAGAGGAAGTCAGAC
AAATTTAATAACGGCGAGATAAACT
GGGCCCTTCGAAGGTAAGCCTATCCCTAA
CCCTCTCCTCGGTCTCGATTCTACGCGTAC
CGGTCATCATCACCATCACCATTGAGTTT
AAACCCGCTGATCAGCCTCGACTGTGCCT
TCTAGTTGCCAGCCATCTGTTGTTTGCCCC
TCCCCCGTGCCTTCCTTGACCCTGGAAGG
TGCCACTCCCACTGTCCTTTCCTAATAAAA
TGAGGAAATTGCATCGCATTGTCTGAGTA
GGTGTCATTCTATTCTGGGGGGTGGGGTG
GGGCAGGACAGCAAGGGGGAGGATTGGG
AAGACAATAGCAGGCATGCTGGGGATGC
GGTGGGCTCTATGGCTTCTGAGGCGGAAA
GAACCAGCTGGGGCTCTAGGGGGTATCCC
CACGCGCCCTGTAGCGGCGCATTAAGCGC
GGCGGGTGTGGTGGTTACGCGCAGCGTGA
CCGCTACACTTGCCAGCGCCCTAGCGCCC
GCTCCTTTCGCTTTCTTCCCTTCCTTTCTCG
CCACGTTCGCCGGCTTTCCCCGTCAAGCT
CTAAATCGGGGCATCCCTTTAGGGTTCCG
ATTTAGTGCTTTACGGCACCTCGACCCCA
AAAAACTTGATTAGGGTGATGGTTCACGT
AGTGGGCCATCGCCCTGATAGACGGTTTT
TCGCCCTTTGACGTTGGAGTCCACGTTCTT
TAATAGTGGACTCTTGTTCCAAACTGGAA
CAACACTCAACCCTATCTCGGTCTATTCTT
TTGATTTATAAGGGATTTTGGGGATTTCG
GCCTATTGGTTAAAAAATGAGCTGATTTA
ACAAAAATTTAACGCGAATTAATTCTGTG
GAATGTGTGTCAGTTAGGGTGTGGAAAGT
CCCCAGGCTCCCCAGGCAGGCAGAAGTAT
GCAAAGCATGCATCTCAATTAGTCAGCAA
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CCAGGTGTGGAAAGTCCCCAGGCTCCCCA
GCAGGCAGAAGTATGCAAAGCATGCATCT
CAATTAGTCAGCAACCATAGTCCCGCCCC
TAACTCCGCCCATCCCGCCCCTAACTCCG
CCCAGTTCCGCCCATTCTCCGCCCCATGG
CTGACTAATTTTTTTTATTTATGCAGAGGC
CGAGGCCGCCTCTGCCTCTGAGCTATTCC
AGAAGTAGTGAGGAGGCTTTTTTGGAGGC
CTAGGCTTTTGCAAAAAGCTCCCGGGAGC
TTGTATATCCATTTTCGGATCTGATCAGCA
CGTGTTGACAATTAATCATCGGCATAGTA
TATCGGCATAGTATAATACGACAAGGTGA
GGAACTAAACCATGGCCAAGCCTTTGTCT
CAAGAAGAATCCACCCTCATTGAAAGAGC
AACGGCTACAATCAACAGCATCCCCATCT
CTGAAGACTACAGCGTCGCCAGCGCAGCT
CTCTCTAGCGACGGCCGCATCTTCACTGG
TGTCAATGTATATCATTTTACTGGGGGAC
CTTGTGCAGAACTCGTGGTGCTGGGCACT
GCTGCTGCTGCGGCAGCTGGCAACCTGAC
TTGTATCGTCGCGATCGGAAATGAGAACA
GGGGCATCTTGAGCCCCTGCGGACGGTGT
CGACAGGTGCTTCTCGATCTGCATCCTGG
GATCAAAGCGATAGTGAAGGACAGTGAT
GGACAGCCGACGGCAGTTGGGATTCGTGA
ATTGCTGCCCTCTGGTTATGTGTGGGAGG
GCTAAGCACTTCGTGGCCGAGGAGCAGG
ACTGACACGTGCTACGAGATTTCGATTCC
ACCGCCGCCTTCTATGAAAGGTTGGGCTT
CGGAATCGTTTTCCGGGACGCCGGCTGGA
TGATCCTCCAGCGCGGGGATCTCATGCTG
GAGTTCTTCGCCCACCCCAACTTGTTTATT
GCAGCTTATAATGGTTACAAATAAAGCAA
TAGCATCACAAATTTCACAAATAAAGCAT
TTTTTTCACTGCATTCTAGTTGTGGTTTGT
CCAAACTCATCAATGTATCTTATCATGTCT
GTATACCGTCGACCTCTAGCTAGAGCTTG
GCGTAATCATGGTCATAGCTGTTTCCTGT
GTGAAATTGTTATCCGCTCACAATTCCAC
ACAACATACGAGCCGGAAGCATAAAGTG
TAAAGCCTGGGGTGCCTAATGAGTGAGCT
AACTCACATTAATTGCGTTGCGCTCACTG
CCCGCTTTCCAGTCGGGAAACCTGTCGTG
CCAGCTGCATTAATGAATCGGCCAACGCG
CGGGGAGAGGCGGTTTGCGTATTGGGCGC
TCTTCCGCTTCCTCGCTCACTGACTCGCTG
CGCTCGGTCGTTCGGCTGCGGCGAGCGQGT
ATCAGCTCACTCAAAGGCGGTAATACGGT
TATCCACAGAATCAGGGGATAACGCAGG
AAAGAACATGTGAGCAAAAGGCCAGCAA

55



WO 2016/161004 PCT/US2016/025037

AAGGCCAGGAACCGTAAAAAGGCCGCGT
TGCTGGCGTTTTTCCATAGGCTCCGCCCCC
CTGACGAGCATCACAAAAATCGACGCTCA
AGTCAGAGGTGGCGAAACCCGACAGGAC
TATAAAGATACCAGGCGTTTCCCCCTGGA
AGCTCCCTCGTGCGCTCTCCTGTTCCGACC
CTGCCGCTTACCGGATACCTGTCCGCCTTT
CTCCCTTCGGGAAGCGTGGCGCTTTCTCA
ATGCTCACGCTGTAGGTATCTCAGTTCGG
TGTAGGTCGTTCGCTCCAAGCTGGGCTGT
GTGCACGAACCCCCCGTTCAGCCCGACCG
CTGCGCCTTATCCGGTAACTATCGTCTTGA
GTCCAACCCGGTAAGACACGACTTATCGC
CACTGGCAGCAGCCACTGGTAACAGGATT
AGCAGAGCGAGGTATGTAGGCGGTGCTA
CAGAGTTCTTGAAGTGGTGGCCTAACTAC
GGCTACACTAGAAGGACAGTATTTGGTAT
CTGCGCTCTGCTGAAGCCAGTTACCTTCG
GAAAAAGAGTTGGTAGCTCTTGATCCGGC
AAACAAACCACCGCTGGTAGCGGTGGTTT
TTTTGTTTGCAAGCAGCAGATTACGCGCA
GAAAAAAAGGATCTCAAGAAGATCCTTTG
ATCTTTTCTACGGGGTCTGACGCTCAGTG
GAACGAAAACTCACGTTAAGGGATTTTGG
TCATGAGATTATCAAAAAGGATCTTCACC
TAGATCCTTTTAAATTAAAAATGAAGTTT
TAAATCAATCTAAAGTATATATGAGTAAA
CTTGGTCTGACAGTTACCAATGCTTAATC
AGTGAGGCACCTATCTCAGCGATCTGTCT
ATTTCGTTCATCCATAGTTGCCTGACTCCC
CGTCGTGTAGATAACTACGATACGGGAGG
GCTTACCATCTGGCCCCAGTGCTGCAATG
ATACCGCGAGACCCACGCTCACCGGCTCC
AGATTTATCAGCAATAAACCAGCCAGCCG
GAAGGGCCGAGCGCAGAAGTGGTCCTGC
AACTTTATCCGCCTCCATCCAGTCTATTAA
TTGTTGCCGGGAAGCTAGAGTAAGTAGTT
CGCCAGTTAATAGTTTGCGCAACGTTGTT
GCCATTGCTACAGGCATCGTGGTGTCACG
CTCGTCGTTTGGTATGGCTTCATTCAGCTC
CGGTTCCCAACGATCAAGGCGAGTTACAT
GATCCCCCATGTTGTGCAAAAAAGCGGTT
AGCTCCTTCGGTCCTCCGATCGTTGTCAG
AAGTAAGTTGGCCGCAGTGTTATCACTCA
TGGTTATGGCAGCACTGCATAATTCTCTT
ACTGTCATGCCATCCGTAAGATGCTTTTCT
GTGACTGGTGAGTACTCAACCAAGTCATT
CTGAGAATAGTGTATGCGGCGACCGAGTT
GCTCTTGCCCGGCGTCAATACGGGATAAT
ACCGCGCCACATAGCAGAACTTTAAAAGT
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GCTCATCATTGGAAAACGTTCTTCGGGGC
GAAAACTCTCAAGGATCTTACCGCTGTITG
AGATCCAGTTCGATGTAACCCACTCGTGC
ACCCAACTGATCTTCAGCATCTTTTACTTT
CACCAGCGTTTCTGGGTGAGCAAAAACAG
GAAGGCAAAATGCCGCAAAAAAGGGAAT
AAGGGCGACACGGAAATGTTGAATACTC
ATACTCTTCCTTTTTCAATATTATTGAAGC
ATTTATCAGGGTTATTGTCTCATGAGCGG
ATACATATTTGAATGTATTTAGAAAAATA
AACAAATAGGGGTTCCGCGCACATTTCCC
CGAAAAGTGCCACCTGACGTC

27

; ACTACAAAGACCATGACGGTGAT
TATAAAGATCATGACATCGATTACAAG
GATGACGATGACAAGATGGCCCCCaagaa
gaagaggaaggtooocaticaccgcgggotacctatggtooacttg
aggacactcggttattcgcaacagcaacaggagaaaatcaagecta
aggtcaggagcaccgtcgcgcaacaccacgagococttotogooc
atggcttcactcatgcgcatattgtcgegctttcacagecaccctgcgg
coctt acggtgoctotcaaataccaagatatgatigcggoccct.
cccgaagecacgcacgaggcaattota, tcggotaaaca
tcgggagcgocgagcacttgagecgctoctogactgtgocgootoas
cttaggggooccicecgctccagetcgacaccgggocagctgcteaaga
tcgcgaagagagggggagtaacagcggta t
tggcgcaatgcgctcaccggggccccc

acggectgacteecgatcaagttgtagegattgegaataacaat
ggagggaaacaagecattggagactgtccaacggctecttecegt
gttgtgtcaageccacggt ITGACGCCTGCACAAGT
GGTCGCCATCGCCAGCCATGATGGCGGTA
AGCAGGCGCTGGAAACAGTACAGCGCCT

GCTGCCTGTACTGTGCCAGGATCATGG

aacggtggcaaacaggctcttgagacggttcagagacttctccc
agttctetgtcaageccacgggCTGACTCCCGATCAAG
TTGTAGCGATTGCGTCCAACGGTGGAGGGA
AACAAGCATTGGAGACTGTCCAACGGCTCCT
TCCCGTGTTIGTGTCAAGCCCACGGTttgacgect
gcacaagtggtcgecatcgecaacaacaacggeggtaageag
gcgctggaaacagtacagegectgctgectgtactgtgccagga
tcatggactgaccccagaccaggtagtcgcaatcgegaacaat
aatgggggaaagcaagecctggaaaccgtgcaaaggttgttge
cggtectttgtcaagaccacggecttacaccggagcaagtegte
gccattgcaaataataacggtggcaaacaggctcttgagacggt

tcagagacttcteccagttetetgtcaageccacgggCTGACT

3'TALEN.KKR.Sharkey
DNA sequence (From start
codon to stop codon)
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CCCGATCAAGTTGTAGCGATTGCGTCCAACG
GTGGAGGGAAACAAGCATTGGAGACTGTCC
AACGGCTCCTTCCCGTGTTGTGTCAAGCCCA
CGGTTTGACGCCTGCACAAGTGGTCGCCAT
CGCCTCGAATGGCGGCGGTAAGCAGGCGCT
GGAAACAGTACAGCGCCTGCTGCCTGTACT
GIGCCAGGATCATGGACTGACCCCAGACCA
GGTAGTCGCAATCGCGTCACATGACGGGG
GAAAGCAAGCCCTGGAAACCGTGCAAAG
GTTGTTGCCGGTCCTTTGTCAAGACCACG
GCCTTACACCGGAGCAAGTCGTGGCCATT
GCATCCCACGACGGTGGCAAACAGGCTCT
TGAGACGGTTCAGAGACTTCTCCCAGTTC
TCTGTCAAGCCCACGGGCTGACTCCCGAT
CAAGTTGTAGCGATTGCGTCGCATGACGG
AGGGAAACAAGCATTGGAGACTGTCCAA
CGGCTCCTTCCCGTGTTGTGTCAAGCCCA
CGGTTTGACGCCTGCACAAGTGGTCGCCAT
CGCCTCGAATGGCGGCGGTAAGCAGGCGCT
GGAAACAGTACAGCGCCIGCTGCCTGTACT
GIGCCAGGATCATGGA

aaagotiaitoccs waccacepccttacaceggag
caagtcgtggccattgcaaataataacggtggcaaacaggctct
tgagacggttcagagacttctcccagttctetgtcaageccacgg
gCTGACTCCCGATCAAGTTGTAGCGATTGCG
TCCAACGGTGGAGGGAAACAAGCATTGGAG
ACTGTCCAACGGCTCCTTCCCGTGTIGTGTC
AAGCCCACGGTTTGACGCCTGCACAAGTGG
TCGCCATCGCCTCGAATGGCGGCGGTAAGC
AGGCGCTGGAAACAGTACAGCGCCTGCTGC
CIGTACTGTGCCAGGATCATGGActgacacccgaa
caggtootcgccattgcttctaacatcggaggacggccagecttgga
gtccatcgtageccaattgtccaggeccgatecegegttggctocatt
aacgaatgaccatctggtgocatiggcatgicttggtggacgacceg
cgctcgatgcagtcaaaaagggtctgcctcatgcteccgeattgatca
aaagaaccaaccggcgeattcccgagagaacttcccatcgagtcge
CAACTAGTCAAAAGTGAACTGG
AGGCGAGAAGAAATCTGAACTTCGTCATAAAT
TGAAATATGTGCCTCATGAATATATTGAAT

TTTTTATGAAAGTTTATGGATATAGAGGTE;
AGCATTTGGGTGGATCAAGGAAACCGGAC
GGAGCAATTTATACTGTCGGATCTCCTATT
GATTACGGTGTGATCGTGGATACTAAAGCT
TATAGCGGAGGTTATAATCTGCCAATTGGC
CAAGCAGATGAAATGCAACGATATGTC,

HGAAAATCAAACACGAAACAAACATATCAA

CCCTAATGAATGGTGGAAAGTCTATCCATC
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TTCTGTAACGGAATTTAAGTTTTTATTTGT
GAGTGGTCACTTTAAAGGAAACTACAAAGC
TCAGCTTACACGATTAAAT CTAA
TTGTAATGGAGCTGTTCTTAGTGTAGAAGA
GCTTTTAATTGGTGGAGAAATGATTAAAGC
CGGCACATTAACCTTAGAGGAAGTCAGAC
GGAAATTTAATAACGGCGAGATAAACTTTE

28

GACGGATCGGGAGATCTCCCGATCCCCTA
TGGTCGACTCTCAGTACAATCTGCTCTGA
TGCCGCATAGTTAAGCCAGTATCTGCTCC
CTGCTTGTGTGTTGGAGGTCGCTGAGTAG
TGCGCGAGCAAAATTTAAGCTACAACAAG
GCAAGGCTTGACCGACAATTGCATGAAGA
ATCTGCTTAGGGTTAGGCGTTTTGCGCTG
CTTCGCGATGTACGGGCCAGATATACGCG
TTGACATTGATTATTGACTAGTTATTAATA
GTAATCAATTACGGGGTCATTAGTTCATA
GCCCATATATGGAGTTCCGCGTTACATAA
CTTACGGTAAATGGCCCGCCTGGCTGACC
GCCCAACGACCCCCGCCCATTGACGTCAA
TAATGACGTATGTTCCCATAGTAACGCCA
ATAGGGACTTTCCATTGACGTCAATGGGT
GGACTATTTACGGTAAACTGCCCACTTGG
CAGTACATCAAGTGTATCATATGCCAAGT
ACGCCCCCTATTGACGTCAATGACGGTAA
ATGGCCCGCCTGGCATTATGCCCAGTACA
TGACCTTATGGGACTTTCCTACTTGGCAGT
ACATCTACGTATTAGTCATCGCTATTACC
ATGGTGATGCGGTTTTGGCAGTACATCAA
TGGGCGTGGATAGCGGTTTGACTCACGGG
GATTTCCAAGTCTCCACCCCATTGACGTC
AATGGGAGTTTGTTTTGGCACCAAAATCA
ACGGGACTTTCCAAAATGTCGTAACAACT
CCGCCCCATTGACGCAAATGGGCGGTAGG
CGTGTACGGTGGGAGGTCTATATAAGCAG
AGCTCTCTGGCTAACTAGAGAACCCACTG
CTTACTGGCTTATCGAAATTAATACGACT
CACTATAGGGAGACCCAAGCTGGCTAGCa
'GACTACAAAGACCATGACGGTGA
TTATAAAGATCATGACATCGATTACAAG
GATGACGATGACAAGATGGCCCCCaagaa
2agagoaa cattcaccgce tacctatggtooactt
aggacactcggttattcgcaacagcaacaggagaaaatcaagecta
aggtcaggagcaccgtcgcgcaacaccacgagococttotogooc
atggcttcactcatgcgcatattgtcgegctttcacagecaccctgcgg
cgctiggoacgotooctgtcaaataccaagatatgattgcggccctg
cccgaagecacgcacgaggcaattgtagggotcogotaaacagiog
tcgggagcocgagcacttgaggcgctgctgactgtggcggotoag
cttaggogocctecgcteccagetcgacaccgggcagetgctgaaga

JDS70 (with
3’TALEN.KKR Sharkey)
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o1
voctgactcecgatcaagttgtagegattgegaataacaat
ggagggaaacaagecattggagactgtccaacggctecttecegt
gttgtgtcaageccacggt ITGACGCCTGCACAAGT
GGTCGCCATCGCCAGCCATGATGGCGGTA
AGCAGGCGCTGGAAACAGTACAGCGCCT

i :
cttacaccggagcaagtcgtggccattgcaaataat
aacggtggcaaacaggctcttgagacggttcagagacttctece
agttctetgtcaageccacgggCTGACTCCCGATCAAG
TTGTAGCGATTGCGTCCAACGGTGGAGGGA
AACAAGCATTGGAGACTGTCCAACGGCTCCT
TCCCGTGTTIGTGTCAAGCCCACGGTttgacgect
gcacaagtggtcgecatcgecaacaacaacggeggtaageag
gcgctggaaacagtacagegectgctgectgtactgtgccagga
tcatggactgaccccagaccaggtagtcgcaatcgegaacaat
aatgggggaaagcaagecctggaaaccgtgcaaaggttgttge
cggtectttgtcaagaccacggecttacaccggagcaagtegte
gccattgcaaataataacggtggcaaacaggctcttgagacggt
tcagagacttcteccagttetctgtcaageccacgggCTGACT
CCCGATCAAGTTGTAGCGATTGCGTCCAACG
GTGGAGGGAAACAAGCATTGGAGACTGTCC
AACGGCTCCTICCCGTIGTTGTIGTCAAGCCCA
CGGTTIGACGCCTGCACAAGTGGTCGCCAT
CGCCTCGAATGGCGGCGGTAAGCAGGCGCT
GGAAACAGTACAGCGCCTGCTGCCTGTACT
GTGCCAGGATCATGGACTGACCCCAGACCA
GGTAGTCGCAATCGCGTCACATGACGGGG
GAAAGCAAGCCCTGGAAACCGTGCAAAG
GTTGTTGCCGGTCCTTTGTCAAGACCACG
GCCTTACACCGGAGCAAGTCGTGGCCATT
GCATCCCACGACGGTGGCAAACAGGCTCT
TGAGACGGTTCAGAGACTTCTCCCAGTTC
TCTGTCAAGCCCACGGGCTGACTCCCGAT
CAAGTTGTAGCGATTGCGTCGCATGACGG
AGGGAAACAAGCATTGGAGACTGTCCAA
CGGCTCCTTCCCAGTGTTGTGTCAAGCCCA
CGGTTTGACGCCTGCACAAGTGGTCGCCAT
CGCCTCGAATGGCGGCGGTAAGCAGGCGCT
GGAAACAGTACAGCGCCTGCTGCCIGTACT
GTGCCAGGATCATGG.
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caagtcgtggccattgcaaataataacggtggcaaacaggctct
tgagacggttcagagacttctcccagttctetgtcaageccacgg
gCTGACTCCCGATCAAGTTGTAGCGATTGCG
TCCAACGGTGGAGGGAAACAAGCATTGGAG
ACTGTCCAACGGCTCCTTCCCGTGTIGTGTC
AAGCCCACGGTTTGACGCCTGCACAAGTGG
TCGCCATCGCCTCGAATGGCGGCGGTAAGC
AGGCGCTGGAAACAGTACAGCGCCTGCTGC
CIGTACTGTGCCAGGATCATGGActgacacccgaa
caggtegtcgccatigetictaacatcggaggacggccagecttgga
giccatcgtageccaattgtccaggccegatccegegtiggctacgtt
aacgaatgaccatctggtgocatiggcatgicttggtggacgacceg
cgctcgatgcagtcaaaaagggtctgcctcatgcteccgeattgatca
aaagaaccaaccggcggoaticccgagagaacticccatcgagicgoc
g "CAACTAGTCAAAAGTGAACTGG
AGGCGAGAAGAAATCTGAACTTCGTCATAAAT
TGAAATATGTGCCTCA TGAAV_VTA TATTGAAT

TTTTTATGAAAGTTTATGGATATAGAGGTE
A CATTTGGGTGGATCAAGGAAACCGGAC
GGAGCAATTTATACTGTCGGATCTCCTATT
GATTACGGTGTGATCGTGGATACTAAAGCT
TATAGCGGAGGTTATAATCTGCCAATTGGC
CAAGCAGATGAAATGCAACGATATGT

GGAAAATCAAACACGAAACAAACATATCAA
CCCTAATGAATGGTGGAAAGTCTATCCATC
TTCTGTAACGGAATTTAAGTTTTTATTTGT
GAGTGGTCACTTTAAAGGAAACTACAAAGC
TCAGCTTACACGATTAAATH
[TGTAATGGAGCTGTTCTTAGTGTAGAAGA
GCTTTTAATTGGTGGAGAAATGATTAAAGC
CGGCACATTAACCTTAGAGGAAGTCAGAC
GAAATTTAATAACGGCGAGATAAACTTTE
GGCCCTTCGAAGGTAAGCCTATCCCT
\CCCTCTCCTCGGTCTCGATTCTACGCGT
ACCGGTCATCATCACCATCACCATTGAGT
TTAAACCCGCTGATCAGCCTCGACTGTGC
CTTCTAGTTGCCAGCCATCTGTTGTTTGCC
CCTCCCCCGTGCCTTCCTTGACCCTGGAA
GGTGCCACTCCCACTGTCCTTTCCTAATAA
AATGAGGAAATTGCATCGCATTGTCTGAG
TAGGTGTCATTCTATTCTGGGGGGTGGGG
TGGGGCAGGACAGCAAGGGGGAGGATTG
GGAAGACAATAGCAGGCATGCTGGGGAT
GCGGTGGGCTCTATGGCTTCTGAGGCGGA
AAGAACCAGCTGGGGCTCTAGGGGGTATC
CCCACGCGCCCTGTAGCGGCGCATTAAGC
GCGGCGGGTGTGGTGGTTACGCGCAGCGT
GACCGCTACACTTGCCAGCGCCCTAGCGC
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CCGCTCCTTTCGCTTTCTTCCCTTCCTTTCT
CGCCACGTTCGCCGGCTTTCCCCGTCAAG
CTCTAAATCGGGGCATCCCTTTAGGGTTC
CGATTTAGTGCTTTACGGCACCTCGACCC
CAAAAAACTTGATTAGGGTGATGGTTCAC
GTAGTGGGCCATCGCCCTGATAGACGGTT
TTTCGCCCTTTGACGTTGGAGTCCACGTTC
TTTAATAGTGGACTCTTGTTCCAAACTGG
AACAACACTCAACCCTATCTCGGTCTATT
CTTTTGATTTATAAGGGATTTTGGGGATTT
CGGCCTATTGGTTAAAAAATGAGCTGATT
TAACAAAAATTTAACGCGAATTAATTCTG
TGGAATGTGTGTCAGTTAGGGTGTGGAAA
GTCCCCAGGCTCCCCAGGCAGGCAGAAGT
ATGCAAAGCATGCATCTCAATTAGTCAGC
AACCAGGTGTGGAAAGTCCCCAGGCTCCC
CAGCAGGCAGAAGTATGCAAAGCATGCA
TCTCAATTAGTCAGCAACCATAGTCCCGC
CCCTAACTCCGCCCATCCCGCCCCTAACT
CCGCCCAGTTCCGCCCATTCTCCGCCCCAT
GGCTGACTAATTTTTTTTATITATGCAGAG
GCCGAGGCCGCCTCTGCCTCTGAGCTATT
CCAGAAGTAGTGAGGAGGCTTTTTTGGAG
GCCTAGGCTTTTGCAAAAAGCTCCCGGGA
GCTTGTATATCCATTTTCGGATCTGATCAG
CACGTGTTGACAATTAATCATCGGCATAG
TATATCGGCATAGTATAATACGACAAGGT
GAGGAACTAAACCATGGCCAAGCCTTTGT
CTCAAGAAGAATCCACCCTCATTGAAAGA
GCAACGGCTACAATCAACAGCATCCCCAT
CTCTGAAGACTACAGCGTCGCCAGCGCAG
CTCTCTCTAGCGACGGCCGCATCTTCACT
GGTGTCAATGTATATCATTTTACTGGGGG
ACCTTGTGCAGAACTCGTGGTGCTGGGCA
CTGCTGCTGCTGCGGCAGCTGGCAACCTG
ACTTGTATCGTCGCGATCGGAAATGAGAA
CAGGGGCATCTTGAGCCCCTGCGGACGGT
GTCGACAGGTGCTTCTCGATCTGCATCCT
GGGATCAAAGCGATAGTGAAGGACAGTG
ATGGACAGCCGACGGCAGTTGGGATTCGT
GAATTGCTGCCCTCTGGTTATGTGTGGGA
GGGCTAAGCACTTCGTGGCCGAGGAGCA
GGACTGACACGTGCTACGAGATTTCGATT
CCACCGCCGCCTTCTATGAAAGGTTGGGC
TTCGGAATCGTTTTCCGGGACGCCGGCTG
GATGATCCTCCAGCGCGGGGATCTCATGC
TGGAGTTCTTCGCCCACCCCAACTTGTTTA
TTGCAGCTTATAATGGTTACAAATAAAGC
AATAGCATCACAAATTTCACAAATAAAGC
ATTTTTTTCACTGCATTCTAGTTGTGGTTT
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GTCCAAACTCATCAATGTATCTTATCATGT
CTGTATACCGTCGACCTCTAGCTAGAGCT
TGGCGTAATCATGGTCATAGCTGTTTCCT
GTGTGAAATTGTTATCCGCTCACAATTCC
ACACAACATACGAGCCGGAAGCATAAAG
TGTAAAGCCTGGGGTGCCTAATGAGTGAG
CTAACTCACATTAATTGCGTTGCGCTCACT
GCCCGCTTTCCAGTCGGGAAACCTGTCGT
GCCAGCTGCATTAATGAATCGGCCAACGC
GCGGGGAGAGGCGGTTTGCGTATTGGGCG
CTCTTCCGCTTCCTCGCTCACTGACTCGCT
GCGCTCGGTCGTTCGGCTGCGGCGAGCGG
TATCAGCTCACTCAAAGGCGGTAATACGG
TTATCCACAGAATCAGGGGATAACGCAGG
AAAGAACATGTGAGCAAAAGGCCAGCAA
AAGGCCAGGAACCGTAAAAAGGCCGCGT
TGCTGGCGTTTTTCCATAGGCTCCGCCCCC
CTGACGAGCATCACAAAAATCGACGCTCA
AGTCAGAGGTGGCGAAACCCGACAGGAC
TATAAAGATACCAGGCGTTTCCCCCTGGA
AGCTCCCTCGTGCGCTCTCCTGTTCCGACC
CTGCCGCTTACCGGATACCTGTCCGCCTTT
CTCCCTTCGGGAAGCGTGGCGCTTTCTCA
ATGCTCACGCTGTAGGTATCTCAGTTCGG
TGTAGGTCGTTCGCTCCAAGCTGGGCTGT
GTGCACGAACCCCCCGTTCAGCCCGACCG
CTGCGCCTTATCCGGTAACTATCGTCTTGA
GTCCAACCCGGTAAGACACGACTTATCGC
CACTGGCAGCAGCCACTGGTAACAGGATT
AGCAGAGCGAGGTATGTAGGCGGTGCTA
CAGAGTTCTTGAAGTGGTGGCCTAACTAC
GGCTACACTAGAAGGACAGTATTTGGTAT
CTGCGCTCTGCTGAAGCCAGTTACCTTCG
GAAAAAGAGTTGGTAGCTCTTGATCCGGC
AAACAAACCACCGCTGGTAGCGGTGGTTT
TTTTGTTTGCAAGCAGCAGATTACGCGCA
GAAAAAAAGGATCTCAAGAAGATCCTTTG
ATCTTTTCTACGGGGTCTGACGCTCAGTG
GAACGAAAACTCACGTTAAGGGATTTTGG
TCATGAGATTATCAAAAAGGATCTTCACC
TAGATCCTTTTAAATTAAAAATGAAGTTT
TAAATCAATCTAAAGTATATATGAGTAAA
CTTGGTCTGACAGTTACCAATGCTTAATC
AGTGAGGCACCTATCTCAGCGATCTGTCT
ATTTCGTTCATCCATAGTTGCCTGACTCCC
CGTCGTGTAGATAACTACGATACGGGAGG
GCTTACCATCTGGCCCCAGTGCTGCAATG
ATACCGCGAGACCCACGCTCACCGGCTCC
AGATTTATCAGCAATAAACCAGCCAGCCG
GAAGGGCCGAGCGCAGAAGTGGTCCTGC
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AACTTTATCCGCCTCCATCCAGTCTATTAA
TTGTTGCCGGGAAGCTAGAGTAAGTAGTT
CGCCAGTTAATAGTTTGCGCAACGTTGTT
GCCATTGCTACAGGCATCGTGGTGTCACG
CTCGTCGTTTGGTATGGCTTCATTCAGCTC
CGGTTCCCAACGATCAAGGCGAGTTACAT
GATCCCCCATGTTGTGCAAAAAAGCGGTT
AGCTCCTTCGGTCCTCCGATCGTTGTCAG
AAGTAAGTTGGCCGCAGTGTTATCACTCA
TGGTTATGGCAGCACTGCATAATTCTCTT
ACTGTCATGCCATCCGTAAGATGCTTTTCT
GTGACTGGTGAGTACTCAACCAAGTCATT
CTGAGAATAGTGTATGCGGCGACCGAGTT
GCTCTTGCCCGGCGTCAATACGGGATAAT
ACCGCGCCACATAGCAGAACTTTAAAAGT
GCTCATCATTGGAAAACGTTCTTCGGGGC
GAAAACTCTCAAGGATCTTACCGCTGTITG
AGATCCAGTTCGATGTAACCCACTCGTGC
ACCCAACTGATCTTCAGCATCTTTTACTTT
CACCAGCGTTTCTGGGTGAGCAAAAACAG
GAAGGCAAAATGCCGCAAAAAAGGGAAT
AAGGGCGACACGGAAATGTTGAATACTC
ATACTCTTCCTTTTTCAATATTATTGAAGC
ATTTATCAGGGTTATTGTCTCATGAGCGG
ATACATATTTGAATGTATTTAGAAAAATA
AACAAATAGGGGTTCCGCGCACATTTCCC
CGAAAAGTGCCACCTGACGTC

29

GACGGATCGGGAGATCTCCCGATCCCC
TATGGTCGACTCTCAGTACAATCTGCTC
TGATGCCGCATAGTTAAGCCAGTATCT
GCTCCCTGCTTGTGTGTTGGAGGTCGC
TGAGTAGTGCGCGAGCAAAATTTAAGC
TACAACAAGGCAAGGCTTGACCGACAA
TTGCATGAAGAATCTGCTTAGGGTTAG
GCGTTTTGCGCTGCTTCGCGATGTACG
GGCCAGATATACGCGTTGACATTGATT
ATTGACTAGTTATTAATAGTAATCAATT
ACGGGGTCATTAGTTCATAGCCCATAT
ATGGAGTTCCGCGTTACATAACTTACG
GTAAATGGCCCGCCTGGCTGACCGCCC
AACGACCCCCGCCCATTGACGTCAATA
ATGACGTATGTTCCCATAGTAACGCCA
ATAGGGACTTTCCATTGACGTCAATGG
GTGGACTATTTACGGTAAACTGCCCAC
TTGGCAGTACATCAAGTGTATCATATGC
CAAGTACGCCCCCTATTGACGTCAATG
ACGGTAAATGGCCCGCCTGGCATTATG
CCCAGTACATGACCTTATGGGACTTTCC
TACTTGGCAGTACATCTACGTATTAGTC
ATCGCTATTACCATGGTGATGCGGTTTT

JDS78 (with STALEN)
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GGCAGTACATCAATGGGCGTGGATAGC
GGTTTGACTCACGGGGATTTCCAAGTC
TCCACCCCATTGACGTCAATGGGAGTT
TGTTTTGGCACCAAAATCAACGGGACT
TTCCAAAATGTCGTAACAACTCCGCCCC
ATTGACGCAAATGGGCGGTAGGCGTGT
ACGGTGGGAGGTCTATATAAGCAGAGC
TCTCTGGCTAACTAGAGAACCCACTGC
TTACTGGCTTATCGAAATTAATACGACT
CACTATAGGGAGACCCAAGCTGGCTAG
CaccATGGACTACAAAGACCATGACGGTGATT
ATAAAGATCATGACATCGATTACAAGGATGA
CGATGACAAGATGGCCCCCaagaagaagaggaag
gtegoacaticaccgcggggtacctatggtggacttgaggacactc
gattattcgcaacageaacaggagaaqaatecaagectaaggicag
gageaccgicgcgeaacaccacgagococttgtggggcatggct
feacteatgcgcatatigtcgegetttcacageaccctgeggegctt
goggcggtggctgtcaaataccaagatatgattacggccctacce

ttaggggoccicegetcecageicgacacegggeagetgetgaayg

atcgegaagagagggggagtaacageggtagaggeagtgeac
gectggegeaatgegetcaceggggececcttGAACCTGAC
CCCAGACCAGGTAGTCGCAATCGCGTCACAT
GACGGGGGAAAGCAAGCCCTGGAAACCGTG
CAAAGGTTGTIGCCGGTCCTTTIGTCAAGACC
ACGGCCTTACACCGGAGCAAGTCGTGGCCA
TTGCAAGCAATGGGGGTGGCAAACAGGCTC
TTGAGACGGTTCAGAGACTTCTCCCAGTICT
CTGTCAAGCCCACGGGCTGACTCCCGATCA
AGTTGTAGCGATTGCGTCGCATGACGGAGG
GAAACAAGCATTGGAGACTGTCCAACGGCTC
CTTCCCGTIGTIGTGTCAAGCCCACGGTTTGA
CGCCTGCACAAGTGGTCGCCATCGCCTCGA
ATGGCGGCGGTAAGCAGGCGCTGGAAACAG
TACAGCGCCTGCTGCCTGTACTGTGCCAGG
ATCATGGActgaccccagaccaggtagtcgeaatcgegaac
aataatgggggaaageaagecctggaaaccgtgeaaaggttgtt
geeggtectitgtcaagaccacggecttacaccggageaagtcegt
ggccattgeaaataataacggtggcaaacaggctctigagacggt
feagagacttctccecagtictetgtcaageccacgggCTGACT
CCCGATCAAGTTGTAGCGATTGCGTCCAACG
GTGGAGGGAAACAAGCATTGGAGACTGTCC
AACGGCTCCTTCCCGTGTTGTGTCAAGCCCA
CGGTTTGACGCCTGCACAAGTGGTCGCCAT
CGCCTCGAATGGCGGCGGTAAGCAGGCGCT
GGAAACAGTACAGCGCCTGCTGCCTGTACT
GTGCCAGGATCATGGActgactcecgatcaagtigtag
cgattgegtcgaacattggagggaaacaageatiggagactgtcee
aacggctccticcegigtigigtcaageccacggicttacaccgga
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geaagtegtggecattgcaaataataacggiggeaaacaggcrct
tgagacggttcagagactictcccagtictctgtcaageccacggg
ctgactceegatcaagtigtagegatigegtegaacatiggaggga
aacaagcattggagactgtccaacggcetccttceegigtigigtca
ageccacggtlT TGACGCCTGCACAAGTGGTCGC
CATCGCCAGCCATGATGGCGGTAAGCAGGC
GCTGGAAACAGTACAGCGCCTGCTIGCCTGT
ACTGTGCCAGGATCATGGACTGACCCCAGA
CCAGGTAGTCGCAATCGCGTCACATGACGG
GGGAAAGCAAGCCCTGGAAACCGTGCAAAG
GITGTTGCCGGICCTTIGTCAAGACCACGGC
cttacaccggageaagtegiggecattgecaageaacatcggrtggc
aaacaggctcttgagacggttcagagacttctcceagtictetgtca
agcccacgggcetgactceegateaagtigtagegattgegaataa
caatggagggaaacaageatiggagactgtccaacggctectice
cgtgtigigtcaageccacggtitgacgectgeacaagtggtegec
atcgectecaatattggeggtaageaggegetggaaacagtaca
gegectgetgectgtactgtgecaggatcatggaCTGACCCC
AGACCAGGTAGTCGCAATCGCGTCAAACGG
AGGGGGAAAGCAAGCCCTGGAAACCGTGCA
AAGGTTGTTGCCGGTCCTTTGTCAAGACCAC
GGCCTTACACCGGAGCAAGTCGTGGCCATT
GCATCCCACGACGGTGGCAAACAGGCICIT
GAGACGGTTCAGAGACTTCTCCCAGTICTCT
GTCAAGCCCACGGGetgacaccecgaacaggtggtege
cattgctictaatgggggaggacggecagectiggagitccategta
geccaattgiccaggecegateccgegtiggetgegttaacgaatg
accatctggtggegtiggeatgitetiggtggacgacccgegetega
tgcagtcaaaaagggictgcectcatgetccegeattgatcaaaag
aaccaaccggeggaticccgagagaacttceecatcgagiegegg
2aTCCCAACTAGTCAAAAGTGAACTGGAGGA
GAAGAAATCTGAACTTCGTCATAAATTGAAAT
ATGTGCCTCATGAATATATTGAATTAATTGAA
ATTGCCAGAAATTCCACTCAGGATAGAATTCT
TGAAATGAAGGTAATGGAATTTTTTATGAAAG
TTTATGGATATAGAGGTAAACATTTGGGTGG
ATCAAGGAAACCGGACGGAGCAATTTATACT
GTCGGATCTCCTATTGATTACGGTGTGATCG
TGGATACTAAAGCTTATAGCGGAGGTTATAAT
CTGCCAATTGGCCAAGCAGATGAAATGCAAC
GATATGTCGAAGAAAATCAAACACGAAACAA
ACATATCAACCCTAATGAATGGTGGAAAGTC
TATCCATCTTCTGTAACGGAATTTAAGTTTTTA
TTTGTGAGTGGTCACTTTAAAGGAAACTACAA
AGCTCAGCTTACACGATTAAATCATATCACTA
ATTGTAATGGAGCTGTTCTTAGTGTAGAAGA
GCTTTTAATTGGTGGAGAAATGATTAAAGCC
GGCACATTAACCTTAGAGGAAGTCAGACGGA
AATTTAATAACGGCGAGATAAACTTTERAGG
GCCCTTCGAAGGTAAGCCTATCCCTAA
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CCCTCTCCTCGGTCTCGATTCTACGCGT
ACCGGTCATCATCACCATCACCATTGA
GTTTAAACCCGCTGATCAGCCTCGACT
GTGCCTTCTAGTTGCCAGCCATCTGTTG
TTTGCCCCTCCCCCGTGCCTTCCTTGAC
CCTGGAAGGTGCCACTCCCACTGTCCT
TTCCTAATAAAATGAGGAAATTGCATCG
CATTGTCTGAGTAGGTGTCATTCTATTC
TGGGGGGTGGGGTGGGGCAGGACAGC
AAGGGGGAGGATTGGGAAGACAATAGC
AGGCATGCTGGGGATGCGGTGGGCTCT
ATGGCTTCTGAGGCGGAAAGAACCAGC
TGGGGCTCTAGGGGGTATCCCCACGCG
CCCTGTAGCGGCGCATTAAGCGCGGCG
GGTGTGGTGGTTACGCGCAGCGTGACC
GCTACACTTGCCAGCGCCCTAGCGCCC
GCTCCTTTCGCTTTCTTCCCTTCCTTTC
TCGCCACGTTCGCCGGCTTTCCCCGTC
AAGCTCTAAATCGGGGCATCCCTTTAG
GGTTCCGATTAGTGCTTTACGGCACCT
CGACCCCAAAAAACTTGATTAGGGTGA
TGGTTCACGTAGTGGGCCATCGCCCTG
ATAGACGGTTTTTCGCCCTTTGACGTTG
GAGTCCACGTTCTTTAATAGTGGACTCT
TGTTCCAAACTGGAACAACACTCAACC
CTATCTCGGTCTATTCTTTTGATTTATA
AGGGATTTTGGGGATTTCGGCCTATTG
GTTAAAAAATGAGCTGATTTAACAAAAA
TTTAACGCGAATTAATTCTGTGGAATGT
GTGTCAGTTAGGGTGTGGAAAGTCCCC
AGGCTCCCCAGGCAGGCAGAAGTATGC
AAAGCATGCATCTCAATTAGTCAGCAA
CCAGGTGTGGAAAGTCCCCAGGCTCCC
CAGCAGGCAGAAGTATGCAAAGCATGC
ATCTCAATTAGTCAGCAACCATAGTCCC
GCCCCTAACTCCGCCCATCCCGCCCCT
AACTCCGCCCAGTTCCGCCCATTCTCC
GCCCCATGGCTGACTAATTTTTTTTATT
TATGCAGAGGCCGAGGCCGCCTCTGCC
TCTGAGCTATTCCAGAAGTAGTGAGGA
GGCTTTTTTGGAGGCCTAGGCTTTTGC
AAAAAGCTCCCGGGAGCTTGTATATCC
ATTTTCGGATCTGATCAGCACGTGTTGA
CAATTAATCATCGGCATAGTATATCGGC
ATAGTATAATACGACAAGGTGAGGAAC
TAAACCATGGCCAAGCCTTTGTCTCAA
GAAGAATCCACCCTCATTGAAAGAGCA
ACGGCTACAATCAACAGCATCCCCATC
TCTGAAGACTACAGCGTCGCCAGCGCA
GCTCTCTCTAGCGACGGCCGCATCTTC
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ACTGGTGTCAATGTATATCATTTTACTG
GGGGACCTTGTGCAGAACTCGTGGTGC
TGGGCACTGCTGCTGCTGCGGCAGCTG
GCAACCTGACTTGTATCGTCGCGATCG
GAAATGAGAACAGGGGCATCTTGAGCC
CCTGCGGACGGTGTCGACAGGTGCTTC
TCGATCTGCATCCTGGGATCAAAGCGA
TAGTGAAGGACAGTGATGGACAGCCGA
CGGCAGTTGGGATTCGTGAATTGCTGC
CCTCTGGTTATGTGTGGGAGGGCTAAG
CACTTCGTGGCCGAGGAGCAGGACTGA
CACGTGCTACGAGATTTCGATTCCACC
GCCGCCTTCTATGAAAGGTTGGGCTTC
GGAATCGTTTTCCGGGACGCCGGCTGG
ATGATCCTCCAGCGCGGGGATCTCATG
CTGGAGTTCTTCGCCCACCCCAACTTGT
TTATTGCAGCTTATAATGGTTACAAATA
AAGCAATAGCATCACAAATTTCACAAAT
AAAGCATTTTTTTCACTGCATTCTAGTT
GTGGTTTGTCCAAACTCATCAATGTATC
TTATCATGTCTGTATACCGTCGACCTCT
AGCTAGAGCTTGGCGTAATCATGGTCA
TAGCTGTTTCCTGTGTGAAATTGTTATC
CGCTCACAATTCCACACAACATACGAG
CCGGAAGCATAAAGTGTAAAGCCTGGG
GTGCCTAATGAGTGAGCTAACTCACAT
TAATTGCGTTGCGCTCACTGCCCGCTTT
CCAGTCGGGAAACCTGTCGTGCCAGCT
GCATTAATGAATCGGCCAACGCGCGGG
GAGAGGCGGTTTGCGTATTGGGCGCTC
TTCCGCTTCCTCGCTCACTGACTCGCTG
CGCTCGGTCGTTCGGCTGCGGCGAGCG
GTATCAGCTCACTCAAAGGCGGTAATA
CGGTTATCCACAGAATCAGGGGATAAC
GCAGGAAAGAACATGTGAGCAAAAGGC
CAGCAAAAGGCCAGGAACCGTAAAAAG
GCCGCGTTGCTGGCGTTTTTCCATAGG
CTCCGCCCCCCTGACGAGCATCACAAA
AATCGACGCTCAAGTCAGAGGTGGCGA
AACCCGACAGGACTATAAAGATACCAG
GCGTTTCCCCCTGGAAGCTCCCTCGTG
CGCTCTCCTGTTCCGACCCTGCCGCTTA
CCGGATACCTGTCCGCCTTTCTCCCTTC
GGGAAGCGTGGCGCTTTCTCAATGCTC
ACGCTGTAGGTATCTCAGTTCGGTGTA
GGTCGTTCGCTCCAAGCTGGGCTGTGT
GCACGAACCCCCCGTTCAGCCCGACCG
CTGCGCCTTATCCGGTAACTATCGTCTT
GAGTCCAACCCGGTAAGACACGACTTA
TCGCCACTGGCAGCAGCCACTGGTAAC
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AGGATTAGCAGAGCGAGGTATGTAGGC
GGTGCTACAGAGTTCTTGAAGTGGTGG
CCTAACTACGGCTACACTAGAAGGACA
GTATTTGGTATCTGCGCTCTGCTGAAG
CCAGTTACCTTCGGAAAAAGAGTTGGT
AGCTCTTGATCCGGCAAACAAACCACC
GCTGGTAGCGGTGGTTTTTTTGTTTGCA
AGCAGCAGATTACGCGCAGAAAAAAAG
GATCTCAAGAAGATCCTTTGATCTTTTC
TACGGGGTCTGACGCTCAGTGGAACGA
AAACTCACGTTAAGGGATTTTGGTCAT
GAGATTATCAAAAAGGATCTTCACCTA
GATCCTTTTAAATTAAAAATGAAGTTTT
AAATCAATCTAAAGTATATATGAGTAAA
CTTGGTCTGACAGTTACCAATGCTTAAT
CAGTGAGGCACCTATCTCAGCGATCTG
TCTATTTCGTTCATCCATAGTTGCCTGA
CTCCCCGTCGTGTAGATAACTACGATA
CGGGAGGGCTTACCATCTGGCCCCAGT
GCTGCAATGATACCGCGAGACCCACG
CTCACCGGCTCCAGATTTATCAGCAATA
AACCAGCCAGCCGGAAGGGCCGAGCGC
AGAAGTGGTCCTGCAACTTTATCCGCC
TCCATCCAGTCTATTAATTGTTGCCGGG
AAGCTAGAGTAAGTAGTTCGCCAGTTA
ATAGTTTGCGCAACGTTGTTGCCATTGC
TACAGGCATCGTGGTGTCACGCTCGTC
GTTTGGTATGGCTTCATTCAGCTCCGGT
TCCCAACGATCAAGGCGAGTTACATGA
TCCCCCATGTTGTGCAAAAAAGCGGTT
AGCTCCTTCGGTCCTCCGATCGTTGTCA
GAAGTAAGTTGGCCGCAGTGTTATCAC
TCATGGTTATGGCAGCACTGCATAATTC
TCTTACTGTCATGCCATCCGTAAGATGC
TTTTCTGTGACTGGTGAGTACTCAACCA
AGTCATTCTGAGAATAGTGTATGCGGC
GACCGAGTTGCTCTTGCCCGGCGTCAA
TACGGGATAATACCGCGCCACATAGCA
GAACTTTAAAAGTGCTCATCATTGGAAA
ACGTTCTTCGGGGCGAAAACTCTCAAG
GATCTTACCGCTGTTGAGATCCAGTTC
GATGTAACCCACTCGTGCACCCAACTG
ATCTTCAGCATCTTTTACTTTCACCAGC
GTTTCTGGGTGAGCAAAAACAGGAAGG
CAAAATGCCGCAAAAAAGGGAATAAGG
GCGACACGGAAATGTTGAATACTCATA
CTCTTCCTTTTTCAATATTATTGAAGCA
TTTATCAGGGTTATTGTCTCATGAGCGG
ATACATATTTGAATGTATTTAGAAAAAT
AAACAAATAGGGGTTCCGCGCACATTT
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CCCCGAAAAGTGCCACCTGACGTC

: ACTACAAAGACCATGACGGTGAT
TATAAAGATCATGACATCGATTACAAG
GATGACGATGACAAGATGGCCCCCaagaa
gaagaggaaggtooocaticaccgcgggotacctatggtooacttg
aggacactcggttattcgcaacagcaacaggagaaaatcaagecta
aggtcaggagcaccgtcgcgcaacaccacgagocecttotooooc
atggcttcactcatgcgcatattgtcgegctttcacageaccctgcgg
coctt acggtgoctotcaaataccaagatatgatigcggoccct.
cccgaagecacgcacgaggcaattota, tcgotaaaca
tcgggagcgocgagcacttgagecgctoctogactgtgocgootoas
cttaggggooccicecgctccagetcgacaccgggocagctgcteaaga
tcgcgaagagaggoooaotaacageggtagaggcagigcacace
tggcocaatgcoctcaccgeoocccccttGAACCTGACC
CCAGACCAGGTAGTCGCAATCGCGTCACA
TGACGGGGGAAAGCAAGCCCTGGAAACC
GTGCAAAGGTTGTTGCCGGTCCTTTGTCA
AGACCACGGCCTTACACCGGAGCAAGTCGT
GGCCATTGCAAGCAATGGGGGTGGCAAACA
GGCTCTTGAGACGGTTCAGAGACTTCTCCCA
GTTCTCTGTCAAGCCCACGGGCTGACTCCC
GATCAAGTTGTAGCGATTGCGTCGCATGA
CGGAGGGAAACAAGCATTGGAGACTGTC
CAACGGCTCCTTCCCGTGTTGTGTCAAGC
CCACGGTTTGACGCCTGCACAAGTGGTCGC
CATCGCCTCGAATGGCGGCGGTAAGCAGGC
GCTGGAAACAGTACAGCGCCTGCTGCCTGT
ACTGTGCCAGGATCATGGActgaceccagaccaggt
agtcgcaatcgcegaacaataatgggggaaageaagecctgga
aaccgtgcaaaggttgttgccggtectttgtcaagaccacggect
tacaccggagcaagtcgtggccattgcaaataataacggtgge
aaacaggctcttgagacggttcagagacttctcccagttctetgte
aageecacgggCTGACTCCCGATCAAGTTGTAGC
GATTGCGTCCAACGGTGGAGGGAAACAAGC
ATTGGAGACTGTCCAACGGCTCCTTCCCGTG
TTGTGTCAAGCCCACGGTITTGACGCCTGCAC
AAGTGGTCGCCATCGCCTCGAATGGCGGCG
GTAAGCAGGCGCTGGAAACAGTACAGCGCC

TGCTGCCTGTACTGTGCCAGGATCATGGA; g

; cttacaccggagcaagtcgtggccattgcaaataataacg
gtggcaaacaggctettgagacggticagagacticteccagtte

{TTGACGCCTGCACA
AGTGGTCGCCATC GCCAGCCATGATGGCG

GTAAGCAGGCGCTGGAAACAGTACAGCG
CCTGCTGCCTGTACTGTGCCAGGATCATG
GACTGACCCCAGACCAGGTAGTCGCAATC

5'TALEN (in JDS78)
Constructs T256/T258
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GCGTCACATGACGGGGGAAAGCAAGCCC
TGGAAACCGTGCAAAGGTTGTTGCCGGTC
CITTTGTCAAGACCACGG!

iy g;c cécg
atcaagttgtagcgattgcgaataacaatggagggaaacaage
attggagactgtcecaacggctecttcccgtgtigtgtcaagecca

g
aCTGACCCCAGACCAGGTAGTCG
CGTCAAACGGAGGGGGAAAGCAAG
CCCTGGAAACCGTGCAAAGGTIGTTGCCGG
TCCTTTGTCAAGACCACGGCCTTACACCGG
AGCAAGTCGTGGCCATTGCATCCCACGAC
GGTGGCAAACAGGCTCTTGAGACGGTTCA
GAGACTTCTCCCAGTTCTCTGTCAAGCCC
ACGGGcetgacacccgaacaggtogtcoccatigettctaatgog
ggaggoacggccagcecttggagtccatcgtageccaattgtccaggec
ccgatcccgegttooctocgttaacgaatgaccatctggtoocetio

catgtctt acgacccgcgctcgatgcagtcaaaaa ct
gccteatgctceccgeattgatcaaaagaaccaaccggeggaticecg
agagaacttcccatcgagicecgeoaTCCCAACTAGTCA
AAAGTGAACTGGAGGAGAAGAAATCTGAA

CTTCGTCATAAATTGAAATATGTGCCTCAT
GAATATATTGAATTAATTGAAATTGCCAGA
AATTCCACTCAGGATAGAATTCTTGAAATG
AAGGCGTAATGGAATTTTTTATGAAAGTTTAT
GGATATAGAGGTAAACATTTGGGTGGATC
AAGGCGAAACCGGACGGAGCAATTTATACTG

TCGGATCTCCTATTGATTACGGTGTGATCG
TGGATACTAAAGCTTATAGCGGAGGTTATA
ATCTGCCAATTGGCCAAGCAGATGAAATGC
AACCGATATGTCGAAGAAAATCAAACACGAA
ACAAACATATCAACCCTAATGAATGGTGGA
AAGTCTATCCATCTTCTGTAACGGAATTTA
AGTTTTTATTTGTGAGTGGTCACTTTAAAG

GAAACTACAAAGCTCAGCTTACACGATTAA
ATCATATCACTAATTGTAATGGAGCTGTTC
TTAGTGTAGAAGAGCTTTTAATTGGTGGAG
AAATGATTAAAGCCGGCACATTAACCTTAG
AGGAAGTCAGACGGAAATTTAATAACGGC

31

GAACCTGACCCCAGACCAGGTAGTCGCAA
TCGCGTCACATGACGGGGGAAAGCAAGC
CCTGGAAACCGTGCAAAGGTTGTTGCCGG
TCCTTTGTCAAGACCACGGCCTTACACCG
GAGCAAGTCGTGGCCATTGCAAGCAATGG
GGGTGGCAAACAGGCTCTTGAGACGGTTC
AGAGACTTCTCCCAGTTCTCTGTCAAGCC
CACGGGCTGACTCCCGATCAAGTTGTAGC

TALE component of mutant
clone; does not include Fokl;
T259 mutant
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GATTGCGTCGCATGACGGAGGGAAACAA
GCATTGGAGACTGTCCAACGGCTCCTTCC
CGTGTTGTGTCAAGCCCACGGTTTGACGC
CTGCACAAGTGGTCGCCATCGCCTCGAAT
GGCGGCGGTAAGCAGGCGCTGGAAACAG
TACAGCGCCTGCTGCCTGTACTGTGCCAG
GATCATGGACTGACCCCAGACCAGGTAGT
CGCAATCGCGAACAATTCGGGGGGAAAG
CAAGCCCTGGAAACCGTGCAAAGGTTGTT
GCCGGTCCTTTGTCAAGACCACGGCCTTA
CACCGGAGCAAGTCGTGGCCATTGCAAAT
AATAACGGTGGCAAACAGGCTCTTGAGAC
GGTTCAGAGACTTCTCCCAGTTCTCTGTCA
AGCCCACGGGCTGACTCCCGATCAAGTTG
TAGCGATTGCGTCCAACGGTGGAGGGAA
ACAAGCATTGGAGACTGTCCAACGGCTCC
TTCCCGTGTTGTGTCAAGCCCACGGTTTG
ACGCCTGCACAAGTGGTCGCCATCGCCTC
GAATTCGGGCGGTAAGCAGGCGCTGGAA
ACAGTACAGCGCCTGCTGCCTGTACTGTG
CCAGGATCATGGACTGACCCCAGACCAGG
TAGTCGCAATCGCGTCGAACATTGGGGGA
AAGCAAGCCCTGGAAACCGTGCAAAGGT
TGTTGCCGGTCCTTTGTCAAGACCACGGC
CTTACACCGGAGCAAGTCGTGGCCATTGC
AAATAATAACGGTGGCAAACAGGCTCTTG
AGACGGTTCAGAGACTTCTCCCAGTTCTC
TGTCAAGCCCACGGGCTGACTCCCGATCA
AGTTGTAGCGATTGCGTCGAACATTGGAG
GGAAACAAGCATTGGAGACTGTCCAACG
GCTCCTTCCCGTGTTGTGTCAAGCCCACG
GTTTGACGCCTGCACAAGTGGTCGCCATC
GCCAGCCATGATGGCGGTAAGCAGGCGCT
GGAAACAGTACAGCGCCTGCTGCCTGTAC
TGTGCCAGGATCATGGACTGACCCCAGAC
CAGGTAGTCGCAATCGCGTCACATGACGG
GGGAAAGCAAGCCCTGGAAACCGTGCAA
AGGTTGTTGCCGGTCCTTTGTCAAGACCA
CGGCCTTACACCGGAGCAAGTCGTGGCCA
TTGCAAGCAACATCGGTGGCAAACAGGCT
CTTGAGACGGTTCAGAGACTTCTCCCAGT
TCTCTGTCAAGCCCACGGGCTGACTCCCG
ATCAAGTTGTAGCGATTGCGAATAACAAT
GGAGGGAAACAAGCATTGGAGACTGTCC
AACGGCTCCTTCCCGTGTTGTGTCAAGCC
CACGGTTTGACGCCTGCACAAGTGGTCGC
CATCGCCTCCAATATTGGCGGTAAGCAGG
CGCTGGAAACAGTACAGCGCCTGCTGCCT
GTACTGTGCCAGGATCATGGACTGACCCC
AGACCAGGTAGTCGCAATCGCGTCAAACG
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GAGGGGGAAAGCAAGCCCTGGAAACCGT
GCAAAGGTTGTTGCCGGTCCTTTGTCAAG
ACCACGGCCTTACACCGGAGCAAGTCGTG
GCCATTGCATCCAATTCGGGTGGCAAAC
AGGCTCTTGAGACGGTTCAGAGACTTCTC
CCAGTTCTCTGTCAAGCCCACGGG

Key: sequences in lowercase refer to the DNA code for the N and C terminus of the TALE
proteins; sequences in UPPERCASE refer to DNA sequences for HD monomers; sequences
in UPPERCASE refer to DNA sequences for NG monomers; sequences in lowercase refer

to DN A sequences for NN monomers; sequences in UPPERCASE refer to NS changes in

refers to the stop codon; &

efers to the start codon;

efers to the restriction enzyme site; sequences in refer
to DNA sequences for NI monomers, sequences in UPPERCASE refers to DNA sequence

Fokl catalytic protein; and sequences in : refers to Sharkey. Heterodimer

mutations; and UPPERCASE refers to FLAG tag sequence x 3; N = any nucleotide or

amino acid sequence.

EXAMPLES

Example 1: Selection of TALEN target sites and design of TALENs

TALENSs can be designed and used to target a conserved sequence in the
transactivation response element (TAR) of the HIV-1 proviral DNA. For this, the following
methods were used.

Bioinformatics Analvsis of HIV-1 Genome. HIV-1 sub-type B DNA sequences for
the complete genome and the 5’LTR, 5’LTR(R), 5’LTR(U3), 5’LTR(US), GAGPOL, RRE,
RT, TAR, ENV regions of the genome were downloaded from the Los Alamos HIV

Sequence Database (hitn://www hiv lanl. zov/) and converted into comma-delimited files

using a custom script. The files were then loaded, aligned with ClustalQ (Sievers et al.
(2011) Mol Syst Biol, 7:539), and positional conservation was calculated with Microsoft
Excel. Regions with stretches of bases that held the most positional conservation were
selected as target regions. The strongest target region, encompassing TAR, was obtained
from analysis of the 226 sequences encompassing the HIVBSLTR. The 5° HT-TALEN and
5" NS-TALEN binding sites encompass nucleotide positions 459-478 (HIV-1 HXB2
accession number K03455), while the 3> HT-TALEN binding site encompasses nucleotide
positions 499-515 (HIV-1 HXB2 accession number K03455).

73



10

15

20

25

30

WO 2016/161004 PCT/US2016/025037

Design and Construction of TALEN plasmids. A FASTA file for the HIV-1 Sub-
type B 5’LTR HXB2 DNA sequence (accession number K03455) was input into the ZiFiT
Webtool (http://zifit.partners.org/ZiFiT/) to retrieve a schematic for building TALEN
constructs using the REAL Assembly Kit (Miller et al. (2011) Nat Biotechnol 29: 143-148).
Plasmid DNA constructs for the HT-TALENs were built using the Joung Lab REAL
Assembly TALEN kit (AddGene), following the REAL Assembly method as described
(Miller et al. (2011) Nat Biotechnol 29: 143-148). Identity of correct HT-TALEN DNA

clones was confirmed by sequence analysis (Beckman Coulter Genomics).

Using the methods described above, a conserved target region of the HIV-1 proviral
DNA genome was identified that was less likely to produce TALEN resistant HI'V strains.
HIV-1 subtype B DNA sequences from the Los Alamos HIV sequence database were
aligned by region and nucleotide conservation was determined. Of the alignments
performed, the HIV long terminal repeat (LTR) region (226 DNA sequences) comprised
conserved nucleotide stretches (Sievers et al. (2011) Mol Syst Biol, 7: 539). These regions
encompassed the trans-activation response element (TAR) of the 5' LTR (Fig.1). See, also
Table 1, for a listing of useful constructs and sequences.

BLAST analysis searching for these sequences in the GRCh38 assembly showed no
identical sequences in the human genome. The most similar positions were a matched
stretch of 17/20 nucleotides to an intergenic region in chromosome 13 (NC_000013) for the
5 HT-TALEN, and the next closest were regions with stretches of 14/20 nucleotides, two
intergenic and one in the coding region of the Glypican 6 gene. For the 3° HT-TALEN, the
most similar match was a stretch of 16/20 nucleotides, matched to an intergenic region in
chromosome 11 (NC_000011) and no other stretches with more than 13/22 nucleotides
were observed.

Most positions targeted by these TALENs were highly conserved (Fig. 1D) and both
sites were also conserved in laboratory strain NE4-3, but not in all subtype B strains.
Mutations that disrupt the TAR stem, in different regions have been shown to abolish viral
production, reflecting the high level of sequence conservation (Das et al. (2007) J Virol 81:
7742-7748). The conserved TAR region was selected because this target would be less
likely to mutate and produce viable TALEN-resistant escape mutants. The TALE binding
sites in the 5° LTR were nearly identical in the 3' LTRs, permitting damage to each site with
the same set of TALEN:S.

Even though a bioinformatic analysis was carried out to select highly conserved sites

as TALEN targets; no sites in HIV-1 are completely conserved. For example, positions
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such as the 6™, 9™ and 20" positions in the 5° HT-TALEN binding site contain residues that
are 67-95% conserved, whereas the remainder of the TALEN binding site is >98%
conserved (Fig. 1D). HIV with escape mutations can produce resistance to ARV drugs,
which can limit the potential use of GEEN for targeting integrated proviral DNAs derived
from reverse transcription. The TALEN gene editing technology, thus has the advantage
over other GEEN technologies in that a NS repeat variable di-residue (RVD) variant
encodes degenerate nucleotide recognition. This can be used to design custom TALENs
that encode predicted degenerate positions (Boch et al. (2009) Science 326: 1509-1512);
and Scholze and Boch (2010) Virulence 1: 428-432). Thus, TALENSs can be engineered to
tolerate predicted escape mutants based on nucleotide conservation.

Target Selection. Recent reviews discussing the use of a GEEN strategy to target

the HIV proviral DNA have suggested targeting the coding region of HIV (Stone et al.
(2013) Curr Opin HIV AIDS 8: 217-223; and Weber et al. (2013) Mol Ther J] Am Soc Gene
Ther 21: 1819-1820). In considering the possibility of escape mutations, we and others
performed bioinformatic analyses to select the region of HIV-1 with the highest conserved
nucleotide stretches (Qu et al. (2013) Nucleic Acids Res 41: 7771-7782; and Ebina et al.
(2013) Sci Rep 3:2510). The region with the highest conservation encompassed the TAR
region in the LTR (Qu et al. (2013) Nucleic Acids Res 41: 7771-7782; and Ebina et al.
(2013) Sci Rep 3:2510). One concern with targeting this region was that it might not be
accessible due to histone and DNA modification, and DNA packaging. TALEN-mediated
editing of the TAR site; however, was observed. Improved TALEN delivery systems may
increase TALEN editing efficiency in individual cells, resulting in both TALEN target sites
in the 5” and 3° HIV proviral LTRs being cleaved. This in turn could result in the deletion
of the majority of the ~9.6 kb HIV-1 proviral DNA. Large deletions of up to 18 kb have
previously been observed with TALENSs targeting two local genomic sites (Beumer et al.
(2013) G3 Bethesda Md 3: 1717-1725; Ma et al. (2014) Biotechnol Lett 36(3):471-9; and
Ma et al. (2013) PloS One 8(5): €65259). An assay for this deletion was not carried out
because the HIV-1 proviral insertion site in HeLa/LAV cells is currently unknown.

While the TALEN target in the TAR region is not known to be methylated, two CpG
islands flanking the transcription start site are close and could affect TALEN binding and
cleavage of latent HIV-1 proviral DNA (Kauder et al. (2009) Epigenetic regulation of HIV-
1 latency by cytosine methylation. PLoS Pathog 5:1000495). One of the advantages of
using TALENS is that new tools are rapidly becoming available. If methylation is an issue,

TALEN variants have been developed to bind methylated cytosines. These TALENs™
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contain RVD regions mutated from "NX" to "N", which allows recognition of 5-methylated
cytosine (Valton et al. (2012) J Biol Chem 287: 38427-38432).
Tyvpes of DNA Repair. The repair of genome editing technologies is thought to

occur by low fidelity non-homologous end joining (NHEJ). In editing of the HIV-1 LTR,
small insertions, short deletions, and deletions with insertions were observed. Since DNA
Pol u or 4, are part of this pathway, these polymerases can generate inserts in a template
independent manner (Aza et al. (2013) Nucleic Acids Res 41: 253-263; and Martin et al.
(2013) Nucleic Acids Res 41:9105-9116), thus may be responsible for the short inserts we
observed (2-6 bp) in three clones; this is an editing signature for classical NHEJ (Dueva and
Iliakis G (2013) Transl Cancer Res 2:163-177). Short deletions of 6-13 bp were observed
and are likely due to the exonuclease activity of either Artemis in the classical NHEJ
pathway (C-NHEJ), or exonuclease 1 in the alternative NHEJ pathway (A-NHEJ).
Overexpression of exonuclease 1 was recently shown to increase TALEN-induced mutation
efficiency 30%, suggesting that both NHEJ pathways may be involved in editing of TALEN
induced double strand breaks. Cells using only the A-NHEJ pathway (generated by XRCC4
or Ku80 nulls that block the C-NHEJ pathway) typically yield small deletions of 4-25 bp,
similar to that we observed with our TALEN pairs (Guirouilh-Barbat et al. (2007) Proc Natl
Acad Sci USA 104: 20902-20907; and Grabarz et al. (2012) Am J Cancer Res 2: 249-268).
The clones having an insertion with deletion are typically observed in other TALEN studies
and may represent multiple editing events (e.g., Beumer et al. (2013) G3 Bethesda Md
3:1717-1725; and Liu et al. (2012) J Genet Genomics 36:209-215). It is noteworthy that
improper repair of the targeted TAR region, such as introduction of inserts, deletions, and
indels, could negatively affect multiple steps of the viral replication cycle. The 5
untranslated region (UTR) of the 5S’LTR is packed with a variety of RNA regulatory
elements with functions that are dependent on proper folding. Insertions and deletions,
depending on size, could exert severe effects on the ability of the transcribed RNA to

achieve necessary secondary structures crucial for transcription.

Example 2: TALEN pairs cleave the HIV-1 target DNA in vitro

The NS-TALENSs described above were used to test whether the wild type and
different triple mutant target templates containing predicted escape mutations could be
cleaved. In addition to the 5> TALEN that is designed to recognize the canonical 5 TALE
binding site, another 5> TALEN construct was designed with NS-TALE monomers

positioned to recognize the three less conserved positions in the 5° TALE binding site. This
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approach was tested for addressing the degenerate positions (Fig. 2A). To differentiate the
TALEN pairs described herein, based on the 5> TALEN recognition sequence, the pair
containing the canonical 5> TALEN was designated as HT-TALENS and the other pair
containing the 5 NS-TALEN was designated as the NS-TALENS.

In vitro Transcription/translation of HT- and NS-TALENSs and Cleavage Reactions.

The target template DNA to be used in cleavage reactions was synthesized by PCR
(HotStarTaq Plus Master Mix, Qiagen) using forward primer U3BamHI75F
(CAGCTGGATCCTGATTGGCAG:; SEQ ID NO: 15) and reverse primer GagSall804Rev
(GGGTGCGAGAGCGTCGACGACGG; SEQ ID NO: 16) to amplify a 747 bp product
from plai.2 proviral DNA (NIH AIDS Reagent Program, catalog no. 2532). To generate a
mutant target template, overlap extension of two PCR products was performed, followed by
a PCR using a forward primer (U3BamHI75F) and a reverse primer (GagSall804Rev).
PCR product 1 (520 bp) was generated using plai.2 (a full-length HIV proviral DNA) as a
template, U3BamHIFor and a randomized reverse primer (Random 5’siteRev:
CAGGCTCNNATCTGGTCNNNCNA; SEQ ID NO: 17). PCR product 2 (355 bp) was
generated using plai.2 as a template, a randomized forward primer (Random 5’siteFor:
CTCTNGNNNGACCAGATNNGAGC; SEQ ID NO: 18), and GagSall804Rev. The
generated insert was ligated into Sall/BamHI digested pGEX6P3 (GE Healthcare Sciences).
In vitro transcription/translation reactions were performed using the TnT® Quick Coupled
Transcription/Translation System (Promega). Reactions comprising 500 ng of each HT-
TALEN pair DNA plasmid, 20 pL. of TNT® T7 Quick Master Mix, 0.5 uL. Methionine (1
mM), 500ng target template DNA, and 2.5 uLL H,0. The reactions were incubated at 30°C
for 2 hours. Aliquots were analyzed by Western blot and to the remaining reaction (20uL)
was added to 100 pL of cleavage reaction buffer (Bedell et al. (2012) Nature, 491:114-118).
Available: http://www.ncbi.nlm.nih. gov/pubmed/23000899 ; and (Mahfouz et al. (2011)
PNAS 108: 2623-2628). The samples were then incubated for an additional 3 hours at
30°C followed by Rnase A (20 pg) treatment for 15 minutes. DNA from the samples was
purified (Wizard® SV Gel and PCR Clean-Up System) and ethanol precipitated to
concentrate the samples. Concentrated samples were then run on a 1% 1XTAE agarose gel
to visualize the target template and cleaved product DNAs. Imagel software was used to
quantify bands to determine cleavage efficiency (Schneider et al (2012) Nat Methods 9:
671-675). These experiments were repeated 2-3 times.

The results show that using the REAL assembly kit, recombinant plasmids that
encoded the 5” and 3 HT-TALEN and the 5° NS-TALEN proteins recognizing and cleaving
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the cognate target LTR sequences were constructed (Reyon et al. (2012) Curr Protoc Mol
Biol Ed Frederick M Ausubel Al Chapter 12: Unit 12.15). The architecture of the repeats
and their recognition sequence are shown in Fig. 2A. Expression of the Flag epitope-tagged
TALENSs was verified by in vifro transcription/translation reactions and Western blot
analysis with a Flag antibody (Figs. 2B, 3). TALEN protein expression of the expected
molecular mass was observed in samples containing the TALEN plasmids, but not in
extracts lacking the plasmids. The 3> HT-TALEN was expressed as a 120 kDa protein
while the 5> HT-TALEN and the 5° NS-TALEN were expressed as 111 kDa proteins. No
smaller sized bands were observed, indicating that these proteins are not degraded in vitro
(Fig. 3). A higher molecular mass non-specific immunoreactive band was observed in all in
vitro transcription/translation samples regardless of TALEN plasmid presence.

The endonuclease activity of the TALEN pairs was tested on a 747 base pair HIV-1
proviral DNA PCR product fragment comprising the TALEN target sites, as well as HIV-1
proviral DNA PCR product fragments comprising predicted mutations at the 6™ 9™ and 20™
positions of the 5° TALE binding site (Fig. 2C). This DNA was used as a target template to
detect TALEN endonuclease activity in cleavage reactions comprising the HT-TALEN or
the NS-TALEN pair proteins produced by in vifro transcription/translation reactions. The
HIV-1 DNA target template was cleaved into fragments of the expected sizes when
incubated with either TALEN pair, but not when incubated with control extracts lacking the
TALEN proteins. The results show that both TALEN protein pairs cleave the HIV-1 DNA
fragment specifically at the target cleavage site. A cleavage efficiency of approximately
42% for both TALEN pairs was observed.

TALEN DNA target templates comprising mutations in the 5° TALE binding site
were also tested. Four mutant templates with substitutions at three sites (6™, 9™ and 20™) in
the 5° TALE binding site were analyzed. The mutant DN A target templates encoded the
second most common nucleotide for each position. Both the HT-TALEN and NS-TALEN
pairs were shown to cleave all mutant sequences in vifro with similar efficiencies (Fig. 2C).
Cleavage of the mutant templates by the HT-TALENSs can be explained by some degenerate
recognition by some monomers in HT-TALENS or by the fact that the template and TALEN
expression can be higher than that of cells. These results demonstrate that the NS-TALENs
can cleave wild type and mutant HIV-1 DNA templates.
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Example 3: TALEN pairs damage target DNA in live cells

Next, the TALEN protein pairs were assessed for their ability to cleave the TALEN
target site in living cultured cells. The following methods were used.

Cell Culture and Transfection. HeLa-tat-III/LTR/d1EGFP cells (Parent et al. (2005)
J Biol Chem 280: 448-457) were maintained in Dulbecco's modified Eagle's medium

(DMEM) supplemented with 10% Fetal Bovine Serum (Fisher Scientific), 1% penicillin and
streptomycin (Sigma) and 1mg/mL G418 (Fisher Scientific). HeLa/LAV cells and pEAK
Rapid cells (derived from HEK293 cells, Edge Biosystems) were maintained in Dulbecco's
modified Eagle's medium (DMEM) supplemented with 10% Fetal Bovine Serum (Fisher
Scientific), and 1% penicillin and streptomycin (Sigma). Transient transfections of both
HeLa-tat-III/LTR/d1EGFP and HeLa/LAV cells was performed using the Trans-IT HeLa-
MONSTER transfection kit (Mirus). Transient transfection of pEAK Rapid cells was
performed using the Trans-IT 2020 transfection kit (Mirus). Cells were harvested 48 hours
post-transfection.

Flow Cytometry. Cytotoxicity was determined for transiently transfected

HeLa/LAV (pRSET.mCherry expression vector, HT-TALEN pair, NS-TALEN pair)

samples in addition to control samples. Samples were harvested for Annexin V staining 72
hours post-transfection (FITC Annexin V Apoptosis Detection Kit, BD). Each sample-type
was performed in triplicate. Cells were trypsinized (0.25% Trypsin), resuspended in 1 mL
of phosphate buffered saline (PBS), and then centrifuged at 156 x g for 5 minutes. Samples
were then gently resuspended in 1 mL HEPES buffer and centrifuged at 156 x g. for 5
minutes. Samples were gently resuspended in 50 pL HEPES buffer and 3 pL. Annexin V
was added to each sample, excluding the negative controls. Samples were incubated on ice
for 20 minutes in the dark. Samples were centrifuged at 156 x g for 5 minutes, followed by
a ImL ice cold HEPES buffer wash. Samples were resuspended in a 4% paraformaldehyde
solution and incubated at room temperature in the dark for 3 hours. Samples were
centrifuged at 156 x g for 5 minutes. Samples were then washed in 1 mL PBS and then
gently resuspended in 300uL PBS to prepare them for flow analysis.

TALEN damage efficiency was determined by number of mCherry/Green
Fluorescent Protein (GFP) vs. mCherry-only positive cells recorded 72 hours post-
transfection in transiently transfected HeLa-tat-1II/LTR/d1EGFP cells (pRSET.mCherry
expression vector, co-transfected HT-TALEN pair and pRSET.mCherry expression vector,
cotransfected NS-TALEN pair and pRSET.mCherry expression vector). Each sample-type
was performed in triplicate. Wells were trypsinized (0.25% Trypsin), resuspended in 1 mL
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PBS, and then centrifuged at 156 x g for 5 minutes. Samples were fixed in 4%
paraformaldehyde, washed once with PBS and then resuspended in 500 uL. PBS prior to
flow analysis.

Flow cytometry data was acquired using a FACSCalibur Flow cytometer (Becton
Dickinson). The blue laser (488nm) was used for detecting GFP while the red laser
(635nm) was used for mCherry. 10,000 events were acquired for each sample. Flow
cytometry analysis was performed using FlowJo (Tree Star) software. Non-fluorescent
samples were used to determine thresholds. mCherry-positive samples and GFP-positive
samples were used to set gating thresholds. Dose-response curves were generated by
counting cells using different mCherry thresholds. Statistical analysis for cytotoxicity
experiments was performed using ANOV A and statistical differences in slopes from
TALEN dose-response curves were determined with a one-tailed t-test.

The results show that HeLa-tat-III/LTR/d1 EGFP cells stably express a construct
comprising the HIV-1 5° LTR (comprising the HT-TALEN target site) fused upstream of a
d1EGFP coding region (Fig. 4A) (Parent et al. (2005) J Biol Chem 280: 448-457). GFP is
constitutively expressed in these cells and expression is driven by the HIV-1 5" LTR. These
cells were transiently co-transfected with constructs for each TALEN pair and cell lysates
were analyzed by Western blot. Expression of the ectopic proteins of the expected
molecular masses was observed; however, the NS-TALENSs exhibited lower expression
(Figs. 4B, 5).

The next set of experiments were carried out to test whether the TALEN pairs
damaged the HIV-1 TAR element in cells using loss of GFP expression as a read out
detected by flow cytometry. In addition to non-transfected controls, HeL.a-tat-
III/LTR/d1EGFP cells were either transfected with pRSET.mCherry alone or
pRSET.mCherry co-transfected with constructs for each TALEN pair (Figs. 6-8).
Transfection of either of the TALEN pairs can result in damage to the HIV-1 LTR, thereby
reducing GFP expression. The transfected cell population comprising pRSET.mCherry was
analyzed using flow cytometry to determine the levels of GFP expression 72 hours post-
transfection. A significant difference in the mCherry cell populations was dependent on the
presence of either TALEN pair compared to the pRSET.mCherry control. The cleavage
efficiency is estimated at approximately 30% for both HT-TALEN and NS-TALEN pairs.

The effect of TALENs on GFP reporter expression was examined to determine if it
was dose-dependent by analyzing the flow cytometry data varying the gating threshold for
red fluorescence. The HT-TALEN and NS-TALEN pairs both showed a generally linear
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dose dependent increase in editing efficiency that was significantly different than control
cells (Fig. 4C; p < 10°°). Although it appeared that the NS-TALENSs might have a higher
editing efficiency, this finding was not statistically significant. Notably, these plots did not
show saturation of editing efficiency, suggesting that higher TALEN expression can
increase editing of the proviral DNA. An editing efficiency of 55-60% was observed for the
cells expressing the highest levels of TALEN pairs.

To determine if the targeted region in the LTR comprised mutations, the TALEN
target region was amplified from DNA isolated from transfected and control non-transfected
cells by PCR using primers flanking the target site. Resulting PCR products were
subcloned into the pBluescript Il SK (-) plasmid and several clones were sequenced. Clones
having both deletions and insertions, as well as clones with deletions were observed.
Deletion sizes ranged from 6 to 22 bp in the target region (Fig. 4D). Insertion sizes ranged
from 1 to 13 bp in the target region. No mutations were observed in 12 sequenced clones of
cells transfected with the control pRSET.mCherry vector, while 8 of 29 had mutations for
the HT-TALENS, and 2 of 23 were observed for NS-TALENSs. These data support the
conclusion that HT-TALENs and NS-TALENSs can cleave the HIV-1 target DNA site in live

cells.

Example 4: TALEN pairs damage the integrated complete HIV-1 genome

Experiments were carried out to determine if the TALEN pairs can edit the full-
length integrated HIV-1 proviral DNA in HIV-infected cells. For these experiments, the
following methods were used.

Protein Analysis. Cells were washed and lysed in PBS. One-half of the cell lysate

was used for genomic DNA purification (see below), while the other half was combined
with 2X SDS protein buffer for protein analysis. The protein samples were freeze/thawed
three times, boiled at 95°C for 5 minutes, then loaded onto a 4-12% Bis tris protein gel
(Nupage, Life Technologies). Proteins in the gel were transferred onto a PVDF membrane
(Immobilon-P, Millipore), blocked with 5% milk/PBS, and then probed with select primary
antibodies. The primary antibodies used comprised: mouse anti-actin, mouse anti-Flag-
HRP conjugate (SLBD 9930, Sigma Aldrich), mouse anti-capsid, and rabbit anti-Flag
(A1113, Santa Cruz). Secondary antibodies used comprised: goat anti-rabbit HRP and
rabbit anti-mouse HRP conjugates (GE Life Sciences formerly Amersham Biosciences).

Proteins were visualized using chemiluminescence (Super Signal West Pico
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Chemiluminescent Substrate, Thermo Scientific) on an Automated Biospectrum Imaging
System (UVP). All Western analyses were repeated 2-3 times.
Genomic DNA Analysis. Genomic DNA was purified from cell lysates using a

PureLink Genomic DNA kit (Life Technologies). PCRs (HotStar High Fidelity Polymerase

kit, Qiagen) were performed on the purified genomic DNA to produce products for cloning
and for T7 assays. For cloning purposes, primers pPBSNY 5For
(GGCATGCTCGAGCTCAGATGCTGCATAT; SEQ ID NO: 19) and pBSNY5Rev
(CATGCCTCTAGAAGTGGGTTCCCTAGC; SEQ ID NO: 20) were used with the
genomic DNA to produce a 114 bp insert for the Xhol/Xbal digested pBlueScript IT SK(-)
vector. Clones produced were sequenced with M13Reverse primer.

Construction of Mutated HIV Proviral Plasmid. To engineer a mutant HIV-1

proviral DNA based on a sequence identified as a genomic edit induced by TALEN
cleavage, overlap extension of two PCR products was performed, followed by a PCR using
a forward primer (pLAI.28For) and a reverse primer (pLAIL.2888Rev). PCR product 1 (7-
553) was generated using plai.2 (a full-length HIV proviral DNA) as a template,
pLAI28For and a mutagenic reverse primer (pLai.2MutlRev) comprising a deletion of 13
nucleotides (positions 531 to 543). PCR product 2 (517-888) was generated using plai.2 as
a template, a mutagenic forward primer (pLai.2Mut1For), and plai.2888Rev. The generated
insert was ligated into Xbal/Clal digested plai.2. The mutated region contained within the
full length HIV proviral DNA plasmid was confirmed via DNA sequencing.

The results show that HeLa/LAV cells harbor integrated HIV-1 proviral DNA (Fig.
9A) and produce active virus (Fig. 9A) (Berg et al. (1991) J Virol Methods 34:173-180).
HeLa/LAYV cells were separately and transiently transfected with either TALEN construct
pair and harvested 48 hours post-transfection. Expression of both ectopic TALEN protein
pairs was apparent in harvested cell extracts (Figs. 9B, 10).

Transfection of TALEN constructs can result in cytotoxicity. Therefore,
transfection experiments were carried out to assess cytotoxicity measured by Annexin V
staining (Figs. 9C, 11-13). Triplicate samples analyzed by flow cytometry revealed no
significant difference in the number of Annexin V positive cells (p < 0.01) when transfected
TALENs were compared to control. These results demonstrate the TALENS are not
significantly cytotoxic to these cells.

Specific editing of the integrated HIV proviral DNA was assessed by amplifying the
TALEN target sites from purified genomic DNA, sub-cloning the resulting PCR product
into the pBluescript I SK (-) vector, and DNA sequencing of individual clones. Eleven of
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the 50 sequenced clones comprised mutations. Indels were detected with some clones
containing both insertions and deletions. Deletion sizes ranged from 6 to 33 bp while
insertion sizes ranged from 1 to 6 bp (Fig. 9D). This editing profile is typical of that
observed in other studies using TALENS, e.g., Chen et al. (2013) Nucleic Acids Res 41:
2769-2778; Frank et al. (2013) BMC Genomics 14: 773; and Gaj et al. (2012) Nat Methods
9:805-807. These results demonstrate that cleavage by the TALEN pairs induced
mutagenesis of the integrated HIV-1 proviral DNA genome. These findings demonstrate
that the TALEN pairs can edit integrated HIV-1 proviral DNA in live cells.

The target region in the LTR of HIV-1 is conserved and mutations in this region
abolish viral production. To assess if mutations resulting from TALEN cleavage of HIV-1
proviral DNA abrogate or limit virus production, a sequence from one of the clones (Fig.
9D; HL16) was subcloned into a construct for expression of the full-length HIV-1 proviral
DNA. HL16 was selected because it has an indel that deletes the critical stem-~loop region
of TAR, typical for the majority of other indels observed in these studies. Constructs for the
wild type plai.2 and mutant plai.2 HIV-1 full-length proviral DNA were transfected into
pEAK Rapid cells (Fig. 9E). As an indicator of viral fitness, expression of a key structural
virus poly-protein, Gag, was examined. Western blot analysis of cell lysates was performed
and a Gag band was observed in samples from cells transfected with wild type plai.2 HIV
proviral DNA, but not in cells transfected with the mutant HIV-1 plai.2 proviral DNA (Figs.
9E, 11). Western blot analysis with a loading control antibody to Actin shows similar Actin
levels in each sample. These results indicate that at least one of the indels introduced by the
TALEN pairs can markedly reduce expression of a key viral poly-protein that is important

for virion production.
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WHAT IS CLAIMED IS:

1. An engineered transcription activator like effector nuclease (TALEN) comprising
from the N-terminus to the C-terminus, a first spacer sequence, a TALE DNA binding
domain, a second spacer sequence, and a FoklI nuclease catalytic domain fused to the C-

terminus.

2. The TALEN of claim 1, wherein the TALE DNA binding domain comprises a

protein sequence specific for binding to a target nucleotide sequence.

3. The TALEN of claim 2, wherein the target nucleotide sequence is within a

human immunodeficiency virus.

4. The TALEN of claim 3, wherein the human immunodeficiency virus is HIV-1 or

HIV-2.

5. The TALEN of claim 1, further optimized for expression in a human cell.

6. The TALEN of claim 1, wherein the TALE DNA binding domain comprises a
sequence targeting a conserved sequence in the transactivation response element of a human

immunodeficiency virus.

7. The TALEN of claim 6, wherein the human immunodeficiency virus is HIV-1 or

HIV-2.

8. The TALEN of claim 1, wherein the TALE DNA binding domain comprises 20
TAL repeats.

9. The TALEN of claim 8, wherein the TALE DNA binding domain comprises a C-

terminal truncated TAL repeat.
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10. The TALEN of claim 8, wherein the TAL repeats comprise a sequence having
at least 80%, 85%, 90%, 95%, or 99% identity to a sequence of SEQ ID NOs: 1, 4-7.

11. The TALEN of claim 1, wherein TALE DNA binding domain comprises a

repeat-variable-di-residue.

12. The TALEN of claim 11, wherein the repeat-variable-di-residue is NS.

13. The TALEN of claim 1, further comprising a nuclear localization signal.

14. The TALEN of claim 1, further comprising a label.

15. The TALEN of claim 14, wherein the label is fused to a nuclear localization

signal.

16. The TALEN of claim 14, wherein the label is a Flag™ tag.

17. The TALEN of claim 1, wherein the first spacer sequence is fused to the nuclear

localization signal.

18. The TALEN of claim 1, wherein the first spacer sequence has an amino acid

sequence of SEQ ID NO: 9 or SEQ ID NO: 10.

19. The TALEN of claim 1, wherein the first spacer sequence comprises 10 to about

200 amino acids.

19. The TALEN of claim 1, wherein the second spacer sequence comprises 10 to

about 200 amino acids.

20. The TALEN of claim 1, wherein the second spacer sequence has an amino acid

sequence of SEQ ID NO: 9 or SEQ ID NO: 10.

21. The TALEN of claim 1, wherein the first spacer sequence comprises an N-

terminal portion of the coding region for a TALE from SEQ ID NOs: 1-7.
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22. The TALEN of claim 1, wherein the FokI nuclease catalytic domain is an

obligate heterodimer.

23. A polynucleotide sequence encoding the engineered TALEN of claim 1.

24. The polynucleotide sequence of claim 23, wherein the polynucleotide is mRNA.

25. An expression cassette comprising a promoter and further comprising the

polynucleotide of claim 23.

26. The expression cassette of claim 25, further comprising a coding sequence for a

nuclear localization signal and a polyadenylation signal.

27. The expression cassette of claim 26, wherein the expression cassette is the

plasmid JDS70 or JDS78.

28. A host cell comprising the expression cassette of claim 25.

29. A nucleic acid comprising a sequence encoding a transcription activator like
effector nuclease (TALEN), wherein the TALEN comprises from the N-terminus to the C-
terminus, a first spacer sequence a TALE DNA binding domain, a second spacer sequence,

and a FoklI nuclease catalytic domain fused to the C-terminus.

30. The nucleic acid of claim 29, wherein the TALE DNA binding domain is

specific for to a target sequence in a human immunodeficiency virus.

31. The nucleic acid of claim 29, wherein the TALEN comprises a sequence that is

optimized for expression in a human cell.

32. The nucleic acid of claim 30, wherein the target sequence comprises a sequence

within a transactivation response element of a human immunodeficiency virus.
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33. The nucleic acid of claim 32, wherein the target sequence within the
transactivation response element comprises a sequence having at least 80%, 85%, 90%,
95%, or 99% identify to SEQ ID NOs: 1-7.

34. A pharmaceutical composition comprising a vector encoding one or more
transcription activator like effector nuclease (TALEN) monomers, wherein the one or more
TALEN monomers comprise from the N-terminus to the C-terminus, a first spacer
sequence, a TALE DNA binding domain, a second spacer sequence, and a Fokl nuclease

catalytic domain fused to the C-terminus.

35. The pharmaceutical composition of claim 34, further comprising a

pharmaceutically acceptable carrier.

36. The pharmaceutical composition of claim 35, wherein the pharmaceutically

acceptable carrier comprises a lipid-based or polymer-based colloid.

37. The pharmaceutical composition of claim 36, wherein the colloid is liposome,

hydrogel, microparticle, a nanoparticle, or a micelle.

38. The pharmaceutical composition of claim 34, wherein the composition is

formulated for nasal or parental administration.

39. The pharmaceutical composition of claim 38, wherein the composition is

administered multiple times.

40. A method of treating a subject having human immunodeficiency virus (HIV)
infection, the method comprising administering to the subject a therapeutically effective

amount of the composition of claim 34.
41. The method of claim 40, further comprising identifying a subject having an HIV

infection prior to administering to the subject a therapeutically effective amount of the

composition of claim 34,
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42. The method of claim 40, wherein the TALE DNA binding domain comprises a

sequence that targets a sequence in the HIV infecting the subject.

43. The method of claim 40, wherein the HIV infection is a latent infection.

44. The method of claim 40, wherein the composition is administered nasally or

parentally.

45. The method of claim 40, further comprising administering an anti-retroviral

agent.

46. The method of claim 45, wherein the anti-retroviral agent is a non-nucleotide

reverse transcriptase inhibitor, protease inhibitor or entry inhibitor.

47. A method of cleaving a target nucleic acid sequence in a genome of a
mammalian cell, the method comprising introducing into the cell at least one pair of mRNA
encoding a pair of TALENS of claim 1, wherein each of the pair of TALENSs comprises a
different TALE DNA binding domain comprising sequence that binds to a predetermined
target double stranded nucleotide sequence, and each member of the pair of TALENs

comprises a different Fokl nuclease catalytic domain.

48. The method of claim 46, wherein two pairs of mRNA encoding four TALENs

are introduced into the cell.

49. A method of inactivating a retrovirus in a mammalian cell, the method
comprising exposing the cell to a composition comprising an isolated nucleic acid encoding
a gene editing complex comprising a TALEN, wherein the TALEN comprises a TALE
DNA binding domain, wherein the TALE DNA binding domain provides sequence-specific
binding to a predetermined nucleotide sequence to target a nucleic acid sequence in the

retrovirus.
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50. The method of claim 49, wherein the retrovirus is a lentivirus selected from the
group consisting of a human immunodeficiency virus; a simian immunodeficiency virus; a

feline immunodeficiency virus; and a bovine immunodeficiency virus.

51. The method of claim 49, wherein the human immunodeficiency virus is HIV-1

or HIV-2.

52. The method of claim 49, wherein the human immunodeficiency virus comprises

integrated proviral DNA.

53. The method of claim 49, wherein the cell is a latently infected cell.

54. The method of claim 53, wherein the latently infected cell is a CD4+ T cell, a

macrophage, a monocyte, a gut-associated lymphoid cell, a microglial cell, or an astrocyte.
55. The method of claim 49, wherein the gene editing system introduces one or
more mutations in the proviral DNA, wherein the mutation inactivates viral replication or

viral gene expression.

56. The method of claim 55, wherein the mutation is a deletion, an insertion and/or

a point mutation.

57. The method of claim 56, wherein the deletion or insertion comprises about 1 to

20 base pairs of proviral DNA.

58. The method of claim 49, wherein the nucleic acid encoding the gene editing

system further comprises a nuclear localization signal.

59. The method of claim 49, wherein the nucleic acid encoding the gene editing

system is operably linked to an expression vector.

60. The method of claim 59, wherein the expression vector is an adenoviral vector

or a lentiviral vector.

89



WO 2016/161004 PCT/US2016/025037

61. The method of claim 49, wherein the composition comprises a pharmaceutically

acceptable carrier.

62. A method of reducing risk of human immunodeficiency virus (HIV) infection in
a subject at risk for an HIV infection, the method comprising administering to the subject a

therapeutically effective amount of the composition of claim 34.

63. The method of treating a subject having a human immunodeficiency virus
infection, the method comprising: determining the nucleic acid sequence of the human
immunodeficiency virus; and administering to the subject a pharmaceutical composition
comprising a nucleic acid sequence encoding a TALEN, wherein the TALEN comprises
from the N-terminus to the C-terminus, a first spacer sequence, a TALE DNA binding
domain, a second spacer sequence, and a FokI nuclease catalytic domain fused to the C-

terminus.

64. The method of claim 63, wherein the TALEN is optimized for expression in a

human cell.

65. The method of claim 63, wherein the TALE DNA binding domain comprises a

protein sequence specific for binding to a target nucleotide sequence.

66. The method of claim 65, wherein the target sequence comprises a sequence

within the transactivation response element.

67. The method of claim 66, wherein the target sequence has the sequence of SEQ
ID NOs: 1, 4-7.

68. The method of claim 66, wherein the target sequence comprises a sequence

having at least 80%, 85%, 90%, 95%, or 99% identity to a sequence of SEQ ID NOs: 1, 4-7.
69. A kit comprising a predetermined amount of a composition comprising an

isolated nucleic acid sequence comprising a sequence encoding a TALEN, wherein the

TALEN comprises a TALE DNA binding domain providing a sequence-specific binding to
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a target nucleotide sequence in a human immunodeficiency virus, instructions, sterile fluid,

syringe, and a sterile container.
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INTERNATIONAL SEARCH REPORT Intemational application No.

PCT/US 16/25037

Box No. | Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. fonlling part of the international application as filed:
m in the form of an Annex C/ST.25 text file.
D on paper or in the form of an image file.

b. D furnished together with the international application under PCT Rule 13ter. 1(a) for the purposes of international search
only in the form of an Annex C/ST.25 text filc.

c. D furnished subsequent to the international filing date for the purposes of international search only:
D in the form of an Annex C/ST.25 text file (Rule 137er. 1(a)).

|:] on paper or in the form of an image file (Rule 13ser.1(b) and Administrative Instructions, Section 713).

2. I:] In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished. the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:
GenCore ver 6.4.1 sequence search for SFQIDNOs: 1, 4,5, 9

Form PCT/ISA/210 (continuation of first sheet (1)) (January 2015)
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INTERNATIONAL SEARCH REPORT International application No.
PCT/US 16/25037

Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. I:] Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claits Nous.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. II  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows: .
This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive

concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I: Claims 1-39 and 69, drawn to a composition, a kit or a pharmaceutical composition, comprising a TALEN (transcription activator
like effector nuclease).

Group II: Claims 40-68, drawn to a method of inactivating a retrovirus or treating HIV by administrating a TALEN composition to a cell or
a subject.

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos_:

4. IZ No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

I:] The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)
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International application No.
PCT/US 16/25037

A.  CLASSIFICATION OF SUBJECT MATTER

CPC - C12N 2810/50; C12N 9/16; CO7K 14/16; CO7K 14/195

IPC(8) - C12N 9/18, 15/00, 5/07; C12P 19/34; A61K 38/00 (2016.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

IPC(8): C12N 9/16, 15/00, 5/07; C12P 19/34; A61K 38/00 (2016.0
CPC: C12N 2810/50; C12N 9/16; CO7K 14/16; CO7K 14/195

Minimum documentation searched sclassiﬁcation sizstem followed b{)classiﬁcation symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
CPC: C12N 2810/50; C12N 9/16; COTK 14/16; CO7K 14/195 (text search)

USPC: 435/455, 69.7, 91.53, 235.1, 320.1; 536/23.2, 23.3 (text search)

Electronic data base: PatBase; Google Patents; Google Scholar

Search terms: TALEN (transcription activator like effector nucleass),
nuclease, HIV target, transactivation response element (TAR), integrated, proviral, gene disruption

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

TAL repeat domain, RVD (repeat variable disresidue), Fokl

C. DOCUMENTS CONSIDERED TO BE RELEVANT

para 1, pg 6 para 1.

Especially SEQ ID NQ: 266, 268

para [0161]

Y ~TEBINA et al. A high excision potential of TALENS for integrated DNA of HIV-based lentiviral
vector. PLoS One 17 March 2015 Vol 10 No 3 Pages €0120047 1-15. Especially abstract, pg 3

Y US 2014/0072961 A1 (University of Nevada, Las Vegas) 13 March 2014 (13.03.2014).
Y US 2014/0359798 A1 (The Jackson Laboratory) 4 December 2014 (04.12.2014). Especially

Y US 2015/0056237 A1 (THE GOVERNMENT OF THE UNITED STATES OF AMERICA AS
REPRESENTED BY THE SECRETARY OF THE DEPARTMENT) 26 February 2015
{2b.U2.2U15). ESpecially (para {UU16], [UTUG), (U112}, (U115, [U123)

Category* Citation ot document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2011/0145940 A1 (VOYTAS et al.) 16 June 2011 (16.06.2011). Especially para [0007], 1,2,5,8,9, 11-17,19, 22
- {0008}, [0021], [0058], [0090], [0095), [0103], [0115], [0224), [0225], [0261], sheet 36 fig 33 -26, 28, 29, 31, 34
Y

3.4,6,7,10, 18, 20, 21,
27, 30, 32, 33, 35-39, 69

3,4,6,7,30,32, 33,69

10,18, 20, 21, 33

27

35-39

D Further documents are listed in the continuation of Box C.

[

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O" document referring to an oral disclosure, use, exhibition or other
means

“P" document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&" document member of the same patent family

Date of the actual completion of the intemational search

01 August 2016 (01.08.2016)

Date of mailing of the international search report

0g SEP 2016

Name and mailing address of the ISA/US

Mall Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer:
Lee W. Young

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)
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INTERNATIONAL SEARCH REPORT International application No.

PCT/US 16/25037

----continuation of Box Il (Lack of Unity of Invention)-----

The inventions listed as Groups | and Il do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT
Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

Special Technical Features:
Group 1 has the special technical feature of a composition or a kit comprising a TALEN, not required by Group |II.

Group Il has the special technical feature of a method of inactivating a retrovirus or treating HIV by administrating a TALEN composition
to a cell or a subject, not required by Group |.

Common Technical Feature:

1. Groups | and Il share the common technical feature of a TALEN comprising from the N-terminus to the C-terminus, a first spacer
sequence, a TALE DNA binding domain, a second spacer sequence, and a Fokl nuclease catalytic domain fused to the C-terminus and
a pharmaceutical composition thereof.

2. Groups | and |l share the common technical feature of a TALE DNA binding domain specific for a nucleotide sequence of HIV virus.

However, said common technical features do not represent a contribution over the prior art, and is obvious over US 2011/0145940 A1 to
VOYTAS et al. (hereinafter "Voytas"), in view of the publication titied "A high excision potential of TALENS for integrated DNA of HIV-
based lentiviral vector” by EBINA et al. (hereinafter "Ebina") [published 17 March 2015 in PLoS One Vol 10 No 3 Pages €0120047 1-15)

As to common technical feature #1 (claims 1 and 34), Voytas teaches (claim 1) an engineered transcription activator like effector
nuclease (TALEN) comprising from the N-terminus to the C-terminus, a first spacer sequence (sheet 36 fig 33 pTAL; TAL backbone
region left), a TALE DNA binding domain (sheet 36 fig 33 pTAL; TALE DNA binding domain) , a second spacer sequence (sheet 36 fig
33 pTAL; TAL backbone region right), and a Fokl nuclease catalytic domain fused to the C-terminus (sheet 36 fig 33 pTAL; Fok1. Para
{0225]- Since, for example, 235 amino acids separate the repeat domain from Fok1 in the BamH1 TALEN constructs"). Voytas also
teaches a pharmaceutical composition comprising a vector (of claim 34) (para [0115]; "For purposes of therapy, the TAL effector-DNA
modifying enzyme of the present document and a pharmaceutically acceptable excipient are administered in a therapeutically effective
amount"; para [0103]- viral vector, a plasmid, a RNA vector).

As to common technical feature #2, a TALE DNA binding domain specific for a nucleotide sequence of HIV virus, Ebina teaches
(abstract; "we generated a more efficient strategy that enables the excision of HIV proviral DNA using customized transcription activator-
like effector nucleases (TALENS) targeting the same HIV LTR site").

As the common technical features were known in the art at the time of the invention, they cannot be considered common special
leulnilual fealures Ual would utherwlse unity tne groups. 108 INVERoNS lack unity with one another.

Therefore, Groups I-l lack unity of invention under PCT Rule 13 because they do not share a same or corresponding special technical
feature.

Note: Claim 48 is written to depend from claim 46, which does not have antecedent precedent for "/mRNA encoding TALENS". For the
purposes of the International Search and Opinion, claim 48 is interpreted to depend from claim 47, which does have proper antecedent
precedent from "mRNA encoding TALENS".

Form PCT/ISA/210 (extra sheet) (January 2015)
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