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COMPOSITIONS AND METHODS FOR TREATING RETINAL DISORDERS

Field of the invention

The present invention relates to a therapy for the treatment and/or prevention of retinal

disorders, in particular cone dystrophies, cone-rod dystrophies and Achromatopsia.

Background of the invention

In many mammalian species including mice and humans, the number of rod photoreceptors
that mediate vision under dim light outnumbers greatly that of cone photoreceptors. However, in
an industrialised world where illumination allows cones to operate throughout the day and night,
rod-mediated vision is less important. Many patients with absent rod function from birth are
identified only incidentally and, in fact, cannot recognize their abnormal vision. In contrast, when
cone dysfunction is present, patients are always symptomatic and often suffer visual handicap that
is dependent on the degree of their cone dysfunction.

In some conditions, only, or mostly, the cones are lost or dysfunctional, and rods remain
relatively preserved. Such conditions can be known as cone dystrophies or cone-rod dystrophies
(CRDs). Cone or cone-rod dystrophies are inherited retinal dystrophies characterised by the
primary loss of cones, or sometimes by the concomitant loss of both rods and cones. Symptoms
include vision loss, sensitivity to bright lights and poor colour vision. For example, Achromatopsia
is a severe, hereditary retinal dystrophy with a complete absence of cone function from birth but,
presumably, with a normal rod function. Mutations in multiple genes including CNGA3, CNGB3
and PDE6C have been associated with the disease. Each of the disease causing genes encodes an
essential component of the cone phototransduction cascade that translates light into an electric
signal by causing hyperpolarization of the photoreceptor cell. The deficiency in, for example, the
CNGA3 or CNGB3 protein in the cone photoreceptor cells leads to an inability of the cells to
hyperpolarise in response to light. As a result, the cells initially survive, but do not function, and
the patient suffers from poor visual acuity, lack of colour vision and photophobia from birth.
Various groups have developed therapy protocols in CNGA3-deficient mice that improve cone
survival and function, as well as vision.

Other examples of causative genes involved in the pathogenesis of cone dystrophies

include KCNV2, PDE6H, GNAT2 and CACNA2D4. The KCNV2 gene encodes the potassium
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voltage-gated channel modifier subfamily V member 2 protein. Mutations in KCNV2 are
associated with cone dystrophy with supernormal rod electroretinogram (ERG), or retinal cone
dystrophy type 3B, an autosomal recessive disorder that causes lifelong visual loss combined
with a supernormal ERG response to a bright flash of light. The PDE6H gene encodes the
inhibitory (gamma) subunit of the cone-specific cGMP phosphodiesterase. Mutations in this
gene are associated with retinal cone dystrophy type 3A (RCD3A). The GNAT?2 gene encodes
the cone-specific alpha subunit of transducin. Mutations in the gene can result in infantile onset
cone dystrophy. The CACNA2D4 gene encodes the calcium channel, voltage-dependent, alpha-
2/delta subunit 4. Mutations in the gene can cause non-progressive cone dysfunction (retinal
cone dystrophy 4, RCD4).

In age-related macular degeneration (AMD), visual impairment is caused primarily by
degeneration of the cone-rich fovea in the central macula. Thus patients lose central vision and
acuity, but often have relatively well preserved peripheral macula and thus have some useful
residual vision that is limited by the paucity of cones outside the fovea.

There is a need to develop therapies that can improve cone survival and function, in order

to treat or prevent retinal disorders such as cone-rod dystrophies.

Summary

The disclosure provides nucleic acids, transcriptional control units (TCUs), optimized
gene sequences, expression constructs, and vectors for expressing genes in cone photoreceptors.

The TCUs disclosed herein comprise an M-opsin promoter or a fragment thereof under
control of the M/L-opsin Locus Control Region (LCR) and are useful for driving high levels of
expression in all three human cone types.

Also provided are expression constructs, comprising a human CNGA3 gene under control
of'a TCU optimized for expressing genes in cone photoreceptors, wherein the TCU comprises an
M-opsin promoter or fragment thereof under control of the M/L-opsin Locus Control Region.

In some examples, the TCUs and expression constructs contain a mutation of 6 bp
immediately downstream of the transcription start site in the M-opsin promoter or fragment
thereof (mutation “MS8”), wherein the mutation may increase the treatment effect of vectors and

expression constructs containing this mutation over time.
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Further provided is a codon-optimized sequence of the CNGA3 gene, which is provided
as SEQ ID NO:8.

Also provided are vectors, such as viral vectors, comprising the expression constructs
disclosed herein. The expression construct is preferably delivered using a vector derived from
adenovirus serotype 8 (AAVS) or an alternative strong AAV serotype.

The disclosure also provides methods of using the nucleic acids, transcriptional control
units (TCUs), optimized gene sequences, expression constructs, and vectors for the treatment
and/or prevention of retinal disorders or dystrophies, including but not limited to cone
dystrophies such as Achromatopsia.

In one aspect, the present disclosure provides a transcriptional control unit (TCU) of up to
2500 nucleotides in length comprising in a 5’ to 3’ direction:

(a) a Locus Control Region (LCR) comprising

(1) SEQID NO 1; or

(i1) a sequence having at least 90% sequence identity to said sequence (a)(1); and
(b) a promoter element comprising SEQ ID NO: 16 and

(1) at least the last 200 nucleotides of SEQ ID NO: 17; or

(i1) a sequence having at least 90% sequence identity to said sequence (b)(1);

said TCU exhibiting cone photoreceptor-specific promoter activity.
Accordingly, in one example, the disclosure provides:
a transcriptional control unit (TCU) of up to 2500 nucleotides in length comprising in a 5’
to 3’ direction:

(a) a Locus Control Region (LCR) comprising

(1) SEQ ID NO 1; or

(i) a sequence having at least 90% sequence identity to said sequence (a)(i); and
(b) a promoter element comprising

(1) at least 200 nucleotides of either SEQ ID NO: 2 or SEQ ID NO: 17; or

(i1) a sequence having at least 90% sequence identity to said sequence (b)(i);
said TCU exhibiting cone photoreceptor-specific promoter activity.
In one example, promoter element (b) may optionally comprise at least the last 200 or the

last 500 nucleotides of either SEQ ID NO: 2 or SEQ ID NO: 17, or a sequence having at least
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90% sequence identity to the last 200 or the last 500 nucleotides of either SEQ ID NO: 2 or SEQ
ID NO: 17.

According to any one of the above examples, promoter element (b) may comprise at least
200 nucleotides of SEQ ID NO: 3, optionally wherein promoter element (b) also comprises a
sequence of at least 10 contiguous nucleotides selected from nucleotides 1 to 35 of SEQ ID
NO:3, or a sequence comprising at least 10 contiguous nucleotides selected from a sequence
having at least 90% sequence identity to nucleotides 1 to 35 of SEQ ID NO:3.

According to any one of the above examples, promoter element (b) may comprise SEQ ID
NO: 3 [529 bp promoter element in hG1.7] or SEQ ID NO:5 [247 bp promoter element in hG1.4]
or a sequence having at least 90% sequence identity to SEQ ID NO:3 or SEQ ID NO: 5.

3a
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In any one of the above examples, the promoter element may further comprise SEQ ID
NO:16 [the M8 mutation]. For example, according to any one of the above examples,
nucleotides corresponding to nucleotides 1934 to 1939 (GGGCCG) of SEQ ID NO:2 may be
replaced by SEQ ID NO:16.

According to one example, the TCU comprises SEQ ID NO: 4 [variant of the hG1.7
promoter construct, four nucleotides missing], SEQ ID NO: 6 [hG1.4 construct] or SEQ ID
NO:15 [hG1.7 promoter construct in product].

In another aspect, the disclosure also provides an expression construct comprising a TCU
described herein, wherein the TCU is operably linked to a sequence to be expressed in a cone
photoreceptor-specific manner. In one example, the sequence operably linked to the TCU
comprises a gene encoding CNGA3, CNGB3, PDE6C, PDE6H, GNAT2, KCNV2 or
CACNA2D4. In some examples, the operably linked sequence comprises SEQ ID NO: 7, 8, 9,
10, 11, 12, 13 or 14, or that has at least 80% sequence identity to SEQ ID NO: 7, 8,9, 10, 11, 12,
13 or 14 and has the ability to rescue cone photoreceptor function. In one example, the operably
linked sequence comprises SEQ ID NO: 8 [CNGA3 codon optimized sequence], or that has at
least 80% sequence identity to SEQ ID NO: 8 and has the ability to rescue cone photoreceptor
function.

In yet another aspect, the disclosure refers to a vector comprising the TCU as described
herein or an expression construct as described herein. The disclosure also provides vectors
comprising any of the nucleic acids, TCUs, promoter fragments, codon optimized genes, and/or
expression constructs described herein. In some examples, the vector is a viral vector.

In some examples, the vector is an AAV vector and/or comprises an AAV genome or a
derivative thereof. In one example, the derivative is a chimeric, shuffled or capsid modified
derivative. In one example, the AAV genome is from a naturally derived serotype or isolate or
clade of AAV. In one example, the AAV genome is from AAV serotype 2 (AAV2), AAV
serotype 4 (AAV4), or AAV serotype 8 (AAV8), and/or the AAV capsid is derived from AAVS.
In a preferred example, the genome is derived from AAV2 and the capsid is derived from AAVS.
In one example, AAV vector carries a gene encoding CNGA3.

In yet another aspect, the present disclosure refers to a host cell that contains a vector as
described herein or produces a viral vector as described herein. The disclosure further provides host

cells containing a nucleic acid or vector disclosed herein, as well as host cells that produce a
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nucleic acid or viral vector as disclosed herein. In one example, the host cell is a HEK293 or
HEK?293T cell.

In yet another aspect, the present disclosure refers to a pharmaceutical composition
comprising a vector as described herein and a pharmaceutically acceptable carrier. Also provided are
pharmaceutical compositions comprising a nucleic acid or vector described herein and a
pharmaceutically acceptable carrier.

In a further aspect, the present disclosure refers to the vector as described herein for use in
treating retinal disorders. In a further aspect, the present disclosure refers to use of a vector as
described herein in the manufacture of a medicament for treating retinal disorders. In a further
aspect, the present disclosure refers to use of a vector as described herein in the manufacture of a
medicament for treating retinal disorders in a patient in need thereof, comprising that a
therapeutically effective amount of the vector is to be administered to said patient.

The disclosure further provides methods of using the nucleic acids, vectors, optimized
gene sequences, and/or expression constructs described herein in a method of preventing or
treating retinal disorders. In one example, the nucleic acids, vectors, optimized gene sequences,
and/or expression constructs described herein are used in the manufacture of a medicament for
the treatment or prevention of retinal disorders. Also provided is a method of treating or
preventing retinal disorders in a patient in need thereof, comprising administering a
therapeutically effective amount of a vector disclosed herein. In one example, the retinal disorder
is Achromatopsia. In some examples, the vector is administered to a patient by direct retinal,

subretinal, or intravitreal injection.

Brief description of the Figures

Figure 1 shows the results of an in vivo reporter gene expression study in transgenic mice
in order to assess the position effect of the Locus Control Region (LCR) on the green (M) opsin
core promoter. Top left: The normal human red and green pigment gene array showing the

locations of the LCR, transcription units, and exons. Lower left: Modified visual pigment gene
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arrays shown at a 10-fold enlarged scale. The start sites and direction of transcription are shown
by arrows. Pred = human red pigment gene promoter. Pgreen = human green pigment gene
promoter. AP, human placental alkaline phosphatase. lacZ, E. coli B-galactosidase. Right: Pie
charts showing the fraction of transgene-expressing cells that express only AP (red), only lacZ
(dark green), both AP and lacZ (yellow), or lacZ>>AP (light green) in chimeric or germ-line-
transmitted mice for the constructs shown on the left. Cell counts from different mice derived
from the same ES cell line were pooled to produce a single pie chart. Cell counts for those mouse
lines from which the PGK-neo marker was excised by crossing to germ-line cre mice are shown
immediately to the right of the pie chart for the corresponding parental line.

Figure 2 shows a schematic diagram of the chromosomal arrangement of the red (L-) and
green (M-) opsin promoters (boxed, top). Schematic diagrams of previously developed
transcriptional units (pR2.1 and PR1.7), as well as the engineered transcriptional control units
disclosed in this study. LCR = Locus Control Region.

Figure 3 illustrates the transduction pattern of cone cells transduced with an AAVssh10

vector expressing green fluorescent protein (GFP) under the control of the hG1.4 TCU. Shown

S5a
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are cryosections of human embryonic stem cell-derived retina transduced with AAVshh10-
hG1.4(M8)-GFP. Transduction pattern of cone cells was visualised by GFP imaging (A). Co-
localisation of blue opsin (S-opsin; B) with GFP (B’) and red/green opsin (L/M-opsin; C) with
GFP (C’) is indicated following staining using antibodies that bind to either blue opsin (S-opsin)
or red/green opsins (L/M opsin).

Figure 4 illustrates that the inclusion of the M8 sequence in the TCU enhances rescue of
phototopic responses in CNGA3 knockout mice. Photopic electroretinogram (ERG) responses of
Cnga3 knockout mice treated with AAV?2/8 vectors carrying codon optimised CNGA3
(coCNGA3) constructs driven by different TCUs with or without the M8 sequence are shown.
ERG responses at 1 month (left bars) and 2 months (right bars) post-injection are shown. All
animals were treated at 1 month of age, except for the group on extreme right; this group was
treated at 2 weeks.

Figure 5 illustrates that codon-optimized CNGA3 rescues phototopic responses in
CNGA3 knockout mice more effectively than the wild type CNGA3 gene. Photopic ERG
responses in Cnga3 knockout mice treated with AAV2/8 vectors carrying codon optimised
CNGA3 (“c0”) and wild type CNGA3 constructs (“non-co”).

Figure 6 illustrates that an AAV2/8 vector expressing CNGA3 under control of the hG1 .4
TCU is effective in restoring cone function in CNGA3 knockout mice. (A) Photopic ERG traces
of an AAV8-treated and untreated Cnga3 knockout mouse. A- and B-waves are annotated. Y
axis denotes pV. Luminosity settings: 10 Cdsm™. (B) Photopic ERG responses of Cnga3
knockout mice treated with either AAV2/8-hG1.4(M8).coCNGA3 or AAV2/5-
hG1.4(M8).coCNGA3. Luminosity settings: 10 Cdsm?.

Figure 7 illustrates the long-term in vivo rescue of retinal sensitivity with AAV2/8
vectors expressing CNGA3 under control two different optimized TCUs up to 6 months
following treatment. Cnga3 deficient mice were sub-retinally injected at the age of 2 weeks with
either AAV2/8-hG1.4(M8).coCNGA3 (n=14) or AAV2/8-hG1.7(M8).coCNGA3 (n=13) (titre 1
x 10'? vg/ml for both). Untreated (n=3). Luminosity settings: 10 Cdsm-2.

Figure 8 illustrates the increased survival of cones in vivo 3-4 months following treatment
with AAV2/8 vectors expressing CNGA3 under control of the hG1.7 TCU. Single plane
confocal images of flat mount retina from a C57BL/6J mouse of 3-4 month of age (A), or a

Cnga3 deficient mouse of the same age uninjected (B) or injected (C) with AAV2/8-
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hG1.7(M8).coCNGA3 at 2 weeks of age. The retinas were stained with cone arrestin and cleared.
Scale bar: 5 um.

Figure 9 illustrates the long-term increased survival of cones in vivo, 13 months
following treatment with an AAV?2/8 vector expressing CNGA3 under control of the hG1.7
TCU. Z-projection confocal images (A, B) or single plane confocal images (C, D) of flat mount
retina from a Cnga3-deficient mouse of 14 months of age injected with AAV2/8-
hG1.7(M8).coCNGA3 at 2 weeks of age. The untreated shows no positive PNA staining at this
age. The retinal flat mounts were stained with PNA (A, C) and cone arrestin (B, D) and cleared.
Scale bar: 10 um (A, B), 5 um (C, D).

Figure 10 illustrates a quantification of improvement of synaptic integrity between cone
cells and supporting neurons (bipolar cells) in vivo 3-4 months following treatment with an
AAV2/8 vector expressing CNGA3 under control of the hG1.7 TCU. The assessment was done
using signal intensity of the synaptic marker Gprl179. Analysis of signal intensity of Gpr179
staining was performed on single plane confocal images of flat mount retinas from a C57BL/6J
mouse of 3-4 month of age, or a Cnga3 deficient mouse of the same age uninjected or injected
with AAV2/8-hG1.7(M8).coCNGA3 at 2 weeks of age. The retinas were stained with Gprl179
and PNA and then cleared. Gpr179 stainings were traced by drawing a free hand line on several
cone pedicle related Gpr179 staining (PNA staining was used to confirm the cone pedicles) and
more than 10 rod spherule related Gpr179 staining (A). Signal intensity was output (B; white
line:Gpr179, red line: PNA). Peaks of signal intensity from each origin were averaged, and cone
pedicle to rod spherule related GPr179 ratio (CP/RS) was calculated. CP/RS from four different
locations were used for statistical analysis (Bonferroni's Multiple Comparison Test (ns: p>0.05,
#%: p<0.01, *: p<0.05)). Error bar indicates SEM. (C).

Figure 11 illustrates that expression of CNGA3 under control of the hG1.4 TCU in
AAVS vectors lead to improved ERG responses in CNGA3 deficient mice as compared to AAV
vectors Anc80L65, AAV44.9, or AAVS, respectively. (A). Comparison of Anc80L65 and
AAVS. AAV-Anc80L65 or AAVS carrying the hG1.4(M8).coCNGAS3 expression cassette were
delivered to Cnga3-deficient mice at the age of 2 weeks. **: p <0.01, *: p <0.05. Error bar
indicates SEM. (B). Comparison of AAV8 and AAV44.9 for delivery of CNGA3 in Cnga3-
deficient mice at 4 weeks of age. Error bar indicates SEM. (C) Comparison of AAVS and AAVS.
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AAVS or AAVS carrying the hG1.4(M8).coCNGA3 expression cassette were delivered to
Cnga3-deficient mice at the age of 2 weeks. **: p<0.01, *: p<0.05. Error bar indicates SEM.
Figure 12 illustrates improved expression levels for the TCUs hG1.4 and hG1.7 carrying
the M8 mutation as compared to the expression levels observed for known cone promoters. (A)
hEBs of 17-19 weeks of age were transduced with AAVShH10 expressing eGFP under two
different green opsin promoters (hG1.4 and hG1.7) and were collected 2 weeks later (n= 6-8 for
each promoter). Following dissociation, cells were analysed for relative median fluorescence
intensity (MFI) in GFP positive cells (relative MFI in the hEBs transduced with AAVShH10-
eGFP analysed on the same day experiment were calculated as ratio to MFI in the EBs
transduced with AAV ShH10-1.7L-eGFP) by flow cytometry. Asterisk indicates significant
difference (p <0.01). Error bar indicates SEM. (B) Photopic ERG responses of treated Cnga3
knockout mice treated with either AAV2/8-CAR-CNGA3 or left untreated. Y axis denotes uV.

Luminosity settings: 10 Cdsm™.

Brief description of the sequences

SEQ ID NO: 1 shows the DNA sequence of a 1.2 kb fragment of the human M/L opsin Locus

Control Region.

SEQ ID NO:2 shows the DNA sequence of a 2.0 kb fragment of the human M opsin promoter.
SEQ ID NO:3 shows the DNA sequence of a 500 bp fragment of the human M opsin promoter.
SEQ ID NO:4 shows the DNA sequence of a variant of the hG1.7(MS8) construct, which consists
of a 1.2 kb fragment of the human M/L opsin Locus Control Region followed by a 500 bp
fragment of the human M opsin promoter, said opsin promoter fragment including the M8
mutation.

SEQ ID NO:5 shows the DNA sequence of a 200 bp fragment of the human M opsin promoter.
SEQ ID NO:6 shows the cDNA sequence of the hG1.4(M8) construct, which consists of a 1.2 kb
fragment of the human M/L opsin Locus Control Region followed by a 200 bp fragment of the
human M opsin promoter, said opsin promoter fragment including the M8 mutation.

SEQ ID NO:7 shows the cDNA sequence of the human CNGA3 gene.

SEQ ID NO:8 shows the codon-optimised cDNA sequence of the human CNGA3 gene.

SEQ ID NO:9 shows the cDNA sequence of the human PDE6C gene.

SEQ ID NO:10 shows the cDNA sequence of the human PDEG6H gene.
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SEQ ID NO:11 shows the cDNA sequence of the human GNAT2 gene.

SEQ ID NO:12 shows the cDNA sequence of the human KCNV2 gene.

SEQ ID NO:13 shows the cDNA sequence of the human CACNA2D4 gene.

SEQ ID NO:14 shows the cDNA sequence of the human CNGB3 gene.

SEQ ID NO:15 shows the DNA sequence of the hG1.7(MS8) construct, which comprises a 1.2 kb
fragment of the human M/L opsin Locus Control Region followed by the sequence GATC, and a
500 bp fragment of the human M opsin promoter, said opsin promoter fragment including the
M8 mutation.

SEQ ID NO:16 shows the sequence of the M8 mutation.

SEQ ID NO:17 shows the DNA sequence of a 2.0 kb fragment of the human M opsin promoter

containing the M8 mutation.

Detailed description of the invention

It is to be understood that different applications of the disclosed polynucleotide sequences
may be tailored to the specific needs in the art. It is also to be understood that the terminology
used herein is for the purpose of describing particular embodiments of the invention only, and is
not intended to be limiting.

In addition, as used in this specification and the appended claims, the singular forms “a”,
“an”, and “the” include plural references unless the content clearly dictates otherwise. Thus, for
example, reference to “a polynucleotide” includes “polynucleotides”, reference to “a promoter”
includes “promoters”, reference to “a vector” includes two or more such vectors, and the like.
“M/L opsin” and “L/M opsin” are used interchangeably to refer to green and red opsin.

All publications, patents and patent applications cited herein, whether supra or infra, are

hereby incorporated by reference in their entirety.

Transcriptional control units (TCUs)

In one aspect, the invention provides a TCU optimized for the expression of genes in
cone photoreceptor cells. In one embodiment, the disclosure provides a TCU that comprises a
fragment of the M/L opsin Locus Control Region (LCR). In a preferred embodiment, the TCU
comprises a fragment of the human M/L opsin Locus Control Region (LCR).
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In another embodiment, the disclosure provides a TCU that comprises a promoter region,
such as a the M opsin promoter or a fragment thereof. In a preferred embodiment, the TCU
disclosed herein comprises the human M opsin promoter or a fragment thereof.

In some embodiments, the TCU comprises fragments and/or variants of the human M/L
opsin Locus Control Region (LCR) and the human M-opsin promoter or a fragment thereof,
wherein the TCU has cone photoreceptor-specific promoter activity.

In one embodiment, the TCU comprises an LCR that comprises a sequence of
nucleotides, typically contiguous nucleotides, from SEQ ID NO:1 that confers cone
photoreceptor-specific expression of an operably linked polynucleotide sequence. Further
contemplated is an LCR that comprises a sequence that has at least 75%, at least 80%, at least
85%, at least 90%, at least 95%, at least 98%, or at least 99% sequence identity to SEQ ID NO:1.
In some embodiments, the LCR contains a deletion or an insertion of one or more nucleotides,
wherein the deletion or insertion does not abolish cone photoreceptor-specific expression of a
gene payload operatively linked to the modified LCR.

In one embodiment, the TCU comprises an M opsin promoter or a fragment thereof,
wherein the M opsin promoter or fragment thereof comprises a sequence of nucleotides, typically
contiguous nucleotides, from SEQ ID NO: 2 or SEQ ID NO:17 that confers cone photoreceptor-
specific expression on an operably linked polynucleotide sequence. The M opsin promoter or
fragment thereof may, for example, comprise up to 1200 nucleotides of SEQ ID NO:2 or SEQ ID
NO:17, and preferably no more than 1100, no more than 1000, no more than 900, no more than
800, no more than 700, no more than 600, no more than 500, no more than 400, no more than
300, or no more than 200 nucleotides of SEQ ID NO:2 or SEQ ID NO:17. In some embodiments,
the fragment of the M opsin promoter comprises at least 200, 300, 400 or 500 nucleotides of
SEQ ID NO:2 or SEQ ID NO:17. Further contemplated is a fragment of the M opsin promoter
having at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, or at
least 99% sequence identity to at least 200, at least 300, at least 400, or at least 500 contiguous
nucleotides of SEQ ID NO: 2 or SEQ ID NO: 17. In some embodiments, the M-opsin promoter
or fragment thereof contains a deletion or an insertion of one or more nucleotides, wherein the
deletion or insertion does not abolish cone photoreceptor-specific expression of a gene payload
operatively linked to the modified M-opsin promoter or fragment. In some embodiments, the M-

opsin promoter or fragment thereof consists essentially of SEQ ID NO:2 or SEQ ID NO:17. In
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some embodiments, the M-opsin promoter or fragment thereof consists of SEQ ID NO: 2 or SEQ
ID NO:17.

Preferably, the TCU comprises a fragment of the M opsin promoter that comprises SEQ
ID NO:3 or a sequence that a substantially identical to SEQ ID NO:3. Further contemplated is a
TCU comprising a fragment of the M opsin promoter that comprises at least 200, at least 300, at
least 400, or at least 500 nucleotides of SEQ ID NO:3 or a sequence having at least 75%, at least
80%, at least 85%, at least 90%, at least 95%, at least 98%, or at least 99% sequence identity to
the at least 200, at least 300, at least 400, or at least 500 nucleotides of SEQ ID NO: 3. In some
embodiments, the fragment of the M opsin promoter consists essentially of SEQ ID NO:3. In
some embodiments, the fragment of the M opsin promoter consists of SEQ ID NO:3.

In some embodiments, the TCU comprises at least 200 nucleotides of SEQ ID NO:3 or a
sequence having at least 90% sequence identity to at least 200 nucleotides of SEQ ID NO:3 and
a sequence comprising at least 10, at least 15, at least 20, at least 25, at least 30 or at least 35
contiguous nucleotides of nucleotides 1-35 of SEQ ID NO:3. In some embodiments, the TCU
comprises at least 200 nucleotides of SEQ ID NO:3 or a sequence having at least 90% sequence
identity to at least 200 nucleotides of SEQ ID NO:3 and a sequence having at least 90%
sequence identity to at least 10, at least 15, at least 20, at least 25, at least 30 or at least 35
contiguous nucleotides corresponding to nucleotides 1-35 of SEQ ID NO:3.

Preferably, the TCU comprises a fragment of the M opsin promoter that comprises SEQ
ID NO:5 or a sequence that is substantially identical to SEQ ID NO:5. In some embodiments,
the fragment of the M opsin promoter consists essentially of SEQ ID NO:5. In some
embodiments, the fragment of the M opsin promoter consists of SEQ ID NO:5.

Additional promoters and fragments thereof contemplated for use in the TCU are
promoters or promoter fragments that differ in sequence from the sequences above but retain
cone photoreceptor-specific promoter activity. Such sequences have at least 75%, at least 80%, at
least 85%, at least 90%, at least 95%, at least 98%, or at least 99% sequence identity to a
sequence of contiguous nucleotides from SEQ ID NO:2 or SEQ ID NO:17 as defined above.
Percentage sequence identity of variants is preferably measured over the full length of the
corresponding portion of SEQ ID NO:2 or SEQ ID NO:17, or over a 500, 600, 700, 800, 900,
1000, 1100 or 1200 nucleotide section of SEQ ID NO:2 or SEQ ID NO:17 aligned with the

variant sequence. Further contemplated are promoters and fragments thereof that comprises a
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sequence has at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, or
at least 99% sequence identity to SEQ ID NO:3 and/or to SEQ ID NO:5.

Sequence identity may be calculated using any suitable algorithm. For example, the
PILEUP and BLAST algorithms can be used to calculate identity or line up sequences (such as
identifying equivalent or corresponding sequences (typically on their default settings), for
example as described in Altschul S. F. (1993) J Mol Evol 36:290-300; Altschul, S, F et al (1990)
J Mol Biol 215:403-10. Software for performing BLAST analyses is publicly available through
the National Center for Biotechnology Information (http://www.ncbi.nlm.nih.gov/). This
algorithm involves first identifying high scoring sequence pair (HSPs) by identifying short words
of length W in the query sequence that either match or satisfy some positive-valued threshold
score T when aligned with a word of the same length in a database sequence. T is referred to as
the neighbourhood word score threshold (Altschul et al, supra). These initial neighbourhood
word hits act as seeds for initiating searches to find HSPs containing them. The word hits are
extended in both directions along each sequence for as far as the cumulative alignment score can
be increased. Extensions for the word hits in each direction are halted when: the cumulative
alignment score falls off by the quantity X from its maximum achieved value; the cumulative
score goes to zero or below, due to the accumulation of one or more negative-scoring residue
alignments; or the end of either sequence is reached. The BLAST algorithm parameters W, T
and X determine the sensitivity and speed of the alignment. The BLAST program uses as
defaults a word length (W) of 11, the BLOSUMG62 scoring matrix (see Henikoff and Henikoff
(1992) Proc. Natl. Acad. Sci. USA 89: 10915-10919) alignments (B) of 50, expectation (E) of
10, M=5, N=4, and a comparison of both strands.

The BLAST algorithm performs a statistical analysis of the similarity between two
sequences; see e.g., Karlin and Altschul (1993) Proc. Natl. Acad. Sci. USA 90: 5873-5787. One
measure of similarity provided by the BLAST algorithm is the smallest sum probability (P(N)),
which provides an indication of the probability by which a match between two polynucleotide or
amino acid sequences would occur by chance. For example, a sequence is considered similar to
another sequence if the smallest sum probability in comparison of the first sequence to the
second sequence is less than about 1, preferably less than about 0.1, more preferably less than

about 0.01, and most preferably less than about 0.001. Alternatively, the UWGCG Package
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provides the BESTFIT program which can be used to calculate identity (for example used on its
default settings) (Devereux et al (1984) Nucleic Acids Research 12, 387-395).

In some embodiments, the TCU comprises an M-opsin promoter or fragment thereof that
contains an M8 mutation sequence TCTAGA (SEQ ID NO:16). In one embodiment, the TCU
comprises an M-opsin promoter or fragment thereof that contains, one, two, there, four, five, or
six nucleotides of SEQ ID NO:16. For example, nucleotides corresponding to nucleotides 1934
to 1939 (GGGCCQG) of SEQ ID NO:2 may be replaced by SEQ ID NO:16.

In some embodiments, the TCU includes additional nucleotide sequences not naturally
found in the M/L opsin LCR and/or M-opsin promoter regions. The additional nucleotide
sequence can be 5’ or 3’ of either the LCR or the M-opsin promoter region. In some
embodiments, the additional sequence is located between the LCR and the M-opsin promoter
region. In one embodiments, the sequence “GATC” is located between the LCR region and the
M-opsin region.

In one embodiment, the TCU comprises SEQ ID NO:4. In one embodiment, the TCU
comprises SEQ ID NO:6. In one embodiment, the TCU comprises SEQ ID NO:15.

Further contemplated is a TCU comprising a sequence having at least 75%, at least 80%,
at least 85%, at least 90%, at least 95%, at least 98%, or at least 99% sequence identity to SEQ
ID NO:4, SEQ ID NO:6 or SEQ ID NO:15.

In one embodiment, the TCU consists essentially of SEQ ID NO:4. In one embodiment,
the TCU consists essentially of SEQ ID NO:6. In one embodiment, the TCU consists essentially
of SEQ ID NO:15.

In one embodiment, the TCU consists of SEQ ID NO:4. In one embodiment, the TCU
consists of SEQ ID NO:6. In one embodiment, the TCU consists of SEQ ID NO:15.

The TCU may further be positioned anywhere within a larger sequence as long as cone
photoreceptor-specific promoter activity is retained. In embodiments, the TCUs described herein
are located 5°, or immediately 5°, to the gene to be expressed (e.g., the payload) in a cone
photoreceptor-specific manner as described herein.

The TCU can also be used in tandem with other regulatory elements such as one or more
further promoters, enhancers and/or LCRs.

The TCU may be provided in form of an isolated nucleic acid molecule.
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The TCU provided by this disclosure can be used to drive expression of genes (payload)
in the cone photoreceptor in a cone photoreceptor-specific manner. Cone photoreceptor-specific
expression may be defined as expression that is only present in the cone photoreceptor, but not
significantly in other cell types. Cone photoreceptor-specific expression may be defined as
expression that is more than about 10 times greater, 20 times greater, 50 times greater, or 100 or
more times greater in the cone photoreceptor than in other cell types, especially rod
photoreceptor cells. Expression in the cone photoreceptors and other cells types can be measured
by any suitable standard technique known to the person skilled in the art. For example, RNA
expression levels can be measured by quantitative real-time PCR. Protein expression can be
measured by western blotting or immunohistochemistry. TCUs provided herein provide
expression of an operably linked gene in all cone photoreceptor subtypes.

The TCU provided by this disclosure can be used to drive significantly increased
expression of genes in the cone photoreceptor as compared to a reference TCU or promoter.
Significantly increased expression can be defined as more than about 10 times, 20 times, 50
times, 100 times, 200 times or 300 times the expression of the gene in the cone photoreceptor
when compared with expression driven by a reference TCU or promoter, including but not
limited to the original M-opsin promoter. Expression in the cone photoreceptors and other cells
types can be measured by any suitable standard technique known to the person skilled in the art.
For example, RNA expression levels can be measured by quantitative real-time PCR. Protein
expression can be measured by western blotting or immunohistochemistry.

The TCU provided by this disclosure can be used to drive expression of a protein
encoding nucleotide sequence in the cone photoreceptor, including nucleotide sequences
expressing proteins that are not normally expressed in the cone photoreceptor such as GFP.

For instance, the TCUs provided in this disclosure are useful for expressing genes in cone
photoreceptors necessary for the normal function of cone photoreceptors, including, but not
limited to, guanine nucleotide-binding protein G(t) subunit alpha-2 (GNAT2), cyclic nucleotide-
gated cation channel alpha-3 (CNGA3), cyclic nucleotide-gated cation channel beta-3 (CNGB3),
cone cGMP-specific 3',5'-cyclic phosphodiesterase subunit alpha' (PDE6C), retinal cone
rhodopsin-sensitive cGMP 3',5'-cyclic phosphodiesterase subunit gamma (PDE6H), potassium
voltage-gated channel subfamily V member 2 (KCNV?2), and voltage-dependent calcium channel
subunit alpha-2/delta-4 (CACNA2D4), which are essential proteins for the normal function of
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cones. As such, the present invention provides TCUs and methods for expressing, for example,
GNAT2, CNGA3, CNGB3, PDE6C, PDE6H, KCNV2, and CACNA2D+4 genes in cone
photoreceptors. The PDE6C, GNAT2, CNGA3 and CNGB3 genes are four of the genes
contributing to Achromatopsia. PDE6C is the alpha subunit of the cone cGMP-specific 3',5'-
cyclic phosphodiesterase. GNAT2 is the alpha component of cone transducin, an essential
element of the cone phototransduction cascade. CNGAJ3 is the alpha subunit of the cone cyclic
nucleotide-gated ion channel, which closes in response to light, thereby hyperpolarising the cone
cell. CNGB3 is the beta subunit of the cone cyclic nucleotide-gated ion channel, which closes in

response to light, thereby hyperpolarising the cone cell.

Expression constructs

The invention also provides expression constructs comprising a TCU disclosed herein,
operably linked to a sequence, such as a gene sequence, to be expressed in a cone photoreceptor-
specific manner.

The term “operably linked” refers to a juxtaposition wherein the components described
are in a relationship permitting them to function in their intended manner. A control sequence
“operably linked” to a coding sequence is ligated in such a way that expression of the coding
sequence is achieved under conditions compatible with the control sequences. Multiple copies of
the same or different polynucleotide may be introduced into the expression construct. An
expression construct may be defined as a polynucleotide sequence capable of driving protein
expression from a polynucleotide sequence containing a coding sequence.

Thus, the expression construct may for example comprise an PDE6H, PDE6C, GNAT?2,
KCNV2, CACNA2D4, CNGA3 or CNGB3 coding sequence, for example a polynucleotide
selected from SEQ ID NOs: 7 to 14, or a variant of SEQ ID NOs: 7 to 14 that retains the
functionality of the protein translated from the sequence selected from SEQ ID NOs: 7 to 14.

A variant of a polynucleotide selected from the group consisting of SEQ ID NOs: 7 to 14
may be defined as any variant of the sequence of SEQ ID NOs: 7 to 14, including naturally
occurring variants in the nucleic acid sequence. The variant may be defined as having at least
about 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98% or 99% sequence identity to any one of SEQ
ID NOs 7 to 14, wherein the polypeptide translated from the variant sequence retains its

functionality. The variant may be defined as having at least about 60%, 70%, 80%, 90%, 95%,
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96%, 97%, 98% or 99% sequence identity to any one of SEQ ID NOs 7 to 14, wherein the
polypeptide translated from the variant sequence has the ability to rescue cone photoreceptor
function. In embodiments, the variant is a codon optimized version of the coding sequence.

The expression constructs contemplated by the disclosure may recue cone photoreceptor
function. Rescuing cone photoreceptor function can be defined as restoring at least about 50%,
60%, 70%, 80% 90%, 95%, 96%, 97%, 98%, 99% or 100% of cone photoreceptor function.
Cone photoreceptor function can be analysed by any suitable standard technique known to the
person skilled in the art, for example, by electroretinography analysis of retinal responses.

Rescuing cone photoreceptor function can also be defined as prolonging cone survival.
Prolonging cone survival can be defined as extending the time that a cone photoreceptor is
functional by about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98%,
99%, 100% or more than 100% when compared with a cone photoreceptor affected by a cone
dystrophy. Cone photoreceptor function can be analysed by any suitable standard technique
known to the person skilled in the art, for example, by electroretinography analysis of retinal
responses. Examples of prolonging cone survival also include improving ERG activity or
slowing loss of ERG activity, improving retinal sensitivity or slowing/halting progressive loss of
retinal sensitivity, slowing or halting loss of photoreceptor cells, improving vision or
slowing/halting vision loss.

The expression construct of the invention may comprise a TCU operably linked to a
CNGA3 gene. In some embodiments, the CNGA3 gene sequence comprises SEQ ID NO:7. In
some embodiments, the CNGA3 gene comprises a codon-optimized sequence. “Codon-
optimization” relates to the process of altering a naturally occurring polynucleotide sequence to
enhance expression in the target organism, for example, humans. In one embodiment of the
present invention, the human CNGA3 gene, SEQ ID NO:7, has been optimised to create SEQ ID
NO:8. In the optimised CNGA3 cDNA of SEQ ID NO:8 rare codons have been replaced with
those that occur more frequently and/or those which are frequently found in highly expressed
human genes.

In one embodiment, the expression construct comprises a TCU operably linked to SEQ

ID NO:8.

Vectors
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The invention provides vectors comprising the nucleic acids, TCUs, promoters and
fragments thereof, optimized genes, and expression constructs disclosed herein. The vector may
be of any type, for example, it may be a plasmid vector or a minicircle DNA.

The efficacy of therapy is, in general, dependent upon adequate and efficient delivery of
the donated DNA. This process is usually mediated by viral vectors. As such, the invention
provides viral vectors, which may be based, for example, on the herpes simplex virus,
adenovirus, or lentivirus. The viral vector may be an adeno-associated virus (AAV) vector or a
derivative thereof. AAV is a particularly attractive vector as it is generally non-pathogenic; the
majority people have been infected with this virus during their life with no adverse effects. The
immune privilege of ocular tissue, a result of anatomical barriers and immunomodulatory factors,
renders the eye largely exempt from adverse immunological responses.

In one embodiment, the viral vector comprises an AAV genome from a naturally derived
serotype, isolate or clade of AAV, or a derivative thereof.

An “AAV genome” is a polynucleotide sequence which encodes functions needed for
production of an AAV viral particle. These functions include those operating in the replication
and packaging cycle for AAV in a host cell, including encapsidation of the AAV genome into an
AAYV viral particle. Naturally occurring AAV viruses are replication-deficient and rely on the
provision of helper functions in frans for completion of a replication and packaging cycle.
Accordingly and with the additional removal of the AAV rep and cap genes, the AAV genome
of the vector of the invention is replication-deficient.

The AAV genome may be in single-stranded form, either positive or negative-sense, or
alternatively in double-stranded form. The use of a double-stranded form allows bypass of the
DNA replication step in the target cell and so can accelerate transgene expression.

The AAV genome may be from any naturally derived serotype or isolate or clade of
AAV. As is known to the skilled person, AAV viruses occurring in nature may be classified
according to various biological systems.

Commonly, AAV viruses are referred to in terms of their serotype. A “serotype”
corresponds to a variant subspecies of AAV which owing to its profile of expression of capsid
surface antigens has a distinctive reactivity which can be used to distinguish it from other variant
subspecies. Typically, a virus having a particular AAV serotype does not efficiently cross-react

with neutralising antibodies specific for any other AAV serotype. AAV serotypes include AAV1,
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AAV2, AAV3, AAV4, AAVS5, AAV6, AAV7, AAVS, AAVO, AAV10 and AAV11, also
recombinant serotypes, such as Rec2 and Rec3, recently identified from primate brain. In vectors
of the invention, the genome may be derived from any AAYV serotype. The capsid may also be
derived from any AAV serotype. The genome and the capsid may be derived from the same
serotype or different serotypes.

In one embodiment, the genome of the vector disclosed herein is derived from AAV
serotype 2 (AAV2), AAV serotype 4 (AAV4), AAV serotype (AAVS) or AAV serotype 8
(AAVS). Other AAV vectors which may be used include vectors derived from AAV44.9 and
AAV-Anc80. It is most preferred that the genome is derived from AAV2, which binds to the
target cells via the heparin sulphate proteoglycan receptor, but other serotypes of particular
interest for use in the invention include AAV4, AAVS and AAVS, which efficiently transduce
tissue in the eye, such as the retinal pigmented epithelium.

The sequences of AAV genomes or of elements of AAV genomes including ITR
sequences, rep or cap genes for use in the invention may be derived from the following accession
numbers for AAV whole genome sequences: Adeno-associated virus 1 NC 002077, AF063497,
Adeno-associated virus 2 NC _001401; Adeno-associated virus 3 NC_001729; Adeno-associated
virus 3B NC _001863; Adeno-associated virus 4 NC_001829; Adeno-associated virus 5 Y18065,
AF085716; Adeno-associated virus 6 NC _001862; Avian AAV ATCC VR-865 AY 186198,
AY629583, NC _004828; Avian AAV strain DA-1 NC 006263, AY629583; Bovine AAV
NC 005889, AY388617.

AAYV viruses may also be referred to in terms of clades or clones. This refers to the
phylogenetic relationship of naturally derived AAV viruses, and typically to a phylogenetic
group of AAV viruses which can be traced back to a common ancestor, and includes all
descendants thereof. Additionally, AAV viruses may be referred to in terms of a specific isolate,
i.e. a genetic isolate of a specific AAV virus found in nature. The term genetic isolate describes a
population of AAV viruses which has undergone limited genetic mixing with other naturally
occurring AAYV viruses, thereby defining a recognisably distinct population at a genetic level.

Examples of clades and isolates of AAV that may be used in the invention include: Clade

A: AAV1 NC 002077, AF063497, AAV6 NC 001862, Hu. 48 AY530611,

Hu 43 AY 530606, Hu 44 AY530607, Hu 46 AY530609,
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Clade B: Hu. 19 AY530584, Hu. 20 AY530586, Hu 23 AY530589, Hu22 AYS530588,
Hu24 AY 530590, Hu21 AY530587, Hu27 AY530592, Hu28 AY530593, Hu 29 AY530594,
Hu63 AY 530624, Hu64 AY530625, Hul3 AY530578, Hu56 AYS530618, HuS7 AY530619,
Hu49 AY530612, HuS8 AY530620, Hu34 AY 530598, Hu35 AY530599, AAV2 NC 001401,
Hu45 AY 530608, Hu47 AY530610, Hu51 AY530613, Hu52 AY530614, Hu T41 AY695378,
Hu S17 AY695376, Hu T88 AY695375, Hu T71 AY695374, Hu T70 AY695373, Hu T40
AY695372, Hu T32 AY695371, Hu T17 AY695370, Hu LG15 AY695377,

Clade C: Hu9 AY 530629, Hul0 AY530576, Hull AY530577, Hu53 AY530615, Hu55
AY530617, Hu54 AY530616, Hu7 AY530628, Hul8 AYS530583, Hul5 AY530580, Hul6
AY530581, Hu25 AY530591, Hu60 AY530622, Ch5 AY243021, Hu3 AY530595, Hul
AY530575, Hu4 AY530602 Hu2, AY530585, Hu61 AYS530623,

Clade D: Rh62 AY530573, Rh48 AYS530561, Rh54 AYS530567, Rh55 AYS530568, Cy2
AY243020, AAV7 AF513851, Rh35 AY243000, Rh37 AY242998, Rh36 AY242999, Cy6
AY243016, Cy4 AY243018, Cy3 AY243019, Cy5 AY243017, Rh13 AY243013,

Clade E: Rh38 AY 530558, Hu66 AY530626, Hu42 AY530605, Hu67 AY530627, Hu40
AY530603, Hud1l AY530604, Hu37 AY530600, Rh40 AY530559, Rh2 AY243007, Bbl
AY243023, Bb2 AY243022, Rh10 AY243015, Hul7 AY530582, Hu6 AY530621, Rh25
AY530557, Pi2 AY530554, Pil AY530553, Pi3 AY530555, Rh57 AY530569, Rh50
AY530563, Rh49 AY530562, Hu39 AY530601, Rh58 AYS530570, Rh61 AY530572, Rh52
AY530565, Rh53 AY530566, Rh51 AY530564, Rh64 AY530574, Rh43 AYS530560, AAVS
AF513852, Rh8 AY242997, Rh1 AY530556,

Clade F: Hul4 (AAV9) AYS530579, Hu31 AY530596, Hu32 AY530597, Clonal Isolate
AAVS5 Y18065, AF085716, AAV 3 NC 001729, AAV 3B NC 001863, AAV4 NC 001829,
Rh34 AY243001, Rh33 AY243002, Rh32 AY243003.

The skilled person can select an appropriate serotype, clade, clone or isolate of AAV for
use in the present invention on the basis of their common general knowledge.

It should be understood however that the invention also encompasses use of an AAV
genome of other serotypes that may not yet have been identified or characterised. The AAV
serotype determines the tissue specificity of infection (or tropism) of an AAV virus.

Accordingly, preferred AAV serotypes for use in AAV viruses administered to patients in
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accordance with the invention are those which have natural tropism for or a high efficiency of
infection of target cone photoreceptor cells.

Wild-type AAV, containing viral genes, insert their genomic material into chromosome
19 of the host cell. The AAYV single-stranded DNA genome comprises two inverted terminal
repeats (ITRs) and two open reading frames, containing structural (cap) and packaging (rep)
genes.

Typically, the AAV genome of a naturally derived serotype or isolate or clade of AAV
comprises at least one inverted terminal repeat sequence (ITR). Vectors of the invention typically
comprise two ITRs, preferably one at each end of the genome. An ITR sequence acts in cis to
provide a functional origin of replication, and allows for integration and excision of the vector
from the genome of a cell. Preferred ITR sequences are those of AAV2 and variants thereof. The
AAYV genome typically comprises packaging genes, such as rep and/or cap genes which encode
packaging functions for an AAV viral particle. The rep gene encodes one or more of the proteins
Rep78, Rep68, RepS2 and Rep40 or variants thereof. The cap gene encodes one or more capsid
proteins such as VP1, VP2 and VP3 or variants thereof. These proteins make up the capsid of an
AAV viral particle. Capsid variants are discussed below.

For therapeutic purposes, the ITRs may be provided in cis in addition to the therapeutic
gene. The AAV virus may therefore be modified: the viral genes may be removed from the
genome, producing recombinant AAV (rAAV). The rAAV contains the therapeutic gene and at
least one ITR. The removal of the viral genes renders rAAYV incapable of actively inserting its
genome into the host cell DNA. Instead, the rAAV genomes fuse via the ITRs, forming circular,
episomal structures, or insert into pre-existing chromosomal breaks. For viral production, the
structural and packaging genes, now removed from the rAAYV, are supplied in frans, in the form
of a helper plasmid.

Preferably the AAV genome will be derivatised for the purpose of administration to
patients. Such derivatisation is standard in the art and the present invention encompasses the use
of any known derivative of an AAV genome, and derivatives which could be generated by
applying techniques known in the art.

Derivatives of an AAV genome include any truncated or modified forms of an AAV
genome which allow for expression of a Rep-1 transgene from a vector of the invention in vivo.

Typically, it is possible to truncate the AAV genome significantly to include minimal viral
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sequence yet retain the above function. This is preferred for safety reasons to reduce the risk of
recombination of the vector with wild-type virus, and also to avoid triggering a cellular immune
response by the presence of viral gene proteins in the target cell.

Typically, a derivative will include at least one inverted terminal repeat sequence (ITR),
preferably more than one ITR, such as two ITRs or more. One or more of the ITRs may be
derived from AAV genomes having different serotypes, or may be a chimeric or mutant ITR. A
preferred mutant ITR is one having a deletion of a #rs (terminal resolution site). This deletion
allows for continued replication of the genome to generate a single-stranded genome which
contains both coding and complementary sequences, i.e. a self-complementary AAV genome.
This allows for bypass of DNA replication in the target cell, and so enables accelerated transgene
expression.

The one or more ITRs will preferably flank the expression construct cassette containing
the promoter and transgene of the invention. The inclusion of one or more ITRs is preferred to
aid packaging of the vector of the invention into viral particles. In preferred embodiments, ITR
elements will be the only sequences retained from the native AAV genome in the derivative.
Thus, a derivative will preferably not include the rep and/or cap genes of the native genome and
any other sequences of the native genome. This is preferred for the reasons described above, and
also to reduce the possibility of integration of the vector into the host cell genome. Additionally,
reducing the size of the AAV genome allows for increased flexibility in incorporating other
sequence elements (such as regulatory elements) within the vector in addition to the transgene.

With reference to the AAV2 genome, the following portions could therefore be removed
in a derivative of the invention: One inverted terminal repeat (ITR) sequence, the replication
(rep) and capsid (cap) genes. However, in some embodiments, including in vifro embodiments,
derivatives may additionally include one or more rep and/or cap genes or other viral sequences
of an AAV genome.

A derivative may be a chimeric, shuffled or capsid-modified derivative of one or more
naturally occurring AAV viruses. The invention encompasses the provision of capsid protein
sequences from different serotypes, clades, clones, or isolates of AAV within the same vector.
The invention encompasses the packaging of the genome of one serotype into the capsid of

another serotype, 1.e. pseudotyping.
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Chimeric, shuffled or capsid-modified derivatives will be typically selected to provide
one or more desired functionalities for the viral vector. Thus, these derivatives may display
increased efficiency of gene delivery, decreased immunogenicity (humoral or cellular), an
altered tropism range and/or improved targeting of a particular cell type compared to an AAV
viral vector comprising a naturally occurring AAV genome, such as that of AAV2. Increased
efficiency of gene delivery may be effected by improved receptor or co-receptor binding at the
cell surface, improved internalisation, improved trafficking within the cell and into the nucleus,
improved uncoating of the viral particle and improved conversion of a single-stranded genome to
double-stranded form. Increased efficiency may also relate to an altered tropism range or
targeting of a specific cell population, such that the vector dose is not diluted by administration
to tissues where it is not needed.

Chimeric capsid proteins include those generated by recombination between two or more
capsid coding sequences of naturally occurring AAV serotypes. This may be performed for
example by a marker rescue approach in which non-infectious capsid sequences of one serotype
are co-transfected with capsid sequences of a different serotype, and directed selection is used to
select for capsid sequences having desired properties. The capsid sequences of the different
serotypes can be altered by homologous recombination within the cell to produce novel chimeric
capsid proteins.

Chimeric capsid proteins also include those generated by engineering of capsid protein
sequences to transfer specific capsid protein domains, surface loops or specific amino acid
residues between two or more capsid proteins, for example between two or more capsid proteins
of different serotypes.

Shuffled or chimeric capsid proteins may also be generated by DNA shuffling or by
error-prone PCR. Hybrid AAYV capsid genes can be created by randomly fragmenting the
sequences of related AAV genes e.g. those encoding capsid proteins of multiple different
serotypes and then subsequently reassembling the fragments in a self-priming polymerase
reaction, which may also cause crossovers in regions of sequence homology. A library of hybrid
AAYV genes created in this way by shuffling the capsid genes of several serotypes can be
screened to identify viral clones having a desired functionality. Similarly, error prone PCR may
be used to randomly mutate AAV capsid genes to create a diverse library of variants which may

then be selected for a desired property.
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The sequences of the capsid genes may also be genetically modified to introduce specific
deletions, substitutions or insertions with respect to the native wild-type sequence. In particular,
capsid genes may be modified by the insertion of a sequence of an unrelated protein or peptide
within an open reading frame of a capsid coding sequence, or at the N- and/or C-terminus of a
capsid coding sequence.

The unrelated protein or peptide may advantageously be one which acts as a ligand for a
particular cell type, thereby conferring improved binding to a target cell or improving the
specificity of targeting of the vector to a particular cell population.

The unrelated protein may also be one which assists purification of the viral particle as
part of the production process i.e. an epitope or affinity tag. The site of insertion will typically be
selected so as not to interfere with other functions of the viral particle e.g. internalisation,
trafficking of the viral particle. The skilled person can identify suitable sites for insertion based
on their common general knowledge.

The invention additionally encompasses the provision of sequences of an AAV genome
in a different order and configuration to that of a native AAV genome. The invention also
encompasses the replacement of one or more AAV sequences or genes with sequences from
another virus or with chimeric genes composed of sequences from more than one virus. Such
chimeric genes may be composed of sequences from two or more related viral proteins of
different viral species.

The vector of the invention takes the form of a viral vector comprising the promoters and
expression constructs of the invention.

For the avoidance of doubt, the invention also provides an AAV viral particle
comprising a vector of the invention. The AAV particles of the invention include transcapsidated
forms wherein an AAV genome or derivative having an ITR of one serotype is packaged in the
capsid of a different serotype. The AAYV particles of the invention also include mosaic forms
wherein a mixture of unmodified capsid proteins from two or more different serotypes makes up
the viral envelope. The AAYV particle also includes chemically modified forms bearing ligands
adsorbed to the capsid surface. For example, such ligands may include antibodies for targeting a
particular cell surface receptor.

The AAV2 genome, like those of all AAV serotypes, can be enclosed in a number of
different capsid proteins. AAV2 can be packaged in its natural AAV2 capsid (AAV2/2) or it can
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be pseudotyped with other capsids (e.g. AAV2 genome in AAV1 capsid, resulting in AAV2/1, or
AAV2 genome in AAVS capsid, resulting in AAV2/8).

In a preferred embodiment, the AAV capsid is derived from AAVS. In a particularly
preferred embodiment, where the operably linked sequence is a CNGA3 gene, it is preferred that
the capsid is AAVS or another capsid other than AAVS.

AAYV transduces cells via serotype specific receptor-mediated endocytosis. A major
factor influencing the kinetics of rAAYV transgene expression is the rate of virus particle
uncoating within the endosome. This, in turn, depends upon the type of capsid enclosing the
genetic material. After uncoating, the linear single-stranded rAAYV genome is stabilised by
forming a double-stranded molecule via de novo synthesis of a complementary strand. The use of
self-complementary DNA may bypass this stage by producing double-stranded transgene DNA.
It has been found that self-complementary AAV?2/8 gene expression is of faster onset and higher
amplitude, compared to single-stranded AAV2/8. Thus, by circumventing the time lag associated
with second-strand synthesis, gene expression levels are increased, when compared to transgene
expression from standard single-stranded constructs. Subsequent studies investigating the effect
of self-complementary DNA in other AAV pseudotypes have produced similar results. One
caveat to this technique is that, as AAV has a packaging capacity of approximately 4.8kb, the
self-complementary recombinant genome must be appropriately sized (i.e. 2.3kb or less).

In addition to modifying packaging capacity, pseudotyping the AAV2 genome with other
AAYV capsids can alter cell specificity and the kinetics of transgene expression. For example,
when AAV2 is pseudotyped with the AAV4 capsid, transgene expression is targeted specifically
to RPE cells. In addition, AAV2/8 is reported to transduce photoreceptors more efficiently than
either AAV2/2 or AAV2/S.

Preparation of vectors

The vector of the invention may be prepared by standard means known in the art for
provision of vectors for therapy. Thus, well established public domain transfection, packaging
and purification methods can be used to prepare a suitable vector preparation.

As discussed above, a vector of the invention may comprise the full genome of a
naturally occurring AAV virus in addition to a promoter of the invention or a variant thereof.

However, commonly a derivatised genome will be used, for instance a derivative which has at
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least one inverted terminal repeat sequence (ITR), but which may lack AAV genes such as rep or
cap.

In such embodiments, in order to provide for assembly of the derivatised genome into an
AAYV viral particle, additional genetic constructs providing AAV and/or helper virus functions
may be provided in a host cell in combination with the derivatised genome. These additional
constructs will typically contain genes encoding structural AAV capsid proteins i.e. cap, VP1,
VP2, VP3, and genes encoding other functions required for the AAV life cycle, such as rep. The
selection of structural capsid proteins provided on the additional construct will determine the
serotype of the packaged viral vector.

A particularly preferred packaged viral vector for use in the invention comprises a
derivatised genome of AAV2 in combination with the AAV8 capsid protein.

As mentioned above, AAV viruses are replication incompetent and so helper virus
functions, preferably adenovirus helper functions can also be provided on one or more additional
constructs to allow for AAV replication. There are also systems known to the skilled person that
use a single construct that comprises rep, cap and Ad helper functions, so additional helper
constructs are not required.

All of the above additional constructs may be provided as plasmids or other episomal
elements in the host cell, or alternatively one or more constructs may be integrated into the
genome of the host cell.

The transcriptional control unit of the invention has the ability to rescue loss of cone
photoreceptor function, which may occur for example by mutations in the CNGA3 gene.
“Rescue” generally means any amelioration or slowing of progression of a retinal disorder or
dystrophy phenotype, for example restoring presence of CNGAS3 protein in the cone
photoreceptor, improving ERG activity or slowing loss of ERG activity, improving retinal
sensitivity or slowing/halting progressive loss of retinal sensitivity, slowing or halting loss of
photoreceptor cells, improving vision or slowing/halting vision loss.

The properties of transcriptional control unit of the invention can also be tested using
techniques based on those in the Examples. In particular, a transcriptional control unit of the
invention can be assembled into a vector of the invention and delivered to the retina of a
CNGA3-deficient test animal, such as a mouse, and the effects observed and compared to a

control. Preferably, the control will be the other eye of the same animal, which is either untreated
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or treated with a control vector such as one containing a reporter gene as opposed to a sequence
of the invention. Electroretinography analysis of retinal responses to light can then be used to
confirm that photoreceptor cells in the eyes that are treated with are more sensitive to light than
photoreceptors from eyes that are untreated or treated with a control vector. The sensitivity of the
treated eye to light may for example be at least 1.1, 1.2, 1.5, 2, 5, 10, 20, 50, 100, 200, 500 or
1000-fold greater than that of the untreated or control-treated eye.

Methods of therapy and medical uses

In one aspect, the invention provides nucleic acid molecules (such as TCUs, promoters
and fragments thereof, codon-optimized genes, expression constructs, and vectors) as well as
methods for the treatment and/or prevention of retinal disorders or dystrophies in a patient in
need thereof.

The retina is composed of the retinal pigment epithelium (RPE) cell layer and three layers
of neurosensory cells; namely (from outer to inner), the outer nuclear layer (containing rod and
cone photoreceptor cells), the inner nuclear layer (containing bipolar cells), and the ganglion cell
layer. Retinal disorders or dystrophies can be defined as diseases of the retina, characterised by
progressive loss of photoreceptor cells and concomitant loss of vision. The retinal disorders or
dystrophies may be inherited retinal disorders or dystrophies.

In one embodiment, nucleic acid molecules and methods are provided for the treatment
and/or prevention of cone-rod dystrophy and/or cone dystrophy. Cone-rod dystrophies can be
defined as diseases characterised by progressive loss of cone photoreceptor cells and
concomitant loss of vision and may be inherited. In one embodiment, the retinal disorder is
Achromatopsia or macular degeneration. The macular degeneration may be age-related macular
degeneration (AMD), for example wet or neovascular AMD or geographic atrophy, an inherited
macular degeneration condition or an inherited cone dystrophy.

The terms “patient” and “subject” may be used interchangeably. The patient is preferably
a mammal. The mammal may be a commercially farmed animal, such as a horse, a cow, a sheep
or a pig, a laboratory animal, such as a mouse or a rat, or a pet, such as a cat, a dog, a rabbit or a
guinea pig. The patient is more preferably human. The subject may be male or female. The

subject is preferably identified as being at risk of, or having, a retinal disorder or dystrophy.
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The terms “treat,” “treated,” “treating,” or “treatment” as used herein refer to both
therapeutic treatment and prophylactic or preventative measures, wherein the object is to prevent
or slow down (lessen) an undesired physiological condition, disorder or disease, or to obtain
beneficial or desired clinical results. For the purposes of this invention, beneficial or desired
clinical results include, but are not limited to, alleviation of symptoms; diminishment of the
extent of the condition, disorder or disease; stabilization (i.e., not worsening) of the state of the
condition, disorder or disease; delay in onset or slowing of the progression of the condition,
disorder or disease; amelioration of the condition, disorder or disease state; and remission
(whether partial or total), whether detectable or undetectable, or enhancement or improvement of
the condition, disorder or disease. Treatment includes eliciting a clinically significant response
without excessive levels of side effects.

The patient may be asymptomatic and/or may have a predisposition to the disease. As
such, the invention also provides a method or use that comprises a step of identifying whether or
not a subject is at risk of developing, or has, retinal disorders, such as cone dystrophies,
including, but not limited to, Achromatopsia. A prophylactically effective amount of a nucleic
acid, such as a vector, as disclosed herein may be administered to such a subject. A
prophylactically effective amount is an amount which prevents the onset of one or more
symptoms of the disease. As such, in some embodiments, a nucleic acid, such as a vector, as
disclosed herein may be administered in order to prevent or delay the onset of one or more
symptoms of retinal disorders, such as cone-rod dystrophies, including, but not limited to,
Achromatopsia. Alternatively, a nucleic acid, such as a vector, as disclosed herein may be
administered once the symptoms of the disease have appeared in a subject i.e. to cure existing
symptoms of the disease. A therapeutically effective amount of the nucleic acid, such as a
vector, as disclosed herein may be administered to such a subject. As used herein,
“therapeutically effective amount” means an amount of a nucleic acid set forth herein that, when
administered to a mammal, is effective in producing the desired therapeutic effect. In one
embodiment, the invention provides for methods of treating and/or preventing a retinal disorder
or dystrophy, wherein a nucleic acid, such as a vector, as disclosed herein is administered to a
patient in need of in a therapeutically effective amount. In some embodiments, the retinal

disorder or dystrophy is a cone dystrophy, including, but not limited to, Achromatopsia.
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The invention also provides the use of a nucleic acid, such as a vector, as disclosed herein
in the manufacture of a medicament for the treatment or prevention of retinal disorders or
dystrophies, such as cone dystrophies, including, but not limited to, Achromatopsia. . The
invention also provides a method of treating or preventing retinal disorders, such as cone
dystrophies, in particular Achromatopsia in a patient in need thereof comprising administering a
therapeutically effective amount of a nucleic acid, such as a vector, as disclosed herein to the

patient.

Methods of administration

In general, direct retinal, subretinal or intravitreal delivery of a nucleic acid, such as a
vector, as disclosed herein, typically by injection, is preferred. Delivery to the retinal, subretinal
space or intravitreal space is thus preferred.

The invention therefore also provides a method of treating or preventing cone
dystrophies, in particular Achromatopsia in a patient in need thereof, comprising administering a
therapeutically effective amount of a nucleic acid, such as a vector, as disclosed herein to the
patient by direct retinal, subretinal or intravitreal injection.

In a related aspect, the invention provides for use of a nucleic acid, such as a vector, as
disclosed herein in a method of treating or preventing retinal disorders, such as cone dystrophies,
in particular Achromatopsia by administering said vector to a patient by direct retinal, subretinal
or intravitreal injection.

Additionally, the invention provides the use of a nucleic acid, such as a vector, as
disclosed herein in the manufacture of a medicament for treating or preventing retinal disorders,
such as cone dystrophies, in particular Achromatopsia by direct retinal, subretinal or intravitreal
injection.

The invention also provides a nucleic acid, such as a vector, as disclosed herein for use in
the treatment of retinal disorders, such as cone dystrophies, in particular Achromatopsia, wherein
said vector is administered directly into the retinal, subretinal space or intravitreal space.

The administration of the nucleic acid, such as a vector, as disclosed herein is typically

by direct retinal or subretinal injection. This includes direct delivery to cone photoreceptor cells.
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The delivery is made typically directly to, or subretinally to, the degenerating retina in a
patient suffering from retinal disorders, such as cone-rod dystrophies, in particular
Achromatopsia.

The nucleic acid, such as a vector, as disclosed herein may transduce the above target
cells without entering any other cell populations. Intravitreal injection may also be used to
deliver the vector of the invention.

The dose of the nucleic acid, such as a vector, as disclosed herein may be determined
according to various parameters, especially according to the age, weight and condition of the
patient to be treated; the route of administration; and the required regimen. Again, a physician
will be able to determine the required route of administration and dosage for any particular
patient.

A typical single dose is between 10'° and 10'? genome particles, depending on the
amount of remaining retinal tissue that requires transduction. A genome particle is defined herein
as an AAV capsid that contains a single stranded DNA molecule that can be quantified with a
sequence specific method (such as real-time PCR). That dose may be provided as a single dose,
but may be repeated for the fellow eye or in cases where the nucleic acid, such as a vector, as
disclosed herein may not have targeted the correct region of retina for whatever reason (such as
surgical complication). The treatment is preferably a single permanent treatment for each eye,
but repeat injections, for example in future years and/or with different AAV serotypes may be

considered.

Host Cells

The invention additionally provides a host cell comprising a nucleic acid, such as a vector
or a viral vector, or AAV viral particle disclosed herein. Any suitable host cell can be used to
produce the nucleic acids, as such vectors, disclosed herein. In general, such cells will be
transfected mammalian cells, but other cell types, e.g. insect cells, can also be used. In terms of
mammalian cell production systems, HEK293 and HEK293T are preferred for AAV vectors.
BHK or CHO cells may also be used.

Pharmaceutical Compositions and Dosages
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The invention further provides a pharmaceutical composition comprising a nucleic acid,
such as a vector, disclosed herein, as well as a pharmaceutically acceptable carrier, diluent,
excipient, adjuvant, buffer, stabiliser, and/or other materials well known to those skilled in the
art. Such materials should be non-toxic and should not interfere with the efficacy of the active
ingredient. Also provided is a pharmaceutical composition that comprises a pharmaceutically
acceptable carrier, diluent, excipient, adjuvant, buffer, stabiliser, and/or other materials well
known to those skilled in the art and a nucleic acid sequence, a plasmid, a vector, or a viral
vector as described herein.

The precise nature of the carrier or other material may be determined by the skilled
person according to the route of administration, i.e. here direct retinal, subretinal or intravitreal
injection.

The pharmaceutical composition is typically in liquid form. Liquid pharmaceutical
compositions generally include a liquid carrier such as water, petroleum, animal or vegetable
oils, mineral oil or synthetic oil. Physiological saline solution, magnesium chloride, dextrose or
other saccharide solution or glycols such as ethylene glycol, propylene glycol or polyethylene
glycol may be included. In some cases, a surfactant, such as pluronic acid (PF68) 0.001% may be
used.

For injection at the site of affliction, the active ingredient will be in the form of an
aqueous solution which is pyrogen-free and has suitable pH, isotonicity and stability. Those of
relevant skill in the art are well able to prepare suitable solutions using, for example, isotonic
vehicles such as Sodium Chloride Injection, Ringer's Injection, Lactated Ringer's Injection,
Hartmann's solution. Preservatives, stabilisers, buffers, antioxidants and/or other additives may
be included, as required.

For delayed release, the vector may be included in a pharmaceutical composition which is
formulated for slow release, such as in microcapsules formed from biocompatible polymers or in
liposomal carrier systems according to methods known in the art.

Dosages and dosage regimes can be determined within the normal skill of the medical
practitioner responsible for administration of the composition. The dosage of active agent(s) may
vary, depending on the reason for use, the individual subject, and the mode of administration.
The dosage may be adjusted based on the subject's weight, the age and health of the subject, and

tolerance for the compound(s) or composition.
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Combination therapies

The nucleic acids, TCUs, promoters, codon-optimized genes, expression constructs,
vectors and/or pharmaceutical compositions disclosed herein can be used in combination with
any other therapy for the treatment and/or prevention of retinal disorders, such as cone

dystrophies, including, but not limited to, Achromatopsia.

Kits
The nucleic acids, TCUs, promoters, codon-optimized genes, expression constructs,

vectors and/or pharmaceutical compositions disclosed herein can be packaged into a kit.

Examples

Materials and Methods

Plasmid construction

To create an improved version of the Green Cone Opsin promoter, the 1250-bp Locus
Control Region (LCR) (Smallwood et al., 2002) was combined with various fragments of the
green opsin core promoter (bp -480 to +40) into the parent plasmid pAAV/CMV .eGFP, creating
pAAV/hG1.7.eGFP plasmid construct and pAAV/hG1.4.eGFP. Vector constructs carrying the
‘M8’ mutated promoters were produced by site-specific mutagenesis.

For the therapeutic gene constructs, pAAV/coCNGA3 was created by cloning the codon-

and Kozak-optimised CNGA3 sequence from a pUC57 plasmid (produced by GenScript) into the

pAAY plasmid carrying the various green (M) cone opsin promoter constructs.
Codon optimization
Codon optimization was achieved through GenScript’s proprietary OptimumGeneTM codon

optimization tool.

Virus production protocol AAV2/8 and AAV2/S

31



10

15

20

25

30

WO 2019/138250 PCT/GB2019/050092

Recombinant AAV2 serotype 8 virus and AAV2 serotype 5 virus were produced using
the triple transfection of 293Tcells method previously described (Gao et el. 2002). 145¢m? plates
of 293T cell plates (20 plates per virus batch) were transfected with a mix comprising of Plasmid
of interest: Viral Capsid plasmid:Helper plasmid DNA in the ratio of 1:1:3, polyethylenimine
(PEI - Polysciences Inc., Eppelheim, Germany) and DMEM after a 10 minute incubation. The
transfected cells were bedded for 24 hours. 48 hours after transfection, cells were harvested,
concentrated by centrifugation, resuspended in TD buffer (140 mM NaCl, 5 mM KCl, 0.7 mM
K2HPO4, 3.5 mM MgCl2, 25 mM Tris Base [pH = 7.5]). This was then lysed by 3-4 freeze-thaw
cycles, followed by Benzonase (Sigma Aldrich, Dorset, UK) treatment, and then cellular debris
was removed by successive centrifugation and syringe filtration steps.

Purification was performed by ion exchange chromatography (using a method based on
that by Davidoff et al. 2004). The eluate was concentrated in a Vivaspin 4 10kDa concentrator
tube (Sartorius Stedim Biotech, Fisher Scientific, Loughborouh, UK), washed in PBS-MK, then
concentrated to a 100-150ul volume, then aliquoted for -80°C (long term) or +4°C (short term)

storage.

Production and transduction of human stem cell derived retinal organoids

The human H9 embryonic stem cell (ESC) lines was maintained on feeder free conditions
on E8 medium and geltrex coated 6 well plates. hRESCs were dissociated using a dispase and
collagenase solution. ESC clumps were collected and resuspended in E8 media. For retinal
neuroepithelia differentiation human ESC were maintained until confluent when media without
FGF was added to cultures for two days. Proneural induction media (Advanced DMEM/F12,
MEM non-essential amino acids, N2 Supplement, 100mM Glutamine and Pen/Strep) was added
until optic vesicles were observed. Vesicles were manually excised and kept in 96 well plates in
retinal differentiation media (DMEM, F12, Pen/Strep and B27 without retinoic acid) and at 6
weeks of differentiation medium was supplemented with FBS, taurine and glutamax and at 10
weeks RA was added.

AAYV vectors (serotype SsH10) carrying the Green Cone Opsin promoter constructs
driving eGFP were added to the medium at 1.2 x 10! vg/well (1-3 organoids/well). Organoids

were cultured for a further 28 days before harvesting and analysis.
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Immunohistochemistry

Eyes were prepared for fixation by corneal piercing, and then immersed in 1%
paraformaldehyde (PFA, pH 7.4). Retinal organoids were fixed by immersion in 1%
paraformaldehyde (PFA, pH 7.4). Eyes were left to fix at room temperature for up to an hour,
before being removed from solution, and fully immersed in Optimal cutting temperature (OCT)
embedding matrix, with the anterior-posterior of the eye suspended in the horizontal-vertical axis
within embedding tubes. These were then frozen and stored at -20°C until required for
sectioning.

10 - 18 micron sections were prepared using Bright® OTF5000 Cryostat (Bright
Instrument Co Ltd, Cambridgeshire, UK), thereby enabling the visualization of both the superior
and inferior aspects of the retina. Slices were collected immediately after sectioning on polysine-
coated microscope slides, and allowed to air dry at room temperature. Slides were either stored at
-20°C or analysed directly.

For immunohistochemistry, sections were blocked in 5% goat serum and 1% bovine
serum albumin in PBS. Anti-cone opsin primary antibodies (Millipore) were incubated overnight
at 4°C. Sections were incubated with secondary antibody for 2 hrs at RT and washed. Alexa-
fluor secondary antibodies (Invitrogen-Molecular Probes) were used at a 1:500 dilution. Slides
were stained with DAPI either as an addition to the mounting medium (0.1% DAPI in medium)
or by immersion in 0.2% DAPI in TBS and PBS-washing prior to mounting in fluorescent
mounting medium (DAKQO). Mounted slides were stored at 4°C.

Mounted slides were imaged using Leica DM5500Q confocal microscope (Leica

Biosystems, Germany) or a Zeiss AxioObserver Z1 (Carl Zeiss Inc, Goéttingen, Germany).

Subretinal injection

Subretinal injections were performed on Cpfl5 (CNGA3-deficient) (Hawes et al., 2006)
and C57BL/6 mice around 2 weeks after birth. An operating microscope was utilised throughout
ophthalmic surgery. A 1.5 cm, 34-gauge hypodermic needle (Hamilton, Switzerland) was
inserted tangentially through the sclera, creating a self-sealing scleral tunnel wound (Tan et al.
2009). 1.0 — 1.5 pl of the viral suspension was injected within the superior and inferior
hemispheres of the subretinal space, each creating an ophthalmoscopically-visible bullous retinal

detachment. C57BL/6 were utilised for the promoter study, and injected with 1x10'? viral titre.
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Cpfl5 mice were used in the CNGA3 rescue studies. Mice were injected with CNGA3 viral
constructs in a designated eye, with the control viral constructs injected in the contralateral eye.

All mice were injected bilaterally.

In vivo treatment efficacy

Restoration of retinal function was assessed by photopic electroretinography. ERG
recordings were obtained from both eyes simultaneously. Following dark adaptation overnight
(~12 hours), one drop of 2.5% phenylephrine and 1% tropicamide (Minims, Bausch & Lomb)
was applied onto each eye to dilate the pupil and the eyes were kept moist by applying a
lubricant. ERGs were carried out using commercially available equipment (Espion ERG
Diagnosys System). Photopic single-flash recordings were obtained at increasing light intensities
of 0.1, 1, 3.16, 10, 31.6 and 75.28 cd.s/m? on a background of 30 cd/m?. Unless indicated Figures
show average photopic b-wave amplitudes (mean = SD) at 4 weeks post-treatment, when vectors

had reached peak expression.

Example 1: Optimisation a cone-specific transcriptional control unit (TCU)

The human Locus Control Region (LCR), which is situated upstream of the red opsin
gene, enhances expression of both the red opsin (L-opsin) and green opsin (M-opsin) genes,
which are located in tandem (see Figure 1, top left). Powerful cone-specific promoters have
previously utilised the LCR and red opsin promoter, as they are physically adjacent elements. In
an in vivo reporter gene expression study in transgenic mice by Smallwood et al, the different
levels of expression from either the red or green opsin promoter based on their physical
proximity to the LCR were examined. Smallwood et al. constructed several derivatives of the
human red and green array to demonstrate different levels of expression from either the red or
green opsin promoter based on their physical proximity to the LCR (see Figure 1, lower left).
Each derivative consisted of an alkaline phosphatase (AP) reporter gene under control of the red
opsin promoter and a B-galactosidase (LacZ) under control of the green opsin promoter. For
each embryonic stem cell line, retinas were analysed either from multiple chimeric founders or
from multiple progeny that had stably inherited the transgene. In the latter case, the analysis was
performed both before and after crossing to germ-line cre mice to remove the loxP-flanked

PGK-neo cassette.
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In the wild-type construct, which uses the natural chromosomal arrangement (pPMS107),
65-95% of cones express either AP (under control of the red opsin promoter) or lacZ (under
control of the green opsin promoter), but not both. Inserting a 9-kb spacer between the two
transcription units (i.e. increasing the distance between the LCR and the green opsin promoter,
construct pPMS108) leads to a large shift from lacZ (green promoter)- to AP (red promoter)-
expressing cells. Exchanging the locations of the two transcription units (pPMS101) and placing
the green opsin core promoter immediately after the LCR (pPMS101), skewed the expression
profile of these transgenic mice almost exclusively towards green opsin core promoter

transcription (>99%).

This disclosure provides an alternative cone-specific transcriptional control unit (TCU) utilising
the human LCR and an optimized human green opsin promoter. A conserved core element of the
human green opsin promoter (0.2kb) was identified and a series of TCUs using engineered green
opsin promoters was generated using the LCR region and green opsin promoters of various sizes:
2.0Kb (hG2.0), 1.7Kb (hG1.7) and 1.4Kb (hG1 .4), see Figure 2. A red opsin promoter fragment
of 1.7Kb (PR 1.7, analogous to the promoter used by AGTC, Ye et al., 2016)) was also generated
as a control.

Additionally, a series of AAVshh10 vectors containing GFP reporters driven by the
promoters described above was generated and the expression in human ES-derived retinal
cultures was assessed.

All constructs tested provided similar transduction profiles in terms of levels of GFP
expression and cone cell-specificity. Constructs with smaller promoter fragments provide more

space to package larger genes within the AAV vector.

Example 2- An optimized TCU provides robust expression of a reporter gene in all cone
subtypes

To test the ability of the optimized TCUs disclosed herein to promote reporter protein
expression in cone cells, human ES-derived retinas were transduced using AAVshh10-
hG1.4.GFP, Robust reporter gene expression (Figure 3A) in all cone subtypes (Figure 3B, C’)

was observed.
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Compared with a previously characterised human cone arrestin (CAR) promoter, the
expression levels provided by hG1.4 were higher in human cones and there was no ectopic
expression in rod or retinal pigment epithelium (RPE) cells. In mice, cone promoters based on
human red opsin promoters were not cone-specific and mediated expression in rods as well (Ye

et al., 2016).

Example 3: Additional optimization of the TCUs and codon optimisation of the human

CNGA3 gene

Changing the GGGCCG sequence in positions +5 to +10 relative to the transcription start
site of the green opsin gene to TCTAGA, doubles the resultant expression level. This sequence
alteration (M8), see SEQ ID NO:16, was therefore incorporated into the hG1.4 and hG1.7
constructs

In addition, the coding sequence of CNGA3 was subjected to codon-optimisation, to
attempt to improve the codon usage bias and CG content, and remove any cryptic processing
sites and potential stem-loop structures in the mRNA.

The hG1.4(M8) (SEQ ID NO:6) and hG1.7(M8) (SEQ ID NO:15) constructs were used
in AAV2/8 vectors carrying a human codon optimised CNGA3 ¢cDNA (coCNGA3) and the
vectors’ efficacy was determined in a CNGA3 knockout mouse model using electroretinographic
(ERG) assessments of cone function. One month post vector administration, there was no clear
advantage over vector without the M8 sequence, although the hG1.7(MS8) vector appeared to
show a small improvement over the corresponding vector without the M8 sequence (Figure 4,
left bars of column). When the ERG assessments in these animals were repeated at 2 months post
administration, amplitudes in animals injected with ‘M8’ vectors further increased (Figure 4,
right bars of column), while amplitudes in animals injected with the standard vectors remained
constant (hG1.4) or increased marginally (hG1.7). It was demonstrated that maximal expression
levels are important to achieve a good functional rescue in Achromatopsia due to CNGA3 and
these results indicate that inclusion of the M8 sequence in the constructs is beneficial for
treatment.

The codon-optimised CNGA3 gene rescued photopic responses in Cnga3 knockout
mouse more effectively than wild type human CNGA3 gene (Figure 5). Constructs carrying the
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red opsin promoter (1.7L) driving either the wild type human CNGA3 gene or a codon optimised
human CNGA3 gene were packaged in an AAV2/8 serotype and injected subretinally in Cnga3-
deficient mice. Photopic ERG responses were assessed at 1 month and 2 months post injection.
ERG responses in animals receiving the codon-optimised vector were consistently higher than in

animals receiving the wild type gene (Figure 5).

Example 4: AAV2/8 vectors expressing CNGA3 can rescue photopic responses in CNGA3
knockout mouse, while the corresponding AA2/S construct provides minimal rescue

To assess the ability of AAV2/5 and AAV2/8 vectors expressing CNGA3 to rescue
photopic responses, AAV2/8-hG1.4(M8).coCNGA3 and AAV2/5-hG1.4(M8).coCNGA3 viral
vectors were injected subretinally into 1 month old cnga3 knockout mice. Photopic ERG
responses were assessed 4 weeks post administration. The inventors observed robust photopic
responses in AAV?2/8 treated eyes with ERG b-wave amplitudes of up to 70 pV (Figure 6 A and
B). The eyes that received subretinal injections in both hemispheres (superior/inferior) showed
the greatest improvement in ERG b-wave amplitude. By comparison, a wild-type mouse has
amplitudes of around 100-120 pV at the same experimental settings. There were no responses
from untreated eyes and AAV2/S treated eyes provide minimal responses (Figure 6 A and B).
This data shows that the AAV2/8-hG1.4(M8).coCNGA3 vector is able to provide high levels of
CNGAS3 expression and restore cone-function in CNGA 3 knockout mice to that of approximately
60% of wild-type, as measured by cone ERG b-wave amplitudes.

To further demonstrate that the rescue of retinal sensitivity by AAV?2/8 vectors
expressing CNGA3 was long-lasting, Cnga3 deficient mice were sub-retinally injected at the age
of 2 weeks with either AAV2/8-hG1.4(M8).coCNGA3 (n=14) or AAV2/8-
hG1.7(M8).coCNGA3 (n=13) (titre 1 x 10'2 vg/ml for both), or left untreated (n=3). Both
transfection with either vector lead to a sustained rescue of retinal sensitivity up to six months

following treatment (Figure 7).

Example 5: AAV2/8 vectors expressing CNGA3 promote long-term cone survival

The ability of AAV2/8 vectors expressing CNGAS3 to promote survival of cones was
assessed by injecting a Cnga3-deficient mouse at 2 weeks of age with AAV?2/8-
hG1.7(M8).coCNGA3. A C57BL/6J mouse of 3-4 month of age, which did not receive an
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injection, served as a control for healthy cones. Retinas were isolated and stained with cone
arrestin and cleared.

Cnga3-deficient retinas transduced with AAV2/8-hG1.7(M8).coCNGA3 (see Figure 8C)
showed survival of cones in vivo 3-4 months following treatment. The extent of the survival was
similar to cone survival of the healthy control (see Figure 8 A) and significantly increased as
compared to uninjected Cnga3-deficient retinas (see Figure 8B).

The ability of AAV2/8 vectors expressing CNGA3 to promote cone survival was long

lasting and could still be observed 13 months following vector treatment (see Figure 9).

Example 6: AAV2/8 vectors expressing CNGA3 preserve of synaptic connectivity in vivo

To assess the ability of AAV?2/8 vectors expressing CNGA3 to improve the synaptic
integrity between cone cells and supporting neurons (bipolar cells), a Cnga3-deficient mouse at 2
weeks of age was injected with AAV?2/8-hG1.7(M8).coCNGA3. 3-4 months following treatment,
the retinas were isolated and stained with Gpr179 and PNA and then cleared. Synaptic
connectivity was determined by measuring the signal intensity of the synaptic marker Gpr179 in
single plane confocal images of flat mount retinas. Leica Las X software was used to process the
image. Gprl79 stainings were traced by drawing a free hand line on several cone pedicle related
Gpr179 staining (PNA staining was used to confirm the cone pedicles) and more than 10 rod
spherule related Gpr179 staining (A). Signal intensity was output (B; white line:Gpr179, red line:
PNA). Peaks of signal intensity from each origin were averaged, and cone pedicle to rod
spherule related GPr179 ratio (CP/RS) was calculated. CP/RS from four different locations were
used for statistical analysis (Bonferroni's Multiple Comparison Test (ns: p>0.05, **: p <0.01,
*:p <0.05)). Retinas from an uninjected Cnga3-deficient mouse and an uninjected C57BL/6J
mouse of the same age (3-4 months) served as negative and positive controls, respectively.

As shown in Figure 10, transduction of Cnga3-deficient retinas with an AAV2/8 vectors
expressing CNGA3 leads to synaptic connectivity similar to that of a healthy control mouse and

significantly improved as compared to uninjected Cnga3-deficient retinas.

Example 7: coCNGA3 delivery using AAV2/8 provides greater benefit than delivery using
novel strong AAV serotypes AAV-Anc80, AAV-44.9, and AAVS
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A number of different AAV serotypes and capsids are available for the expression of
genes. For instance, the newly developed Anc80-L65 capsid was shown to have efficient tropism
to photoreceptors and to be comparable or even superior to AAVS. Further, the novel serotype
AAV44.9 has also been shown to exhibit efficient transduction and high expression in
photoreceptor cells when tested in combination with a fluorescent marker. Thus, the ability of
four different AAV vectors — Anc80-L65, AAV44.9, AAVS, and AAVS — to express coOCNGA3
and provide sustained ERG responses was compared.

The respective vectors carrying the hG1.4(M8)-coCNGA3 expression cassette (1.0 x 102
vg/mL) were delivered to subretinal space of Cnga3-deficient mice at the age of 2 weeks, and
single flash photopic ERG was recorded at different time points post injection (see Figure 11).
The light stimulus of 10cd.s/m? was used for analysis. As shown in Figure 11, AAV8-mediated
gene transfer led to higher ERG responses as compared to either Anc80-L65 (see Figure 11A),
AAV449 (see Figure 11B), or AAVS (see Figure 11C and Figure 6).

Example 8: Comparison of optimized TCUs with previously known, cone-specific
promoters

To compare the expression level of the TCUs disclosed herein with one of the strongest
cone-specific promoters available (1.7L), human embryoid bodies (hEBs) of 17-19 weeks of age
were transduced with AAV vector AAVShH10 expressing eGFP under control of hG1.4(M8),
hG1.7(M8) or P1.7L, respectively, and collected 2 weeks later (n= 6-8 for each promoter).
Following dissociation, cells were analysed for relative median fluorescence intensity (MFI) in
GFP positive cells. The relative MFI in the hEBs transduced with the different vectors was
assessed by flow cytometry and calculated as ratio to MFI in the EBs transduced with AAV
ShH10-1.7L-eGFP. As shown in Figure 12A, the construct hG1.7 provides an approximately
50% increase in GFP expression as compared to the previously known promoter 1.7L.

Additionally, an AAV2/8 vector driving hCNGA3 from the hCAR (human cone arrestin)
promoter in CNGA3 knockout mice was tested. Photopic responses rescue did not exceed 30% of
wild-type levels (Figure 12B).

It has been reported that an AAV2/5(Y719F) vector and a mouse blue cone opsin
promoter can be used to rescue CNGA3 knockout mice. In that study, photopic ERG amplitudes

reached 30% of wild-type when injected at P12 and assessed 10 weeks post treatment
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(Michalakis et al., 2010). Recently an AAVS vector and a 2.1 kb red opsin promoter has been
used to rescue CNGA3-deficient sheep. In this study, there was a doubling of cone flicker ERG
when compared to untreated (Banin et al, 2015). However, both these promoters are known to
function only in a subset of human cones (blue cone opsin promoter is active only in blue cones
and the 2.1 red opsin promoter active in only red cones).

A study using a AAV2/5 vector with a CBA promoter to express murine CNGA3 in
CNGA3 knockout mice by the Hauswirth lab showed rescue of up to 70% of wild type ERG cone
b-wave amplitudes when mice were treated very early on (P14 assessed 3 weeks post treatment —
viral titre 1E13) (Pang et al., 2012). The inventors achieved similar efficacy in rescuing photopic
vision treating the same animal model later in life (1 month — viral titre 7E12). While
Achromatopsia in humans is a stationary disorder, the CNGA3 mouse model suffers from cone
cell death within the first month indicating that earlier treatment is beneficial. The non-specific
CBA promoter is unlikely to be used in a CNGA3 trial, but supports the inventors’ contention

that high levels of CNGA3 expression is important for optimal rescue.
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Sequence Information

SEQ ID NO:1 - 1.2 kb fragment of the M/L opsin Locus Control Region (LCR)

TAGGAATAGAAGGGTGGGTGCAGGAGGCTGAGGGGTGGCGAAAGGGCATGGGTGTTTCATGAGGACAGAGCTTCCGT
TTCATGCAATGAAAAGAGTTTGGAGACGGATGGTGGTGACTGGACTATACACTTACACACGGTAGCGATGGTACACT
TTGTATTATGTATATTTTACCACGATCTTTTTAAAGTGTCAAAGGCAAATGGCCAAATGGTTCCTTGTCCTATAGCT
GTAGCAGCCATCGGCTGTTAGTGACAAAGCCCCTGAGTCAAGATGACAGCAGCCCCCATAACTCCTAATCGGCTCTC
CCGCGTGGAGTCATTTAGGAGTAGTCGCATTAGAGACAAGTCCAACATCTAATCTTCCACCCTGGCCAGGGCCCCAG
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CTGGCAGCGAGGGTGGGAGACTCCGGGCAGAGCAGAGGGCGCTGACATTGGGGCCCGGCCTGGCTTGGGTCCCTCTG
GCCTTTCCCCAGGGGCCCTCTTTCCTTGGGGCTTTCTTGGGCCGCCACTGCTCCCGCTCCTCTCCCCCCATCCCACC
CCCTCACCCCCTCGTTCTTCATATCCTTCTCTAGTGCTCCCTCCACTTTCATCCACCCTTCTGCAAGAGTGTGGGAC
CACAAATGAGTTTTCACCTGGCCTGGGGACACACGTGCCCCCACAGGTGCTGAGTGACTTTCTAGGACAGTAATCTG
CTTTAGGCTAAAATGGGACTTGATCTTCTGTTAGCCCTAATCATCAATTAGCAGAGCCGGTGAAGGTGCAGAACCTA
CCGCCTTTCCAGGCCTCCTCCCACCTCTGCCACCTCCACTCTCCTTCCTGGGATGTGGGGGCTGGCACACGTGTGGC
CCAGGGCATTGGTGGGATTGCACTGAGCTGGGTCATTAGCGTAATCCTGGACAAGGGCAGACAGGGCGAGCGGAGGG
CCAGCTCCGGGGCTCAGGCAAGGCTGGGGGCTTCCCCCAGACACCCCACTCCTCCTCTGCTGGACCCCCACTTCATA
GGGCACTTCGTGTTCTCAAAGGGCTTCCAAATAGCATGGTGGCCTTGGATGCCCAGGGAAGCCTCAGAGTTGCTTAT
CTCCCTCTAGACAGAAGGGGAATCTCGGTCAAGAGGGAGAGGTCGCCCTGTTCAAGGCCACCCAGCCAGCTCATGGC
GGTAATGGGACAAGGCTGGCCAGCCATCCCACCCTCAGAAGGGACCCGGTGGGGCAGGTGATCTCAGAGGAGGCTCA
CTTCTGGGTCTCACATTCTTG

SEQ ID NO:2- 2.0 kb M opsin promoter fragment, S00 bp fragment of SEQ ID NO:3

underlined, UTR in italics with no M8 sequence

TAAAAAGCAAGTCTTGCCAGGGCAGTGGTGTGCACCTGTGGTCCCAGCTACTCAGGATGCTGAGGCAGGAGGATTAC
TTGTGCCCAGCAAGTAGAGGCTGCAGTGACCTGTGACTGTGCTACTGCCCTCCAACCTGGGTGACAGAGTGAGACCT
TGTCTCAAAAAAARARAAGAGCGGGGGEEGEEGEGGCCEEGCCGGECGTGGTGGCTCACAGCTGTAATCCCAGCACTTTGG
GAAGCCAAGGCGGGTGGATCACTTGAGGT CAGGAGTTTGAGACCATCATGGTCAACACTGCGAAACACTGTCCCTAC
TAAAAATACAAAAATTAGCCGGGCATGGTGGCACACACCTGTAATCCCAGCTACTGGGGAGGCTGAGGCAGGAGAAT
TGCTTGAGCCGGGGAGACGGAGGTTGCAGTGAGCCGAGACTGCGCCACTGCACTCCAGCCTGACTGACAAGAGTGAG
ATTGTCTCAAAAAAAAAAAAAAAGTAATCACTAGAAAAGAAGCTACATATGTACATAACATCCAAATAACCAAGAGG
AGAAAAAAATGGGACTTGATTAATCAAAACAAAAACAAAAAAGAAAGAAAGAAAGGGGGAGAAAATARAAACAAGGGC
TGGGTGTGCTGGCTCATGCCTGTAATCCCAGCACTTTGGAAGCCAAGGTGGGTGGATCTCTTGAGCTCAGGAGGTCA
AGACCAGCCTGGGCAACATGGCGAAACCCCGTCTCTATTAAAAAAAAAATTAATACAACAATTATCCTGGAGTGGTG
GTGCACACCTGTAGTCCCAGCTACCCAGGACGCTGAGACGGGAGGATCGCTTGATCCCGGGGATGTCGAGGCTGCCG
TGATCGCACCACTGCCCTCCAGCCAGGGTGGCAGACTGAGACCCCATCTCAAAAAATAAATAAATAARAAGCAAACARA
GAAAAAAAAAGGCTTGAAACATATCTGATAGATAAAGGGCTAATCAACACAATATATAAAGAACTGCAAATCAGTAA
ACTAAGAGCAAATAACCCAATATAAAGACATTAAAGGGTAGCCACGGACATCTCAGACGACGAAAAACAARAAGACAG
TAAACGTATAATAAAACATGTAATTGCAAGGTGATCCGGGAATAGTAAGCGAAAAGCAACAATTAAATACTATTTTC
TCATCCACCAGAACGCCAAAAATTAAAAAGCCTAACAATGTCCAGGGCTGGCGAGAATGTGGCAGAAGGTGATGTCA
CATACCCTGCAAGTGGGAATCTAAACAGATTCAGGGTTTTGGTTTTTTTTTAATCGCAATTAGGTGGCCTGTTAAAT
TTTTTTTCTTGAGACAGAGTTTTGCTCTTGTTGCCCAGGCTGGAGTGCAATGGCTCGATCTTGGCTCACCGCAACCT
CGACCTCCCAGGTACAAGCGATTCTCCTGTCTCAGCCTCCCAAGTAGCTGGGAGTACAGGTATTTGCCACTAAGCCC
AGCTAATTGTTTTTTATTTAGTAGAAACGGGGTTTCACCATGTTAGTCAGGCTGGTCGGGAACTCCTGACCTCAGGA
GATCTACCCGCCTTGGCCTCCCAAAGTGCTGGGATTACAGGCGTGTGCCACTGTGCCCAGCCACTTTTTTTTAGACA
GAGTCTTGGTCTGTTGCCCAGGCTAGAGTTCAGTGGCGCCATCTCAGCTCACTGCAACCTCCGCCTCCCAGATTCAA
GCGATTCTCCTGCCTCGACCTCCCAGTAGCTGGGATTACAGGTTTCCAGCAAATCCCTCTGAGCCGCCCCCGGEGGL
TCGCCTCAGGAGCAAGGAAGCAAGGGGTGGGAGGAGGAGGTCTAAGTCCCAGGCCCAATTAAGAGATCAGATGGTGT
AGGATTTGGGAGCTTTTAAGGT GAAGAGGCCCGGGCTGATCCCACTGGCCGGTATAAAGCACCGTGACCCTCAGGTG
ACGCACCAGGGCCGEGCTGCCGTCGGGEGACAGGGCTTTCCATAGCC

SEQ ID NO:3- 500 bp M opsin fragment, UTR in italics, M8 mutation underlined

ACAGGTATTTGCCACTAAGCCCAGCTAATTGTTTTTTATTTAGTAGAAACGGGGTTTCACCATGTTAGTCAGGCTGG
TCGGGAACTCCTGACCTCAGGAGATCTACCCGCCTTGGCCTCCCAAAGTGCTGGGATTACAGGCGTGTGCCACTGTG
CCCAGCCACTTTTTTTTAGACAGAGTCTTGGTCTGTTGCCCAGGCTAGAGTTCAGTGGCGCCATCTCAGCTCACTGC
AACCTCCGCCTCCCAGATTCAAGCGATTCTCCTGCCTCGACCTCCCAGTAGCTGGGATTACAGGTTTCCAGCAAATC
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CCTCTGAGCCGCCCCCGGGGGCTCGCCTCAGGAGCAAGGAAGCAAGGGGTGGGAGGAGGAGGTCTAAGTCCCAGGCC
CAATTAAGAGATCAGATGGTGTAGGATTTGGGAGCTTTTAAGGTGAAGAGGCCCGGGCTGATCCCACTGGCCGGTAT
ARAAGCACCGTGACCCTCAGGTGACGCACCATCTAGAGCTGCCGTCGGGGACAGGGCTTTCCATAGCC

SEQ ID NO:4 - variant of hG1.7(M8) construct, 1.2 kb M/L opsin LCR fragment, S00 bp

M opsin fragment, UTR in italics, M8 mutation underlined

TAGGAATAGAAGGGTGGGTGCAGGAGGCTGAGGGGTGGCGAAAGGGCATGGGTGTTTCATGAGGACAGAGCTTCCGT
TTCATGCAATGAAAAGAGTTTGGAGACGGATGGTGGTGACTGGACTATACACTTACACACGGTAGCGATGGTACACT
TTGTATTATGTATATTTTACCACGATCTTTTTAAAGTGTCAAAGGCAAATGGCCAAATGGTTCCTTGTCCTATAGCT
GTAGCAGCCATCGGCTGTTAGTGACAAAGCCCCTGAGTCAAGATGACAGCAGCCCCCATAACTCCTAATCGGCTCTC
CCGCGTGGAGTCATTTAGGAGTAGTCGCATTAGAGACAAGTCCAACATCTAATCTTCCACCCTGGCCAGGGCCCCAG
CTGGCAGCGAGGGTGGGAGACTCCGGGCAGAGCAGAGGGCGCTGACATTGGGGCCCGGCCTGGCTTGGGTCCCTCTG
GCCTTTCCCCAGGGGCCCTCTTTCCTTGGGGCTTTCTTGGGCCGCCACTGCTCCCGCTCCTCTCCCCCCATCCCACC
CCCTCACCCCCTCGTTCTTCATATCCTTCTCTAGTGCTCCCTCCACTTTCATCCACCCTTCTGCAAGAGTGTGGGAC
CACAAATGAGTTTTCACCTGGCCTGGGGACACACGTGCCCCCACAGGTGCTGAGTGACTTTCTAGGACAGTAATCTG
CTTTAGGCTAAAATGGGACTTGATCTTCTGTTAGCCCTAATCATCAATTAGCAGAGCCGGTGAAGGTGCAGAACCTA
CCGCCTTTCCAGGCCTCCTCCCACCTCTGCCACCTCCACTCTCCTTCCTGGGATGTGGGGGCTGGCACACGTGTGGC
CCAGGGCATTGGTGGGATTGCACTGAGCTGGGTCATTAGCGTAATCCTGGACAAGGGCAGACAGGGCGAGCGGAGGG
CCAGCTCCGGGGCTCAGGCAAGGCTGGGGGCTTCCCCCAGACACCCCACTCCTCCTCTGCTGGACCCCCACTTCATA
GGGCACTTCGTGTTCTCAAAGGGCTTCCAAATAGCATGGTGGCCTTGGATGCCCAGGGAAGCCTCAGAGTTGCTTAT
CTCCCTCTAGACAGAAGGGGAATCTCGGTCAAGAGGGAGAGGTCGCCCTGTTCAAGGCCACCCAGCCAGCTCATGGC
GGTAATGGGACAAGGCTGGCCAGCCATCCCACCCTCAGAAGGGACCCGGTGGGGCAGGTGATCTCAGAGGAGGCTCA
CTTCTGGGTCTCACATTCTTGACAGGTATTTGCCACTAAGCCCAGCTAATTGTTTTTTATTTAGTAGAAACGGGGTT
TCACCATGTTAGTCAGGCTGGTCGGGAACTCCTGACCTCAGGAGATCTACCCGCCTTGGCCTCCCAAAGTGCTGGGA
TTACAGGCGTGTGCCACTGTGCCCAGCCACTTTTTTTTAGACAGAGTCTTGGTCTGTTGCCCAGGCTAGAGTTCAGT
GGCGCCATCTCAGCTCACTGCAACCTCCGCCTCCCAGATTCAAGCGATTCTCCTGCCTCGACCTCCCAGTAGCTGGG
ATTACAGGTTTCCAGCAAATCCCTCTGAGCCGCCCCCGGGGGCTCGCCTCAGGAGCAAGGAAGCAAGGGGTGGGAGG
AGGAGGTCTAAGTCCCAGGCCCAATTAAGAGATCAGATGGTGTAGGATTTGGGAGCTTTTAAGGTGAAGAGGCCCGG
GCTGATCCCACTGGCCGGTATAAAGCACCGTGACCCTCAGGTGACGCACCATCTAGAGCTGCCGTCGGGGACAGGGC
TTTCCATAGCC

SEQ ID NO:5 - 200 bp M opsin fragment, UTR in italics, M8 mutation underlined

GATCGATTACAGGTTTCCAGCAAATCCCTCTGAGCCGCCCCCGGGGGCTCGCCTCAGGAGCAAGGAAGCAAGGGGTG
GGAGGAGGAGGTCTAAGTCCCAGGCCCAATTAAGAGAT CAGATGGTGTAGGATTTGGGAGCTTTTAAGGTGAAGAGG
CCCGGGCTGATCCCACTGGCCGGTATAAAGCACCGTGACCCTCAGGTGACGCACCATCTAGAGCTGCCGTCGGGGALC
AGGGCTTTCCATAGCC

SEQ ID NO:6 - hG1.4(M8) construct: 1.2 kb M/L opsin LCR fragment, 200bp M opsin

fragment, UTR in italics, M8 mutation underlined

TAGGAATAGAAGGGTGGGTGCAGGAGGCTGAGGGGTGGCGAAAGGGCATGGGTGTTTCATGAGGACAGAGCTTCCGT
TTCATGCAATGAAAAGAGTTTGGAGACGGATGGTGGTGACTGGACTATACACTTACACACGGTAGCGATGGTACACT
TTGTATTATGTATATTTTACCACGATCTTTTTAAAGTGTCAAAGGCAAATGGCCAAATGGTTCCTTGTCCTATAGCT
GTAGCAGCCATCGGCTGTTAGTGACAAAGCCCCTGAGTCAAGATGACAGCAGCCCCCATAACTCCTAATCGGCTCTC
CCGCGTGGAGTCATTTAGGAGTAGTCGCATTAGAGACAAGTCCAACATCTAATCTTCCACCCTGGCCAGGGCCCCAG
CTGGCAGCGAGGGTGGGAGACTCCGGGCAGAGCAGAGGGCGCTGACATTGGGGCCCGGCCTGGCTTGGGTCCCTCTG
GCCTTTCCCCAGGGGCCCTCTTTCCTTGGGGCTTTCTTGGGCCGCCACTGCTCCCGCTCCTCTCCCCCCATCCCACC
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CCCTCACCCCCTCGTTCTTCATATCCTTCTCTAGTGCTCCCTCCACTTTCATCCACCCTTCTGCAAGAGTGTGGGAC
CACAAATGAGTTTTCACCTGGCCTGGGGACACACGTGCCCCCACAGGTGCTGAGTGACTTTCTAGGACAGTAATCTG
CTTTAGGCTAAAATGGGACTTGATCTTCTGTTAGCCCTAATCATCAATTAGCAGAGCCGGTGAAGGTGCAGAACCTA
CCGCCTTTCCAGGCCTCCTCCCACCTCTGCCACCTCCACTCTCCTTCCTGGGATGTGGGGGCTGGCACACGTGTGGC
CCAGGGCATTGGTGGGATTGCACTGAGCTGGGTCATTAGCGTAATCCTGGACAAGGGCAGACAGGGCGAGCGGAGGG
CCAGCTCCGGGGCTCAGGCAAGGCTGGGGGCTTCCCCCAGACACCCCACTCCTCCTCTGCTGGACCCCCACTTCATA
GGGCACTTCGTGTTCTCAAAGGGCTTCCAAATAGCATGGTGGCCTTGGATGCCCAGGGAAGCCTCAGAGTTGCTTAT
CTCCCTCTAGACAGAAGGGGAATCTCGGTCAAGAGGGAGAGGTCGCCCTGTTCAAGGCCACCCAGCCAGCTCATGGC
GGTAATGGGACAAGGCTGGCCAGCCATCCCACCCTCAGAAGGGACCCGGTGGGGCAGGTGATCTCAGAGGAGGCTCA
CTTCTGGGTCTCACATTCTTGGATCGATTACAGGTTTCCAGCAAATCCCTCTGAGCCGCCCCCGGGGGCTCGCCTCA
GGAGCAAGGAAGCAAGGGGTGGGAGGAGGAGGT CTAAGTCCCAGGCCCAATTAAGAGAT CAGATGGTGTAGGATTTG
GGAGCTTTTAAGGTGAAGAGGCCCGGGCTGATCCCACTGGCCGGTATAAAGCACCGTGACCCTCAGGTGACGCACCA
TCTAGAGCTGCCGTCGGGGACAGGGCTTTCCATAGCC

SEQ ID NO:7- non-codon optimised CNGA3 cDNA

ATGGCCAAGATCAACACCCAATACTCCCACCCCTCCAGGACCCACCTCAAGGTAAAGACCTCAGACCGAGATCTCAA
TCGCGCTGAAAATGGCCTCAGCAGAGCCCACTCGTCAAGTGAGGAGACATCGTCAGTGCTGCAGCCGGGGATCGCCA
TGGAGACCAGAGGACTGGCTGACTCCGGGCAGGGCTCCTTCACCGGCCAGGGGATCGCCAGGCTGTCGCGCCTCATC
TTCTTGCTGCGCAGGTGGGCTGCCAGGCATGTGCACCACCAGGACCAGGGACCGGACTCTTTTCCTGATCGTTTCCG
TGGAGCCGAGCTTAAGGAGGTGTCCAGCCAAGAAAGCAATGCCCAGGCAAATGTGGGCAGCCAGGAGCCAGCAGACA
GAGGGAGAAGCGCCTGGCCCCTGGCCAAATGCAACACTAACACCAGCAACAACACGGAGGAGGAGAAGAAGACGAAA
AAGAAGGATGCGATCGTGGTGGACCCGTCCAGCAACCTGTACTACCGCTGGCTGACCGCCATCGCCCTGCCTGTCTT
CTATAACTGGTATCTGCTTATTTGCAGGGCCTGTTTCGATGAGCTGCAGTCCGAGTACCTGATGCTGTGGCTGGTCC
TGGACTACTCGGCAGATGTCCTGTATGTCTTGGATGTGCTTGTACGAGCTCGGACAGGTTTTCTCGAGCAAGGCTTA
ATGGTCAGTGATACCAACAGGCTGTGGCAGCATTACAAGACGACCACGCAGTTCAAGCTGGATGTGTTGTCCCTGGT
CCCCACCGACCTGGCTTACTTAAAGGTGGGCACAAACTACCCAGAAGTGAGGTTCAACCGCCTACTGAAGTTTTCCC
GGCTCTTTGAATTCTTTGACCGCACAGAGACAAGGACCAACTACCCCAATATGTTCAGGATTGGGAACTTGGTCTTG
TACATTCTCATCATCATCCACTGGAATGCCTGCATCTACTTTGCCATTTCCAAGTTCATTGGTTTTGGGACAGACTC
CTGGGTCTACCCAAACATCTCAATCCCAGAGCATGGGCGCCTCTCCAGGAAGTACATTTACAGTCTCTACTGGTCCA
CCTTGACCCTTACCACCATTGGTGAGACCCCACCCCCCGTGAAAGATGAGGAGTATCTCTTTGTGGTCGTAGACTTC
TTGGTGGGTGTTCTGATTTTTGCCACCATTGTGGGCAATGTGGGCTCCATGATCTCGAATATGAATGCCTCACGGGC
AGAGTTCCAGGCCAAGATTGATTCCATCAAGCAGTACATGCAGTTCCGCAAGGTCACCAAGGACTTGGAGACGCGGG
TTATCCGGTGGTTTGACTACCTGTGGGCCAACAAGAAGACGGTGGAT GAGAAGGAGGTGCTCAAGAGCCTCCCAGAC
AAGCTGAAGGCTGAGATCGCCATCAACGTGCACCTGGACACGCTGAAGAAGGTTCGCATCTTCCAGGACTGTGAGGC
AGGGCTGCTGGTGGAGCTGGTGCTGAAGCTGCGACCCACTGTGTTCAGCCCTGGGGATTATATCTGCAAGAAGGGAG
ATATTGGGAAGGAGATGTACATCATCAACGAGGGCAAGCTGGCCGTGGTGGCTGATGATGGGGTCACCCAGTTCGTG
GTCCTCAGCGATGGCAGCTACTTCGGGGAGAT CAGCATTCTGAACATCAAGGGGAGCAAGTCGGGGAACCGCAGGAL
GGCCAACATCCGCAGCATTGGCTACTCAGACCTGTTCTGCCTCTCAAAGGACGATCTCATGGAGGCCCTCACCGAGT
ACCCCGAAGCCAAGAAGGCCCTGGAGGAGAAAGGACGGCAGATCCTGATGAAAGACAACCTGATCGATGAGGAGCTG
GCCAGGGCGGGCGCGGACCCCAAGGACCTTGAGGAGAAAGTGGAGCAGCTGGGGTCCTCCCTGGACACCCTGCAGAL
CAGGTTTGCACGCCTCCTGGCTGAGTACAACGCCACCCAGATGAAGATGAAGCAGCGTCTCAGCCAACTGGAAAGCC
AGGTGAAGGGTGGTGGGGACAAGCCCCTGGCTGATGGGGAAGTTCCCGGGGATGCTACAAAAACAGAGGACAAACAA
CAGTGA

SEQ ID NO:8 - codon-optimised CNGA3 cDNA

ATGGCAAAAATCAATACCCAGTACAGCCACCCCTCACGAACTCACCTGAAAGTCAAAACAAGCGATAGAGACCTGAA
CAGAGCCGAGAACGGCCTGTCCAGGGCCCACAGCTCCTCTGAGGAAACTAGTTCAGTGCTGCAGCCTGGAATCGCTA
TGGAGACCAGAGGGCTGGCTGACTCTGGCCAAGGAAGTTTCACAGGGCAGGGCATCGCCAGGCTGTCTAGACTGATT
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TTTCTGCTGAGGAGATGGGCCGCTAGGCATGTGCACCATCAGGACCAGGGACCCGATAGTTTCCCTGAC
AGGTTCAGGGGGGCCGAACTGAAGGAGGTCAGCTCCCAGGAATCTAACGCACAGGCCAATGTGGGCAGTCAGGAGCC
CGCTGATAGAGGACGGTCCGCATGGCCTCTGGCCAAGTGCAACACTAATACCTCTAACAATACAGAGGAAGAGAAGA
AAACTAAGAAAAAGGATGCCATCGTGGTCGACCCTTCTAGTAACCTGTACTATAGGTGGCTGACAGCTATCGCACTG
CCAGTGTTCTACAATTGGTATCTGCTGATTTGCAGAGCTTGTTTTGACGAACTGCAGAGTGAGTATCTG
ATGCTGTGGCTGGTGCTGGATTACT CAGCAGACGTGCTGTATGTGCTGGATGTCCTGGTGCGCGCACGAACTGGGTT
CCTGGAGCAGGGCCTGATGGTGAGCGACACCAACAGACTGTGGCAGCACTACAAAACCACAACTCAGTTTAAGCTGG
ATGTCCTGTCCCTGGTGCCAACCGACCTGGCCTACCTGAAAGTCGGCACAAACTATCCCGAGGTGCGGTTCAATCGC
CTGCTGAAGTTCTCTCGGCTGTTTGAGTTCTTCGATAGGACAGAGACTAGAACCAACTACCCAAATATG
TTCCGCATCGGCAACCTGGTGCTGTATATTCTGATCATTATCCACTGGAATGCTTGTATCTACTTTGCAATCAGCAA
GTTCATTGGATTTGGGACCGACAGCTGGGTGTATCCAAACATTTCCATCCCCGAACATGGACGACTGAGCAGGAAGT
ACATCTATTCACTGTACTGGAGCACACTGACTCTGACCACAATTGGGGAGACCCCCCCTCCAGTGAAGGATGAAGAG
TACCTGTTCGTGGTCGTGGACTTTCTGGTCGGCGTGCTGATCTTCGCAACAATTGTCGGCAATGTGGGA
AGTATGATCTCAAACATGAATGCCTCACGAGCTGAGTTCCAGGCTAAAATTGACAGCATCAAGCAGTATATGCAGTT
TAGAAAAGTCACTAAGGATCTGGAGACCAGAGTGATCCGGTGGTTTGACTACCTGTGGGCCAACAAAAAGACAGTCG
ATGAAAAAGAGGTGCTGAAGAGCCTGCCCGACAAACTGAAGGCAGAGATTGCCATCAATGTCCATCTGGATACTCTG
AAAAAGGTGCGGATCTTCCAGGACTGCGAAGCAGGACTGCTGGTCGAGCTGGTGCTGAAGCTGCGCCCT
ACCGTGTTTAGCCCAGGCGATTATATCTGTAAAAAGGGGGACATTGGCAAAGAAATGTACATTATCAACGAGGGGAA
GCTGGCTGTCGTGGCAGACGATGGCGTGACCCAGTTCGTCGTGCTGAGCGATGGCAGCTATTTTGGGGAAATTTCCA
TCCTGAATATCAAAGGCTCCAAGTCTGGAAACCGGCGCACAGCTAATATTCGGTCCATCGGATATTCTGACCTGTTC
TGCCTGTCTAAGGACGATCTGATGGAGGCACTGACTGAATACCCCGAGGCCAAARAAGGCTCTGGAAGAG
AAAGGCCGGCAGATCCTGATGAAGGATAACCTGATTGACGAAGAGCTGGCACGAGCTGGAGCAGACCCTAAAGATCT
GGAAGAGAAGGTGGAGCAGCTGGGATCAAGCCTGGATACCCTGCAGACACGCTTCGCTCGACTGCTGGCAGAATACA
ATGCCACCCAGATGAAAATGAAGCAGCGCCTGAGTCAGCTGGAGTCACAGGTGAAAGGCGGAGGGGACAAGCCCCTG
GCAGATGGCGAAGTCCCTGGCGACGCTACAAAAACAGAAGATAAACAGCAGTAA

SEQ ID NO:9 - PDE6C ¢cDNA, NM_006204.3

ATGGGTGAGATCAACCAAGTTGCCGTGGAGAAATACCT GGAGGAGAACCCTCAGTTTGCCAAGGAGTACTTTGACAG
GAAGTTGCGGGTGGAGGTGCTGGGAGAAATCTTCAAGAACAGCCAGGTGCCAGTCCAGTCCAGCATGTCCTTCTCTG
AGCTGACCCAGGTGGAGGAGTCAGCCCTGTGCTTGGAGCTGCTGTGGACCGTGCAGGAGGAGGGGGGCACCCCAGAG
CAGGGGGTTCACAGGGCCCTGCAGAGGCTGGCCCACCTGCTCCAGGCTGACCGCTGCAGCATGTTCCTGTGCCGGTC
CCGGAACGGCATACCTGAGGTGGCCTCTAGGTTGCTGGATGTCACCCCCACCTCCAAGTTTGAGGACAACCTGGTGG
GCCCTGACAAAGAAGTTGTGTTTCCATTGGACATTGGGATAGTGGGTTGGGCTGCTCACACGAAGAAAACT CATAAT
GTCCCAGATGTGAAAAAGAACAGCCATTTTTCTGACTTCATGGACAAGCAAACTGGGTATGTCACTAAGAACCTGCT
GGCAACCCCGATCGTGGTGGGCAAGGAGGTTCTTGCTGTGATCATGGCAGTTAACAAAGTAAATGCATCTGAATTTT
CCAAACAGGATGAAGAGGTCTTTTCCAAATACCTCAACTTTGTGTCTATCATCCTAAGGCTTCATCACACCAGCTAC
ATGTACAATATTGAATCCCGAAGAAGCCAGATCCTTATGTGGTCAGCCAATAAAGTATTTGAAGAACTCACAGATGT
TGAGCGACAGTTTCACAAAGCGCTCTACACGGTTAGATCATATCTGAACTGTGAACGATACTCCATTGGACTGCT GG
ACATGACCAAGGAGAAGGAATTCTACGATGAATGGCCAATCAAGCTTGGAGAAGTAGAGCCTTATAAAGGTCCAAAG
ACACCTGATGGCAGGGAAGTCAACTTTTATAAAATCATTGATTACATTTTACATGGAAAAGAAGAGATCAAAGTGAT
TCCGACGCCTCCTGCAGACCACTGGACACTCATTAGTGGGTTGCCAACATATGTTGCTGAAAATGGATTTATCTGTA
ACATGATGAATGCCCCTGCGGATGAATACTTCACATTTCAGAAAGGACCTGTAGACGAAACTGGTTGGGTCATTAAG
AATGTTTTGTCCCTGCCTATTGTCAACAAGAAAGAAGATATTGTGGGAGTGGCTACATTTTACAACAGGAAGGATGG
AAAACCTTTCGATGAGCATGATGAATACATTACCGAGACTCTCACACAATTTCTTGGATGGTCTCTTTTAAATACTG
ACACCTACGATAAGATGAATAAGCTAGAAAACAGAAAGGACATTGCTCAGGAAATGCTCATGAACCAAACCAAAGCC
ACTCCTGAAGAAATTAAGTCCATTTTGAAATTTCAAGAGAAGTTAAATGTTGATGTAATTGACGACTGTGAAGAAAA
ACAACTTGTTGCAATTTTGAAAGAGGACTTGCCAGACCCACGCTCAGCAGAACTGTACGAATTCCGCTTCAGTGACT
TCCCCCTTACAGAGCACGGATTGATTAAATGTGGAATACGACTGTTTTTTGAAATAAATGTGGTGGAGAAATTCAAA
GTACCTGTAGAGGTTCTTACCAGATGGATGTACACTGTGAGGAAAGGGTACCGAGCTGTCACTTACCACAATTGGCG
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GCATGGGTTCAACGTGGGGCAGACCATGTTTACTTTGCTGATGACAGGAAGATTAAAGAAGTACTACACAGATCTCG
AAGCCTTTGCCATGCTTGCTGCTGCTTTCTGCCATGATATTGACCACAGAGGCACCAATAATTTGTACCAGATGAAA
TCCACGTCTCCATTAGCAAGACTTCATGGTTCTTCTATTTTGGAGAGGCACCACCTGGAGTACAGTAAGACTCTGTT
GCAGGATGAGAGTTTAAACATCTTCCAGAACCTAAATAAGCGGCAGTTTGAAACAGTTATTCATTTGTTCGAGGTCG
CAATAATAGCAACTGACCTGGCTTTATATTTCAAGAAGAGGACCATGTTTCAAAAAATTGTTGATGCCTGTGAACAA
ATGCAAACGGAAGAAGAAGCCATCAAATATGTAACTGTTGATCCAACCAAGAAAGAGATTATCATGGCAATGATGAT
GACGGCATGTGACTTGTCTGCTATTACCAAGCCCTGGGAGGTGCAAAGT CAGGTAGCACTTATGGTTGCAAATGAAT
TTTGGGAACAAGGAGATCTGGAGAGAACAGTGTTGCAGCAACAACCCATTCCTATGATGGACAGAAACAAAAGAGAT
GAATTACCTAAACTTCAAGTTGGATTTATTGATTTTGTTTGTACTTTTGTATATAAGGAGTTCTCACGGTTTCACAA
AGAAATCACACCTATGCTGAGTGGTCTTCAGAATAACAGAGTAGAATGGAAATCACTAGCTGATGAGTATGATGCAA
AGATGAAGGTCATTGAAGAGGAGGCAAAAAAGCAAGAAGGAGGAGCCGAAAAAGCTGCTGAAGATTCAGGAGGTGGT
GATGACAAAAAGTCCAAAACATGTTTAATGTTGTAA

SEQ ID NO:10 - PDE6H ¢cDNA, NM_006205.2

ATGAGTGACAACACTACTCTGCCTGCTCCAGCTTCAAACCAGGGTCCTACCACCCCACGCAAAGGCCCTCCCAAGTT
CAAGCAGAGGCAGACTCGCCAATTCAAGAGTAAACCTCCAAAGAAAGGTGTGAAAGGATTTGGAGATGACATTCCAG
GAATGGAGGGGCTAGGAACAGATATCACAGTGATTTGTCCATGGGAGGCATTCAGCCACCTGGAATTGCATGAGCTC
GCTCAGTTTGGGATTATCTGA

SEQ ID NO:11 - GNAT2 ¢cDNA, NM_005272.3

ATGGGAAGTGGAGCCAGTGCTGAGGACAAAGAACTGGCCAAGAGGTCCAAGGAGCTAGAAAAGAAGCTGCAGGAGGA
TGCTGATAAGGAAGCCAAGACTGTCAAGCTGCTACTGCTGGGTGCTGGGGAGT CAGGAAAGAGCACCATCGTCAAAC
AGATGAAGATCATTCACCAGGATGGCTATTCACCAGAAGAATGCCTGGAGTTCAAGGCTATCATCTATGGAAATGTG
CTGCAGTCCATCCTGGCTATCATCCGGGCCATGACCACACTGGGCATCGATTATGCTGAACCAAGCTGTGCGGATGA
CGGGCGACAGCTCAACAACCTGGCTGACTCCATTGAGGAGGGAACCATGCCTCCTGAGCTCGTGGAGGTCATTAGGA
GGTTGTGGAAGGATGGTGGGGTGCAAGCCTGCTTCGAGAGAGCTGCAGAATACCAGCTTAATGACTCCGCATCTTAC
TACCTGAACCAATTAGAACGAATTACAGACCCTGAGTACCTCCCTAGTGAGCAAGATGTGCTCCGATCCAGAGTCAA
AACCACGGGCATCATTGAAACCAAGTTTTCCGTCAAAGACTTGAATTTCAGGATGTTTGATGTGGGAGGGCAGAGAT
CCGAGAGAAAGAAGTGGATCCACTGCTTCGAGGGAGTCACCTGCATCATTTTCTGTGCAGCCCTCAGTGCCTATGAT
ATGGTGCTGGTGGAAGATGACGAAGTGAATCGTATGCATGAGTCTTTGCATCTGTTCAACAGCATATGTAACCACAA
ATTCTTTGCGGCTACTTCCATTGTCCTCTTTCTCAACAAGAAGGACCTCTTTGAGGAAAAAATCAAGAAAGTCCATC
TCAGCATTTGTTTTCCAGAGTATGATGGTAACAACTCCTATGATGATGCGGGGAATTACATAAAGAGCCAGTTCCTT
GACCTCAATATGCGAAAAGATGTCAAAGAAAT CTACAGTCACATGACCTGTGCTACAGATACACAGAATGTCAAATT
TGTGTTTGATGCAGTTACAGATATTATCATCAAAGAAAACCTCAAGGACTGCGGCCTCTTCTAA

SEQ ID NO:12 - KCNV2 ¢cDNA, NM_133497.3

ATGCTCAAACAGAGTGAGAGGAGACGGTCCTGGAGCTACAGGCCCTGGAACACGACGGAGAATGAGGGCAGCCAACA
CCGCAGGAGCATTTGCTCCCTGGGTGCCCGTTCCGGCTCCCAGGCCAGCATCCACGGCTGGACAGAGGGCAACTATA
ACTACTACATCGAGGAAGACGAAGACGGCGAGGAGGAGGACCAGTGGAAGGACGACCTGGCAGAAGAGGACCAGCAG
GCAGGGGAGGTCACCACCGCCAAGCCCGAGGGCCCCAGCGACCCTCCGGCCCTGCTGTCCACGCTGAATGTGAACGT
GGGTGGCCACAGCTACCAGCTGGACTACTGCGAGCTGGCCGGCTTCCCCAAGACGCGCCTAGGTCGCCTGGCCACCT
CCACCAGCCGCAGCCGCCAGCTAAGCCTGTGCGACGACTACGAGGAGCAGACAGACGAATACTTCTTCGACCGCGAC
CCGGCCGTCTTCCAGCTGGTCTACAATTTCTACCTGTCCGGGGTGCTGCTGGTGCTCGACGGGCTGTGTCCGCGCCG
CTTCCTGGAGGAGCTGGGCTACTGGGGCGTGCGGCTCAAGTACACGCCACGCTGCTGCCGCATCTGCTTCGAGGAGC
GGCGCGACGAGCTGAGCGAACGGCTCAAGATCCAGCACGAGCTGCGCGCGCAGGCGCAGGTCGAGGAGGCGGAGGAA
CTCTTCCGCGACATGCGCTTCTACGGCCCGCAGCGGCGCCGCCTCTGGAACCTCATGGAGAAGCCATTCTCCTCGGT
GGCCGCCAAGGCCATCGGGGTGGCCTCCAGCACCTTCGTGCTCGTCTCCGTGGTGGCGCTGGCGCTCAACACCGETGG
AGGAGATGCAGCAGCACTCGGGGCAGGGCGAGGGCGGCCCAGACCTGCGGCCCATCCTGGAGCACGTGGAGATGCTG
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TGCATGGGCTTCTTCACGCTCGAGTACCTGCTGCGCCTAGCCTCCACGCCCGACCTGAGGCGCTTCGCGCGCAGCGC
CCTCAACCTGGTGGACCTGGTGGCCATCCTGCCGCTCTACCTTCAGCTGCTGCTCGAGTGCTTCACGGGCGAGGGCC
ACCAACGCGGCCAGACGGTGGGCAGCGTGGGETAAGGTGGGTCAGGTGTTGCGCGTCATGCGCCTCATGCGCATCTTC
CGCATCCTCAAGCTGGCGCGCCACTCCACCGGACTGCGTGCCTTCGGCTTCACGCTGCGCCAGTGCTACCAGCAGGT
GGGCTGCCTGCTGCTCTTCATCGCCATGGGCATCTTCACTTTCTCTGCGGCTGTCTACTCTGTGGAGCACGATGTGC
CCAGCACCAACTTCACTACCATCCCCCACTCCTGGTGGTGGGCCGCGGTGAGCATCTCCACCGTGGGCTACGGAGAL
ATGTACCCAGAGACCCACCTGGGCAGGTTTTTTGCCTTCCTCTGCATTGCTTTTGGGATCATTCTCAACGGGATGCC
CATTTCCATCCTCTACAACAAGTTTTCTGATTACTACAGCAAGCTGAAGGCTTATGAGTATACCACCATACGCAGGG
AGAGGGGAGAGGTGAACTTCATGCAGAGAGCCAGAAAGAAGATAGCTGAGTGTTTGCTTGGAAGCAACCCACAGCTC
ACCCCAAGACAAGAGAATTAG

SEQ ID NO:13 - CACNA2D4 ¢cDNA, NM_172364.4

ATGGTCTGTGGCTGCTCTGCCCTCCTTCCCCTCCCCAACCCCAGGCCCACCATGCCTGCAACTCCCAACTTCCTCGC
AAACCCCAGCTCCAGCAGCCGCTGGATTCCCCTCCAGCCAATGCCCGTGGCCTGGGCCTTTGTGCAGAAGACCTCGG
CCCTCCTGTGGCTGCTGCTTCTAGGCACCTCCCTGTCCCCTGCGTGGGGACAGGCCAAGATTCCTCTGGAAACAGTG
AAGCTATGGGCTGACACCTTCGGCGGGGACCTGTATAACACTGTGACCAAATACTCAGGCTCTCTCTTGCTGCAGAA
GAAGTACAAGGATGTGGAGTCCAGTCTGAAGATCGAGGAGGTGGATGGCTTGGAGCT GGTGAGGAAGTTCTCAGAGG
ACATGGAGAACATGCTGCGGAGGAAAGT CGAGGCGGTCCAGAATCTGGTGGAAGCTGCCGAGGAGGCCGACCTGAAL
CACGAATTCAATGAATCCCTGGTGTTCGACTATTACAACTCGGTCCTGATCAACGAGAGGGACGAGAAGGGCAACTT
CGTGGAGCTGGGCGCCGAGTTCCTCCTGGAGTCCAATGCTCACTTCAGCAACCTGCCGGTGAACACCTCCATCAGCA
GCGTGCAGCTGCCCACCAACGTGTACAACAAAGACCCAGATATTTTAAATGGAGTCTACATGTCTGAAGCCTTGAAT
GCTGTCTTCGTGGAGAACTTCCAGAGAGACCCAACGTTGACCTGGCAATATTTTGGCAGTGCAACTGGATTCTTCAG
GATCTATCCAGGTATAAAATGGACACCTGATGAGAATGGAGTCATTACTTTTGACTGCCGAAACCGCGGCTGGTACA
TTCAAGCTGCTACTTCTCCCAAGGACATAGTGATTTTGGTGGACGTGAGCGGCAGTATGAAGGGGCTGAGGATGACT
ATTGCCAAGCACACCATCACCACCATCTTGGACACCCTGGGGGAGAATGACTTCATTAATATCATAGCGTACAATGA
CTACGTCCATTACATCGAGCCTTGTTTTAAAGGGATCCTCGTCCAGGCGGACCGAGACAATCGAGAGCATTTCAAAC
TGCTGGTGGAGGAGTTGATGGTCAAAGGTGTGGGGGTCGTGGACCAAGCCCTGAGAGAAGCCTTCCAGATCCTGAAG
CAGTTCCAAGAGGCCAAGCAAGGAAGCCTCTGCAACCAGGCCATCATGCTCATCAGCGACGGCGCCGTGGAGGACTA
CGAGCCGGTGTTTGAGAAGTATAACTGGCCAGACTGTAAGGTCCGAGTTTTCACTTACCTCATTGGGAGAGAAGTGT
CTTTTGCTGACCGCATGAAGTGGATTGCATGCAACAACARAAGGCTACTACACGCAGATCTCAACGCTGGCGGACACC
CAGGAGAACGTGATGGAATACCTGCACGTGCTCAGCCGCCCCATGGTCATCAACCACGACCACGACATCATCTGGAC
AGAGGCCTACATGGACAGCAAGCTCCTCAGCTCGCAGGCTCAGAGCCTGACACTGCTCACCACTGTGGCCATGCCAG
TCTTCAGCAAGAAGAACGAAACGCGATCCCATGGCATTCTCCTGGGTGTGGTGGGCTCAGATGTGGCCCTGAGAGAG
CTGATGAAGCTGGCGCCCCGGTACAAGCTTGGAGTGCACGGATACGCCTTTCTGAACACCAACAATGGCTACATCCT
CTCCCATCCCGACCTCCGGCCCCTGTACAGAGAGGGGAAGAAACTAAAACCCAAACCTAACTACAACAGTGTGGATC
TCTCCGAAGTGGAGTGGGAAGACCAGGCTGAATCTCTGAGAACAGCCATGATCAATAGGGAAACAGGTACTCTCTCG
ATGGATGTGAAGGTTCCGATGGATAAAGGGAAGCGAGTTCTTTTCCTGACCAATGACTACTTCTTCACGGACATCAG
CGACACCCCTTTCAGTTTGGGGGTGGTGCTGTCCCGGGGCCACGGAGAATACATCCTTCTGGGGAACACGTCTGTGG
AAGAAGGCCTGCATGACTTGCTTCACCCAGACCTGGCCCTGGCCGGTGACTGGATCTACTGCATCACAGATATTGAC
CCAGACCACCGGAAGCTCAGCCAGCTAGAGGCCATGATCCGCTTCCTCACCAGGAAGGACCCAGACCTGGAGTGTGA
CGAGGAGCTGGTCCGGGAGGTGCTGTTTGACGCGGTGGTGACAGCCCCCATGGAAGCCTACTGGACAGCGCTGGCCC
TCAACATGTCCGAGGAGTCTGAACACGTGGTGGACATGGCCTTCCTGGGCACCCGGGCTGGCCTCCTGAGAAGCAGC
TTGTTCGTGGGCTCCGAGAAGGTCTCCGACAGGAAGTTCCTGACACCTGAGGACGAGGCCAGCGTGTTCACCCTGGA
CCGCTTCCCGCTGTGGTACCGCCAGGCCTCAGAGCATCCTGCTGGCAGCTTCGTCTTCAACCTCCGCTGGGCAGAAG
GACCAGAAAGTGCGGGTGAACCCATGGTGGTGACGGCAAGCACAGCTGTGGCGGTGACCGTGGACAAGAGGACAGCC
ATTGCTGCAGCCGCGGGCGTCCAAATGAAGCTGGAATTCCTCCAGCGCAAATTCTGGGCGGCAACGCGGCAGTGCAG
CACTGTGGATGGGCCGTGCACACAGAGCTGCGAGGACAGTGATCTGGACTGCTTCGTCATCGACAACAACGGGTTCA
TTCTGATCTCCAAGAGGTCCCGAGAGACGGGAAGATTTCTGGGGGAGGTGGATGGTGCTGTCCTGACCCAGCTGCTC
AGCATGGGGGTGTTCAGCCAAGTGACTATGTATGACTATCAGGCCATGTGCAAACCCTCGAGTCACCACCACAGTGC
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AGCCCAGCCCCTGGTCAGCCCAATTTCTGCCTTCTTGACGGCGACCAGGTGGCTGCTGCAGGAGCTGGTGCTGTTCC
TGCTGGAGTGGAGTGTCTGGGGCTCCTGGTACGACAGAGGGGCCGAGGCCAAAAGTGTCTTCCATCACTCCCACAAA
CACAAGAAGCAGGACCCGCTGCAGCCCTGCGACACGGAGTACCCCGTGTTCGTGTACCAGCCGGCCATCCGGGAGGC
CAACGGGATCGTGGAGTGCGGGCCCTGCCAGAAGGTATTTGTGGTGCAGCAGATTCCCAACAGTAACCTCCTCCTCC
TGGTGACAGACCCCACCTGTGACTGCAGCATCTTCCCACCAGTGCTGCAGGAGGCGACAGAAGTCAAATATAATGCC
TCTGTCAAATGTGACCGGATGCGCTCCCAGAAGCTCCGCCGGCGACCAGACTCCTGCCACGCCTTCCATCCAGAGGA
GAATGCCCAGGACTGCGGCGGCGCCTCGGACACCTCAGCCTCGCCGCCCCTACTCCTGCTGCCTGTGTGTGCCT GGG
GGCTACTGCCCCAACTCCTGCGGTGA

SEQ ID NO:14 - CNGB3 ¢cDNA, NM_019098.4

ATGTTTAAATCGCTGACAAAAGTCAACAAGGTGAAGCCTATAGGAGAGAACAATGAGAATGAACAAAGTTCTCGTCG
GAATGAAGAAGGCTCTCACCCAAGTAATCAGTCTCAGCAAACCACAGCACAGGAAGAAAACAAAGGTGAAGAGAAAT
CTCTCAAAACCAAGTCAACTCCAGTCACGTCTGAAGAGCCACACACCAACATACAAGACAAACTCTCCAAGAAARAAT
TCCTCTGGAGATCTGACCACAAACCCTGACCCTCAAAATGCAGCAGAACCAACTGGAACAGTGCCAGAGCAGAAGGA
AATGGACCCCGGGAAAGAAGGTCCAAACAGCCCACAAAACAAACCGCCTGCAGCTCCTGTTATAAATGAGTATGCCG
ATGCCCAGCTACACAACCTGGTGAAAAGAATGCGTCAAAGAACAGCCCTCTACAAGAAAAAGTTGGTAGAGGGAGAT
CTCTCCTCACCCGAAGCCAGCCCACAAACTGCAAAGCCCACGGCTGTACCACCAGTAAAAGAAAGCGATGATAAGCC
AACAGAACATTACTACAGGCTGTTGTGGTTCAAAGT CAAAAAGATGCCTTTAACAGAGTACTTAAAGCGAATTAAAC
TTCCAAACAGCATAGATTCATACACAGATCGACTCTATCTCCTGTGGCTCTTGCTTGTCACTCTTGCCTATAACTGG
AACTGCTGGTTTATACCACTGCGCCTCGTCTTCCCATATCAAACCGCAGACAACATACACTACTGGCTTATTGCGGA
CATCATATGTGATATCATCTACCTTTATGATATGCTATTTATCCAGCCCAGACTCCAGTTTGTAAGAGGAGGAGACA
TAATAGTGGATTCAAATGAGCTAAGGAAACACTACAGGACTTCTCCAAAATTTCAGTTGGATGTCGCATCAATAATA
CCATTTGATATTTGCTACCTCTTCTTTGGGTTTAATCCAATGTTTAGAGCAAATAGGATGTTAAAGTACACTTCATT
TTTTGAATTTAATCATCACCTAGAGTCTATAATGGACAAAGCATATATCTACAGAGTTATTCGAACAACTGGATACT
TGCTGTTTATTCTGCACATTAATGCCTGTGTTTATTACTGGGCTTCAAACTATGAAGGAATTGGCACTACTAGATGG
GTGTATGATGGGGAAGGAAACGAGTATCTGAGATGTTATTATTGGGCAGTTCGAACTTTAATTACCATTGGTGGCCT
ACCAGAACCACAAACTTTATTTGAAATTGTTTTTCAACTCTTGAATTTTTTTTCTGGAGTTTTTGTGTTCTCCAGTT
TAATTGGTCAGATGAGAGATGTGATTGGAGCAGCTACAGCCAATCAGAACTACTTCCGCGCCTGCATGGATGACACC
ATTGCCTACATGAACAATTACTCCATTCCTAAACTTGTGCAAAAGCGAGTTCGGACTTGGTATGAATATACATGGGA
CTCTCAAAGAATGCTAGATGAGTCTGATTTGCTTAAGACCCTACCAACTACGGTCCAGTTAGCCCTCGCCATTGATG
TGAACTTCAGCATCATCAGCAAAGTCGACTTGTTCAAGGGTTGTGATACACAGATGATTTATGACATGTTGCTAAGA
TTGAAATCCGTTCTCTATTTGCCTGGTGACTTTGTCTGCAAAAAGGGAGAAATTGGCAAGGAAATGTATATCATCAA
GCATGGAGAAGTCCAAGTTCTTGGAGGCCCTGATGGTACTAAAGTTCTGGTTACT CTGAAAGCTGGGTCGGTGTTTG
GAGAAATCAGCCTTCTAGCAGCAGGAGGAGGAAACCGTCGAACTGCCAATGTGGTGGCCCACGGGTTTGCCAATCTT
TTAACTCTAGACAAAAAGACCCTCCAAGAAATTCTAGTGCATTATCCAGATTCTGAAAGGATCCTCATGAAGAAAGC
CAGAGTGCTTTTAAAGCAGAAGGCTAAGACCGCAGAAGCAACCCCTCCAAGAAAAGATCTTGCCCTCCTCTTCCCAC
CGAAAGAAGAGACACCCAAACTGTTTAAAACTCTCCTAGGAGGCACAGGAAAAGCAAGTCTTGCAAGACTACTCAAA
TTGAAGCGAGAGCAAGCAGCTCAGAAGAAAGAAAATTCTGAAGGAGGAGAGGAAGAAGGAAAAGAAAAT GAAGATAA
ACAAAAAGAAAATGAAGATAAACAAAAAGAAAATGAAGATAAAGGAAAAGAAAATGAAGATAAAGATAAAGGAAGAG
AGCCAGAAGAGAAGCCACTGGACAGACCTGAATGTACAGCAAGTCCTATTGCAGTGGAGGAAGAACCCCACT CAGTT
AGAAGGACAGTTTTACCCAGAGGGACTTCTCGTCAATCACTCATTATCAGCATGGCTCCTTCTGCTGAGGGCGGAGA
AGAGGTTCTTACTATTGAAGTCAAAGAAAAGGCTAAGCAATAA

SEQ ID NO:15 - hG1.7(M8) construct, 1.2 kb M/L opsin LCR fragment, S00 bp M opsin

fragment, UTR in italics, M8 mutation underlined

TAGGAATAGAAGGGTGGGTGCAGGAGGCTGAGGGGTGGCGAAAGGGCATGGGTGTTTCATGAGGACAGAGCTTCCGT
TTCATGCAATGAAAAGAGTTTGGAGACGGATGGTGGTGACTGGACTATACACTTACACACGGTAGCGATGGTACACT
TTGTATTATGTATATTTTACCACGATCTTTTTAAAGTGTCAAAGGCAAATGGCCAAATGGTTCCTTGTCCTATAGCT
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GTAGCAGCCATCGGCTGTTAGTGACAAAGCCCCTGAGTCAAGATGACAGCAGCCCCCATAACTCCTAATCGGCTCTC
CCGCGTGGAGTCATTTAGGAGTAGTCGCATTAGAGACAAGTCCAACATCTAATCTTCCACCCTGGCCAGGGCCCCAG
CTGGCAGCGAGGGTGGGAGACTCCGGGCAGAGCAGAGGGCGCTGACATTGGGGCCCGGCCTGGCTTGGGTCCCTCTG
GCCTTTCCCCAGGGGCCCTCTTTCCTTGGGGCTTTCTTGGGCCGCCACTGCTCCCGCTCCTCTCCCCCCATCCCACC
CCCTCACCCCCTCGTTCTTCATATCCTTCTCTAGTGCTCCCTCCACTTTCATCCACCCTTCTGCAAGAGTGTGGGAC
CACAAATGAGTTTTCACCTGGCCTGGGGACACACGTGCCCCCACAGGTGCTGAGTGACTTTCTAGGACAGTAATCTG
CTTTAGGCTAAAATGGGACTTGATCTTCTGTTAGCCCTAATCATCAATTAGCAGAGCCGGTGAAGGTGCAGAACCTA
CCGCCTTTCCAGGCCTCCTCCCACCTCTGCCACCTCCACTCTCCTTCCTGGGATGTGGGGGCTGGCACACGTGTGGC
CCAGGGCATTGGTGGGATTGCACTGAGCTGGGTCATTAGCGTAATCCTGGACAAGGGCAGACAGGGCGAGCGGAGGG
CCAGCTCCGGGGCTCAGGCAAGGCTGGGGGCTTCCCCCAGACACCCCACTCCTCCTCTGCTGGACCCCCACTTCATA
GGGCACTTCGTGTTCTCAAAGGGCTTCCAAATAGCATGGTGGCCTTGGATGCCCAGGGAAGCCTCAGAGTTGCTTAT
CTCCCTCTAGACAGAAGGGGAATCTCGGTCAAGAGGGAGAGGTCGCCCTGTTCAAGGCCACCCAGCCAGCTCATGGC
GGTAATGGGACAAGGCTGGCCAGCCATCCCACCCTCAGAAGGGACCCGGTGGGGCAGGTGATCTCAGAGGAGGCTCA
CTTCTGGGTCTCACATTCTTGGATCACAGGTATTTGCCACTAAGCCCAGCTAATTGTTTTTTATTTAGTAGAAACGG
GGTTTCACCATGTTAGTCAGGCTGGTCGGGAACTCCTGACCTCAGGAGATCTACCCGCCTTGGCCTCCCAAAGTGCT
GGGATTACAGGCGTGTGCCACTGTGCCCAGCCACTTTTTTTTAGACAGAGTCTTGGTCTGTTGCCCAGGCTAGAGTT
CAGTGGCGCCATCTCAGCTCACTGCAACCTCCGCCTCCCAGATTCAAGCGATTCTCCTGCCTCGACCTCCCAGTAGC
TGGGATTACAGGTTTCCAGCAAATCCCTCTGAGCCGCCCCCGGGGGECTCGCCTCAGGAGCAAGGAAGCAAGGGGT GG
GAGGAGGAGGTCTAAGTCCCAGGCCCAATTAAGAGATCAGATGGTGTAGGATTTGGGAGCTTTTAAGGTGAAGAGGC
CCGGGCTGATCCCACTGGCCGGTATAAAGCACCGTGACCCTCAGGTGACGCACCATCTAGAGCTGCCGTCGGGGACA
GGGCTTTCCATAGCC

SEQ ID NO:16 — M8 mutation
TCTAGA

SEQ ID NO:17 — SEQ ID NO:2 2- 2.0 kb M opsin promoter fragment, S00 bp fragment of

SEQ ID NO:3 underlined, UTR in italics, M8 mutation underlined

TAAAAAGCAAGTCTTGCCAGGGCAGTGGTGTGCACCTGTGGTCCCAGCTACTCAGGATGCTGAGGCAGGAGGATTAC
TTGTGCCCAGCAAGTAGAGGCTGCAGTGACCTGTGACTGTGCTACTGCCCTCCAACCTGGGTGACAGAGTGAGACCT
TGTCTCAAAAAAARARAAGAGCGGGGGEEGEEGEGGCCEEGCCGGECGTGGTGGCTCACAGCTGTAATCCCAGCACTTTGG
GAAGCCAAGGCGGGTGGATCACTTGAGGT CAGGAGTTTGAGACCATCATGGTCAACACTGCGAAACACTGTCCCTAC
TAAAAATACAAAAATTAGCCGGGCATGGTGGCACACACCTGTAATCCCAGCTACTGGGGAGGCTGAGGCAGGAGAAT
TGCTTGAGCCGGGGAGACGGAGGTTGCAGTGAGCCGAGACTGCGCCACTGCACTCCAGCCTGACTGACAAGAGTGAG
ATTGTCTCAAAAAAAAAAAAAAAGTAATCACTAGAAAAGAAGCTACATATGTACATAACATCCAAATAACCAAGAGG
AGAAAAAAATGGGACTTGATTAATCAAAACAAAAACAAAAAAGAAAGAAAGAAAGGGGGAGAAAATARAAACAAGGGC
TGGGTGTGCTGGCTCATGCCTGTAATCCCAGCACTTTGGAAGCCAAGGTGGGTGGATCTCTTGAGCTCAGGAGGTCA
AGACCAGCCTGGGCAACATGGCGAAACCCCGTCTCTATTAAAAAAAAAATTAATACAACAATTATCCTGGAGTGGTG
GTGCACACCTGTAGTCCCAGCTACCCAGGACGCTGAGACGGGAGGATCGCTTGATCCCGGGGATGTCGAGGCTGCCG
TGATCGCACCACTGCCCTCCAGCCAGGGTGGCAGACTGAGACCCCATCTCAAAAAATAAATAAATAARAAGCAAACARA
GAAAAAAAAAGGCTTGAAACATATCTGATAGATAAAGGGCTAATCAACACAATATATAAAGAACTGCAAATCAGTAA
ACTAAGAGCAAATAACCCAATATAAAGACATTAAAGGGTAGCCACGGACATCTCAGACGACGAAAAACAARAAGACAG
TAAACGTATAATAAAACATGTAATTGCAAGGTGATCCGGGAATAGTAAGCGAAAAGCAACAATTAAATACTATTTTC
TCATCCACCAGAACGCCAAAAATTAAAAAGCCTAACAATGTCCAGGGCTGGCGAGAATGTGGCAGAAGGTGATGTCA
CATACCCTGCAAGTGGGAATCTAAACAGATTCAGGGTTTTGGTTTTTTTTTAATCGCAATTAGGTGGCCTGTTAAAT
TTTTTTTCTTGAGACAGAGTTTTGCTCTTGTTGCCCAGGCTGGAGTGCAATGGCTCGATCTTGGCTCACCGCAACCT
CGACCTCCCAGGTACAAGCGATTCTCCTGTCTCAGCCTCCCAAGTAGCTGGGAGTACAGGTATTTGCCACTAAGCCC
AGCTAATTGTTTTTTATTTAGTAGAAACGGGGTTTCACCATGTTAGTCAGGCTGGTCGGGAACTCCTGACCTCAGGA
GATCTACCCGCCTTGGCCTCCCAAAGTGCTGGGATTACAGGCGTGTGCCACTGTGCCCAGCCACTTTTTTTTAGACA
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GAGTCTTGGTCTGTTGCCCAGGCTAGAGTTCAGTGGCGCCATCTCAGCTCACTGCAACCTCCGCCTCCCAGATTCAA
GCGATTCTCCTGCCTCGACCTCCCAGTAGCTGGGATTACAGGTTTCCAGCAAATCCCTCTGAGCCGCCCCCGGEGGL
TCGCCTCAGGAGCAAGGAAGCAAGGGGTGGGAGGAGGAGGTCTAAGTCCCAGGCCCAATTAAGAGATCAGATGGTGT
AGGATTTGGGAGCTTTTAAGGT GAAGAGGCCCGGGCTGATCCCACTGGCCGGTATAAAGCACCGTGACCCTCAGGTG

ACGCACCATCTAGAGCTGCCGTCGGGGACAGGGCTTTCCATAGCC
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1. A transcriptional control unit (TCU) of up to 2500 nucleotides in length
comprising in a 5’ to 3’ direction:
(a) a Locus Control Region (LCR) comprising

(i) SEQ ID NO 1; or

(i) a sequence having at least 90% sequence identity to said sequence (a)(i); and
(b) a promoter element comprising SEQ ID NO: 16 and

(i) at least the last 200 nucleotides of SEQ ID NO: 17; or

(i) a sequence having at least 90% sequence identity to said sequence (b)(i);

said TCU exhibiting cone photoreceptor-specific promoter activity.

2. The TCU of claim 1, wherein (b) comprises:

(i) at least the last 500 nucleotides of SEQ ID NO: 17, or

(i) a sequence having at least 90% sequence identity to said sequence (i);
said TCU exhibiting cone photoreceptor-specific promoter activity.

3. The TCU of any one of the preceding claims, wherein (b) comprises at least 200
nucleotides of SEQ ID NO: 3.

4. The TCU of any one of the preceding claims, wherein the TCU comprises:
(@) a LCR comprising SEQ ID NO: 1; and
(b) a promoter element comprising SEQ ID NO: 3.

5. The TCU of any one of the preceding claims, wherein (b) comprises a sequence
of at least 10 contiguous nucleotides selected from nucleotides 1 to 35 of SEQ ID NO:3, or
a sequence comprising at least 10 contiguous nucleotides selected from a sequence having
at least 90% sequence identity to nucleotides 1 to 35 of SEQ ID NO:3.

6. The TCU according to any one of the preceding claims, wherein (b) comprises:
(i) SEQ ID NO: 3; or

51



10

15

20

25

30

(ii) a sequence having at least 90% sequence identity to said sequence (i);

said TCU exhibiting cone photoreceptor-specific promoter activity.

7. The TCU of claim 6, wherein the TCU comprises SEQ ID NO: 4.

8. The TCU of claim 6, wherein the TCU comprises SEQ ID NO:15.

9. The TCU of any one of claims 1 to 3, wherein the promoter element comprises
SEQ ID NO: 5.

10. The TCU of claim 9, wherein the TCU comprises SEQ ID NO: 6.

11. An expression construct comprising the TCU of any one of the preceding claims,

operably linked to a sequence to be expressed in a cone photoreceptor-specific manner.

12. The expression construct according to claim 11, wherein the operably linked
sequence is CNGA3, CNGB3, PDE6C, PDE6H, GNAT2, KCNV2 or CACNA2DA4.

13. The expression construct according to claim 12, wherein the operably linked
sequence comprises SEQ ID NO: 7, 8, 9, 10, 11, 12, 13 or 14, or that has at least 80%
sequence identity to SEQ ID NO: 7, 8, 9, 10, 11, 12, 13 or 14 and has the ability to rescue

cone photoreceptor function.
14. The expression construct according to claim 12 or 13, wherein the operably linked
sequence has at least 80% sequence identity to SEQ ID NO: 8 and has the ability to rescue

cone photoreceptor function.

15. The expression construct according to claim 14, wherein the operably linked

sequence comprises SEQ ID NO: 8.
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16. A vector comprising the TCU according to any one of claims 1 to 10 or an

expression construct according to any one of claims 11 to 15.

17. The vector according to claim 16 which is a viral vector.

18. The vector according to claims 17, which is an adeno-associated virus (AAV)
vector.

19. The vector according to claim 18, wherein the vector comprises an AAV genome

or a derivative thereof.

20. The vector according to claim 19, wherein the vector comprises an AAV genome

or a derivative thereof, and wherein the AAV capsid is derived from AAVS.

21. The vector according to claim 20, wherein the AAV capsid is derived from AAV8
and the expression construct is defined according to any one of claims 11 to 15.

22. The vector according to claim 21, wherein the operably linked sequence is
CNGA3.
23. The vector according to any one of claims 19 to 22, wherein said derivative is a

chimeric, shuffled or capsid modified derivative.

24. The vector according to any of claims 19 to 23, wherein said AAV genome is

from a naturally derived serotype or isolate or clade of AAV.
25. The vector according to claim 24, wherein said AAV genome is from AAV

serotype 2 (AAV2), AAV serotype 4 (AAV4), or AAV serotype 8 (AAV8) and/or wherein
the capsid is derived from AAVS.
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26. The vector according to claim 25, wherein the genome is derived from AAV2 and
the capsid is derived from AAVS.

27. A host cell that contains a vector of any one of claims 16 to 26 or produces a viral

vector of any one of claims 16 to 26.

28. The cell according to claim 27 that is a HEK293 or HEK293T cell.

29. A pharmaceutical composition comprising a vector of any one of claims 16 to 26

and a pharmaceutically acceptable carrier.

30. The vector according to any one of claims 16 to 26 for use in treating retinal
disorders.
31. Use of a vector according to any one of claims 16 to 26 in the manufacture of a

medicament for treating retinal disorders.

32. Use of a vector according to any one of claims 16 to 26 in the manufacture of a
medicament for treating retinal disorders in a patient in need thereof, comprising that a

therapeutically effective amount of the vector is to be administered to said patient.

33. The vector for use according to claim 30, or the use of claim 31 or 32, wherein the

retinal disorder is Achromatopsia.
34. The vector for use according to claim 30 or 33, or the use of any one of claims 31
to 33, wherein the treatment is by administration of the vector according to any one of

claims 16 to 26 to a patient by direct retinal, subretinal or intravitreal injection.

35. The vector for use, or use, according to claim 34, wherein said vector is to be
administered directly into the retinal, subretinal space or intravitreal space.
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