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ABSTRACT 

Provided herein are genetically engineered promoter-en­
hancer constructs for altering transcription of a gene oper­
ably linked thereto having specificity for expression in 
photoreceptor cells. Also provided are methods of use for 
these photoreceptor-specific promoter-enhancer genetic 
constructs; a pharmaceutical composition comprising these 
constructs, and methods of using the pharmaceutical com­
position for treating retinal diseases. 

Specification includes a Sequence Listing. 
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Si:ngle ceH types IMPG2 

FIG. 1A 



Patent Application Publication Jan. 8, 2026 Sheet 2 of 42 US 2026/0007776 Al 

Sing!le cell types IMPG1 

nTPM 
1,000 

FIG. 1 B 
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GRK1: G Protein-Coupled Receptor Kinase 1 
IMPG2 P only: IMPG2 promoter only 
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IMPG2 PE1: IMPG2 Promoter+ Enhancer 1 (upstream enhancer) 
IMPG2 PE2: IMPG2 Promoter+ Enhancer 2 (downstream enhancer) 
IMPG1 P only: IMPG1 promoter only 
IMPG1 PE1: IMPG1 Promoter+ Enhancer 1 (downstream enhancer) 
Synthetic IMPG2 Promoter: CMV core promoter+ IMPG2 palindromic enhancer 
CMV: Cytomegalovirus (CMV) immediate-early enhancer and promoter 
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SEQ AAV2. 7m8-eGFP Promoter Enhancer Total 
..... 
('D 

IMPG2 Enhancer (E) = 
ID length length length 

..... + tMPG2 Promoter (P) 
> 

NO (bp) {bp) (bp) "e 
"e -.... y CMV core Promoter 
(') 

~ ..... .... 
3 I 1MPG2 Full Promoter 600 600 1200 

0 = 
IMPG2 Full Enhancer .•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.·. ""O 

11111 = 
(IMPG2 PE1) 

O" -.... (') 

~ 

5 I IMPG2 Short Promoter 300 600 900 
..... 

lam m 
.... 
0 

IMPG2 Full Enhancer = 
I 

7 I 1MPG2 Full Promoter 600 300 900 I Ill 
~ 
~ 

IMPG2 Short Enhancer ? 
~CIO 

8 I IMPG2 Short Promoter 300 300 600 1!!!!1111111~ 
N 
0 

IMPG2 Short Enhancer 
N 
O'I 

/ / rJJ 
9 I IMPG2 Full Promoter and :x3 600 1800 2400 

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: =-§QQ ('D 

IMPG2 Full Enhancer 
('D ..... 

,-.,-.,-.,-.,-.,-.,-.,-.,-.,-.,-.,-.,-.,-.,-.,-.,-.,-.,-.,-.,-.,-.,-.,-.,-.,-.,-.,-.,-.,-.,-.,-.,-.,-.,-.~ ,-.,-.,-.,-.,-.,-.,-.,-.,-.,-.,-.,-.,-.,-.,-.,-.,-.,-.,-.,.,,.,,., .................................... ~ ........................................................................ ~ 
.... """""""""" r '""". """""""""""""""""""""""""""""""""""""" -....J 

11 CMV Core Promoter+ 60 600 660 0 .... 
IMPG2 Full Enhancer .i;... 

N 

12 GRK1* (no intron) 295 0 295 c 
1 I IMPG2 Only Enhancer 0 600 600 

rJJ 
N 
0 
N 

13 I CAG NA NA 1733 O'I 

---0 
0 
0 

*Comes with or without intrans (SV40 intron ~100 bp) -....J 
-....J 

FIG. 16 -....J 
PE1: IMPG2 upstream enhancer O'I 

> .... 
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FIG. 17 
Full promoter ~ 600 bp 
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SEQ I AAV2.7m8~e-GFP 
ID 
NO 

2 

15 

18 

lMPG2 Full Promoter No 
Enhancer 

JMPG2 Shortened center 
Prornoter !MPG2 Short Upstream 
Enhancer 

lMPG·1 Full Promoter* !MPG1 Full 
Downstream Enhancer"'· (1090 
PE1) (IMPG1--PE1*) 

Promoter 
length 
.... bp 

606 

370 

360 

FIG. 25 
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length 
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300 

730 

Total I 

length 
I ..,bp 
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1090 
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# AAV2.7m8-eGFP p E Total Activity SEQ 
length length length strength ID 
(bp) (bp) (bp) NO 

1 IMPG2 Full Promoter 600 600 1200 ++++ 3 
IMPG2 Full Enhancer 
(IMPG2 PE1) 

2 IMPG2 Short Promoter 300 600 900 - 5 
IMPG2 Full Enhancer 

3 IMPG2 Full Promoter 600 300 900 +++ 7 
IMPG2 Short Enhancer 

4 IMPG2 Short Promoter 300 300 600 + 8 
IMPG2 Short Enhancer 

5 IMPG2 Full Promoter 600 1800 2400 ++++ 9 
and 3x IMPG2 Full 
Enhancers 

6 CMV Core Promoter+ 60 600 660 - 11 
IMPG2 Full Enhancer 

7 GRK1* (no intron) 295 0 295 +++ 12 

8 IMPG2 Only Enhancer 0 600 600 - 1 

9 CAG NA NA 1733 ++ 13 

10 IMPG2 Full Promoter No 606 0 606 - 2 
Enhancer 

11 IMPG2 Shortened center 370 300 670 - 15 
Promoter IMPG2 Short 
Upstream Enhancer 

12 IMPG1 Full Promoter* 360 730 1090 +++ 18 
IMPG1 Full Downstream 
Enhancer* (1090 PE1) 
(IMPG1-PE1*) 

13 IMPG1 Full Promoter* 360 600 960 ++/+++ 19 
IMPG2 Full Enhancer 

14 IMPG1 Full Promoter* 360 300 660 ++!+++ 20 
IMPG2 Short Enhancer 

FIG. 33 
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DESIGN AND APPLICATION OF NOVEL 
PHOTORECEPTOR-SPECIFIC PROMOTERS 

FOR RETINAL GENE THERAPY 
APPLICATIONS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority to U.S. provisional 
application No. 63/668,131, filed Jul. 5, 2024, the disclosure 
of which is expressly incorporated by reference herein. 

REFERENCE TO AN ELECTRONIC SEQUENCE 
LISTING 

[0002] This application contains a Sequence Listing that 
has been submitted electronically and is hereby incorporated 
by reference in its entirety. The Sequence Listing was 
created on Jul. 1, 2025, is named "23-1638-US_Sequence­
Listing.xml", and is 49,375 bytes in size. 

BACKGROUND OF THE DISCLOSURE 

[0003] Effective treatment of outer neuroretinal disease 
poses a significant challenge, necessitating development of 
therapeutic components with precise control over gene 
expression in target photoreceptors. An ideal promoter for 
such applications should exhibit satisfactory expression lev­
els in the desired photoreceptor cells while minimizing or 
preventing expression in off-target (i.e., non-photoreceptor) 
cells. Currently, available promoters, despite being widely 
used and sought after, often fall short in meeting these 
criteria. Many existing promoters suffer from inherent defi­
ciencies, leading to the use of nonspecific promoters such as 
phosphoglycerol kinase (PGK), cytomegalovirus (CMV), or 
CMV early enhancer/chicken~ actin (CAG) promoters. This 
compromise is made with the hope that expression in 
bystander cells will not have detrimental effects. 
[0004] These limitations of existing promoters highlight 
the urgent need for a novel promoter that can specifically 
drive satisfactory expression levels for genes of interest in 
target photoreceptor cells while maintaining minimal 
expression in off-target cells. Such a promoter would be 
useful in the treatment of various outer retinal diseases, 
including retinitis pigmentosa, Leber congenital amaurosis, 
Usher syndrome, Stargardt disease, and other macular 
degeneration disorders. However, the relative lack of robust 
yet specific photoreceptor promoters for in vitro and in vivo 
model testing and human clinical trials has limited the 
development of these therapies from both safety and efficacy 
standpoints. 

SUMMARY OF THE DISCLOSURE 

[0005] The invention disclosed herein provides geneti­
cally engineered, photoreceptor-specific promoter-enhancer 
constructs that exhibit beneficial expression levels in the 
desired photoreceptor cells while minimizing or preventing 
expression in off-target cells. 
[0006] Also provided herein are methods for introducing 
novel genetically engineered, photoreceptor-specific pro­
moter-enhancer constructs into target photoreceptor cells. 
These constructs and methods provide avenues for treating 
outer retinal diseases using gene therapeutic approaches. 
[0007] Further provided herein are genetically engineered 
promoter-enhancer constructs comprising a promoter and at 
least one enhancer operatively linked to the promoter, 

1 
Jan. 8, 2026 

wherein the enhancer specifically promotes expression in a 
photoreceptor cell of a gene that is operatively linked to the 
promoter-enhancer construct and capable of being expressed 
therein. The promoter-enhancer is positioned upstream of 
the nucleic acid. In specific embodiments, the genetically 
engineered promoter-enhancer construct comprises one or a 
plurality of enhancers derived from a human interphotore­
ceptor matrix proteoglycan (IMPG; either IMPG2 or 
IMPG 1) gene having a nucleotide sequence that is at least 
90% identical to SEQ ID NO: 1, SEQ ID NO: 6, or SEQ ID 
NO: 17. In some embodiments, the genetically engineered 
promoter-enhancer construct comprises one or a plurality of 
enhancers derived from a human IMPG (either IMPG2 or 
IMPG 1) gene having a nucleotide sequence that is at least 
90% identical to SEQ ID NO: 25. In specific embodiments, 
the genetically engineered promoter-enhancer construct 
comprises a promoter derived from a human IMPG ( either 
IMPG2 or IMPGl) gene having a nucleotide sequence that 
is at least 90% identical to SEQ ID NO: 2, SEQ ID NO: 4, 
or SEQ ID NO: 7. In specific embodiments, the genetically 
engineered promoter-enhancer construct comprises a pro­
moter derived from a human IMPG (either IMPG2 or 
IMPG 1) gene having a nucleotide sequence that is at least 
90% identical to SEQ ID NO: 26. In certain embodiments, 
the enhancer is positioned upstream from the promoter (as 
understood in the art equivalent to a position 5' from the 
promoter) in the topography of the genetically engineered 
promoter-enhancer construct. In certain embodiments, the 
enhancer is positioned downstream stream from the pro­
moter (as understood in the art equivalent to a position 3' 
from the promoter) in the topography of the genetically 
engineered promoter-enhancer construct. In particular 
embodiments, the genetically engineered promoter-en­
hancer construct has a nucleotide sequence that is 90% 
identical to SEQ ID NO: 3, SEQ ID NO: 7, SEQ ID NO: 8, 
SEQ ID NO: 9, SEQ ID NO: 18, SEQ ID NO: 19, or SEQ 
ID NO: 20. In particular embodiments, the genetically 
engineered promoter-enhancer construct has a nucleotide 
sequence that is 90% identical to SEQ ID NO: 27. 

[0008] In certain embodiments, the enhancer is positioned 
upstream from the native promoter in the topography of the 
IMPGl and/or IMPG2 gene. In certain embodiments, the 
enhancer is positioned downstream from native promoter in 
the topography of the IMPG 1 and/or IMPG2 gene. 

[0009] Also provided herein are recombinant expression 
constructs capable of expressing a gene or a gene expres­
sion-modulating sequence in a photoreceptor cell compris­
ing the promoter-enhancer construct disclosed herein, opera­
tively linked to a nucleic acid encoding the gene or the gene 
expression-modulating sequence. In certain embodiments 
the recombinant expression construct further comprises a 
vector. 

[0010] This disclosure also provides methods for modu­
lating expression of a target gene in a photoreceptor cell 
comprising introducing into the cell a recombinant expres­
sion construct as disclosed herein. In certain embodiments, 
the gene expression-modulating sequence comprises an 
siRNA complementary to the target gene, the expression of 
which in the photoreceptor cell is modulated thereby. In 
alternative embodiments, the gene expression-modulating 
sequence comprises components of a gene editing system, 
wherein expression of the target gene in the photoreceptor 
cell is modulated thereby. In certain particular methods, 
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expression of the encoded gene corrects a genetic mutation 
on the target gene in the photoreceptor cell. 
[0011] This disclosure further provides a pharmaceutical 
composition comprising the disclosed recombinant expres­
sion construct and methods of treating a retinal disease in a 
subject comprising administering the pharmaceutical com­
position to the subject. In certain embodiments, the disease 
is a photoreceptor-specific or inherited retinal disease. 
Examples of such diseases include retinitis pigmentosa, 
Leber congenital amaurosis, Usher syndrome, Stargardt 
disease, and age-related or inherited macular degeneration. 
In certain embodiment, administration is performed by 
subretinal injection. 
[0012] These and other features, objects, and advantages 
of the present invention will become better understood from 
the description that follows. In the description, reference is 
made to the accompanying drawings, which form a part 
hereof and in which there is shown by way of illustration, 
not limitation, embodiments of the invention. The descrip­
tion of preferred embodiments is not intended to limit the 
invention to cover all modifications, equivalents, and alter­
natives. Reference should therefore be made to the claims 
recited herein for interpreting the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The patent or patent application file contains at 
least one drawing in color. Copies of this patent or patent 
application publication with color drawings will be provided 
by the Office upon request and payment of the necessary fee. 
[0014] The disclosure will be better understood and fea­
tures, aspects, and advantages other than those set forth 
above will become apparent when consideration is given to 
the following detailed description thereof. Such detailed 
description refers to the following figures. 
[0015] FIGS. lA-lB show graphs of single cell transcrip­
tomics data in retinal cell types including photoreceptors 
(rods and cones). FIG. lA shows IMPG2 gene measure­
ments. FIG. lB shows IMPGl gene measurements. 
[0016] FIG. 2 shows single-nucleus assays for transpos­
ase-accessible chromatin sequencing (snATAC-seq) data of 
the IMPG2 gene performed on developing and adult human 
retina and on induced plunpotent stem cell (iPSC)-derived 
retinal organoids. 
[0017] FIG. 3 shows sequence alignment of peaks identi­
fied by snATAC-seq data with DNase I Hypersensitive site 
(DHS) data. 
[0018] FIG. 4 shows sequence alignment of peaks identi­
fied by snATAC-seq data compared to Chromatin Immuno­
precipitation Sequencing (ChIP-seq) data. 
[0019] FIG. 5 shows immunocytochemistry characteriza­
tion ofY79 human retinoblastoma cells using photoreceptor 
(PR)-specific antibody markers. Labeling in this Figure 
include EC-IMPG2: IMPG2 extracellular domain. 
IC-IMPG2: IMPG2 intracellular domain. CRX: Cone-Rod 
Homeobox. NRL: Neural Retina Leucine Zipper. 
[0020] FIGS. 6A-6B show screening of promoter activity 
and specificity in human embryonic kidney cells (HEK) 
(negative control for photoreceptor specificity). FIG. 6A 
shows all promoters tested; FIG. 6B shows the same data 
with the CAG and CMV high outliers removed. Labeling in 
this Figure include GRKl: G Protein-Coupled Receptor 
Kinase 1 (SEQ ID NO: 12); IMPG2 P only: IMPG2 pro­
moter only (SEQ ID NO: 2); IMPG2 PEI: IMPG2 Promoter 
IMPG2 Upstream Enhancer 1 (SEQ ID NO: 3); IMPG2 
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PE2: IMPG2 Promoter IMPG2 Downstream Enhancer 2 
(SEQ ID NO: 24); IMPGl P only: IMPGl promoter only 
(SEQ ID NO: 26); IMPG 1 PEI: IMPG 1 Promoter IMPG 1 
Downstream Enhancer 1 (SEQ ID NO: 27); Synthetic 
IMPG2 Promoter: CMV core promoter+IMPG2 palindro­
mic enhancer (SEQ ID NO: 29); Core promoter: CMV core 
promoter (SEQ ID NO: 1 0); CMV: Cytomegalovirus (CMV) 
full promoter (SEQ ID NO: 21 ); CAG: CMV early enhancer/ 
chicken~ actin promoter (SEQ ID NO: 13) 
[0021] FIG. 7 shows screening of promoter activity and 
specificity in Y79 human retinoblastoma cells. Labeling in 
this Figure is the same as FIGS. 6A-6B. 
[0022] FIG. 8 shows eGFP expression in the outer mantle 
of human pluripotent stem cell (hPSC)-derived retinal 
organoids 1-5 (R01-RO5) at day 13 (D13) post transduc­
tion. 
[0023] FIGS. 9A-9B show expression of eGFP and tdTo­
mato in CRXl 7 ROs (a reporter line in which all PRs 
express red tdTomato fluorescence) by flow cytometry at 
D14 post-transduction, focusing on PRs. FIG. 9A shows 
transduction efficiency in PRs, FIG. 9B shows mean fluo­
rescence intensity (MFI) of GFP+ PRs, and FIG. 9C shows 
integrated mean fluorescence intensity (iMFI) of GFP+ PRs 
(iMFI values were calculated as a product of percent trans­
duction efficiency and MFI). *P<0.05, **P<0.01, ***P<0. 
001, ****P<0.0001, ns=not significant (P>0.05) (one-way 
ANOVA with Tukey analyses). 

[0024] FIGS. l0A-l0B show expression of eGFP and 
tdTomato by flow cytometry in CRXl 7 ROs at D14 post­
transduction, focusing on non-PRs. FIG. l0A shows the% 
of total GFP+ cells that are GFP+ non-PR cells, and FIG. l0B 
shows MFI ofGFP+ non-PRs. *P<0.05, **P<0.01, ***P<0. 
001, ****P<0.0001, ns=not significant (P>0.05) (one-way 
ANOVA with Tukey analyses). 

[0025] FIG. 11 shows eGFP iMFI ratios of PRs versus 
eGFP iMFI of non-PRs. *P<0.05, **P<0.01, ***P<0.001, 
****P<0.0001, ns=not significant (P>0.05) (one-way 
ANOVA with Tukey analyses). 

[0026] FIG. 12 shows immunocytochemistry (ICC) analy­
sis of the IMPG2 PEl-eGFP reporter construct 14 days 
post-transduction of human CRXl 7 ROs with AAV2.7m8 
vector. Fluorescence from GFP expression strongly co­
localized with the fluorescence from PR reporter TdTomato 
and the fluorescence from the PR marker recoverin. 

[0027] FIGS. 13A-13D show ICC analysis of PR-specific 
eGFP expression 28 days after subretinal injection of AAV2. 
7m8 vector containing an IMPG2 PEl-eGFP reporter con­
struct in mouse. FIGS. 13A-13B show brightfield and eGFP 
fluorescence; fluorescence from GFP expression driven by 
IMPG2-PE1 was within the PR region of the retina while 
fluorescence from GFP expression driven by CAG was 
found in all areas of the retina. FIGS. 13C-13D show ICC 
using antibodies directed against GFP (green) and the PR 
marker RECOVERIN (magenta). FIG. 13C: Fluorescence 
from GFP expression driven by IMPG2-PE1 mapped onto 
the fluorescence of Recoverin and location of PRs, while 
fluorescence from GFP expression driven by CAG was 
found in location of PRs and non-PRs, with some fluores­
cence that did not overlap with fluorescence of Recoverin. 
FIG. 13D: enlarged picture of a region of fluorescence from 
GFP expression driven by IMPG2-PE1, which mapped onto 
the fluorescence of recoverin. Bipolar cells are indicated by 
arrowheads. 
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[0028] FIG. 14 shows ICC analysis of the IMPG2 PEI­
eGFP reporter construct post-transduction of human 10.13 
iPSC-derived ROs with AAV2.7m8 vector. Fluorescence 
from GFP expression driven by IMPG2-PE1 (green) 
mapped onto fluorescence of Recoverin (red) in merged 
picture (GFP/Recoverin/DAPI) to produce orange color. 
[0029] FIG. 15 shows ICC analysis of the IMPG2 PEl­
eGFP reporter construct post-transduction of pig ROs with 
AAV2.7m8 vector. Fluorescence from GFP expression 
driven by IMPG2-PE1 (green) mapped onto fluorescence of 
Recoverin (red) in merged picture (GFP/Recoverin/DAPI) 
to produce orange color. 
[0030] FIG. 16 shows a summary of the promoter/pro­
moter-enhancer constructs that were tested in Round 1 
screening. 
[0031] FIG. 17 shows snATAC-seq data highlighting the 
full length and shortened promoter region of the IMPG2 
gene. 
[0032] FIG. 18 shows snATAC-seq data highlighting the 
full length and shortened enhancer region of the IMPG2 
gene. 
[0033] FIG. 19 shows eGFP expression in the outer mantle 
of retinal organoids (where photoreceptors largely reside in 
retinal organoids) 1-5 (RO1-RO5) transfected with AAV2. 
7m8 vector containing GFP under the regulation of Round 
1 promoters/promoter-enhancer at day 14 (D14) post trans­
duction. 
[0034] FIG. 20 shows ICC analysis at 14 days post­
transduction of human CRXl 7 ROs transfected withAAV2. 
7m8 vector containing GFP under the regulation of Round 
1 promoters/promoter-enhancer. RCVRN: recoverin. 
[0035] FIGS. 21A-21C show expression of eGFP and 
tdTomato in CRX17 ROs (a reporter line in which all PRs 
express red tdTomato fluorescence) with AAV2.7m8 vector 
containing GFP under the regulation of Round 1 promoters/ 
promoter-enhancer, by flow cytometry at D14 post-trans­
duction, focusing on PRs. FIG. 21A shows transduction 
efficiency in PRs, FIG. 21B shows mean fluorescence inten­
sity (MFI) of GFP+PRs, and FIG. 21C shows integrated 
mean fluorescence intensity (IMFI) of GFP+PRs (iMFI 
values were calculated as a product of percent transduction 
efficiency and MFI). Tukey's multiple comparison test was 
performed and the statistical results are shown in Table 1-3. 
[0036] FIGS. 22A-22C show expression of eGFP and 
tdTomato by flow cytometry in CRXl 7 ROs transfected 
with AA V2. 7m8 vector containing GFP under the regulation 
of Round 1 promoters/promoter-enhancer, at D14 post­
transduction, focusing on non-PRs. FIG. 22A shows the% 
of total GFP+ cells that are GFP+ non-PR cells. FIG. 22B 
shows MFI of GFP+ non-PRs. FIG. 22C shows integrated 
mean fluorescence intensity (iMFI) ofGFP+ non-PRs (IMFI 
values were calculated as a product of percent transduction 
efficiency and MFI). Tukey's multiple comparison test was 
performed and the statistical results are shown in Table 4-6. 
[0037] FIG. 23 shows eGFP integrated mean fluorescence 
intensity (iMFI) ratios of PRs versus eGFP iMFI ofnon-PRs 
in CRXl 7 ROs transfected with AAV2.7m8 vector contain­
ing GFP under the regulation of Round 1 promoters/pro­
moter-enhancer. Tukey's multiple comparison test was per­
formed and the statistical results are shown in Table 7. 
[0038] FIG. 24 shows percentage of live cells in CRXl 7 
ROs transfected with AAV2.7m8 vector containing GFP 
under the regulation of Round 1 promoters/promoter-en-
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hancer. Tukey's multiple comparison test was performed 
and the statistical results are shown in Table 8. 
[0039] FIG. 25 shows summary of the promoter/promoter­
enhancer constructs that were tested in Round 2 screening. 
[0040] FIG. 26 shows snATAC-seq data highlighting the 
full length and short center promoter region of the IMPG2 
gene. 
[0041] FIG. 27 shows snATAC-seq data highlighting the 
promoter and downstream enhancer region of the IMPG 1 
gene that made up IMPGl-PEl *. 
[0042] FIG. 28 shows eGFP expression in whole retinal 
organoids 1-5 (RO1-RO5) transfected withAAV2.7m8 vec­
tor containing GFP under the regulation of Round 2 pro­
moters/promoter-enhancer at day 14 (D14) post transduc­
tion. 
[0043] FIG. 29 shows ICC analysis at 14 days post­
transduction of human CRXl 7 ROs transfected withAAV2. 
7m8 vector containing GFP under the regulation of Round 
2 promoters/promoter-enhancer. RCVRN: recoverin. 
[0044] FIGS. 30A-30C show expression of eGFP and 
tdTomato in CRX17 ROs (a reporter line in which all PRs 
express red tdTomato fluorescence) with AAV2.7m8 vector 
containing GFP under the regulation of Round 2 promoters/ 
promoter-enhancer, by flow cytometry at D14 post-trans­
duction, focusing on PRs. FIG. 21A shows transduction 
efficiency in PRs, FIG. 21B shows mean fluorescence inten­
sity (MFI) of GFP+ PRs, and FIG. 21C shows integrated 
mean fluorescence intensity (IMFI) of GFP+ PRs (iMFI 
values were calculated as a product of percent transduction 
efficiency and MFI). Tukey's multiple comparison test was 
performed and the statistical results are shown in Table 9-11. 
[0045] FIGS. 31A-31C show expression of eGFP and 
tdTomato by flow cytometry in CRXl 7 ROs transfected 
withAAV2.7m8 vector containing GFP under the regulation 
of Round 2 promoters/promoter-enhancer, at D14 post­
transduction, focusing on non-PRs. FIG. 31A shows the% 
of total GFP+ cells that are GFP+ non-PR cells. FIG. 31B 
shows MFI of GFP+ non-PRs. FIG. 31C shows integrated 
mean fluorescence intensity (iMFI) ofGFP+ non-PRs (IMFI 
values were calculated as a product of percent transduction 
efficiency and MFI). Tukey's multiple comparison test was 
performed and the statistical results are shown in Table 
12-14. 
[0046] FIG. 32 shows eGFP iMFI ratios of PRs versus 
eGFP iMFI of non-PRs in CRXl 7 ROs transfected with 
AAV2.7m8 vector containing GFP under the regulation of 
Round 2 promoters/promoter-enhancer. Tukey's multiple 
comparison test was performed and the statistical results are 
shown in Table 15. 
[0047] FIG. 33 shows summary of the results in Round 1 
and Round 2 screening (constructs #1-12). #13 and #14 are 
tested in Round 3. 
[0048] FIG. 34 shows a summary of the in vivo experi­
ments in cynomolgus macaques and treatment for each eye 
of each animal. 
[0049] FIG. 35 shows Optical Coherence Tomography 
(OCT) imaging of the retinal over time. 
[0050] FIG. 36 shows Optical Coherence Tomography 
(OCT) imaging of the retinal over time at lower exposure 
time. 
[0051] FIGS. 37A-37B shows activity and specificity of 
IMPG2-PE1 at 6 weeks post-injection of each animal's eye. 
FIG. 37A shows the level of co-localization between GFP, 
PR marker (recoverin), and alpha subunit of a G protein 
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called Go (GO-alpha or GOa) as non-PR marker. FIG. 37B 
shows the level of co-localization between GFP, PR marker 
(recoverin), and cellular retinaldehyde-binding protein 
(CRALBP) as non-PR marker. RCVRN: recoverin. 

DETAILED DESCRIPTION OF THE 
DISCLOSURE 

[0052] For the purposes of explicating and understanding 
the principles of this disclosure, reference is made to 
embodiments and specific language used to describe the 
same. The skilled artisan will nevertheless understand that 
no limitation of the scope of the disclosure is thereby 
intended, such alteration and further modifications of the 
disclosure as illustrated herein, being contemplated as would 
be understood by one skilled in the art to which the disclo­
sure relates. 

[0053] As used herein, articles "a" and "an" are intended 
to refer to one or to more than one (i.e., at least one) of the 
grammatical object of the article. By way of example, "an 
element" means at least one element and can include more 
than one element. 

[0054] "About" is used to provide flexibility to a numeri­
cal range endpoint by providing that a given value can be 
"slightly above" or "slightly below" the endpoint without 
affecting the therapeutically beneficial result. The term 
"about" in association with a numerical value means that the 
numerical value can vary by plus or minus 5% or less of the 
numerical value. The term "at least" is used to indicate a 
minimum value in a numerical range. 

[0055] Throughout this specification, unless the context 
requires otherwise, the word "comprise" and "include" and 
variations ( e.g., "comprises," "comprising," "includes," 
"including") will be understood to imply the inclusion of a 
stated component, feature, element, or step or group of 
components, features, elements, or steps but not the exclu­
sion of any other integer or step or group of integers or steps. 

[0056] As used herein, "and/or" refers to and encompasses 
any and all possible combinations of one or more of the 
associated listed items, as well as the lack of combinations 
where interpreted in the alternative ("or"). 

[0057] Recitation of ranges of values herein are merely 
intended to serve as a succinct method of referring individu­
ally to each separate value falling within the range, unless 
otherwise indicated herein. Furthermore, each separate 
value is incorporated into the specification as if it were 
individually recited herein. For example, if a range is stated 
as 1 to 50, it is intended that values such as 2 to 4, 10 to 30, 
or 1 to 3, etc., are expressly enumerated in this disclosure. 
These are only examples of what is specifically intended, 
and all possible combinations of numerical values between 
and including the lowest value and the highest value enu­
merated are to be considered to be expressly stated in this 
disclosure. 

[ 0058] As used herein, the term a "full promoter" or a "full 
enhancer" refers to the full length of the promoter and the 
enhancer. 

[0059] Unless otherwise defined, all technical terms used 
herein have the same meaning as commonly understood by 
a person of ordinary skill in the art to which this disclosure 
belongs. 
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I. IMPGl and IMPG2 Promoter-Enhancer 

[0060] The disclosure provides a genetically engineered 
promoter-enhancer construct comprising a promoter and at 
least one enhancer operatively linked to the promoter, 
wherein the enhancer specifically or exclusively promotes 
expression in a photoreceptor cell of a nucleic acid sequence 
that is operatively linked to the promoter-enhancer construct 
and capable of being expressed therein. 
[0061] The terms "express" or "expression" refer to tran­
scription and/or translation of a nucleic acid coding 
sequence resulting in production of the encoded polypeptide 
or transcribed nucleic acid. The term "encode" refers to a 
specific sequence of nucleotides that can be transcribed into 
RNA or translated into protein. 
[0062] The term "promoter" refers to a region of DNA 
upstream of a gene that initiates transcription of that gene, 
whereby controlling or regulating expression of the gene. As 
used herein, a promoter can be a photoreceptor-specific 
promoter. As used herein the term "upstream of a gene" will 
be understood with regard to the topology of a nucleic acid 
to indicate the promoter is 5' to the sequence encoding the 
gene. In certain embodiments promoters comprising geneti­
cally engineered promoter-enhancer constructs provided 
herein can be a promoter from certain genes, particularly 
genes expressed in photoreceptor cells and specifically a 
promoter from an IMPG gene more particularly a human 
IMPG gene. 
[0063] The term "enhancer" refers to a sequence that 
increases the level of transcription of a gene to which it is 
operatively linked. An enhancer can be upstream or down­
stream of the gene whose transcription it affects. As used 
herein the at least one enhancer is photoreceptor-specific and 
is operatively linked to the promoter and a recombination 
expression construct comprising the promoter-enhancer is 
capable of expressing a desired gene in a cell. As used herein 
the term "downstream of a gene" will be understood with 
regard to the topology of a nucleic acid to indicate the 
enhancer is 3' to the sequence encoding the gene. As used 
herein the term "upstream of a gene" will be understood with 
regard to the topology of a nucleic acid to indicate the 
enhancer is 5' to the sequence encoding the gene. Also 
provided are embodiments wherein the enhancer is posi­
tioned within the gene, i.e., within an intervening, non­
coding ("intron") sequence. The terms "IMPGl or IMPG2 
downstream enhancer" and "IMPGl or IMPG2 upstream 
enhancer" is relative to the topography of the native IMPGl 
or IMPG2 genes and not to the promoter that the enhancer 
is coupled with in the construct. For examples, "IMPGl 
downstream enhancer" in "IMPG 1 full promoter IMPG 1 
downstream enhancer" means an enhancer that is down­
stream of the native IMPG 1 gene and does not mean an 
enhancer sequence that is downstream of the promoter 
sequence in the construct. 
[0064] The term "genetically engineered" as used herein 
refers to nucleic acids or cells that have been manipulated 
using biotechnology to provide functional capacities or 
change the genetic makeup of the cells, including the 
transfer of genes within and across species boundaries to 
produce improved or non-naturally occurring cells. The term 
when used with reference to a nucleic acid or a protein 
generally denotes that the composition or primary sequence 
of said nucleic acid or protein has been altered from the 
naturally occurring sequence using experimental manipula­
tions well known to those skilled in the art. The term 
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"genetically engineered" will be understood by the skilled 
artisan to indicate that the subject matter described thereby 
has been structurally altered from naturally occurring 
nucleic acids, and in particularly advantageous embodi­
ments thereof to have altered or enhanced functional prop­
erties (for example, capable of providing increased level of 
expression and/or specificity). A cell such as a human cell 
that contains an exogenous, recombinant, synthetic, and/or 
otherwise modified polynucleotide is considered to be a 
genetically engineered cell and, thus, non-naturally occur­
ring relative to any naturally occurring counterpart. In some 
cases, genetically engineered cells contain one or more 
recombinant nucleic acids. In other cases, genetically engi­
neered cells contain one or more synthetic or genetically 
engineered nucleic acids (e.g., a nucleic acid containing at 
least one artificially created insertion, deletion, inversion, or 
substitution relative to the sequence found in its naturally 
occurring counterpart). Procedures for producing geneti­
cally engineered cells are generally known in the art, for 
example, as described in Sambrook et al, Molecular Clon­
ing, A Laboratory Manual (Fourth Edition), Cold Spring 
Harbor Press, Cold Spring Harbor, N.Y. (2012) and Doudna 
et al., CRISPR-Cas, A Laboratory Manual, Cold Spring 
Harbor Press, Cold Spring Harbor, N.Y. (2016). 
[0065] As used herein, the term "operatively linked" will 
be understood by the skilled artisan to mean components 
that are in a relationship permitting them to function in their 
intended or conventional manner. For example, a control 
sequence "operatively linked" to a coding sequence is 
ligated thereto in such a way that expression of the coding 
sequence is achieved under conditions compatible with the 
control sequences. Specifically, for example, genetically 
engineered promoter-enhancer construct as provided herein 
is considered to be "operatively linked" to a nucleic acid 
such as a gene when it is in a correct functional location and 
orientation in relation to the nucleic acid it regulates to 
control transcriptional initiation and/or expression of that 
nucleic acid and the gene encoded thereby. 
[0066] The term "construct" or "recombinant expression 
construct" refers to an artificially-designed segment of DNA 
that can be used to incorporate genetic material into a target 
cell. Recombinant expression constructs provided herein can 
comprise genetically engineered promoter-enhancer con­
structs operably linked to a gene or a gene expression­
modulating sequence to be expressed in a recombinant cell. 
Recombinant expression constructs can further comprise a 
vector, which the skilled artisan will understand to mean a 
nucleic acid molecule capable of propagating another 
nucleic acid to which it is linked. The term includes the 
vector as a self-replicating nucleic acid structure as well as 
the vector incorporated into the genome of a host cell into 
which it has been introduced. Certain vectors are capable of 
directing the expression of nucleic acids to which they are 
operatively linked. Such vectors are referred to herein as 
"expression vectors." The term vector as used herein 
describes any suitable means of directing the expression of 
nucleic acids in a cell. Examples include, but are not limited 
to virus, adeno-associated virus, nanoparticles, etc. 
[0067] The term "sequence identity" refers to the number 
of identical or similar nucleotide bases on a comparison 
between a test and reference oligonucleotide or nucleotide 
sequence. Sequence identity can be determined by sequence 
alignment of a first nucleic acid sequence to identify regions 
of similarity or identity to second nucleic acid sequence. As 
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described herein, sequence identity is generally determined 
by alignment to identify identical residues. Matches, mis­
matches, and gaps can be identified between compared 
sequences by techniques known in the art. Alternatively, 
sequence identity can be determined without taking into 
account gaps as the number of identical positions/length of 
the total aligned sequencexl00. In one embodiment, the 
term "at least 90% sequence identity to" refers to percent 
identities from 90 to 100%, relative to the reference nucleo­
tide sequence. Identity at a level of 90% or more is indicative 
of the fact that, assuming for exemplary purposes a test and 
reference polynucleotide sequence length of 100 nucleotides 
are compared, no more than 10% (i.e., 10 out of 100) of the 
nucleotides in the test oligonucleotide differ from those of 
the reference oligonucleotide. Differences are defined as 
nucleic acid substitutions, insertions, or deletions. 

[0068] Specifically provided herein are promoter-en­
hancer constructs for altering transcription of a gene that is 
operably linked thereto, wherein the constructs comprise 
genetically engineered promoter-enhancers specific for 
expression in photoreceptor cells. In some embodiments, the 
promoter is a modified gene promoter from a gene expressed 
in a photoreceptor cell, advantageously modified by genetic 
engineering from an interphotoreceptor matrix proteoglycan 
(IMPG) gene promoter. The IMPG gene promoter can be an 
IMPGl or IMPG2 promoter and in specific embodiments 
can be the IMPG2 gene promoter. In certain embodiments, 
some portion of these promoter and/or the enhancer 
sequences can be removed without abolishing the activity of 
the promoter-enhancer to regulate gene expression. Because 
a large base pair size can limit the efficiency of expression 
of a construct, a shortened and compact promoter-enhancer 
can in some instances provide more options for larger gene 
sequences to be packed in the construct. However, as the 
Examples have shown, the sequence of the full-length 
promoter and the full-length enhancer cannot be randomly 
truncated to produce a shorter version that still retains the 
regulatory activity. 

[0069] In certain embodiments, the construct includes a 
promoter and at least one enhancer. In certain embodiments, 
the enhancer is positioned as a result of genetic engineering 
upstream, downstream, or near the promoter. In certain 
embodiments, the promoter is at least 90% identical to SEQ 
ID NO: 2, SEQ ID NO: 4, or SEQ ID NO: 16. In certain 
embodiments, the promoter is at least 90% identical to SEQ 
ID NO: 26. In certain embodiments, the enhancer is at least 
90% identical to SEQ ID NO: 1, SEQ ID NO: 6, or SEQ ID 
NO: 17. In certain embodiments, the enhancer is at least 
90% identical to SEQ ID NO: 1, SEQ ID NO: 6, or SEQ ID 
NO: 25. In certain embodiments provided herein, the geneti­
cally engineered promoter-enhancer construct is at least 
90% identical to SEQ ID NO: 3, SEQ ID NO: 7, SEQ ID 
NO: 8, SEQ ID NO: 9, SEQ ID NO: 18, SEQ ID NO: 19, 
or SEQ ID NO: 20. In certain embodiments provided herein, 
the genetically engineered promoter-enhancer construct is at 
least 90% identical to SEQ ID NO: 27. 

[0070] Compared to GRKl promoter, which is a conven­
tional promoter used to express a gene specifically in 
photoreceptor cell, the disclosed IMPGl and IMPG2 pro­
moter-enhancer constructs are comparable in term of the 
level of expression and specificity for expression in photo­
receptor cells. 
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[0071] The nucleic acid sequence that is operatively linked 
to the disclosed promoter-enhancer construct can be trans­
lated into a polypeptide or transcribed into an RNA in the 
photoreceptor. 

II. Methods of Expressing a Gene or Modulating a Gene 
Expression 

[0072] This disclosure provides a recombinant expression 
construct comprising the disclosed genetically engineered 
promoter-enhancer construct. In certain embodiments, the 
nucleic acid sequence that is operatively linked to the 
disclosed promoter-enhancer construct encodes a gene or a 
gene expression modulating sequence that can be expressed 
in the photoreceptor cell. 
[0073] Also provided herein is a method of expressing the 
gene or the gene expression modulating sequence in the 
photoreceptor cell comprising introducing into the cell the 
disclosed recombinant expression construct comprising the 
gene or the gene expression modulating sequence. 
[0074] The disclosure also provides a method of modu­
lating expression of a target gene in the photoreceptor cell 
comprising introducing into the cell the disclosed recombi­
nant expression construct. 
[0075] As used herein the term "target gene" is a specific 
gene in which its expression is increased or decreased by 
expression of the encoded gene or the gene modulating 
sequence. The term "gene modulation" or "gene expression 
modulation" is intended to encompass increasing or decreas­
ing expression of a gene in a photoreceptor cell. For 
example, in some embodiments, the encoded gene and the 
target gene are the same, so that expression of the target gene 
can be increased by introducing a recombinant expression 
construct provided herein into a photoreceptor cell and 
expressing the gene therein. In other examples, expression 
of the gene can be decreased by introducing a recombinant 
expression construct provided herein into a photoreceptor 
cell that encodes a gene modulating sequence such as an 
siRNA specific for the target gene, the expression of which 
is intended to be decreased. Alternative embodiments of 
such gene expression modulating recombinant expression 
constructs encode components of gene editing systems, for 
example, Cas9 and/or guide RNA specific for the target 
gene, the expression of which is intended to be decreased or 
increased. In these embodiments, expression of the encoded 
gene editing component results in editing of the target gene 
so that a mutation or abnormality of the target gene is 
corrected. In certain embodiments, the target gene is IMPG 1 
and IMPG2. 
[0076] As used herein, the term a "gene modulating 
sequence" refers to a nucleic acid sequence that influences 
the expression of a gene. In some embodiments, the gene 
modulating sequence is an siRNA. 
[0077] In certain embodiments, the recombinant expres­
sion construct is introduced in a photoreceptor cell. In 
certain embodiments, the cell is an animal cell, particularly 
a mammalian cell. In specific embodiments, the mammalian 
cell is a human cell. In alternative embodiments the recom­
binant expression construct cell can be introduced in to the 
cell in vitro or in vivo. 
[0078] In some embodiments, the recombinant expression 
construct alters gene expression in the photoreceptor cell. In 
some embodiments, gene expression is increased. In some 
embodiments, gene expression is decreased. In some 
embodiments, gene expression is abolished. In some 
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embodiments, expression of the gene within the photore­
ceptor cell is deleterious and reducing or abolishing expres­
sion of the gene is advantageous. In some embodiments, low 
or absent levels of gene expression within the photoreceptor 
cell are deleterious and increasing gene expression is advan­
tageous. In some embodiments, gene expression is altered 
temporarily. In some embodiments, gene expression is 
altered permanently. 
[0079] In some embodiments, the recombinant expression 
construct expresses gene editing machinery. In some 
embodiments, the gene editing machinery is a CRISPR-Cas 
gene editing system. 
[0080] In some embodiments, the recombinant expression 
construct is used to test a gene therapy or cellular therapy. 
In some embodiments, the recombinant expression construct 
is used to detect the presence of photoreceptor cells. 
[0081] In some embodiments, the cell is a stem cell­
derived photoreceptor cell. In some embodiments, the cell is 
an embryonic stem cell-derived photoreceptor cell. In some 
embodiments, the cell is an induced pluripotent stem cell 
(iPSC)-derived photoreceptor cell. In some embodiments, 
the cell is formulated and/or used for therapy. 

III. Pharmaceutical Compositions and Methods of Treatment 

[0082] Provided herein are pharmaceutical compositions 
comprising the disclosed recombinant expression constructs 
comprising the genetically engineered promoter-enhancer 
construct, or a delivery vehicle comprising the disclosed 
recombinant expression construct, and a pharmaceutically 
acceptable carrier. 
[0083] "Delivery vehicle" refers to any biological material 
that can transport the recombinant construct to the retina, 
wherein the recombinant construct comprises the disclosed 
promoter-enhancer construct operatively linked to the 
nucleic acid sequence that exhibit therapeutic effects once it 
is expressed in the photoreceptor cell. A delivery vehicle can 
be a viral vector (for examples AAV) or non-viral vector 
(lipid particle, liposome etc.). 
[0084] "Pharmaceutical composition" as used herein 
refers to a composition that includes the disclosed recom­
binant expression construct comprising the genetically engi­
neered promoter-enhancer construct, or a delivery vehicle 
comprising the disclosed recombinant expression construct 
comprising the genetically engineered promoter-enhancer 
construct, and a pharmaceutically acceptable salt, carrier, a 
solvent, an adjuvant, and/or a diluent, or any combination 
thereof. 
[0085] The term "pharmaceutically acceptable vehicle" or 
"pharmaceutically acceptable carrier" refers to a diluent, 
adjuvant, excipient, or carrier with which the disclosed 
recombinant expression constructs comprising the geneti­
cally engineered promoter-enhancer construct, or a delivery 
vehicle comprising the disclosed recombinant expression 
construct is administered. In various aspects, the pharma­
ceutically acceptable carrier comprises one or more diluents, 
preservatives, solubilizers, emulsifiers, adjuvants, excipi­
ents, or other carriers. 
[0086] In certain aspects, the pharmaceutically acceptable 
carrier comprises one or more excipients or vehicles. Such 
excipients include liquids such as water, saline, glycerol, 
polyethyleneglycol, hyaluronic acid, ethanol, balanced salt 
solution, phosphate buffered saline, and the like. 
[0087] "Pharmaceutically acceptable carriers" for thera­
peutic use are well known in the pharmaceutical art, and are 
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described, for example, in Remington's Pharmaceutical Sci­
ences, 18th Edition (Easton, Pennsylvania: Mack Publishing 
Company, 1990). For example, sterile saline and phosphate­
buffered saline at physiological pH can be used. Preserva­
tives, stabilizers, dyes, and even flavoring agents can be 
provided in the pharmaceutical composition. For example, 
sodium benzoate, sorbic acid and esters of p-hydroxyben­
zoic acid can be added as preservatives. Id. at 1449. In 
addition, antioxidants and suspending agents can be used. 
[0088] Suitable excipients for non-liquid formulations are 
also known to those of skill in the art. A thorough discussion 
of pharmaceutically acceptable excipients and salts is avail­
able in Remington's Pharmaceutical Sciences, 18th Edition 
(Easton, Pennsylvania: Mack Publishing Company, 1990). 
[0089] Additionally, auxiliary substances, such as wetting 
or emulsifying agents, biological buffering substances, sur­
factants, and the like, can be present in such vehicles. A 
biological buffer can be any solution which is pharmaco­
logically acceptable and which provides the formulation 
with the desired pH, i.e., a pH in the physiologically 
acceptable range. Examples of buffer solutions include 
saline, phosphate buffered saline, Tris buffered saline, 
Hank's buffered saline, balanced salt solution, and the like. 
[0090] In general, the compositions of the disclosure will 
be administered in a therapeutically effective amount by any 
of the accepted modes of administration. Suitable dosage 
ranges depend upon numerous factors such as the severity of 
the disease to be treated, the age and relative health of the 
subject, the potency of the compound used, the route and 
form of administration, the indication towards which the 
administration is directed, and the preferences and experi­
ence of the medical practitioner involved. One of ordinary 
skill in the art of treating such diseases will be able, without 
undue experimentation and in reliance upon personal know l­
edge and the disclosure of this application, to ascertain a 
therapeutically effective amount of the compositions of the 
disclosure for a given disease. 
[0091] Also provided herein is a method of treating a 
retinal disease in a subject comprising administering the 
disclosed pharmaceutical composition to the subject. 
[0092] "Treating" or "treatment," as used herein, covers 
the treatment of a disorder, condition, or a disease described 
herein, in a subject, preferably a human, and includes: 

[0093] i. inhibiting a disease or disorder, i.e., arresting 
its development; 

[0094] ii. relieving a disease or disorder, i.e., causing 
regression of the disorder; 

[0095] iii. slowing progression of the disorder; and/or 
[0096] iv. inhibiting, relieving, ameliorating, or slowing 

progression of one or more symptoms of the disease or 
disorder. For example, the terms "treating," "treat," or 
"treatment" refer to either preventing development or 
exacerbation of, providing symptomatic relief for, or 
curing a patient's disorder, condition, or disease. 

[0097] As used herein, the term "subject" refers to both 
human and nonhuman animals. The term "nonhuman ani­
mals" of the disclosure includes all vertebrates, e.g., mam­
mals and non-mammals, such as nonhuman primates, sheep, 
dogs, cats, horses, cows, pigs, chickens, amphibians, rep­
tiles, and the like. The subject can be a human patient that 
is at risk for, or suffering from, one or more retinal diseases 
or disorders. The human subject can be of any age (e.g., an 
infant, child, or adult). 
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[0098] The term "animal cell" will be understood to 
include, but not be restricted to, cells from dogs, cats, mice, 
rats, horses, pigs, any non-human primates, and humans. In 
particular, such cells are retinal cells. 
[0099] The disclosed IMPGl and IMPG2 promoter-en­
hancer can increase expression of a gene that can correct 
retinal dysfunction. In some embodiments, the genetic 
abnormalities that cause the retinal diseases, can be cor­
rected by gene editing components that are expressed under 
the regulation of the IMPG 1 and IMPG2 promoter-enhancer. 
[0100] The in vitro and in vivo data as shown herein 
demonstrate that IMPGl and IMPG2 promoter-enhancers 
are at least as suitable for therapeutic use in primary pho­
toreceptor retinal diseases compared to another photorecep­
tor-specific promoter, the conventional GRKl promoter, and 
offers photoreceptor specificity that other non-specific 
strong promoters do not possess. In addition, the expression 
of GRKl, which is a protein involved in phototransduction 
of the photoreceptor, has been shown to be greatly reduced 
in primary photoreceptor retinal diseases (Sudharsan et al. 
Mo! Ther. 2025 May 21: S1525-0016(25)00390-9, online 
ahead of printing). The reduction is likely due to downregu­
lation of GRKl under these conditions. Therefore, using the 
conventional GRKl promoter in retinal diseases is not 
effective in achieving sufficient expression of a gene or gene 
expression modulating sequence for therapeutic effects. 
Conversely, IMPGl and IMPG2 are structural proteins 
whose expression are not affected in retinal diseases (Sud­
harsan et al. Mo! Ther. 2025 May 21: S1525-0016(25) 
00390-9, online ahead of printing); and thus, are more 
effective than GRKl promoter in retinal diseases resulting in 
photoreceptor dysfunction and degeneration. The in vivo 
data also show that expression driven by IMPG2 promoter­
enhancer slowly increases and sustains for a longer period 
than GRKl driven expression which quickly reaches peak 
and decays. Thus, the therapeutic effects brought by IMPG 1 
or IMPG2 promoter-enhancer can potentially be longer 
lasting than GRKl. Although strong and non-specific pro­
moters such as CAG promoter can drive a higher expression 
than IMPGl and IMPG2 promoter-enhancer, the in vitro 
data show that these non-specific promoters, in addition to 
being expressed in off-target, non-photoreceptors, can cause 
a higher rate of cell death, which is presumably due to 
toxicity caused by the extreme gene expression and/or 
off-target effects. Thus, IMPGl and IMPG2 promoter-en­
hancer can potentially have a higher safety profile when 
using in the retina compared to commonly used strong 
promoters that lack specificity to photoreceptor cells. 
[0101] In some embodiments, the therapy is used to treat 
a retinal disease. In some embodiments, the retinal disease 
is a photoreceptor-specific, inherited retinal disease. In some 
embodiments, the disease is retinitis pigmentosa. In some 
embodiments, the disease is Leber congenital amaurosis. In 
some embodiments, the disease is Usher syndrome. In some 
embodiments, the disease is Stargardt disease. In some 
embodiments, the disease is age-related or inherited macular 
degeneration. 

EXAMPLES 

[0102] Various exemplary embodiments of compositions 
and methods according to this invention are now described 
in the following non-limiting Examples. The Examples are 
offered for illustrative purposes only and are not intended to 
limit the scope of this invention in any way. Indeed, various 
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modifications of the invention in addition to those shown 
and described herein will become apparent to those skilled 
in the art from the foregoing description and the following 
examples and fall within the scope of the appended claims. 
[0103] The Examples set forth herein incorporate and rely 
on certain experimental and preparatory methods and tech­
niques preformed as exemplified herein. 

Example 1 

Promoter Design 

[0104] To obtain a photoreceptor-specific promoter, genes 
having high and specific expression levels in photoreceptors 
but minimal expression in other cells (including retinal cells 
such as retinal pigment epithelium (RPE), bipolar cells, and 
Muller glia) were screened. Two genes were identified using 
these criteria: IMPGl and IMPG2; as shown in FIG. 1, 
genetic analyses in retinal cell types show high and specific 
expression of IMPGl and IMPG2 genes in human photo­
receptor cells. Informatics analyses were then performed 
using available datasets from (1) Assay for Transposase­
Accessible Chromatin with sequencing (ATAC-seq), (2) 
Dnase I Hypersensitive Site (DHS) assays, and (3) Chro­
matin Immunoprecipitation sequencing (ChIP-Seq) 
(Thomas et al., 2022, "Cell-specific cis-regulatory elements 
and mechanisms of non-coding genetic disease in human 
retina and retinal organoids," Developmental Cell 57:820-
835). This comprehensive informatics workflow revealed 
multiple candidate promoter and enhancer sequences. The 
peaks identified in FIGS. 2-4 produced by single-nucleus 
ATAC-seq (snATAC-seq) data analysis indicated candidate 
cis-regulatory elements (CREs) of the IMPG2 gene in 
photoreceptor cells of developing and adult human retina 
and in induced pluripotent stern cell (iPSC)-derived retinal 
organoids. Utilizing this information, a candidate promoter 
region was identified directly upstream of the first exon of 
the IMPG2 gene (highlighted in FIG. 2) (SEQ ID NO: 2). In 
addition, two candidate enhancer regions were identified 
(also highlighted in FIG. 2) upstream and downstream of 
this promoter. 

Example 2 

In Vitro Screening of Candidate Promoters Using Bicis­
tronic eGFP/Luciferase Reporters 
[0105] To assess the relative retina-specific activities of 
photoreceptor-specific putative promoter sequences identi­
fied by the informatics analysis disclosed in Example 1, a 
two-tier in vitro system was used employing human embry­
onic kidney (HEK-293) cells and an immortalized human 
retinoblastoma cell line (Y79), which expresses low levels 
of numerous photoreceptor proteins. Y79 and HEK cell lines 
were selected to determine specific and non-specific activity 
of the promoters, respectively. HEK-293 cells were obtained 
from ATCC and maintained in DMEM containing 10% fetal 
bovine serum (FBS). Y79 (HTB-18) cells were obtained 
from ATCC and maintained in RPMI-1640 medium con­
taining 20% FBS. 
[0106] To validate their suitability for use in the screen, 
Y79 cells were plated on a 96-well plate and stained with the 
following photoreceptor (PR)-specific marker antibodies: 
IMPG2 extracellular domain (EC-IMPG2), IMPG2 intrac­
ellular domain (IC-IMPG2), IMPGl, Cone-Rod Homeobox 
(CRX), Neural Retina Leucine Zipper (NRL), and recoverin. 
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Unstained cells were used as a negative control and cells 
stained for actin were used as a positive control. Immuno­
cytochemistry analyses of Y79 cells showed significant 
expression of all PR markers tested except IMPG 1, whose 
expression level was low (shown in FIG. 5). These data 
suggested that Y79 cells could be used as a high-throughput 
proxy for retinal organoids to perform initial screening of 
PR-specific promoters. 
[0107] To carry out these experiments, bicistronic plas­
mids expressing luciferase-P2A-eGFP reporter constructs 
under the control of one of four different test promoters were 
synthesized (Genscript). Ubiquitous promoters such as cyto­
megalovirus (CMV) and chicken beta-actin (CAG) promot­
ers were used as positive controls because they are known to 
direct transcription nonspecifically at high levels in many 
cell lines, and untransfected cells were used as negative 
controls. In addition, the photoreceptor-specific GRKl pro­
moter was used as a positive control. 
[0108] Cells were plated on poly-D lysine-coated 96-well 
plates. One day after plating, cells were transfected with the 
respective plasmids as follows. Briefly, plasmids were 
mixed with TransIT-X2 transfection (Mirus Bio) reagent 
according to the manufacturer's instructions and added 
dropwise to the cells. Luciferase assays were performed 2-4 
days post transfection using the Dual-Gia luciferase assay 
kit (Promega) according to the manufacturer's instructions. 
Luminescence was measured using a Glomax multidetection 
luminometer (Promega). 
[0109] The resultant relative luminescence (RLU) values 
showed high and non-specific expression of constitutive 
CAG and CMV promoters in HEK cells, as expected (shown 
in FIG. 6A). Because of the very high relative levels ofCAG 
and CMV expression, other test plasmids appeared to show 
little or no expression in HEK cells. However, when the 
CAG and CMV outlier test groups are removed from the 
analysis, differences between non-CAG and non-CMV test 
promoters become evident. As HEK cells are derived from 
kidney and not retina, luciferase was not expected to be 
expected from plasmids containing photoreceptor (PR)­
specific promoters. GRKl, a presumed photoreceptor (PR)­
specific promoter surprisingly exhibited moderately high, 
non-specific expression in HEK cells. The rest of the test PR 
promoters, including IMPG2-PE1, did not drive expression 
in HEK cells appreciably (shown in FIG. 6B). 
[0110] Similarly, removing outlier CAG promoter data 
unmasked the results from screening in Y79 cells. The 
IMPG2 PEI test promoter (which incorporated the IMPG2 
promoter and IMPG2 upstream enhancer identified in 
Example 1, shown in FIG. 2) exhibited the highest activity 
in Y79 cells (shown in FIG. 7). All other test PR promoter 
candidates showed low or baseline activity. 
[0111] Overall, the genetically engineered IMPG2-PE1 
promoter (SEQ ID NO: 3), comprising an enhancer identi­
fied herein by SEQ ID NO: 1, showed the highest Y79-
specific activity amongst all the candidate Promoter-En­
hancer (PE) sequence combinations tested; therefore, it was 
selected as the lead candidate to be tested in retinal organ­
oids using adeno-associated virus (AAV)-mediated viral 
transduction. 

Example 3 

In Vitro Assessment of Candidate Promoters in Retinal 
Organoids (ROs) 

[0112] In order to qualitatively test relative PR-specific 
activity of the genetically engineered IMPG2 PEI promoter 
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in authentic human PRs, a human pluripotent stem cell 
(hPSC)-derived retinal organoid (RO) model system was 
employed. To transduce these ROs, adeno-associated virus 
2.7m8 (AAV2.7m8) constructs were created, inter alia 
because AAVs are the most efficient and commonly used 
delivery vectors for gene- and genome-based therapeutics. 
The methods of U.S. Patent Publication No. 
US20110081719Al, and U.S. Patent Publication No. 
US20160251618Al, were used in these experiments and are 
incorporated herein by reference. 

[0113] AAV2.7m8 constructs containing reporter gene 
eGFP under the regulation of one of four test promoters 
(CAG, CMV, IMPG2 PEI, and synthetic) were commer­
cially synthesized by Vector Builder. The synthetic IMPG2 
promoter included a CMV core promoter and an enhancer 
sequence, wherein the enhancer sequence was based on a 
previously reported palindromic sequence (Govorkova et 
al., 2022, ACS Synthetic Biology 11 (3): 1096-1105). Stem 
cells from the CRX-17 tdTomato PR reporter line (in which 
only PRs express tdTomato) were cultured and differentiated 
to PR-containing ROs using a previously published protocol 
(Phillips et al., 2018, Stem Cells 36(3): 313-324). Briefly, 
pluripotent stem cell colonies were detached from cell 
culture plates to form embryoid bodies (EBs). EBs were 
transitioned from mTeSR plus to a neural induction medium 
(NIM, composed of a 1:1 mixture ofDMEM and F12 media 
containing 1 % N2 supplement, lxMEM nonessential amino 
acids (MEM NEAA), lxG!utaMAX (Thermo Fisher) and 2 
ug/ml heparin (Sigma) over the course of 4 days. On day 6 
(D6), 0.75 nM bovine morphogenic protein 4 (BMP4; R&D 
Systems) was added to fresh NIM and one day later, EBs 
were plated on Matrigel at a density of 200 EBs per well of 
a 6-well plate. Half the media was replaced with fresh NIM 
on D9, D12, and D15, and on D16 the media was changed 
to Retinal Differentiation Medium (RDM; DMEM: F12 3:1, 
2% B27 supplement, MEM NEAA, lxantibiotic, antimy­
cotic (Thermo Fisher) and lx GlutaMAX). On D25-D30, 
optic vesicle-like colonies became visually apparent by 
brightfield microscopy and were dissected with an MSP 
ophthalmic surgical knife (Surgical Specialties Corpora­
tion). The resulting free-floating retinal organoids were 
maintained in poly-HEMA-coated flasks (polyHEMA, 
Sigma) with twice-weekly feeding of 3D-RDM (DMEM: 
F12 3:1, 2% B27 supplement, lxMEM NEAA, lx antibi­
otic, anti-mycotic, and 1 x GlutaMAX with 5% FBS, 100 µM 
taurine, 1: 1000 chemically defined lipid supplement 
(11905031, Thermo Fisher). Between day 100 and day 115 
of differentiation, ROs were treated overnight with ViraDuc­
tin (Cell Biolabs) according to the manufacturer's instruc­
tions, and the following day were transduced with the AAV 
vectors. Expression of eGFP was assessed in live ROs 13 
days after transduction using a Nikon Ts2-FL microscope 
equipped with a DS-Fi3 camera. 

[0114] Both nonspecific promoters (CAG and CMV pro­
moters) showed high, indiscriminate GFP expression 
throughout all ROs. However, the IMPG2 PEI promoter 
showed expression of eGFP only in the outer mantle ofROs, 
where PRs are located, and the synthetic PR promoter did 
not demonstrate appreciable eGFP fluorescence anywhere 
within the ROs (shown in FIG. 8). This eGFP expression 
pattern provided qualitative evidence of human PR-specific 
promoter activity exhibited by IMPG2 PEI. 
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[0115] Next, flow cytometry was performed to quanti­
tively assess the PR (i.e., on-target) promoter activity of 
IMPG2 PEI in hPSC-derived ROs relative to ubiquitous 
promoters. 

[0116] Transduced CRX-17 tdTomato ROs from the 
experiments just described in this Example were dissociated 
at day 14 post-transduction into single cell suspensions 
using !Ox TrypLE (ThermoFisher). Flow cytometry of live 
cells was then performed using ThermoFisher Attune, which 
included compensation and fluorescence minus one (FMO) 
controls to determine the gates. Data were analyzed using 
FlowJo software version 10.9. The PR transduction effi­
ciency percentages and median fluorescence intensities 
(MFI) in PRs was determined by virtue of their dual posi­
tivity for tdTomato (red) and eGFP (green) fluorescence. 
Integrated MFI (iMFI) values were calculated as a product 
of percent transduction efficiency and MFI. 

[0117] The AAV2.7m8 vector containing the CAG pro­
moter exhibited the highest iMFI values in PRs, indicating 
that, because CAG is nonspecific and thus mediates expres­
sion in any cell type, it unsurprisingly showed expression in 
PRs at a very high levels. In contrast, however, the IMPG2 
PEI promoter showed eGFP reporter gene expression in PRs 
at a similar level to CAG (i.e., the difference between them 
was statistically non-significant). Additionally, IMPG2 PEI 
showed eGFP reporter gene activity at a similar or greater 
level than the ubiquitous CMV promoter (shown in FIGS. 
9B-9C). Thus, the IMPG2 PEI promoter supported gene 
expression in RO-derived PRs at levels equivalent to highly 
active, ubiquitously expressing CAG or CMV promoters 
and was more specific for PRs than those promoters. 

[0118] In parallel, flow cytometry was used to analyze 
cells that were positive for eGFP (green) fluorescence but 
negative for tdTomato (red) fluorescence (i.e., non-PR cells) 
to assess off-target activity. As expected, the ubiquitous 
CAG promoter exhibited the highest transduction percent­
age and mean fluorescent intensity (MFI) values in non-PRs, 
confirming its nonspecific gene expression capacity. The 
IMPG2 PEI promoter showed significantly lower eGFP 
reporter activity in non-PRs compared to the CAG promoter. 
In addition, the activity ofIMPG2 PEI in non-PRs was lower 
than that of the ubiquitous CMV promoter, albeit not a 
significant level (shown in FIGS. l0A-l0B). These results 
showed that the IMPG2 PEI promoter had less activity in 
non-PRs than ubiquitous promoters, further confirming its 
specificity for PRs. 

[0119] Finally, flow cytometry analyses shown in FIG. 9 
and FIG. 10 were combined to quantitatively determine the 
overall PR-specific activity of the IMPG2 PEI promoter in 
hPSC-ROs relative to ubiquitous promoters. The fold 
change of eGFP fluorescence iMFI values in PRs versus 
non-PRs was calculated for each tested promoter by dividing 
expression level values from the former by expression level 
values from latter. 

[0120] The ratio of eGFP iMFI in PRs to the eGFP iMFI 
in non-PRs revealed significantly higher PR specificity of 
the IMPG2 PEI promoter compared to the CAG and CMV 
ubiquitous promoters, as well as the synthetic promoter 
negative control (shown in FIG. 11). 

[0121] Cumulative analysis of all parameters quantita­
tively assessed by flow cytometry showed superiority (> 10-
fold) of the IMPG2 PEI promoter compared to commonly 
used ubiquitous promoters. 
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[0122] To further corroborate the flow cytometry findings 
detailed in FIGS. 9-11, immunocytochemistry (ICC) analy­
sis was performed on intact human CRXl 7 ROs transduced 
with AAV2.7m8 vectors expressing eGFP under the control 
of the IMPG2 PEI, CAG, or CMV promoters. A cohort of 
ROs from the experiments used for the analyses shown in 
FIG. 9 and FIG. 10 (14 days post-transduction) were fixed, 
cryopreserved, cryosectioned, and immunostained using pri­
mary antibodies directed against GFP (green), tdTomato 
(red), and recoverin (purple). Thereafter, the immunostained 
cryosections were imaged using a Nikon Al laser scanning 
confocal microscope with NIS Elements AR 5.0 software. 
IMPG2 PEI-driven GFP expression strongly co-localized 
with the PR reporter TdTomato and the PR marker recoverin 
(shown FIG. 12). These data further supported the flow 
cytometry findings that expression of eGFP driven by the 
IMPG2 PEI promoter was highly specific to PRs. 

Example 4 

In Vivo Testing of Candidate Promoters in Mouse Retinas 

[0123] To examine in vivo activity ofIMPG2 PEI, mouse 
retina was transduced with AAV2.7m8 vectors expressing 
eGFP under the control of either IMPG2 PEI or CAG 
promoters. AAV2.7m8 vectors harboring either an IMPG2 
PEl-eGFP or a CAG-eGFP reporter expression construct 
were injected into the subretinal space of wildtype mice. 
Twenty-eight days later, eyes were removed, fixed, sec­
tioned, and processed for brightfield and eGFP fluorescence. 
Cryosections were blocked and immunostained with pri­
mary antibodies directed against GFP and the PR marker 
recoverin. Immunostained cryosections were imaged using a 
Nikon Al laser scanning confocal microscope and NIS 
Elements AR 5.0 software. 
[0124] Consistent with the results in cell lines and retinal 
organoids, the use of the IMPG2 PEI promoter resulted in 
PR-specific eGFP expression (shown in FIG. 13A), whereas 
the use of the ubiquitous CAG promoter yielded nonspecific 
eGFP expression throughout the retina (shown in FIG. 13B). 
Moreover, the pattern of eGFP expression under control of 
the IMPG2 PEI promotor coincided strictly with the immu­
nostaining pattern of the PR marker recoverin (shown FIG. 
13C, top two panels), whereas the pattern of eGFP expres­
sion under the control of the CAG promotor included all 
retinal cells (shown FIG. 13C, bottom two panels). FIG. 13D 
is a higher magnification image showing the complete 
overlap ofIMPG2 PEl-eGFP expression in RECOVERIN+ 
PRs. Of note, recoverin was also expressed in some bipolar 
cells (shown by arrowheads in FIG. 13C), but no eGFP 
expression was seen in these non-PRs using IMPG2 PEI, in 
contrast to the results where eGFP expression was mediated 
by the CAG promoter. This further demonstrated the PR 
specificity of the IMPG2 PEI promoter. 
[0125] In sum, the in vivo mouse retina data confirmed the 
PR-specific promoter activity of IMPG2 PEI. 

Example 5 

In Vitro Assessment of Candidate Promoters in iPSC-De­
rived Retinal Organoids (ROs) 
[0126] These findings were further validated in ROs dif­
ferentiated from a human induced pluripotent stem cell 
(iPSC) 10.13 line. Stem cells from the 10.13 cell line were 
cultured and differentiated to ROs. Prior to transduction, 
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ROs were treated overnight with ViraDuctin (Cell Biolabs) 
according to the manufacturer's instructions. The following 
day, ROs were infected with AAV2.7m8 vector containing 
IMPG2 PEI promoter sequences driving eGFP as a reporter 
gene. At 21-28 days post-treatment (DPT) transduced ROs 
were fixed in 4% paraformaldehyde (Electron Microscopy 
Sciences) at room temperature (RT) with gentle agitation for 
40 mins, washed with lxPBS, and cryopreserved in 15% 
sucrose in PBS for 40 min, followed by equilibration in 30% 
sucrose for 40 min. Retinal organoids were flash frozen 
immediately post-equilibration and then cryosectioned at a 
thickness of 15 µm. Cryosections were blocked in blocking 
solution (10% normal donkey serum, 5% BSA, and 0.5% 
Triton X-100 in lxPBS) for 1 hat room temperature and 
incubated at 4° C. overnight with primary antibodies (anti­
GFP and anti-recoverin) prepared in blocking solution. After 
incubation, cryosections were washed three times in phos­
phate buffered saline (PBS), then incubated for 30 min in the 
dark at room temperature with appropriate fluorophore­
conjugated secondary antibodies prepared in blocking solu­
tion. Thereafter, the immunostained cryosections were 
washed three times in PBS, mounted in Prolong Gold 
Antifade with DAPI (Thermo Fisher Scientific), and imaged 
using a Nikon Al laser scanning confocal microscope with 
NIS Elements AR 5.0 software. 

[0127] ICC data showed IMPG2 PEI to be active in the 
photoreceptor cells of all ROs (shown in FIG. 14). Of note, 
CRXl 7 ROs from Example 3 were derived from embryonic 
stem cells (ESC) line. Thus, these data from that example 
and this example demonstrate the activity and specificity of 
IMPG2 PEI in both ESC and iPSCs. 

Example 6 

In Vitro Assessment of Candidate Promoters in Retinal 
Organoids (ROs) from Another Species 

[0128] Cross-species (i.e., in a preclinical animal model) 
activity ofIMPG2-PE1 was tested in ROs derived from pig 
iPSCs. 

[0129] Pig stem cells were cultured and differentiated to 
retina cells. Prior to transduction, ROs were treated over­
night with ViraDuctin (Cell Bio labs) according to the manu­
facturer's instructions. The following day, ROs were 
infected with AAV2.7m8 vector containing IMPG2 PEI 
promoter sequences driving eGFP as a reporter gene. At 21 
DPT transduced ROs were fixed in 4% paraformaldehyde 
(Electron Microscopy Sciences) at room temperature (RT) 
with gentle agitation for 40 mins, washed with 1 xPBS, and 
cryopreserved in 15% sucrose in PBS for 40 min, followed 
by equilibration in 30% sucrose for 40 min. Retinal organ­
oids were flash frozen immediately post-equilibration and 
then cryosectioned at a thickness of 15 µm. Cryosections 
were blocked in blocking solution (10% normal donkey 
serum, 5% BSA, and 0.5% Triton X-100 in lxPBS) for 1 h 
at room temperature and incubated at 4 ° C. overnight with 
primary antibodies (anti-GFP and anti-recoverin) prepared 
in blocking solution. After incubation, cryosections were 
washed three times in phosphate buffered saline (PBS), then 
incubated for 30 min in the dark at room temperature with 
appropriate fluorophore-conjugated secondary antibodies 
prepared in blocking solution. Thereafter, the immunos­
tained cryosections were washed three times in PBS, 
mounted in Prolong Gold Antifade with DAPI (Thermo 



US 2026/0007776 Al 

Fisher Scientific), and imaged using a Nikon Al laser 
scanning confocal microscope with NIS Elements AR 5.0 
software. 

[0130] Similar to its expression in human ROs (FIG. 14), 
pig ROs showed high and photoreceptor-specific activity of 
IMPG2-PE1 (shown in FIG. 15). Altogether, the activity of 
IMPG2-PE1 in Y79 retinoblastoma cells, HEK cells, and 
human and pig pluripotent stem cell-derived ROs showed it 
to be highly active and significantly more photoreceptor­
specific than other available promoters. 

Example 7 

Round 1: Designing Shortened Promoter-Enhancer 
Constructs 

[0131] A short promoter-enhancer allows more space for 
packaging of larger transgenes into a construct. Thus, the 
IMPG2-PE1 promoter-enhancer construct which comprised 
about 600 base pairs (bp) promoter and 600 bp enhancer, 
was designed to reduce its total length by shortening the 
promoter region, the enhancer region, or both (FIG. 16 to 
FIG. 18). Specifically, the second half of the full length 
IMPG2 promoter, which was shown to have fewer transcrip­
tion binding sites than the first half, was removed to produce 
a shortened IMPG2 promoter of about 300 bp (FIG. 17). 
Similarly, the second half of the full length IMPG2 upstream 
enhancer was removed to produce a shortened enhancer of 
about 300 bp (FIG. 18). Nine promoters were examined for 
level of expression of eGFP and PR-specificity in an hPSC­
derived RO model system, in similar experiments to 
Example 3. The AAV2.7m8 constructs containing reporter 
gene eGFP under the regulation of each of the test promoters 
were utilized. Five designs of different lengths of IMPG2 
promoter and its enhancer were tested: full length IMPG2 
promoter and IMPG2 full length enhancer (IMPG2-PE1), 
short IMPG2 promoter and IMPG2 full length enhancer, full 
IMPG2 promoter and IMPG2 short enhancer, short IMPG2 
promoter and IMPG2 short enhancer, and full length IMPG2 
promoter with three units of IMPG2 full length enhancer. 
GRKl, known to be a standard promoter specific for PR, 
non-specific CMV promoter-enhancer, and non-specific 
CAG promoter were used as positive controls. Constructs 
containing only enhancer without its IMPG2 promoter was 
also tested to determine if the enhancer only was sufficient 
to drive expression. A summary of the tested constructs and 
their respective lengths are shown in FIG. 16. 

[0132] The results showed that shortening only the 
enhancer (full IMPG2 promoter and IMPG2 short enhancer) 
did not reduce GFP expression (FIGS. 19-21C) or affect PR 
specificity (FIGS. 19, 20, 22A-22C, and 23). Adding 3 units 
of enhancers (full length IMPG2 promoter with three units 
of IMPG2 full length enhancer) also did not change the 
expression (FIG. 19-21C) or specificity profile (FIGS. 19, 
20, 22A-22C, and 23) compared to the full construct 
IMPG2-PE1. 

[0133] In contrast, shortening the promoter reduced the 
expression level regardless of the length of the enhancer 
(short IMPG2 promoter and IMPG2 full length enhancer, 
and short IMPG2 promoter and IMPG2 short enhancer, 
FIGS. 19-21C). 

[0134] Surprisingly, although the level of expression was 
reduced by shortening the promoter, the reduction was less 
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if the enhancer was also shortened (full IMPG2 promoter 
and IMPG2 short enhancer vs short IMPG2 promoter and 
IMPG2 short enhancer). 
[0135] In these experiments, CAG promoter showed the 
highest expression of GFP but this expression was very 
non-specific to PR (FIGS. 19-23). However, ROs transfected 
with CAG showed higher rate of death (FIG. 24) compared 
to other tested promoter constructs, possibly due to toxicity 
caused by high expression of GFP. This result indicated that 
a balanced expression provided by IMPG2-based promoters 
was more desirable for safety profile. 

Example 8 

Round 2: Designing Shortened Promoter-Enhancer 
Constructs 

[0136] In round 2, three constructs comprising IMPG2 full 
length promoter without enhancer, IMPG2 short center 
promoter with IMPG 2 short enhancer, and IMPG 1 promoter 
and IMPG 1 downstream enhancer (IMPGl-PEl) were 
tested (FIG. 25). Since shortening the enhancer did not 
impact activity of the IMPG2 promoter-enhancer, the 
IMPG2-no enhancer construct was used to test if the 
enhancer might be redundant. To test whether a different 
region of the promoter could be removed, the scIMPG2 
promoter was generated that only retained 370 bp in the 
center region (FIG. 26). Lastly, IMPGl-PEl, which was not 
expressed at high level and did not show any activity in Y79 
cell model, was tested for activity in whole retinal organoid 
model that might better express IMPGl-PEl (FIG. 27). The 
promoter and enhancer sequence of IMPGl-PEl * was dif­
ferent compared to the promoter and enhancer sequence of 
IMPG 1-PE 1 that was tested in Y7 9 cell model in FIG. 6 and 
FIG. 7. Particularly, the enhancer sequence in IMPGl-PEl * 
was downstream of the enhancer sequence in IMPGl-PEl 
(FIG. 27) 
[0137] These results showed that IMPG2 promoter only 
and IMPG2 short center promoter with IMPG2 shorted 
enhancer constructs had minimum to low expression of GFP 
in PR or non-PR, indicating that the enhancer and the center 
region of the IMPG2 promoter were essential for activity, 
respectively (FIGS. 28-32). Surprisingly, IMPGl-PEl 
showed some level of GFP expression (FIG. 28, FIG. 29, 
and FIGS. 30A-30C) with comparable PR specificity to 
IMGP2-PE1 (FIG. 30A-30C, FIGS. 31A-31C, and FIG. 34). 
[0138] In summary, round 1 and round 2 screens of 
various lengths of promoter-enhancer identified positive 
constructs with significant level expression and PR speci­
ficity. These constructs included: IMPG2 Full Promoter 
IMPG2 Full Enhancer (IMPG2-PE1) (SEQ ID NO: 3), 
IMPG2 Full Promoter IMPG2 Short Enhancer (SEQ ID NO: 
7), IMPG2 Short Promoter IMPG2 Short Enhancer (SEQ ID 
NO: 8), IMPG2 Full Promoter and 3 units of IMPG2 Full 
Enhancers (SEQ ID NO: 9), and IMPG 1 Full Promoter* and 
IMPGl Full Enhancer* (IMPGl-PEl *) (SEQ ID NO: 18) 
(see summary in FIG. 33). 

Example 9 

Round 3: Designing Shortened Promoter-Enhancer 
Constructs 

[0139] Round 3 set out to test whether IMPG 1 promoter 
can replace IMPG2 and pair with the full length or shortened 
enhancer of IMPG2. Based on the experimental results set 
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forth herein, chimeric constructs comprising IMPG 1 full 
promoter* with short enhancer ofIMPG2 (SEQ ID NO: 20) 
or IMPG 1 full promoter* with full length enhancer of 
IMPG2 (SEQ ID NO: 19) can drive the same or comparable 
level of expression and PR specificity as the positive con­
structs identified in Round 1 and Round 2 (see summary in 
FIG. 33). 

Example 10 

IMPG2-PE1 In Vivo Activity in Non-Human Primates 
(NHPs) 

[0140] To demonstrate that IMPG2-PE1 could promote 
expression of a transgene specifically in PR in vivo, AAV2. 
7m8 vector containing eGFP reporter gene under the regu­
lation of one of the test promoters (IMPG2-PE1 promoter­
enhancer, GRKl promoter, or CAG promoter) were injected 
into cynomolgus macaques (FIG. 34). Female cynomolgus 
macaques, 3 years of age and weighing approximately 3 kg, 
were anesthetized by intramuscular injection of ketamine 
(2-10 mg/kg), dexmedetomidine (0.025 mg/kg), and glyco­
pyrrolate (0.01 mg/kg) and pupils were dilated with a topical 
mydriatic agent. Using a trocar, two cannulas (23- or 
25-gauge) were placed through the conjunctiva and sclera 
approximately 3 mm posterior to the corneal limbus, one at 
the 10 o'clock and the other at the 2 o'clock meridian. A 
fiberoptic light was passed through the 25-gauge cannulas to 
illuminate the retina. A piano-convex corneal contact lens 
was used to visualize the retina through a surgical micro­
scope. A 23-gauge injector (D.O.R.C., Exeter, NH) with a 
41-gauge extension was then passed through the 23-gauge 
cannula and the cannula tip was extended and brought in 
contact with the retina. The vector (100 µI at a dose of 
5xl 011 genome copies/eye, wherein the vector was stored in 
PBS buffer pH7.4 supplemented with 200 mM NaCl and 
0.001 % pluronic F-68; and diluted in balanced salt solution) 
was injected through the retina into the subretinal space, 
resulting in a subretinal bleb. The 41-gauge cannula tip was 
retracted and the injector tip was repositioned for the second 
injection. After the second subretinal injection, the instru­
ments and cannulas were removed from the eye. The scle­
rotomies were cauterized. A topical antibiotic (0.3% 
tobramycin/0.1 % dexamethasone ophthalmic ointment) was 
instilled in each eye post-injection. To minimize animal-to­
animal variability, vectors comprising different promoter/ 
promoter-enhancer constructs were injected in the two eyes 
of each animal, using a Latin square design so that a total of 
four eyes were injected with each vector. 
[0141] The GFP fluorescence was imaged using Optical 
Coherence Tomography (OCT) at week 2, week 4, and week 
6. FIG. 35 demonstrated that compared to GRKl (which 
reached a peak expression by week 4 and decreased by week 
6), expression driven by IMPG2-PE1 was lower from week 
2 to week 4 but kept increasing slowly by week 6. In 
contrast, expression driven by CAG was saturated by week 
2 and kept spreading throughout the retina by week 6 (FIG. 
35 and FIG. 36). 
[0142] After OCT imaging at week 6, the eyes were 
enucleated immediately after animal sacrifice, placed into 
cold ( 4° C.) 0.1 M phosphate buffer, and promptly placed on 
a cold plate under a dissecting microscope. Excess tissue 
was removed and a coronal cut was made to remove the 
anterior segment (cornea, iris, and lens). Four radial cuts, 
one in each quadrant, were made through the retina and 
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sclera extending from the peripheral cut edge to just poste­
rior to the equator in order to flatten the posterior segment. 
Punches of the retina were made in the superior bleb using 
a 6 mm trephine placed in a specimen tube, frozen and stored 
at -80° C. for reverse transcription quantitative PCR (RT­
qPCR) analysis of transgene expression. The remainder of 
the eye was placed into 4% paraformaldehyde in phosphate 
buffer at 4° C. for 2 days and then transferred to 0.1 M 
phosphate buffer and stored at 4 ° C. A parasagittal strip of 
retina/sclera was dissected from each eye that included the 
blebs, macula, and periphery and embedded in paraffin for 
immunohistochemistry. 

[0143] Co-localization of recoverin and GFP indicated 
that the expression driven by IMPG2-PE1 observed in OCT 
imaging was specifically from PRs. There was also minimal 
overlap ofGFP expression driven by IMPG2-PE1 with GOa 
staining (which was a marker for retinal ganglion cells) and 
with cellular retinaldehyde-binding protein (CRALBP) 
(which was a marker for RPE) (FIG. 37 A and FIG. 37B). In 
contrast, CAG showed co-localization of GFP with 
CRALBP, indicating non-PR expression (FIG. 3 7 A and FIG. 
37B). 

[0144] Taken together, the data showed that IMPG2-PE1 
was specific to PR and effective in driving robust transgene 
expression in vivo. The expression was gradual but consis­
tently increasing compared to expression driven by GRKl 
which seemed to be reduced between week 4 and week 6. 
This feature of IMPG2-PE1 could be advantageous in pro­
viding long lasting therapeutic benefits brought by expres­
sion of the transgene. 

Example 11 

Testing IMPGl-PEl Construct in Retinal Organoids 

[0145] The IMPGl-PEl construct tested in Example 2 in 
Y79 cells is tested in retinal organoids. FIG. 5 shows that 
Y79 cells did not express IMPGl and thus it was not 
possible to assess the activity ofIMPGl-PEl. Based on the 
experimental results set forth herein, wherein an IMPG 1-
PEl * construct was functional as shown in FIGS. 28-32. 
IMPGl-PEl constructs also function in retinal organoids. 

[0146] All publications, patents, and patent applications 
mentioned in this specification are herein incorporated by 
reference to the same extent as if each individual publica­
tion, patent, and patent application was specifically and 
individually indicated to be incorporated by reference. 

[0147] While some embodiments have been illustrated 
and described in detail in the appended drawings and the 
foregoing description, such illustration and description are 
to be considered illustrative and not restrictive. Other varia­
tions to the disclosed embodiments can be understood and 
effected in practicing the claims, from a study of the 
drawings the disclosure, and the appended claims. The mere 
fact that certain measures or features are recited in mutually 
different dependent claims does not indicate that the com­
bination of these measures or features cannot be used. Any 
reference signs in the claims should not be construed as 
limiting the scope. 
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SEQ ID 
NO 

SEQUENCE LISTING 

SEQUENCE 

TCCTATTGTTAACTTTGAACTTCCAATTCATTTGGAG 
AAGTGGTTTCCTCGTCATGTAATAAAGACCAAACGG 
GAAGATATTCGAGAGCTCATCTTGAAACTTCATTTA 
CAGCAACAGAAGGGCAGCAGTAGCTAGTTAATCTGT 
ACAAACATGACACAGATGTTCTCTAAGATTACTGGA 
AAGCCTCTTACCAGCATTTGTGTTAGCCAGCTCACA 
GAGAAGAAAATAACTTGCAGTAGTTTTATAATAAGT 
CATTGGAACATTATTTAAAATATGTAGGACACATTA 
TTAGAATTGTTGGGATCTCATAGATGGAATGGGAAT 
GGGGGTGATATAGATAAACTTACTAGATATAAATTA 
AAATTTTATAAATATTTCATATTTTTCTGAGTAAATA 
TGATTGGATTATGCAACAGCATATGTAATATGGGAA 
TGTTTTGTAGATAATAAAACTTACATGATCTGTACTT 
CCACGTGACTGGGTGCTGAGGGGAGTTAAAGCCTCC 
CTGGTGCCAGCCCCAGTGCTTGTCAAATTTGCTGAC 
AGGTCACATCATATTGTAATTCTATTCTTTGCAGCTC 
AAGCATGCAGTA 

AGTTAATTAGTTAATTTAATCCTCACATTAGCTCTAC 
CATGAGTTTACTATTTCTATTCCATTTTATACGTAAG 
GAAGGAGACAAAGTAAGTGATTTTTCTATCAAGGAA 
GGAAATTTGCAAGAGAATAGTTTCATTACAAAAACT 
AAATTTGTACGTAGCTCTGTATTATTGAAATAGGTA 
GATATAGTCAGTCTGGACTTTTTATGCTTATACATCT 
TAGTCCCTAGGAAAACCCAGAACTAACAGATTCAGA 
AAAGTTGGAAAAATCAGTGAATTATATGTGAAACAC 
ATTATTCTTAGTGGACTGCTTGTTAAAGGCAAGGAG 
AGTGTTAGTAAAGAGCTTAGGTAGATTAGAATAAAG 
AAATTGTCTCTCTCCATCTGCTCTAATTAGCTTATCT 
CACCAGCTTTTATAGCATGCTGGTTATTTCAGAAAA 
GAAGTGAGAGCTACTTTGAAAGGACAACCATTTTTC 
TTTCCGCTAATTTATAATGGTTTTGAAGTGGTTGTTC 
ATTCTCAAACATAGACTTTTAAATGTTAGGTCTTTCC 
TATAACTCTTTGTTATTGGAAGTTTCAAGGATTTGGA 
CACTCAATTAAGGATTCTGTCCT 

TCCTATTGTTAACTTTGAACTTCCAATTCATTTGGAG 
AAGTGGTTTCCTCGTCATGTAATAAAGACCAAACGG 
GAAGATATTCGAGAGCTCATCTTGAAACTTCATTTA 
CAGCAACAGAAGGGCAGCAGTAGCTAGTTAATCTGT 
ACAAACATGACACAGATGTTCTCTAAGATTACTGGA 
AAGCCTCTTACCAGCATTTGTGTTAGCCAGCTCACA 
GAGAAGAAAATAACTTGCAGTAGTTTTATAATAAGT 
CATTGGAACATTATTTAAAATATGTAGGACACATTA 
TTAGAATTGTTGGGATCTCATAGATGGAATGGGAAT 
GGGGGTGATATAGATAAACTTACTAGATATAAATTA 
AAATTTTATAAATATTTCATATTTTTCTGAGTAAATA 
TGATTGGATTATGCAACAGCATATGTAATATGGGAA 
TGTTTTGTAGATAATAAAACTTACATGATCTGTACTT 
CCACGTGACTGGGTGCTGAGGGGAGTTAAAGCCTCC 
CTGGTGCCAGCCCCAGTGCTTGTCAAATTTGCTGAC 
AGGTCACATCATATTGTAATTCTATTCTTTGCAGCTC 
AAGCATGCAGTAAGTTAATTAGTTAATTTAATCCTC 
ACATTAGCTCTACCATGAGTTTACTATTTCTATTCCA 
TTTTATACGTAAGGAAGGAGACAAAGTAAGTGATTT 
TTCTATCAAGGAAGGAAATTTGCAAGAGAATAGTTT 
CATTACAAAAACTAAATTTGTACGTAGCTCTGTATTA 
TTGAAATAGGTAGATATAGTCAGTCTGGACTTTTTAT 
GCTTATACATCTTAGTCCCTAGGAAAACCCAGAACT 
AACAGATTCAGAAAAGTTGGAAAAATCAGTGAATTA 
TATGTGAAACACATTATTCTTAGTGGACTGCTTGTTA 
AAGGCAAGGAGAGTGTTAGTAAAGAGCTTAGGTAG 
ATTAGAATAAAGAAATTGTCTCTCTCCATCTGCTCTA 
ATTAGCTTATCTCACCAGCTTTTATAGCATGCTGGTT 
ATTTCAGAAAAGAAGTGAGAGCTACTTTGAAAGGAC 
AACCATTTTTCTTTCCGCTAATTTATAATGGTTTTGA 
AGTGGTTGTTCATTCTCAAACATAGACTTTTAAATGT 
TAGGTCTTTCCTATAACTCTTTGTTATTGGAAGTTTC 
AAGGATTTGGACACTCAATTAAGGATTCTGTCCT 

13 

DESCRIPTION 

IMPG2 Full 
Upstream 
Enhancer (El) 

IMPG2 Full 
Promoter 

IMPG2 Full 
Promoter And 
IMPG2 Full 
Upstream 
enhancer 
(IMPG2-PE1) 

Jan. 8, 2026 
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SEQ ID 
NO 

-continued 

SEQUENCE LISTING 

SEQUENCE 

GACTGCTTGTTAAAGGCAAGGAGAGTGTTAGTAAAG 
AGCTTAGGTAGATTAGAATAAAGAAATTGTCTCTCT 
CCATCTGCTCTAATTAGCTTATCTCACCAGCTTTTAT 
AGCATGCTGGTTATTTCAGAAAAGAAGTGAGAGCTA 
CTTTGAAAGGACAACCATTTTTCTTTCCGCTAATTTA 
TAATGGTTTTGAAGTGGTTGTTCATTCTCAAACATAG 
ACTTTTAAATGTTAGGTCTTTCCTATAACTCTTTGTT 
ATTGGAAGTTTCAAGGATTTGGACACTCAATTAAGG 
ATTCTGTCCT 

TCCTATTGTTAACTTTGAACTTCCAATTCATTTGGAG 
AAGTGGTTTCCTCGTCATGTAATAAAGACCAAACGG 
GAAGATATTCGAGAGCTCATCTTGAAACTTCATTTA 
CAGCAACAGAAGGGCAGCAGTAGCTAGTTAATCTGT 
ACAAACATGACACAGATGTTCTCTAAGATTACTGGA 
AAGCCTCTTACCAGCATTTGTGTTAGCCAGCTCACA 
GAGAAGAAAATAACTTGCAGTAGTTTTATAATAAGT 
CATTGGAACATTATTTAAAATATGTAGGACACATTA 
TTAGAATTGTTGGGATCTCATAGATGGAATGGGAAT 
GGGGGTGATATAGATAAACTTACTAGATATAAATTA 
AAATTTTATAAATATTTCATATTTTTCTGAGTAAATA 
TGATTGGATTATGCAACAGCATATGTAATATGGGAA 
TGTTTTGTAGATAATAAAACTTACATGATCTGTACTT 
CCACGTGACTGGGTGCTGAGGGGAGTTAAAGCCTCC 
CTGGTGCCAGCCCCAGTGCTTGTCAAATTTGCTGAC 
AGGTCACATCATATTGTAATTCTATTCTTTGCAGCTC 
AAGCATGCAGTAGACTGCTTGTTAAAGGCAAGGAGA 
GTGTTAGTAAAGAGCTTAGGTAGATTAGAATAAAGA 
AATTGTCTCTCTCCATCTGCTCTAATTAGCTTATCTC 
ACCAGCTTTTATAGCATGCTGGTTATTTCAGAAAAG 
AAGTGAGAGCTACTTTGAAAGGACAACCATTTTTCT 
TTCCGCTAATTTATAATGGTTTTGAAGTGGTTGTTCA 
TTCTCAAACATAGACTTTTAAATGTTAGGTCTTTCCT 
ATAACTCTTTGTTATTGGAAGTTTCAAGGATTTGGAC 
ACTCAATTAAGGATTCTGTCCT 

TCCTATTGTTAACTTTGAACTTCCAATTCATTTGGAG 
AAGTGGTTTCCTCGTCATGTAATAAAGACCAAACGG 
GAAGATATTCGAGAGCTCATCTTGAAACTTCATTTA 
CAGCAACAGAAGGGCAGCAGTAGCTAGTTAATCTGT 
ACAAACATGACACAGATGTTCTCTAAGATTACTGGA 
AAGCCTCTTACCAGCATTTGTGTTAGCCAGCTCACA 
GAGAAGAAAATAACTTGCAGTAGTTTTATAATAAGT 
CATTGGAACATTATTTAAAATATGTAGGACACATTA 
TTAGAATTGTT 

TCCTATTGTTAACTTTGAACTTCCAATTCATTTGGAG 
AAGTGGTTTCCTCGTCATGTAATAAAGACCAAACGG 
GAAGATATTCGAGAGCTCATCTTGAAACTTCATTTA 
CAGCAACAGAAGGGCAGCAGTAGCTAGTTAATCTGT 
ACAAACATGACACAGATGTTCTCTAAGATTACTGGA 
AAGCCTCTTACCAGCATTTGTGTTAGCCAGCTCACA 
GAGAAGAAAATAACTTGCAGTAGTTTTATAATAAGT 
CATTGGAACATTATTTAAAATATGTAGGACACATTA 
TTAGAATTGTTAGTTAATTAGTTAATTTAATCCTCAC 
ATTAGCTCTACCATGAGTTTACTATTTCTATTCCATT 
TTATACGTAAGGAAGGAGACAAAGTAAGTGATTTTT 
CTATCAAGGAAGGAAATTTGCAAGAGAATAGTTTCA 
TTACAAAAACTAAATTTGTACGTAGCTCTGTATTATT 
GAAATAGGTAGATATAGTCAGTCTGGACTTTTTATG 
CTTATACATCTTAGTCCCTAGGAAAACCCAGAACTA 
ACAGATTCAGAAAAGTTGGAAAAATCAGTGAATTAT 
ATGTGAAACACATTATTCTTAGTGGACTGCTTGTTAA 
AGGCAAGGAGAGTGTTAGTAAAGAGCTTAGGTAGA 
TTAGAATAAAGAAATTGTCTCTCTCCATCTGCTCTAA 
TTAGCTTATCTCACCAGCTTTTATAGCATGCTGGTTA 
TTTCAGAAAAGAAGTGAGAGCTACTTTGAAAGGACA 
ACCATTTTTCTTTCCGCTAATTTATAATGGTTTTGAA 
GTGGTTGTTCATTCTCAAACATAGACTTTTAAATGTT 
AGGTCTTTCCTATAACTCTTTGTTATTGGAAGTTTCA 
AGGATTTGGACACTCAATTAAGGATTCTGTCCT 

14 

DESCRIPTION 

IMPG2 Short 
Promoter 

IMPG2 Short 
Promoter And 
IMPG2 Full 
Upstream 
Enhancer 

IMPG2 Short 
Upstream 
Enhancer 1 

IMPG2 Full 
Promoter And 
IMPG2 Short 
Upstream 
Enhancer 

Jan. 8, 2026 



US 2026/0007776 Al 

SEQ ID 
NO 

-continued 

SEQUENCE LISTING 

SEQUENCE 

TCCTATTGTTAACTTTGAACTTCCAATTCATTTGGAG 
AAGTGGTTTCCTCGTCATGTAATAAAGACCAAACGG 
GAAGATATTCGAGAGCTCATCTTGAAACTTCATTTA 
CAGCAACAGAAGGGCAGCAGTAGCTAGTTAATCTGT 
ACAAACATGACACAGATGTTCTCTAAGATTACTGGA 
AAGCCTCTTACCAGCATTTGTGTTAGCCAGCTCACA 
GAGAAGAAAATAACTTGCAGTAGTTTTATAATAAGT 
CATTGGAACATTATTTAAAATATGTAGGACACATTA 
TTAGAATTGTTGACTGCTTGTTAAAGGCAAGGAGAG 
TGTTAGTAAAGAGCTTAGGTAGATTAGAATAAAGAA 
ATTGTCTCTCTCCATCTGCTCTAATTAGCTTATCTCA 
CCAGCTTTTATAGCATGCTGGTTATTTCAGAAAAGA 
AGTGAGAGCTACTTTGAAAGGACAACCATTTTTCTTT 
CCGCTAATTTATAATGGTTTTGAAGTGGTTGTTCATT 
CTCAAACATAGACTTTTAAATGTTAGGTCTTTCCTAT 
AACTCTTTGTTATTGGAAGTTTCAAGGATTTGGACAC 
TCAATTAAGGATTCTGTCCT 

TCCTATTGTTAACTTTGAACTTCCAATTCATTTGGAG 
AAGTGGTTTCCTCGTCATGTAATAAAGACCAAACGG 
GAAGATATTCGAGAGCTCATCTTGAAACTTCATTTA 
CAGCAACAGAAGGGCAGCAGTAGCTAGTTAATCTGT 
ACAAACATGACACAGATGTTCTCTAAGATTACTGGA 
AAGCCTCTTACCAGCATTTGTGTTAGCCAGCTCACA 
GAGAAGAAAATAACTTGCAGTAGTTTTATAATAAGT 
CATTGGAACATTATTTAAAATATGTAGGACACATTA 
TTAGAATTGTTGGGATCTCATAGATGGAATGGGAAT 
GGGGGTGATATAGATAAACTTACTAGATATAAATTA 
AAATTTTATAAATATTTCATATTTTTCTGAGTAAATA 
TGATTGGATTATGCAACAGCATATGTAATATGGGAA 
TGTTTTGTAGATAATAAAACTTACATGATCTGTACTT 
CCACGTGACTGGGTGCTGAGGGGAGTTAAAGCCTCC 
CTGGTGCCAGCCCCAGTGCTTGTCAAATTTGCTGAC 
AGGTCACATCATATTGTAATTCTATTCTTTGCAGCTC 
AAGCATGCAGTATCCTATTGTTAACTTTGAACTTCCA 
ATTCATTTGGAGAAGTGGTTTCCTCGTCATGTAATAA 
AGACCAAACGGGAAGATATTCGAGAGCTCATCTTGA 
AACTTCATTTACAGCAACAGAAGGGCAGCAGTAGCT 
AGTTAATCTGTACAAACATGACACAGATGTTCTCTA 
AGATTACTGGAAAGCCTCTTACCAGCATTTGTGTTA 
GCCAGCTCACAGAGAAGAAAATAACTTGCAGTAGTT 
TTATAATAAGTCATTGGAACATTATTTAAAATATGTA 
GGACACATTATTAGAATTGTTGGGATCTCATAGATG 
GAATGGGAATGGGGGTGATATAGATAAACTTACTAG 
ATATAAATTAAAATTTTATAAATATTTCATATTTTTC 
TGAGTAAATATGATTGGATTATGCAACAGCATATGT 
AATATGGGAATGTTTTGTAGATAATAAAACTTACAT 
GATCTGTACTTCCACGTGACTGGGTGCTGAGGGGAG 
TTAAAGCCTCCCTGGTGCCAGCCCCAGTGCTTGTCA 
AATTTGCTGACAGGTCACATCATATTGTAATTCTATT 
CTTTGCAGCTCAAGCATGCAGTATCCTATTGTTAACT 
TTGAACTTCCAATTCATTTGGAGAAGTGGTTTCCTCG 
TCATGTAATAAAGACCAAACGGGAAGATATTCGAGA 
GCTCATCTTGAAACTTCATTTACAGCAACAGAAGGG 
CAGCAGTAGCTAGTTAATCTGTACAAACATGACACA 
GATGTTCTCTAAGATTACTGGAAAGCCTCTTACCAG 
CATTTGTGTTAGCCAGCTCACAGAGAAGAAAATAAC 
TTGCAGTAGTTTTATAATAAGTCATTGGAACATTATT 
TAAAATATGTAGGACACATTATTAGAATTGTTGGGA 
TCTCATAGATGGAATGGGAATGGGGGTGATATAGAT 
AAACTTACTAGATATAAATTAAAATTTTATAAATATT 
TCATATTTTTCTGAGTAAATATGATTGGATTATGCAA 
CAGCATATGTAATATGGGAATGTTTTGTAGATAATA 
AAACTTACATGATCTGTACTTCCACGTGACTGGGTG 
CTGAGGGGAGTTAAAGCCTCCCTGGTGCCAGCCCCA 
GTGCTTGTCAAATTTGCTGACAGGTCACATCATATTG 
TAATTCTATTCTTTGCAGCTCAAGCATGCAGTAAGTT 
AATTAGTTAATTTAATCCTCACATTAGCTCTACCATG 
AGTTTACTATTTCTATTCCATTTTATACGTAAGGAAG 
GAGACAAAGTAAGTGATTTTTCTATCAAGGAAGGAA 

15 

DESCRIPTION 

IMPG2 Short 
Promoter And 
IMPG2 Short 
Upstream 
Enhancer 

IMPG2 Full 
Promoter And 3x 
IMPG2 Full 
Upstream 
Enhancer 

Jan. 8, 2026 
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SEQ ID 
NO 

10 

11 

12 

13 

-continued 

SEQUENCE LISTING 

SEQUENCE 

ATTTGCAAGAGAATAGTTTCATTACAAAAACTAAAT 
TTGTACGTAGCTCTGTATTATTGAAATAGGTAGATAT 
AGTCAGTCTGGACTTTTTATGCTTATACATCTTAGTC 
CCTAGGAAAACCCAGAACTAACAGATTCAGAAAAG 
TTGGAAAAATCAGTGAATTATATGTGAAACACATTA 
TTCTTAGTGGACTGCTTGTTAAAGGCAAGGAGAGTG 
TTAGTAAAGAGCTTAGGTAGATTAGAATAAAGAAAT 
TGTCTCTCTCCATCTGCTCTAATTAGCTTATCTCACC 
AGCTTTTATAGCATGCTGGTTATTTCAGAAAAGAAG 
TGAGAGCTACTTTGAAAGGACAACCATTTTTCTTTCC 
GCTAATTTATAATGGTTTTGAAGTGGTTGTTCATTCT 
CAAACATAGACTTTTAAATGTTAGGTCTTTCCTATAA 
CTCTTTGTTATTGGAAGTTTCAAGGATTTGGACACTC 
AATTAAGGATTCTGTCCT 

TAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGC 
TCGTTTAGTGAACC 

TCCTATTGTTAACTTTGAACTTCCAATTCATTTGGAG 
AAGTGGTTTCCTCGTCATGTAATAAAGACCAAACGG 
GAAGATATTCGAGAGCTCATCTTGAAACTTCATTTA 
CAGCAACAGAAGGGCAGCAGTAGCTAGTTAATCTGT 
ACAAACATGACACAGATGTTCTCTAAGATTACTGGA 
AAGCCTCTTACCAGCATTTGTGTTAGCCAGCTCACA 
GAGAAGAAAATAACTTGCAGTAGTTTTATAATAAGT 
CATTGGAACATTATTTAAAATATGTAGGACACATTA 
TTAGAATTGTTGGGATCTCATAGATGGAATGGGAAT 
GGGGGTGATATAGATAAACTTACTAGATATAAATTA 
AAATTTTATAAATATTTCATATTTTTCTGAGTAAATA 
TGATTGGATTATGCAACAGCATATGTAATATGGGAA 
TGTTTTGTAGATAATAAAACTTACATGATCTGTACTT 
CCACGTGACTGGGTGCTGAGGGGAGTTAAAGCCTCC 
CTGGTGCCAGCCCCAGTGCTTGTCAAATTTGCTGAC 
AGGTCACATCATATTGTAATTCTATTCTTTGCAGCTC 
AAGCATGCAGTATAGGCGTGTACGGTGGGAGGTCTA 
TATAAGCAGAGCT CGTTTAGTGAACC 

GGGCCCCAGAAGCCTGGTGGTTGTTTGTCCTTCTCAG 
GGGAAAAGTGAGGCGGCCCCTTGGAGGAAGGGGCC 
GGGCAGAATGATCTAATCGGATTCCAAGCAGCTCAG 
GGGATTGTCTTTTTCTAGCACCTTCTTGCCACTCCTA 
AGCGTCCTCCGTGACCCCGGCTGGGATTTAGCCTGG 
TGCTGTGTCAGCCCCGGGCTCCCAGGGGCTTCCCAG 
TGGTCCCCAGGGAACCCTCGACAGGGCCAGGGCGTC 
TCTCTCGTCCAGCAAGGGCAGGGACGGGCCACAGGC 
AAGGGC 

CTCGACATTGATTATTGACTAGTTATTAATAGTAATC 
AATTACGGGGTCATTAGTTCATAGCCCATATATGGA 
GTTCCGCGTTACATAACTTACGGTAAATGGCCCGCC 
TGGCTGACCGCCCAACGACCCCCGCCCATTGACGTC 
AATAATGACGTATGTTCCCATAGTAACGCCAATAGG 
GACTTTCCATTGACGTCAATGGGTGGAGTATTTACG 
GTAAACTGCCCACTTGGCAGTACATCAAGTGTATCA 
TATGCCAAGTACGCCCCCTATTGACGTCAATGACGG 
TAAATGGCCCGCCTGGCATTATGCCCAGTACATGAC 
CTTATGGGACTTTCCTACTTGGCAGTACATCTACGTA 
TTAGTCATCGCTATTACCATGGTCGAGGTGAGCCCC 
ACGTTCTGCTTCACTCTCCCCATCTCCCCCCCCTCCC 
CACCCCCAATTTTGTATTTATTTATTTTTTAATTATTT 
TGTGCAGCGATGGGGGCGGGGGGGGGGGGGGGGCG 
CGCGCCAGGCGGGGCGGGGCGGGGCGAGGGGGGGG 
GCGGGGCGAGGCGGAGAGGTGCGGCGGCAGCCAAT 
CAGAGCGGCGCGCTCCGAAAGTTTCCTTTTATGGCG 
AGGCGGCGGCGGCGGCGGCCCTATAAAAAGCGAAG 
CGCGCGGCGGGCGGGAGTCGCTGCGCGCTGCCTTCG 
CCCCGTGCCCCGCTCCGCCGCCGCCTCGCGCCGCCC 
GCCCCGGCTCTGACTGACCGCGTTACTCCCACAGGT 
GAGCGGGCGGGACGGCCCTTCTCCTCCGGGCTGTAA 
TTAGCGCTTGGTTTAATGACGGCTTGTTTCTTTTCTG 
TGGCTGCGTGAAAGCCTTGAGGGGCTCCGGGAGGGC 

16 

DESCRIPTION 

CMV Core 
Promoter 

CMV Core 
Promoter 
IMPG2 Full 
Upstream 
Enhancer 

GRKl Promoter 

CAG Promoter 

Jan. 8, 2026 
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SEQ ID 
NO 

14 

15 

16 

-continued 

SEQUENCE LISTING 

SEQUENCE 

CCTTTGTGCGGGGGGAGCGGCTCGGGGGGTGCGTGC 
GTGTGTGTGTGCGTGGGGAGCGCCGCGTGCGGCTCC 
GCGCTGCCCGGCGGCTGTGAGCGCTGCGGGCGCGGC 
GCGGGGCTTTGTGCGCTCCGCAGTGTGCGCGAGGGG 
AGCGCGGCCGGGGGCGGTGCCCCGCGGTGCGGGGG 
GGGCTGCGAGGGGAACAAAGGCTGCGTGCGGGGTG 
TGTGCGTGGGGGGGTGAGCAGGGGGTGTGGGCGCG 
TCGGTCGGGCTGCAACCCCCCCTGCACCCCCCTCCCC 
GAGTTGCTGAGCACGGCCCGGCTTCGGGTGCGGGGC 
TCCGTACGGGGCGTGGCGCGGGGCTCGCCGTGCCGG 
GCGGGGGGTGGCGGCAGGTGGGGGTGCCGGGCGGG 
GCGGGGCCGCCTCGGGCCGGGGAGGGCTCGGGGGA 
GGGGCGCGGCGGCCCCCGGAGCGCCGGCGGCTGTC 
GAGGCGCGGCGAGCCGCAGCCATTGCCTTTTATGGT 
AATCGTGCGAGAGGGCGCAGGGACTTCCTTTGTCCC 
AAATCTGTGCGGAGCCGAAATCTGGGAGGCGCCGCC 
GCACCCCCTCTAGCGGGCGCGGGGCGAAGCGGTGCG 
GCGCCGGCAGGAAGGAAATGGGGGGGGAGGGCCTT 
CGTGCGTCGCCGCGCCGCCGTCCCCTTCTCCCTCTCC 
AGCCTCGGGGCTGTCCGCGGGGGGACGGCTGCCTTC 
GGGGGGGACGGGGCAGGGCGGGGTTCGGCTTCTGG 
CGTGTGACCGGCGGCTCTAGAGCCTCTGCTAACCAT 
GTTCATGCCTTCTTCTTTTTCCTACAGCTCCTGGGCA 
ACGTGCTGGTTATTGTGCTGTCTCATCATTTTGGCAA 
AGAATTG 

TATTATTGAAATAGGTAGATATAGTCAGTCTGGACT 
TTTTATGCTTATACATCTTAGTCCCTAGGAAAACCCA 
GAACTAACAGATTCAGAAAAGTTGGAAAAATCAGT 
GAATTATATGTGAAACACATTATTCTTAGTGGACTG 
CTTGTTAAAGGCAAGGAGAGTGTTAGTAAAGAGCTT 
AGGTAGATTAGAATAAAGAAATTGTCTCTCTCCATC 
TGCTCTAATTAGCTTATCTCACCAGCTTTTATAGCAT 
GCTGGTTATTTCAGAAAAGAAGTGAGAGCTACTTTG 
AAAGGACAACCATTTTTCTTTCCGCTAATTTATAATG 
GTTTTGAAGTGGTTGTTCATTCTCAAACATAGACTTT 
TAAATGT 

TCCTATTGTTAACTTTGAACTTCCAATTCATTTGGAG 
AAGTGGTTTCCTCGTCATGTAATAAAGACCAAACGG 
GAAGATATTCGAGAGCTCATCTTGAAACTTCATTTA 
CAGCAACAGAAGGGCAGCAGTAGCTAGTTAATCTGT 
ACAAACATGACACAGATGTTCTCTAAGATTACTGGA 
AAGCCTCTTACCAGCATTTGTGTTAGCCAGCTCACA 
GAGAAGAAAATAACTTGCAGTAGTTTTATAATAAGT 
CATTGGAACATTATTTAAAATATGTAGGACACATTA 
TTAGAATTGTTTATTATTGAAATAGGTAGATATAGTC 
AGTCTGGACTTTTTATGCTTATACATCTTAGTCCCTA 
GGAAAACCCAGAACTAACAGATTCAGAAAAGTTGG 
AAAAATCAGTGAATTATATGTGAAACACATTATTCT 
TAGTGGACTGCTTGTTAAAGGCAAGGAGAGTGTTAG 
TAAAGAGCTTAGGTAGATTAGAATAAAGAAATTGTC 
TCTCTCCATCTGCTCTAATTAGCTTATCTCACCAGCT 
TTTATAGCATGCTGGTTATTTCAGAAAAGAAGTGAG 
AGCTACTTTGAAAGGACAACCATTTTTCTTTCCGCTA 
ATTTATAATGGTTTTGAAGTGGTTGTTCATTCTCAAA 
CATAGACTTTTAAATGT 

AGAAATTAAGCTCTTTTAATGGATGTTTCTTGTACAT 
GTCATTTTAGAAAACATCTGACCCTAACTGTCAGCCT 
TATTCTCTGTTTGGCAGAACTTCCCCTGGCTCTCTGT 
GTCACTGTAACAGGTGAATAACTAAGAAAAAACTGT 
GTCTGTAGACACTTGTTTATAATGGCATTCAGGGTCC 
TGGAGCTAGGCTGACAGATGCTCCTCCAGAAGGTTA 
ATGAGATAAAGGTTCCTCCAGCTGGCCCTTAAGCAG 
AGATTACACCTGAGGGAAAGACAAGCAGATTATTCC 
AGAAACAGACACTGCTACATGTTCTTCATAAATTAA 
CACCCTCATAAAGGTAAACCAAGAAGGTTATC 

17 

DESCRIPTION 

IMPG2 Short 
Center Promoter 

IMPG2 Short 
Center Promoter 
And IMPG2 
Short Upstream 
Enhancer 

IMPGl Full 
Promoter* 

Jan. 8, 2026 
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SEQ ID 
NO 

17 

18 

19 

-continued 

SEQUENCE LISTING 

SEQUENCE 

GTGGACCCTAACACACTGCAGGAGTGGTATTTGTAT 
CCTGCTAACTCTAGCTGAAGTGCTAGCACCTCACCA 
GTGCCAGAAAACCAGCACACAGCAGCTCAGGCCAG 
GAGGAGAGGCTTGCACCATGCCACAGAGCTCTGCAG 
CCCCTCACAGACTACCTGGAAGCTGGCTTGGTTCTGT 
TTCCTTTCACACTTGCTGGCACTGAAACAGTTAGGAC 
AAACCTATTGAGCGCTATTCTCTGATCATCCCTCAGT 
AGTAAACAGCTCTAATGACAAGGAGAACAGCCCTGC 
TTGAATAAACTTTTAAATGCTTTTCAAAATTAAGCCA 
CTGTGACTATTTTAACAAAAATCTTAAATCTTAAAA 
ATATATCACTCAGTTATCATGTGTGGAAAATTGAGA 
ACGTTTTTTGAGAAAGGTTACTGTAAGACTTAAGGA 
AGAAAGACCTAAATCCCCACTGTGATGGTATTTGGA 
AGGTAATTAGGTCAAAGGTAAGAGCCTTTGGGATGT 
AATTAGGTCATGAGGGCCGAGCCCTTATAAGAAGAG 
ACAAAAGAGGGATGATTTCTCTCTCCCTTTCTCTCTC 
TCTCTTTCTTTCTCTCTCTCTCCCTTTCTCTCCCTTTCT 
CTCTCTCTTTCTCTCTCTCCTTTTCCGCCATGTGGGGA 
TACAACTAGAGGACAGCTGCCTACAAACTAAGAAG 
AGTGACCTCACTAGACACTGGTTTTTCTGGTGCCTTG 
A 

GTGGACCCTAACACACTGCAGGAGTGGTATTTGTAT 
CCTGCTAACTCTAGCTGAAGTGCTAGCACCTCACCA 
GTGCCAGAAAACCAGCACACAGCAGCTCAGGCCAG 
GAGGAGAGGCTTGCACCATGCCACAGAGCTCTGCAG 
CCCCTCACAGACTACCTGGAAGCTGGCTTGGTTCTGT 
TTCCTTTCACACTTGCTGGCACTGAAACAGTTAGGAC 
AAACCTATTGAGCGCTATTCTCTGATCATCCCTCAGT 
AGTAAACAGCTCTAATGACAAGGAGAACAGCCCTGC 
TTGAATAAACTTTTAAATGCTTTTCAAAATTAAGCCA 
CTGTGACTATTTTAACAAAAATCTTAAATCTTAAAA 
ATATATCACTCAGTTATCATGTGTGGAAAATTGAGA 
ACGTTTTTTGAGAAAGGTTACTGTAAGACTTAAGGA 
AGAAAGACCTAAATCCCCACTGTGATGGTATTTGGA 
AGGTAATTAGGTCAAAGGTAAGAGCCTTTGGGATGT 
AATTAGGTCATGAGGGCCGAGCCCTTATAAGAAGAG 
ACAAAAGAGGGATGATTTCTCTCTCCCTTTCTCTCTC 
TCTCTTTCTTTCTCTCTCTCTCCCTTTCTCTCCCTTTCT 
CTCTCTCTTTCTCTCTCTCCTTTTCCGCCATGTGGGGA 
TACAACTAGAGGACAGCTGCCTACAAACTAAGAAG 
AGTGACCTCACTAGACACTGGTTTTTCTGGTGCCTTG 
AAGAAATTAAGCTCTTTTAATGGATGTTTCTTGTACA 
TGTCATTTTAGAAAACATCTGACCCTAACTGTCAGCC 
TTATTCTCTGTTTGGCAGAACTTCCCCTGGCTCTCTG 
TGTCACTGTAACAGGTGAATAACTAAGAAAAAACTG 
TGTCTGTAGACACTTGTTTATAATGGCATTCAGGGTC 
CTGGAGCTAGGCTGACAGATGCTCCTCCAGAAGGTT 
AATGAGATAAAGGTTCCTCCAGCTGGCCCTTAAGCA 
GAGATTACACCTGAGGGAAAGACAAGCAATTATTCC 
AGAAACAGACACTGCTACATGTTCTTCATAAATTAA 
CACCCTCATAAAGGTAAACCAAGAAGGTTATC 

TCCTATTGTTAACTTTGAACTTCCAATTCATTTGGAG 
AAGTGGTTTCCTCGTCATGTAATAAAGACCAAACGG 
GAAGATATTCGAGAGCTCATCTTGAAACTTCATTTA 
CAGCAACAGAAGGGCAGCAGTAGCTAGTTAATCTGT 
ACAAACATGACACAGATGTTCTCTAAGATTACTGGA 
AAGCCTCTTACCAGCATTTGTGTTAGCCAGCTCACA 
GAGAAGAAAATAACTTGCAGTAGTTTTATAATAAGT 
CATTGGAACATTATTTAAAATATGTAGGACACATTA 
TTAGAATTGTTGGGATCTCATAGATGGAATGGGAAT 
GGGGGTGATATAGATAAACTTACTAGATATAAATTA 
AAATTTTATAAATATTTCATATTTTTCTGAGTAAATA 
TGATTGGATTATGCAACAGCATATGTAATATGGGAA 
TGTTTTGTAGATAATAAAACTTACATGATCTGTACTT 
CCACGTGACTGGGTGCTGAGGGGAGTTAAAGCCTCC 
CTGGTGCCAGCCCCAGTGCTTGTCAAATTTGCTGAC 
AGGTCACATCATATTGTAATTCTATTCTTTGCAGCTC 
AAGCATGCAGTAAGAAATTAAGCTCTTTTAATGGAT 
GTTTCTTGTACATGTCATTTTAGAAAACATCTGACCC 
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DESCRIPTION 

IMPGl Full 
Downstream 
Enhancer* 

IMPGl Full 
Promoter* 
IMPGl Full 
Downstream 
Enhancer* 
(IMPGl-PEl*) 
in FIGs. 27-32 

IMPGl Full 
Promoter* And 
IMPG2 Full 
Upstream 
Enhancer 

Jan. 8, 2026 
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SEQ ID 
NO 

20 

21 

22 

-continued 

SEQUENCE LISTING 

SEQUENCE 

TAACTGTCAGCCTTATTCTCTGTTTGGCAGAACTTCC 
CCTGGCTCTCTGTGTCACTGTAACAGGTGAATAACT 
AAGAAAAAACTGTGTCTGTAGACACTTGTTTATAAT 
GGCATTCAGGGTCCTGGAGCTAGGCTGACAGATGCT 
CCTCCAGAAGGTTAATGAGATAAAGGTTCCTCCAGC 
TGGCCCTTAAGCAGAGATTACACCTGAGGGAAAGAC 
AAGCAGATTATTCCAGAAACAGACACTGCTACATGT 
TCTTCATAAATTAACACCCTCATAAAGGTAAACCAA 
GAAGGTTATC 

TCCTATTGTTAACTTTGAACTTCCAATTCATTTGGAG 
AAGTGGTTTCCTCGTCATGTAATAAAGACCAAACGG 
GAAGATATTCGAGAGCTCATCTTGAAACTTCATTTA 
CAGCAACAGAAGGGCAGCAGTAGCTAGTTAATCTGT 
ACAAACATGACACAGATGTTCTCTAAGATTACTGGA 
AAGCCTCTTACCAGCATTTGTGTTAGCCAGCTCACA 
GAGAAGAAAATAACTTGCAGTAGTTTTATAATAAGT 
CATTGGAACATTATTTAAAATATGTAGGACACATTA 
TTAGAATTGTTAGAAATTAAGCTCTTTTAATGGATGT 
TTCTTGTACATGTCATTTTAGAAAACATCTGACCCTA 
ACTGTCAGCCTTATTCTCTGTTTGGCAGAACTTCCCC 
TGGCTCTCTGTGTCACTGTAACAGGTGAATAACTAA 
GAAAAAACTGTGTCTGTAGACACTTGTTTATAATGG 
CATTCAGGGTCCTGGAGCTAGGCTGACAGATGCTCC 
TCCAGAAGGTTAATGAGATAAAGGTTCCTCCAGCTG 
GCCCTTAAGCAGAGATTACACCTGAGGGAAAGACA 
AGCAGATTATTCCAGAAACAGACACTGCTACATGTT 
CTTCATAAATTAACACCCTCATAAAGGTAAACCAAG 
AAGGTTATC 

TAGTTATTAATAGTAATCAATTACGGGGTCATTAGTT 
CATAGCCCATATATGGAGTTCCGCGTTACATAACTT 
ACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGAC 
CCCCGCCCATTGACGTCAATAATGACGTATGTTCCC 
ATAGTAACGCCAATAGGGACTTTCCATTGACGTCAA 
TGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCA 
GTACATCAAGTGTATCATATGCCAAGTACGCCCCCT 
ATTGACGTCAATGACGGTAAATGGCCCGCCTGGCAT 
TATGCCCAGTACATGACCTTATGGGACTTTCCTACTT 
GGCAGTACATCTACGTATTAGTCATCGCTATTACCAT 
GGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGG 
ATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCA 
CCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCA 
AAATCAACGGGACTTTCCAAAATGTCGTAACAACTC 
CGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACG 
GTGGGAGGTCTATATAAGCAGAGCTGGTTTAGTGAA 
CCGTCAGATC 

TCCTATTGTTAACTTTGAACTTCCAATTCATTTGGAG 
AAGTGGTTTCCTCGTCATGTAATAAAGACCAAACGG 
GAAGATATTCGAGAGCTCATCTTGAAACTTCATTTA 
CAGCAACAGAAGGGCAGCAGTAGCTAGTTAATCTGT 
ACAAACATGACACAGATGTTCTCTAAGATTACTGGA 
AAGCCTCTTACCAGCATTTGTGTTAGCCAGCTCACA 
GAGAAGAAAATAACTTGCAGTAGTTTTATAATAAGT 
CATTGGAACATTATTTAAAATATGTAGGACACATTA 
TTAGAATTGTTGGGATCTCATAGATGGAATGGGAAT 
GGGGGTGATATAGATAAACTTACTAGATATAAATTA 
AAATTTTATAAATATTTCATATTTTTCTGAGTAAATA 
TGATTGGATTATGCAACAGCATATGTAATATGGGAA 
TGTTTTGTAGATAATAAAACTTACATGATCTGTACTT 
CCACGTGACTGGGTGCTGAGGGGAGTTAAAGCCTCC 
CTGGTGCCAGCCCCAGTGCTTGTCAAATTTGCTGAC 
AGGTCACATCATATTGTAATTCTATTCTTTGCAGCTC 
AAGCATGCAGTAAGTTAATTAGTTAATTTAATCCTC 
ACATTAGCTCTACCATGAGTTTACTATTTCTATTCCA 
TTTTATACGTAAGGAAGGAGACAAAGTAAGTGATTT 
TTCTATCAAGGAAGGAAATTTGCAAGAGAATAGTTT 
CATTACAAAAACTAAATTTGTACGTAGCTCTGTATTA 
TTGAAATAGGTAGATATAGTCAGTCTGGACTTTTTAT 
GCTTATACATCTTAGTCCCTAGGAAAACCCAGAACT 
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DESCRIPTION 

IMPGl Full 
Promoter* And 
IMPG2 Short 
Upstream 
Enhancer 

CMV Full 
Promoter 

IMPG2-PE1 and 
GFP sequence in 
AAV plasmid 

Jan. 8, 2026 
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SEQ ID 
NO 

23 

24 

-continued 

SEQUENCE LISTING 

SEQUENCE 

AACAGATTCAGAAAAGTTGGAAAAATCAGTGAATTA 
TATGTGAAACACATTATTCTTAGTGGACTGCTTGTTA 
AAGGCAAGGAGAGTGTTAGTAAAGAGCTTAGGTAG 
ATTAGAATAAAGAAATTGTCTCTCTCCATCTGCTCTA 
ATTAGCTTATCTCACCAGCTTTTATAGCATGCTGGTT 
ATTTCAGAAAAGAAGTGAGAGCTACTTTGAAAGGAC 
AACCATTTTTCTTTCCGCTAATTTATAATGGTTTTGA 
AGTGGTTGTTCATTCTCAAACATAGACTTTTAAATGT 
TAGGTCTTTCCTATAACTCTTTGTTATTGGAAGTTTC 
AAGGATTTGGACACTCAATTAAGGATTCTGTCCTCA 
AGTTTGTACAAAAAAGCAGGCTGCCACCATGGTGAG 
CAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCAT 
CCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAA 
GTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCAC 
CTACGGCAAGCTGACCCTGAAGTTCATCTGCACCAC 
CGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGAC 
CACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTA 
CCCCGACCACATGAAGCAGCACGACTTCTTCAAGTC 
CGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCAT 
CTTCTTCAAGGACGACGGCAACTACAAGACCCGCGC 
CGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCG 
CATCGAGCTGAAGGGCATCGACTTCAAGGAGGACG 
GCAACATCCTGGGGCACAAGCTGGAGTACAACTACA 
ACAGCCACAACGTCTATATCATGGCCGACAAGCAGA 
AGAACGGCATCAAGGTGAACTTCAAGATCCGCCACA 
ACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACT 
ACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGC 
TGCTGCCCGACAACCACTACCTGAGCACCCAGTCCG 
CCCTGAGCAAAGACCCCAACGAGAAGCGCGATCAC 
ATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATC 
ACTCTCGGCATGGACGAGCTGTACAAGTAA 

AAAACGTGCTTTTTCCACGGAACTGTGCAACCCACA 
GATCAGAAGATCTCACTTGGGAGCCCATACCTCCGG 
GGCCTAGGGTCCCAACCACAGAACCAAGCAGATTTT 
CAACAGCCACTAAGCTAGAATCTGCTTAAGCCTGCG 
GAGCTCCCCGCGGGAGGGGCAACCAGCACCACCGCT 
GTGGCTGCCTGCTGTCTAAGCCCTTTGAACTCCTTTG 
CAGGAGGGGCTACAGCCAACACTGGGACTGATAGCT 
GCCTAACACACTAAGCTCCCAGGGTGGGGGAAGGGT 
GGCAGCCATCTCTATAGCTCCAGGCCATGTCTTTCCC 
CTGCTGGAGCCAGGGAGGCTGGACGGCTTGCTCCCA 
AGAGGTATACCCCACAGTCCAACACACTAGCTGTGG 
CAGACTGCGGACAGAGCGCCTCTTCAGGCCGGACCT 
TGACATGTCCCTGCTCACTGGGTGGGGCCTCCTTGCA 
GGAACTCCAACAACTCCATCCAGGGACTTAGGGACA 
GACTCTAATCTTCCTGGGCTTGAGCCTCTAGAGGGA 
GGGGTGGCCACAGTCTCTGCGGACGGGTAGATTTAG 
TCTTCCCTCCTGGTAGTGCTGAGGAATCT 

AAAACGTGCTTTTTCCACGGAACTGTGCAACCCACA 
GATCAGAAGATCTCACTTGGGAGCCCATACCTCCGG 
GGCCTAGGGTCCCAACCACAGAACCAAGCAGATTTT 
CAACAGCCACTAAGCTAGAATCTGCTTAAGCCTGCG 
GAGCTCCCCGCGGGAGGGGCAACCAGCACCACCGCT 
GTGGCTGCCTGCTGTCTAAGCCCTTTGAACTCCTTTG 
CAGGAGGGGCTACAGCCAACACTGGGACTGATAGCT 
GCCTAACACACTAAGCTCCCAGGGTGGGGGAAGGGT 
GGCAGCCATCTCTATAGCTCCAGGCCATGTCTTTCCC 
CTGCTGGAGCCAGGGAGGCTGGACGGCTTGCTCCCA 
AGAGGTATACCCCACAGTCCAACACACTAGCTGTGG 
CAGACTGCGGACAGAGCGCCTCTTCAGGCCGGACCT 
TGACATGTCCCTGCTCACTGGGTGGGGCCTCCTTGCA 
GGAACTCCAACAACTCCATCCAGGGACTTAGGGACA 
GACTCTAATCTTCCTGGGCTTGAGCCTCTAGAGGGA 
GGGGTGGCCACAGTCTCTGCGGACGGGTAGATTTAG 
TCTTCCCTCCTGGTAGTGCTGAGGAATCTAGTTAATT 
AGTTAATTTAATCCTCACATTAGCTCTACCATGAGTT 
TACTATTTCTATTCCATTTTATACGTAAGGAAGGAGA 
CAAAGTAAGTGATTTTTCTATCAAGGAAGGAAATTT 
GCAAGAGAATAGTTTCATTACAAAAACTAAATTTGT 
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DESCRIPTION 

IMPG2 Full 
Downstream 
Enhancer (E2) 

IMPG2 Full 
Promoter 
IMPG2 Full 
Downstream 
Enhancer 
( IMPG2-PE2) 

Jan. 8, 2026 
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SEQ ID 
NO 

25 

26 

27 

-continued 

SEQUENCE LISTING 

SEQUENCE 

ACGTAGCTCTGTATTATTGAAATAGGTAGATATAGT 
CAGTCTGGACTTTTTATGCTTATACATCTTAGTCCCT 
AGGAAAACCCAGAACTAACAGATTCAGAAAAGTTG 
GAAAAATCAGTGAATTATATGTGAAACACATTATTC 
TTAGTGGACTGCTTGTTAAAGGCAAGGAGAGTGTTA 
GTAAAGAGCTTAGGTAGATTAGAATAAAGAAATTGT 
CTCTCTCCATCTGCTCTAATTAGCTTATCTCACCAGC 
TTTTATAGCATGCTGGTTATTTCAGAAAAGAAGTGA 
GAGCTACTTTGAAAGGACAACCATTTTTCTTTCCGCT 
AATTTATAATGGTTTTGAAGTGGTTGTTCATTCTCAA 
ACATAGACTTTTAAATGTTAGGTCTTTCCTATAACTC 
TTTGTTATTGGAAGTTTCAAGGATTTGGACACTCAAT 
TAAGGATTCTGTCCT 

GATTGAACCCCTCTGCTTACAACATCTGTTCCCTCCC 
CAGGCTCCCTAGCAGGGCCCCAACCACCTCACAGCC 
TGCCATCAGATAACTAATCAGCCCCACCACAGCCCA 
ATGCCTGCATTAGCACATTCAGGCCTAATCAGGAAT 
TAATGGACAGTGCTTCGCAGTAATTTAATTTCCACA 
ATAAACCTAATGAGCAATTTAATACAAATGTCAAAA 
GGAATCATTTAGTTGTTGTCTGAATGCTTTCTCCTGT 
GCAAACCTTCATGAAAACTCAACACAGCTGCCTTTT 
TATAGCCCAGTTAACATACATTCCAGCAGAATCAGG 
GAGGCCCCTGTGCATTTAGTATTATTAATAAGGTTA 
ACTGGGCACTTAATTAGCAATTTAGTGGTTAGTGCTC 
CATGACTAGAAGGTCCCCAGAAGATTATTTAGCAGA 
ATTAACTGAGGCTTTTGTCATATCCTCCCTAGATGCC 
TTCCTCACACTCCTAAACAAAGCTGACTCTTAATCAA 
TCCCAGATAGGTTCACAAAGAGGGCATGGACATAAA 
CAATAAATCCCTTCCACCCAAGCCAATGCCATGGAG 
CCCTCCTGGAGAGGAGGAGGGCTCTCCCCCGCAGTG 
CTCCCTGTTGCTGATGCTGCAGCTGCAGGCATCTACA 
ATGCCAGTCCCAGGGTCGATTGACTGTTTTCATGTAT 
ATAACAGCATCTCTGGTATCCTGGAGAAGAAAAATG 
GATGATTCAGGATCTGAATC 

ACAGAAATTAAGCTCTTTTAATGGATGTTTCTTGTAC 
ATGTCATTTTAGAAAACATCTGACCCTAACTGTCAG 
CCTTATTCTCTGTTTGGCAGAACTTCCCCTGGCTCTC 
TGTGTCACTGTAACAGGTGAATAACTAAGAAAAAAC 
TGTGTCTGTAGACACTTGTTTATAATGGCATTCAGGG 
TCCTGGAGCTAGGCTGACAGATGCTCCTCCAGAAGG 
TTAATGAGATAAAGGTTCCTCCAGCTGGCCCTTAAG 
CAGAGATTACACCTGAGGGAAAGACAAGCAGATTA 
TTCCAGAAACAGACACTGCTACATGTTCTTCATAAA 
TTAACACCCTCATAAAGGTAAACCAAGAAGGTTATC 
CTCAATCATCTGGTATCAATATATAATTATTTTTCAC 

GATTGAACCCCTCTGCTTACAACATCTGTTCCCTCCC 
CAGGCTCCCTAGCAGGGCCCCAACCACCTCACAGCC 
TGCCATCAGATAACTAATCAGCCCCACCACAGCCCA 
ATGCCTGCATTAGCACATTCAGGCCTAATCAGGAAT 
TAATGGACAGTGCTTCGCAGTAATTTAATTTCCACA 
ATAAACCTAATGAGCAATTTAATACAAATGTCAAAA 
GGAATCATTTAGTTGTTGTCTGAATGCTTTCTCCTGT 
GCAAACCTTCATGAAAACTCAACACAGCTGCCTTTT 
TATAGCCCAGTTAACATACATTCCAGCAGAATCAGG 
GAGGCCCCTGTGCATTTAGTATTATTAATAAGGTTA 
ACTGGGCACTTAATTAGCAATTTAGTGGTTAGTGCTC 
CATGACTAGAAGGTCCCCAGAAGATTATTTAGCAGA 
ATTAACTGAGGCTTTTGTCATATCCTCCCTAGATGCC 
TTCCTCACACTCCTAAACAAAGCTGACTCTTAATCAA 
TCCCAGATAGGTTCACAAAGAGGGCATGGACATAAA 
CAATAAATCCCTTCCACCCAAGCCAATGCCATGGAG 
CCCTCCTGGAGAGGAGGAGGGCTCTCCCCCGCAGTG 
CTCCCTGTTGCTGATGCTGCAGCTGCAGGCATCTACA 
ATGCCAGTCCCAGGGTCGATTGACTGTTTTCATGTAT 
ATAACAGCATCTCTGGTATCCTGGAGAAGAAAAATG 
GATGATTCAGGATCTGAATCACAGAAATTAAGCTCT 
TTTAATGGATGTTTCTTGTACATGTCATTTTAGAAAA 
CATCTGACCCTAACTGTCAGCCTTATTCTCTGTTTGG 
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DESCRIPTION 

IMPGl Full 
Downstream 
Enhancer in 
FIGs. 6-7 

IMPGl Full 
Promoter in 
FIGs. 6-7 

IMPGl Full 
Promoter Full 
Downstream 
Enhancer in 
FIGs.6-7 
(IMPGl-PEl) 

Jan. 8, 2026 
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SEQ ID 
NO 

28 

29 

-continued 

SEQUENCE LISTING 

SEQUENCE 

CAGAACTTCCCCTGGCTCTCTGTGTCACTGTAACAGG 
TGAATAACTAAGAAAAAACTGTGTCTGTAGACACTT 
GTTTATAATGGCATTCAGGGTCCTGGAGCTAGGCTG 
ACAGATGCTCCTCCAGAAGGTTAATGAGATAAAGGT 
TCCTCCAGCTGGCCCTTAAGCAGAGATTACACCTGA 
GGGAAAGACAAGCAGATTATTCCAGAAACAGACAC 
TGCTACATGTTCTTCATAAATTAACACCCTCATAAAG 
GTAAACCAAGAAGGTTATCCTCAATCATCTGGTATC 
AATATATAATTATTTTTCAC 

TTTGGCAAGTAAGTTTCTTATAAGCTTACCAGTATTT 
TGCAAATACAACTATGCAAATATATTTAATGGTCAT 
TTAGGTTTATTAGCTTTTATAAAGGCTGAAAATGTGG 
TTTATTTGAGGCTGTATTGAAAAAATATACTTGAGCT 
TTTCCTAAAGCATAAAATAACATTGAGGGTGATTTA 
AGAGGAATGTGGTTTAGATCTTTACAATACACTTTTT 
TTCAGAGAATTTTGCCAGAGATAACATGAAATAAAA 
TATAATTTCATTGCTATTTGATAGTAAATCTTTACTT 
GATTTAAAAAACTGTTCTAATATAGAGAATTTCATCT 
GCAGGGAAAATGTTTTCTTGGTTAAGAGTTCCTTTAA 
GCAACAAAGTTATCGCACAGCTATCATTTATATTAA 
GTGCTTAATATGTTCTAAGCAAAGTGAAGATTGAAT 
TAGTTAATTAGTTAATTTAATCCTCACATTAGCTCTA 
CCATACTATTTCTATTCCATTTTATACGTAAGGAAGG 
AGACAAAGGAAATTTGCAAGAGAATAGTTTCATTAC 
AAAAACTAAATTTGTACGTAGCTCTGTATTATTGAA 
ATAGGTAGATATAGTCAGTCTGGACTTTTTATGCTTA 
TATGGAAAAATCAGTGAATTATATGTGAAACACATT 
ATTCTTAGTTAGAATAAAGAAATTGTCTCTCTCCATC 
TGCTCTAATTAGCTTATCTCACCAGCTTT 

TTTGGCAAGTAAGTTTCTTATAAGCTTACCAGTATTT 
TGCAAATACAACTATGCAAATATATTTAATGGTCAT 
TTAGGTTTATTAGCTTTTATAAAGGCTGAAAATGTGG 
TTTATTTGAGGCTGTATTGAAAAAATATACTTGAGCT 
TTTCCTAAAGCATAAAATAACATTGAGGGTGATTTA 
AGAGGAATGTGGTTTAGATCTTTACAATACACTTTTT 
TTCAGAGAATTTTGCCAGAGATAACATGAAATAAAA 
TATAATTTCATTGCTATTTGATAGTAAATCTTTACTT 
GATTTAAAAAACTGTTCTAATATAGAGAATTTCATCT 
GCAGGGAAAATGTTTTCTTGGTTAAGAGTTCCTTTAA 
GCAACAAAGTTATCGCACAGCTATCATTTATATTAA 
GTGCTTAATATGTTCTAAGCAAAGTGAAGATTGAAT 
TAGTTAATTAGTTAATTTAATCCTCACATTAGCTCTA 
CCATACTATTTCTATTCCATTTTATACGTAAGGAAGG 
AGACAAAGGAAATTTGCAAGAGAATAGTTTCATTAC 
AAAAACTAAATTTGTACGTAGCTCTGTATTATTGAA 
ATAGGTAGATATAGTCAGTCTGGACTTTTTATGCTTA 
TATGGAAAAATCAGTGAATTATATGTGAAACACATT 
ATTCTTAGTTAGAATAAAGAAATTGTCTCTCTCCATC 
TGCTCTAATTAGCTTATCTCACCAGCTTT 
TAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGC 
T CGTTTAGTGAACCGCCACCATG 

TABLE 1 

Statistical Results in FIG. 21A. 

Adjusted 
Tukey's multiple comparisons test Summary P Value 

IMPG2 PE! vs. Short P Full E <0.0001 
IMPG2 PE! vs. Full P short E ns 0.431 
IMPG2 PE! vs. Short P and E <0.0001 
IMPG2 PE! vs. IMPG2 PE! + 3X Enh ns 0.1277 
IMPG2 PE! vs. CMV min P + Full E <0.0001 
IMPG2 PE! vs. GRKl <0.0001 
IMPG2 PE! vs. Only E <0.0001 
IMPG2 PE! vs. CAG <0.0001 
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DESCRIPTION 

IMPG2 
Palindromic 
Enhancer 
Sequence 

CMV promoter 
and IMPG2 
palindromic 
sequence 

Jan. 8, 2026 

TABLE I-continued 

Statistical Results in FIG. 21A. 

Adjusted 
Tukey's multiple comparisons test Summary P Value 

Short P Full E vs. Full P short E <0.0001 
Short P Full E vs. Short P and E 0.0065 
Short P Full E vs. IMPG2 PE! + 3X Enh <0.0001 

Short P Full E vs. CMV min P + Full E ns 0.6734 
Short P Full E vs. GRKl ns 0.8361 
Short P Full E vs. Only E ns >0.9999 
Short P Full E vs. CAG <0.0001 
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TABLE I-continued TABLE 3 

Statistical Results in FIG. 21A. Statistical Results in FIG. 21C. 

Adjusted Adjusted 

Tukey's multiple comparisons test Summary P Value Tukey's multiple comparisons test Summary P Value 

Full P short E vs. Short P and E <0.0001 IMPG2 PE! vs. Short P Full E 0.0004 

Full P short E vs. IMPG2 PE! + 3X Enh 0.9996 
IMPG2 PE! vs. Full P short E ns 0.4281 

ns 
IMPG2 PE! vs. Short P and E 0.0009 

Full P short E vs. CMV min P + Full E <0.0001 IMPG2 PE! vs. IMPG2 PE! + 3X Enh ns 0.3255 
Full P short E vs. GRK.1 <0.0001 IMPG2 PE! vs. CMV min P + Full E 0.0005 
Full P short E vs. Only E <0.0001 IMPG2 PE! vs. GRK.1 0.0005 
Full P short E vs. CAG <0.0001 IMPG2 PE! vs. Only E 0.0004 
Short P and E vs. IMPG2 PE! + 3X Enh <0.0001 IMPG2 PE! vs. CAG <0.0001 
Short P and E vs. CMV min P + Full E ns 0.3015 Short P Full E vs. Full P short E ns 0.108 
Short P and E vs. GRK.1 ns 0.1826 Short P Full E vs. Short P and E ns >0.9999 
Short P and E vs. Only E 0.0121 Short P Full E vs. IMPG2 PE! + 3X Enh ns 0.0713 
Short P and E vs. CAG <0.0001 Short P Full E vs. CMV min P + Full E ns >0.9999 

IMPG2 PE! + 3X Enh vs. CMV min P + Full E <0.0001 Short P Full E vs. GRKl ns >0.9999 

IMPG2 PE! + 3X Enh vs. GRK.1 <0.0001 Short P Full E vs. Only E ns >0.9999 

IMPG2 PE! + 3X Enh vs. Only E <0.0001 Short P Full E vs. CAG <0.0001 

IMPG2 PE! + 3X Enh vs. CAG <0.0001 Full P short E vs. Short P and E ns 0.1909 

CMV min P + Full E vs. GRK.1 ns >0.9999 Full P short E vs. IMPG2 PE! + 3X Enh ns >0.9999 

CMV min P + Full E vs. Only E ns 0.8183 Full P short E vs. CMV min P + Full E ns 0.1286 

CMV min P + Full E vs. CAG <0.0001 
Full P short E vs. GRK.1 ns 0.1239 

GRKl vs. Only E 
Full P short E vs. Only E ns 0.1101 

ns 0.9332 Full P short E vs. CAG <0.0001 
GRKl vs. CAG <0.0001 Short P and E vs. IMPG2 PE! + 3X Enh ns 0.1368 
Only E vs. CAG <0.0001 Short P and E vs. CMV min P + Full E ns >0.9999 

Short P and E vs. GRK.1 ns >0.9999 
ns: non-significant. P: promoter. E: enhancer. Short P and E vs. Only E ns >0.9999 

Short P and E vs. CAG <0.0001 
IMPG2 PE! + 3X Enh vs. CMV min P + Full E ns 0.087 

TABLE 2 IMPG2 PE! + 3X Enh vs. GRKl ns 0.0833 
IMPG2 PE! + 3X Enh vs. Only E ns 0.0728 

Statistical Results in FIG. 21B. IMPG2 PE! + 3X Enh vs. CAG <0.0001 
CMV min P + Full E vs. GRK.1 ns >0.9999 

Adjusted CMV min P + Full E vs. Only E ns >0.9999 
Tukey's multiple comparisons test Summary P Value CMV min P + Full E vs. CAG <0.0001 

IMPG2 PE! vs. Short P Full E <0.0001 
GRK.1 vs. Only E ns >0.9999 

IMPG2 PE! vs. Full P short E ns 0.0579 GRK.1 vs. CAG <0.0001 

IMPG2 PE! vs. Short P and E <0.0001 Only E vs. CAG <0.0001 

IMPG2 PE! vs. IMPG2 PE! + 3X Enh ns 0.0525 
IMPG2 PE! vs. CMV min P + Full E <0.0001 ns: non-significant. P: promoter. E: enhancer. 

IMPG2 PE! vs. GRKl <0.0001 
IMPG2 PE! vs. Only E <0.0001 TABLE 4 
IMPG2 PE! vs. CAG ns 0.0927 
Short P Full E vs. Full P short E 0.0069 Statistical Results in FIG. 22A. 
Short P Full E vs. Short P and E ns 0.9896 
Short P Full E vs. IMPG2 PE! + 3X Enh 0.0018 Adjusted 
Short P Full E vs. CMV min P + Full E ns >0.9999 Tukey's multiple comparisons test Summary P Value 
Short P Full E vs. GRK.1 ns >0.9999 
Short P Full E vs. Only E ns >0.9999 IMPG2 PE! vs. Short P Full E ns 0.082 
Short P Full E vs. CAG <0.0001 IMPG2 PE! vs. Full P short E ns 0.9987 
Full P short E vs. Short P and E ns 0.05 IMPG2 PE! vs. Short P and E ns 0.2233 
Full P short E vs. IMPG2 PE! + 3X Enh ns >0.9999 IMPG2 PE! vs. IMPG2 PE! + 3X Enh ns 0.8932 
Full P short E vs. CMV min P + Full E 0.0082 IMPG2 PE! vs. CMV min P + Full E ns 0.481 
Full P short E vs. GRK.1 0.0056 IMPG2 PE! vs. GRK.1 ns 0.3385 
Full P short E vs. Only E 0.0043 IMPG2 PE! vs. Only E ns 0.1425 
Full P short E vs. CAG <0.0001 IMPG2 PE! vs. CAG <0.0001 
Short P and E vs. IMPG2 PE! + 3X Enh 0.0172 Short P Full E vs. Full P short E ns 0.3124 
Short P and E vs. CMV min P + Full E ns 0.994 Short P Full E vs. Short P and E ns 0.9996 
Short P and E vs. GRK.1 ns 0.9812 Short P Full E vs. IMPG2 PE! + 3X Enh ns 0.6128 
Short P and E vs. Only E ns 0.9635 Short P Full E vs. CMV min P + Full E ns 0.9665 
Short P and E vs. CAG <0.0001 Short P Full E vs. GRKl ns 0.9942 
IMPG2 PE! + 3X Enh vs. CMV min P + Full E 0.0022 Short P Full E vs. Only E ns >0.9999 
IMPG2 PE! + 3X Enh vs. GRK.1 0.0015 Short P Full E vs. CAG <0.0001 
IMPG2 PE! + 3X Enh vs. Only E 0.0011 Full P short E vs. Short P and E ns 0.6165 
IMPG2 PE! + 3X Enh vs. CAG <0.0001 Full P short E vs. IMPG2 PE! + 3X Enh ns 0.9989 
CMV min P + Full E vs. GRK.1 ns >0.9999 Full P short E vs. CMV min P + Full E ns 0.8886 
CMV min P + Full E vs. Only E ns >0.9999 Full P short E vs. GRK.1 ns 0.7693 
CMV min P + Full E vs. CAG <0.0001 Full P short E vs. Only E ns 0.464 
GRKl vs. Only E ns >0.9999 Full P short E vs. CAG <0.0001 
GRKl vs. CAG <0.0001 Short P and E vs. IMPG2 PE! + 3X Enh ns 0.9069 
Only E vs. CAG <0.0001 Short P and E vs. CMV min P + Full E ns 0.9997 

Short P and E vs. GRK.1 ns >0.9999 
ns: non-significant. P: promoter. E: enhancer. Short P and E vs. Only E ns >0.9999 
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TABLE 4-continued TABLE 6-continued 

Statistical Results in FIG. 22A. Statistical Results in FIG. 22C. 

Adjusted Adjusted 
Tukey's multiple comparisons test Summary P Value Tukey's multiple comparisons test Summary P Value 

Short P and E vs. CAG <0.0001 IMPG2 PE! vs. Short P and E ns 0.8475 
IMPG2 PE! + 3X Enh vs. CMV min P + Full E ns 0.9959 IMPG2 PE! vs. IMPG2 PE! + 3X Enh ns 0.9775 
IMPG2 PE! + 3X Enh vs. GRK.1 ns 0.9734 IMPG2 PE! vs. CMV min P + Full E ns 0.8676 
IMPG2 PE! + 3X Enh vs. Only E ns 0.7894 IMPG2 PE! vs. GRK.1 ns 0.8477 
IMPG2 PE! + 3X Enh vs. CAG <0.0001 IMPG2 PE! vs. Only E ns 0.827 

CMV min P + Full E vs. GRK.1 ns >0.9999 IMPG2 PE! vs. CAG <0.0001 

CMV min P + Full E vs. Only E ns 0.9953 Short P Full E vs. Full P short E ns 0.9963 

CMV min P + Full E vs. CAG <0.0001 Short P Full E vs. Short P and E ns >0.9999 

GRKl vs. Only E ns 0.9997 Short P Full E vs. IMPG2 PE! + 3X Enh ns 0.9997 

GRKl vs. CAG <0.0001 Short P Full E vs. CMV min P + Full E ns >0.9999 

Only E vs. CAG <0.0001 
Short P Full E vs. GRKl ns >0.9999 
Short P Full E vs. Only E ns >0.9999 

enhancer. 
Short P Full E vs. CAG <0.0001 

ns: non-significant. P: promoter. E: 
Full P short E vs. Short P and E ns 0.998 
Full P short E vs. IMPG2 PE! + 3X Enh ns >0.9999 
Full P short E vs. CMV min P + Full E ns 0.9987 

TABLE 5 Full P short E vs. GRK.1 ns 0.998 
Full P short E vs. Only E ns 0.997 

Statistical Results in FIG. 22B. Full P short E vs. CAG <0.0001 
Short P and E vs. IMPG2 PE! + 3X Enh ns 0.9999 

Adjusted Short P and E vs. CMV min P + Full E ns >0.9999 
Tukey's multiple comparisons test Summary P Value Short P and E vs. GRK.1 ns >0.9999 

Short P and E vs. Only E ns >0.9999 
IMPG2 PE! vs. Short P Full E <0.0001 Short P and E vs. CAG <0.0001 
IMPG2 PE! vs. Full P short E 0.0431 IMPG2 PE! + 3X Enh vs. CMV min P + Full E ns >0.9999 
IMPG2 PE! vs. Short P and E <0.0001 IMPG2 PE! + 3X Enh vs. GRKl ns 0.9999 
IMPG2 PE! vs. IMPG2 PE! + 3X Enh 0.0148 IMPG2 PE! + 3X Enh vs. Only E ns 0.9998 
IMPG2 PE! vs. CMV min P + Full E <0.0001 
IMPG2 PE! vs. GRKl <0.0001 

IMPG2 PE! + 3X Enh vs. CAG <0.0001 

IMPG2 PE! vs. Only E <0.0001 CMV min P + Full E vs. GRK.1 ns >0.9999 

IMPG2 PE! vs. CAG <0.0001 CMV min P + Full E vs. Only E ns >0.9999 

Short P Full E vs. Full P short E 0.0071 CMV min P + Full E vs. CAG <0.0001 

Short P Full E vs. Short P and E ns 0.9973 GRK.1 vs. Only E ns >0.9999 

Short P Full E vs. IMPG2 PE! + 3X Enh 0.0057 GRK.1 vs. CAG <0.0001 

Short P Full E vs. CMV min P + Full E ns >0.9999 Only E vs. CAG <0.0001 
Short P Full E vs. GRK.1 ns >0.9999 
Short P Full E vs. Only E ns >0.9999 ns: non-significant. P: promoter. E: enhancer. 

Short P Full E vs. CAG <0.0001 
Full P short E vs. Short P and E 0.0361 
Full P short E vs. IMPG2 PE! + 3X Enh ns >0.9999 TABLE 7 
Full P short E vs. CMV min P + Full E 0.0141 
Full P short E vs. GRK.1 0.0054 Statistical Results in FIG. 23. 
Full P short E vs. Only E 0.0049 
Full P short E vs. CAG <0.0001 Adjusted 
Short P and E vs. IMPG2 PE! + 3X Enh 0.0333 Tukey's multiple comparisons test Summary P Value 
Short P and E vs. CMV min P + Full E ns >0.9999 
Short P and E vs. GRK.1 ns 0.9928 IMPG2 PE! vs. Short P Full E ns 0.4253 
Short P and E vs. Only E ns 0.9901 IMPG2 PE! vs. Full P short E ns 0.9971 
Short P and E vs. CAG <0.0001 IMPG2 PE! vs. Short P and E ns 0.9916 
IMPG2 PE! + 3X Enh vs. CMV min P + Full E 0.012 IMPG2 PE! vs. IMPG2 PE! + 3X Enh ns 0.1762 
IMPG2 PE! + 3X Enh vs. GRK.1 0.0042 IMPG2 PE! vs. CMV min P + Full E ns 0.3525 
IMPG2 PE! + 3X Enh vs. Only E 0.0038 IMPG2 PE! vs. GRK.1 ns 0.4322 
IMPG2 PE! + 3X Enh vs. CAG <0.0001 IMPG2 PE! vs. Only E ns 0.3228 
CMV min P + Full E vs. GRK.1 ns >0.9999 IMPG2 PE! vs. CAG ns 0.3541 
CMV min P + Full E vs. Only E ns >0.9999 Short P Full E vs. Full P short E ns 0.1059 
CMV min P + Full E vs. CAG <0.0001 Short P Full E vs. Short P and E ns 0.0536 
GRKl vs. Only E ns >0.9999 Short P Full E vs. IMPG2 PE! + 3X Enh 0.0004 
GRKl vs. CAG <0.0001 Short P Full E vs. CMV min P + Full E ns >0.9999 
Only E vs. CAG <0.0001 Short P Full E vs. GRKl ns >0.9999 

Short P Full E vs. Only E ns >0.9999 
ns: non-significant. P: promoter. E: enhancer. Short P Full E vs. CAG ns >0.9999 

Full P short E vs. Short P and E ns >0.9999 
Full P short E vs. IMPG2 PE! + 3X Enh ns 0.587 

TABLE 6 Full P short E vs. CMV min P + Full E ns 0.0809 
Full P short E vs. GRK.1 ns 0.1085 

Statistical Results in FIG. 22C. Full P short E vs. Only E ns 0.0716 
Full P short E vs. CAG ns 0.0814 

Adjusted Short P and E vs. IMPG2 PE! + 3X Enh ns 0.5411 
Tukey's multiple comparisons test Summary P Value Short P and E vs. CMV min P + Full E 0.0392 

Short P and E vs. GRK.1 ns 0.0551 
IMPG2 PE! vs. Short P Full E ns 0.8151 Short P and E vs. Only E 0.034 
IMPG2 PE! vs. Full P short E ns 0.9979 Short P and E vs. CAG 0.0395 
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TABLE 7-continued 

Statistical Results in FIG. 23. 

Tukey's multiple comparisons test 

IMPG2 PE! + 3X Enh vs. CMV min P + Full E 
IMPG2 PE! + 3X Enh vs. GRK.1 
IMPG2 PE! + 3X Enh vs. Only E 
IMPG2 PE! + 3X Enh vs. CAG 
CMV min P + Full E vs. GRK.1 
CMV min P + Full E vs. Only E 
CMV min P + Full E vs. CAG 
GRKl vs. Only E 
GRKl vs. CAG 
Only E vs. CAG 

ns: non-significant. P: promoter. E: enhancer. 

TABLE 8 

Statistical Results in FIG. 24. 

Tukey's multiple comparisons test 

IMPG2 PE! vs. Short P Full E 
IMPG2 PE! vs. Full P short E 
IMPG2 PE! vs. Short P and E 
IMPG2 PE! vs. IMPG2 PE! + 3X Enh 
IMPG2 PE! vs. CMV min P + Full E 
IMPG2 PE! vs. GRKl 
IMPG2 PE! vs. Only E 
IMPG2 PE! vs. CAG 
Short P Full E vs. Full P short E 
Short P Full E vs. Short P and E 
Short P Full E vs. IMPG2 PE! + 3X Enh 
Short P Full E vs. CMV min P + Full E 
Short P Full E vs. GRK.1 
Short P Full E vs. Only E 
Short P Full E vs. CAG 
Full P short E vs. Short P and E 
Full P short E vs. IMPG2 PE! + 3X Enh 
Full P short E vs. CMV min P + Full E 
Full P short E vs. GRK.1 
Full P short E vs. Only E 
Full P short E vs. CAG 
Short P and E vs. IMPG2 PE! + 3X Enh 
Short P and E vs. CMV min P + Full E 
Short P and E vs. GRK.1 
Short P and E vs. Only E 
Short P and E vs. CAG 
IMPG2 PE! + 3X Enh vs. CMV min P + Full E 
IMPG2 PE! + 3X Enh vs. GRK.1 
IMPG2 PE! + 3X Enh vs. Only E 
IMPG2 PE! + 3X Enh vs. CAG 
CMV min P + Full E vs. GRK.1 
CMV min P + Full E vs. Only E 
CMV min P + Full E vs. CAG 
GRKl vs. Only E 
GRKl vs. CAG 
Only E vs. CAG 

ns: non-significant. P: promoter. E: enhancer. 

TABLE 9 

Adjusted 
Summary P Value 

0.0003 
0.0004 
0.0002 
0.0003 

ns >0.9999 
ns >0.9999 
ns >0.9999 

ns >0.9999 
ns >0.9999 

ns >0.9999 

Adjusted 
Summary P Value 

ns >0.9999 
ns 0.9976 
ns >0.9999 
ns 0.2901 
ns 0.9996 
ns >0.9999 
ns >0.9999 

<0.0001 
ns 0.9717 
ns 0.9985 
ns 0.114 
ns >0.9999 
ns 0.9995 
ns 0.9985 

<0.0001 
ns >0.9999 
ns 0.748 
ns 0.904 
ns 0.9998 
ns >0.9999 

0.0002 
ns 0.3758 
ns 0.9843 
ns >0.9999 
ns >0.9999 

<0.0001 
ns 0.0621 
ns 0.3246 
ns 0.3758 

0.0061 
ns 0.992 
ns 0.9843 

<0.0001 
ns >0.9999 

<0.0001 
<0.0001 

Statistical Results in FIG. 30A. 

Tukey's multiple comparisons test 

IMPG2 PE! vs. IMPG2 Prom only 
IMPG2 PE! vs. IMPG2 Prom center short Enh 

Adjusted 
Summary P Value 

<0.0001 
<0.0001 

25 
Jan. 8, 2026 

TABLE 9-continued 

Statistical Results in FIG. 30A. 

Tukey's multiple comparisons test 

IMPG2 PE! vs. !MPG! PE! 
IMPG2 PE! vs. CAG 
IMPG2 Prom only vs. IMPG2 Prom center short 
Enh 
IMPG2 Prom only vs. !MPG! PE! 
IMPG2 Prom only vs. CAG 
IMPG2 Prom center short Enh vs. !MPG! PE! 
IMPG2 Prom center short Enh vs. CAG 
!MPG! PE! vs. CAG 

ns: non-significant. P: promoter. E: enhancer. 

TABLE 10 

Adjusted 
Summary P Value 

ns 0.5076 
<0.0001 

0.003 

<0.0001 
<0.0001 
<0.0001 
<0.0001 
<0.0001 

Statistical Results in FIG. 30B. 

Tukey's multiple comparisons test 

IMPG2 PE! vs. IMPG2 Prom only 
IMPG2 PE! vs. IMPG2 Prom center short Enh 
IMPG2 PE! vs. !MPG! PE! 
IMPG2 PE! vs. CAG 
IMPG2 Prom only vs. IMPG2 Prom center short 
Enh 
IMPG2 Prom only vs. !MPG! PE! 
IMPG2 Prom only vs. CAG 
IMPG2 Prom center short Enh vs. !MPG! PE! 
IMPG2 Prom center short Enh vs. CAG 
!MPG! PE! vs. CAG 

ns: non-significant. P: promoter. E: enhancer. 

TABLE 11 

Adjusted 
Summary P Value 

ns 0.7891 
ns 0.8269 
ns >0.9999 

0.0002 
ns >0.9999 

ns 0.8354 
<0.0001 

ns 0.869 
<0.0001 

0.0002 

Statistical Results in FIG. 30C. 

Tukey's multiple comparisons test 

IMPG2 PE! vs. IMPG2 Prom only 
IMPG2 PE! vs. IMPG2 Prom center short Enh 
IMPG2 PE! vs. !MPG! PE! 
IMPG2 PE! vs. CAG 
IMPG2 Prom only vs. IMPG2 Prom center short 
Enh 
IMPG2 Prom only vs. !MPG! PE! 
IMPG2 Prom only vs. CAG 
IMPG2 Prom center short Enh vs. !MPG! PE! 
IMPG2 Prom center short Enh vs. CAG 
!MPG! PE! vs. CAG 

ns: non-significant. P: promoter. E: enhancer. 

TABLE 12 

Adjusted 
Summary P Value 

ns 0.942 
ns 0.9517 
ns >0.9999 

0.0002 
ns >0.9999 

ns 0.9629 
<0.0001 

ns 0.9702 
<0.0001 

0.0002 

Statistical Results in FIG. 3 lA. 

Tukey's multiple comparisons test 

IMPG2 PE! vs. IMPG2 Prom only 
IMPG2 PE! vs. IMPG2 Prom center short Enh 
IMPG2 PE! vs. !MPG! PE! 
IMPG2 PE! vs. CAG 
IMPG2 Prom only vs. IMPG2 Prom center short 
Enh 

Summary 

ns 
ns 
ns 

ns 

Adjusted 
P Value 

0.4342 
0.5655 
0.9962 

<0.0001 
0.9993 
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TABLE 12-continued TABLE 14 

Statistical Results in FIG. 31C. 
Statistical Results in FIG. 3 lA. 

Tukey's multiple comparisons test 

IMPG2 Prom only vs. !MPG! PE! 

IMPG2 Prom only vs. CAG 

IMPG2 Prom center short Enh vs. !MPG! PE! 

IMPG2 Prom center short Enh vs. CAG 

!MPG! PE! vs. CAG 

ns: non-significant. P: promoter. E: enhancer. 

TABLE 13 

Adjusted 

Summary P Value 

ns 0.2666 

<0.0001 

ns 0.3699 

<0.0001 

<0.0001 

Tukey's multiple comparisons test 

IMPG2 PE! vs. IMPG2 Prom only 
IMPG2 PE! vs. IMPG2 Prom center short Enh 
IMPG2 PE! vs. !MPG! PE! 
IMPG2 PE! vs. CAG 
IMPG2 Prom only vs. IMPG2 Prom center short 
Enh 
IMPG2 Prom only vs. !MPG! PE! 
IMPG2 Prom only vs. CAG 
IMPG2 Prom center short Enh vs. !MPG! PE! 
IMPG2 Prom center short Enh vs. CAG 
!MPG! PE! vs. CAG 

ns: non-significant. P: promoter. E: enhancer. 

TABLE 15 

Statistical Results in FIG. 3 lB. Statistical Results in FIG. 32. 

Tukey's multiple comparisons test 

IMPG2 PE! vs. IMPG2 Prom only 
IMPG2 PE! vs. IMPG2 Prom center short Enh 
IMPG2 PE! vs. !MPG! PE! 
IMPG2 PE! vs. CAG 
IMPG2 Prom only vs. IMPG2 Prom center short 
Enh 
IMPG2 Prom only vs. !MPG! PE! 
IMPG2 Prom only vs. CAG 
IMPG2 Prom center short Enh vs. !MPG! PE! 
IMPG2 Prom center short Enh vs. CAG 
!MPG! PE! vs. CAG 

ns: non-significant. P: promoter. E: enhancer. 

Summary 

ns 
ns 
ns 

ns 

ns 

ns 

Adjusted 
P Value 

0.7781 
0.8034 
0.8716 

<0.0001 
>0.9999 

0.2688 
<0.0001 

0.289 
<0.0001 
<0.0001 

Tukey's multiple comparisons test 

IMPG2 PE! vs. IMPG2 Prom only 
IMPG2 PE! vs. IMPG2 Prom center short Enh 
IMPG2 PE! vs. !MPG! PE! 
IMPG2 PE! vs. CAG 
IMPG2 Prom only vs. IMPG2 Prom center short 
Enh 
IMPG2 Prom only vs. !MPG! PE! 
IMPG2 Prom only vs. CAG 
IMPG2 Prom center short Enh vs. !MPG! PE! 
IMPG2 Prom center short Enh vs. CAG 
!MPG! PE! vs. CAG 

ns: non-significant. P: promoter. E: enhancer. 

SEQUENCE LISTING 

Sequence total quantity, 29 
SEQ ID NO, 1 moltype = DNA length 592 
FEATURE Location/Qualifiers 
source 1.. 592 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 1 
tcctattgtt aactttgaac ttccaattca tttggagaag tggtttcctc gtcatgtaat 60 
aaagaccaaa cgggaagata ttcgagagct catcttgaaa cttcatttac agcaacagaa 120 
gggcagcagt agctagttaa tctgtacaaa catgacacag atgttctcta agattactgg 180 
aaagcctctt accagcattt gtgttagcca gctcacagag aagaaaataa cttgcagtag 240 
ttttataata agtcattgga acattattta aaatatgtag gacacattat tagaattgtt 300 
gggatctcat agatggaatg ggaatggggg tgatatagat aaacttacta gatataaatt 360 
aaaattttat aaatatttca tatttttctg agtaaatatg attggattat gcaacagcat 420 
atgtaatatg ggaatgtttt gtagataata aaacttacat gatctgtact tccacgtgac 480 
tgggtgctga ggggagttaa agcctccctg gtgccagccc cagtgcttgt caaatttgct 540 
gacaggtcac atcatattgt aattctattc tttgcagctc aagcatgcag ta 592 

SEQ ID NO, 2 moltype = DNA length = 606 
FEATURE Location/Qualifiers 
source 1.. 606 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 2 
agttaattag ttaatttaat cctcacatta gctctaccat gagtttacta tttctattcc 60 
attttatacg taaggaagga gacaaagtaa gtgatttttc tatcaaggaa ggaaatttgc 120 
aagagaatag tttcattaca aaaactaaat ttgtacgtag ctctgtatta ttgaaatagg 180 
tagatatagt cagtctggac tttttatgct tatacatctt agtccctagg aaaacccaga 240 
actaacagat tcagaaaagt tggaaaaatc agtgaattat atgtgaaaca cattattctt 300 
agtggactgc ttgttaaagg caaggagagt gttagtaaag agcttaggta gattagaata 360 

Adjusted 
Summary P Value 

ns 0.9994 
ns 0.9995 
ns 0.9997 

<0.0001 
ns >0.9999 

ns 0.9937 
<0.0001 

ns 0.9943 
<0.0001 
<0.0001 

Adjusted 
Summary P Value 

ns 0.05 
ns 0.976 
ns 0.1253 

0.0077 
ns 0.1411 

ns 0.9849 
ns 0.8635 
ns 0.3139 

0.0238 
ns 0.5877 
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-continued 

aagaaattgt ctctctccat ctgctctaat tagcttatct caccagcttt tatagcatgc 420 
tggttatttc agaaaagaag tgagagctac tttgaaagga caaccatttt tctttccgct 480 
aatttataat ggttttgaag tggttgttca ttctcaaaca tagactttta aatgttaggt 540 
ctttcctata actctttgtt attggaagtt tcaaggattt ggacactcaa ttaaggattc 600 
tgtcct 606 

SEQ ID NO, 3 moltype = DNA length 1198 
FEATURE Location/Qualifiers 
source 1. .1198 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 3 
tcctattgtt aactttgaac ttccaattca tttggagaag tggtttcctc gtcatgtaat 60 
aaagaccaaa cgggaagata ttcgagagct catcttgaaa cttcatttac agcaacagaa 120 
gggcagcagt agctagttaa tctgtacaaa catgacacag atgttctcta agattactgg 180 
aaagcctctt accagcattt gtgttagcca gctcacagag aagaaaataa cttgcagtag 240 
ttttataata agtcattgga acattattta aaatatgtag gacacattat tagaattgtt 300 
gggatctcat agatggaatg ggaatggggg tgatatagat aaacttacta gatataaatt 360 
aaaattttat aaatatttca tatttttctg agtaaatatg attggattat gcaacagcat 420 
atgtaatatg ggaatgtttt gtagataata aaacttacat gatctgtact tccacgtgac 480 
tgggtgctga ggggagttaa agcctccctg gtgccagccc cagtgcttgt caaatttgct 540 
gacaggtcac atcatattgt aattctattc tttgcagctc aagcatgcag taagttaatt 600 
agttaattta atcctcacat tagctctacc atgagtttac tatttctatt ccattttata 660 
cgtaaggaag gagacaaagt aagtgatttt tctatcaagg aaggaaattt gcaagagaat 720 
agtttcatta caaaaactaa atttgtacgt agctctgtat tattgaaata ggtagatata 780 
gtcagtctgg actttttatg cttatacatc ttagtcccta ggaaaaccca gaactaacag 840 
attcagaaaa gttggaaaaa tcagtgaatt atatgtgaaa cacattattc ttagtggact 900 
gcttgttaaa ggcaaggaga gtgttagtaa agagcttagg tagattagaa taaagaaatt 960 
gtctctctcc atctgctcta attagcttat ctcaccagct tttatagcat gctggttatt 1020 
tcagaaaaga agtgagagct actttgaaag gacaaccatt tttctttccg ctaatttata 1080 
atggttttga agtggttgtt cattctcaaa catagacttt taaatgttag gtctttccta 1140 
taactctttg ttattggaag tttcaaggat ttggacactc aattaaggat tctgtcct 1198 

SEQ ID NO, 4 moltype = DNA length = 302 
FEATURE Location/Qualifiers 
source 1. .302 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 4 
gactgcttgt taaaggcaag gagagtgtta gtaaagagct taggtagatt agaataaaga 60 
aattgtctct ctccatctgc tctaattagc ttatctcacc agcttttata gcatgctggt 120 
tatttcagaa aagaagtgag agctactttg aaaggacaac catttttctt tccgctaatt 180 
tataatggtt ttgaagtggt tgttcattct caaacataga cttttaaatg ttaggtcttt 240 
cctataactc tttgttattg gaagtttcaa ggatttggac actcaattaa ggattctgtc 300 
ct 302 

SEQ ID NO, 5 moltype = DNA length 894 
FEATURE Location/Qualifiers 
source 1.. 894 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 5 
tcctattgtt aactttgaac ttccaattca tttggagaag tggtttcctc gtcatgtaat 60 
aaagaccaaa cgggaagata ttcgagagct catcttgaaa cttcatttac agcaacagaa 120 
gggcagcagt agctagttaa tctgtacaaa catgacacag atgttctcta agattactgg 180 
aaagcctctt accagcattt gtgttagcca gctcacagag aagaaaataa cttgcagtag 240 
ttttataata agtcattgga acattattta aaatatgtag gacacattat tagaattgtt 300 
gggatctcat agatggaatg ggaatggggg tgatatagat aaacttacta gatataaatt 360 
aaaattttat aaatatttca tatttttctg agtaaatatg attggattat gcaacagcat 420 
atgtaatatg ggaatgtttt gtagataata aaacttacat gatctgtact tccacgtgac 480 
tgggtgctga ggggagttaa agcctccctg gtgccagccc cagtgcttgt caaatttgct 540 
gacaggtcac atcatattgt aattctattc tttgcagctc aagcatgcag tagactgctt 600 
gttaaaggca aggagagtgt tagtaaagag cttaggtaga ttagaataaa gaaattgtct 660 
ctctccatct gctctaatta gcttatctca ccagctttta tagcatgctg gttatttcag 720 
aaaagaagtg agagctactt tgaaaggaca accatttttc tttccgctaa tttataatgg 780 
ttttgaagtg gttgttcatt ctcaaacata gacttttaaa tgttaggtct ttcctataac 840 
tctttgttat tggaagtttc aaggatttgg acactcaatt aaggattctg tcct 894 

SEQ ID NO, moltype = DNA length = 300 
FEATURE Location/Qualifiers 
source 1. .300 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 
tcctattgtt aactttgaac ttccaattca tttggagaag tggtttcctc gtcatgtaat 60 
aaagaccaaa cgggaagata ttcgagagct catcttgaaa cttcatttac agcaacagaa 120 
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-continued 

gggcagcagt agctagttaa tctgtacaaa catgacacag atgttctcta agattactgg 180 
aaagcctctt accagcattt gtgttagcca gctcacagag aagaaaataa cttgcagtag 240 
ttttataata agtcattgga acattattta aaatatgtag gacacattat tagaattgtt 300 

SEQ ID NO, 7 moltype = DNA length = 906 
FEATURE Location/Qualifiers 
source 1.. 906 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 7 
tcctattgtt aactttgaac ttccaattca tttggagaag tggtttcctc gtcatgtaat 60 
aaagaccaaa cgggaagata ttcgagagct catcttgaaa cttcatttac agcaacagaa 120 
gggcagcagt agctagttaa tctgtacaaa catgacacag atgttctcta agattactgg 180 
aaagcctctt accagcattt gtgttagcca gctcacagag aagaaaataa cttgcagtag 240 
ttttataata agtcattgga acattattta aaatatgtag gacacattat tagaattgtt 300 
agttaattag ttaatttaat cctcacatta gctctaccat gagtttacta tttctattcc 360 
attttatacg taaggaagga gacaaagtaa gtgatttttc tatcaaggaa ggaaatttgc 420 
aagagaatag tttcattaca aaaactaaat ttgtacgtag ctctgtatta ttgaaatagg 480 
tagatatagt cagtctggac tttttatgct tatacatctt agtccctagg aaaacccaga 540 
actaacagat tcagaaaagt tggaaaaatc agtgaattat atgtgaaaca cattattctt 600 
agtggactgc ttgttaaagg caaggagagt gttagtaaag agcttaggta gattagaata 660 
aagaaattgt ctctctccat ctgctctaat tagcttatct caccagcttt tatagcatgc 720 
tggttatttc agaaaagaag tgagagctac tttgaaagga caaccatttt tctttccgct 780 
aatttataat ggttttgaag tggttgttca ttctcaaaca tagactttta aatgttaggt 840 
ctttcctata actctttgtt attggaagtt tcaaggattt ggacactcaa ttaaggattc 900 
tgtcct 906 

SEQ ID NO, 8 moltype = DNA length 602 
FEATURE Location/Qualifiers 
source 1.. 602 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 8 
tcctattgtt aactttgaac ttccaattca tttggagaag tggtttcctc gtcatgtaat 60 
aaagaccaaa cgggaagata ttcgagagct catcttgaaa cttcatttac agcaacagaa 120 
gggcagcagt agctagttaa tctgtacaaa catgacacag atgttctcta agattactgg 180 
aaagcctctt accagcattt gtgttagcca gctcacagag aagaaaataa cttgcagtag 240 
ttttataata agtcattgga acattattta aaatatgtag gacacattat tagaattgtt 300 
gactgcttgt taaaggcaag gagagtgtta gtaaagagct taggtagatt agaataaaga 360 
aattgtctct ctccatctgc tctaattagc ttatctcacc agcttttata gcatgctggt 420 
tatttcagaa aagaagtgag agctactttg aaaggacaac catttttctt tccgctaatt 480 
tataatggtt ttgaagtggt tgttcattct caaacataga cttttaaatg ttaggtcttt 540 
cctataactc tttgttattg gaagtttcaa ggatttggac actcaattaa ggattctgtc 600 
ct 602 

SEQ ID NO, 9 moltype = DNA length 2382 
FEATURE Location/Qualifiers 
source 1. . 23 82 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 9 
tcctattgtt aactttgaac ttccaattca tttggagaag tggtttcctc gtcatgtaat 60 
aaagaccaaa cgggaagata ttcgagagct catcttgaaa cttcatttac agcaacagaa 120 
gggcagcagt agctagttaa tctgtacaaa catgacacag atgttctcta agattactgg 180 
aaagcctctt accagcattt gtgttagcca gctcacagag aagaaaataa cttgcagtag 240 
ttttataata agtcattgga acattattta aaatatgtag gacacattat tagaattgtt 300 
gggatctcat agatggaatg ggaatggggg tgatatagat aaacttacta gatataaatt 360 
aaaattttat aaatatttca tatttttctg agtaaatatg attggattat gcaacagcat 420 
atgtaatatg ggaatgtttt gtagataata aaacttacat gatctgtact tccacgtgac 480 
tgggtgctga ggggagttaa agcctccctg gtgccagccc cagtgcttgt caaatttgct 540 
gacaggtcac atcatattgt aattctattc tttgcagctc aagcatgcag tatcctattg 600 
ttaactttga acttccaatt catttggaga agtggtttcc tcgtcatgta ataaagacca 660 
aacgggaaga tattcgagag ctcatcttga aacttcattt acagcaacag aagggcagca 720 
gtagctagtt aatctgtaca aacatgacac agatgttctc taagattact ggaaagcctc 780 
ttaccagcat ttgtgttagc cagctcacag agaagaaaat aacttgcagt agttttataa 840 
taagtcattg gaacattatt taaaatatgt aggacacatt attagaattg ttgggatctc 900 
atagatggaa tgggaatggg ggtgatatag ataaacttac tagatataaa ttaaaatttt 960 
ataaatattt catatttttc tgagtaaata tgattggatt atgcaacagc atatgtaata 1020 
tgggaatgtt ttgtagataa taaaacttac atgatctgta cttccacgtg actgggtgct 1080 
gaggggagtt aaagcctccc tggtgccagc cccagtgctt gtcaaatttg ctgacaggtc 1140 
acatcatatt gtaattctat tctttgcagc tcaagcatgc agtatcctat tgttaacttt 1200 
gaacttccaa ttcatttgga gaagtggttt cctcgtcatg taataaagac caaacgggaa 1260 
gatattcgag agctcatctt gaaacttcat ttacagcaac agaagggcag cagtagctag 1320 
ttaatctgta caaacatgac acagatgttc tctaagatta ctggaaagcc tcttaccagc 1380 
atttgtgtta gccagctcac agagaagaaa ataacttgca gtagttttat aataagtcat 1440 
tggaacatta tttaaaatat gtaggacaca ttattagaat tgttgggatc tcatagatgg 1500 
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aatgggaatg ggggtgatat agataaactt actagatata aattaaaatt ttataaatat 1560 
ttcatatttt tctgagtaaa tatgattgga ttatgcaaca gcatatgtaa tatgggaatg 1620 
ttttgtagat aataaaactt acatgatctg tacttccacg tgactgggtg ctgaggggag 1680 
ttaaagcctc cctggtgcca gccccagtgc ttgtcaaatt tgctgacagg tcacatcata 1740 
ttgtaattct attctttgca gctcaagcat gcagtaagtt aattagttaa tttaatcctc 1800 
acattagctc taccatgagt ttactatttc tattccattt tatacgtaag gaaggagaca 1860 
aagtaagtga tttttctatc aaggaaggaa atttgcaaga gaatagtttc attacaaaaa 1920 
ctaaatttgt acgtagctct gtattattga aataggtaga tatagtcagt ctggactttt 1980 
tatgcttata catcttagtc cctaggaaaa cccagaacta acagattcag aaaagttgga 2040 
aaaatcagtg aattatatgt gaaacacatt attcttagtg gactgcttgt taaaggcaag 2100 
gagagtgtta gtaaagagct taggtagatt agaataaaga aattgtctct ctccatctgc 2160 
tctaattagc ttatctcacc agcttttata gcatgctggt tatttcagaa aagaagtgag 2220 
agctactttg aaaggacaac catttttctt tccgctaatt tataatggtt ttgaagtggt 2280 
tgttcattct caaacataga cttttaaatg ttaggtcttt cctataactc tttgttattg 2340 
gaagtttcaa ggatttggac actcaattaa ggattctgtc ct 2382 

SEQ ID NO, 10 moltype = DNA length 50 
FEATURE Location/Qualifiers 
source 1 .. 50 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 10 
taggcgtgta cggtgggagg tctatataag cagagctcgt ttagtgaacc 50 

SEQ ID NO, 11 moltype = DNA length = 642 
FEATURE Location/Qualifiers 
source 1.. 642 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 11 
tcctattgtt aactttgaac ttccaattca tttggagaag tggtttcctc gtcatgtaat 60 
aaagaccaaa cgggaagata ttcgagagct catcttgaaa cttcatttac agcaacagaa 120 
gggcagcagt agctagttaa tctgtacaaa catgacacag atgttctcta agattactgg 180 
aaagcctctt accagcattt gtgttagcca gctcacagag aagaaaataa cttgcagtag 240 
ttttataata agtcattgga acattattta aaatatgtag gacacattat tagaattgtt 300 
gggatctcat agatggaatg ggaatggggg tgatatagat aaacttacta gatataaatt 360 
aaaattttat aaatatttca tatttttctg agtaaatatg attggattat gcaacagcat 420 
atgtaatatg ggaatgtttt gtagataata aaacttacat gatctgtact tccacgtgac 480 
tgggtgctga ggggagttaa agcctccctg gtgccagccc cagtgcttgt caaatttgct 540 
gacaggtcac atcatattgt aattctattc tttgcagctc aagcatgcag tataggcgtg 600 
tacggtggga ggtctatata agcagagctc gtttagtgaa cc 642 

SEQ ID NO, 12 moltype = DNA length 295 
FEATURE Location/Qualifiers 
source 1. .295 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 12 
gggccccaga agcctggtgg ttgtttgtcc ttctcagggg aaaagtgagg cggccccttg 60 
gaggaagggg ccgggcagaa tgatctaatc ggattccaag cagctcaggg gattgtcttt 120 
ttctagcacc ttcttgccac tcctaagcgt cctccgtgac cccggctggg atttagcctg 180 
gtgctgtgtc agccccgggc tcccaggggc ttcccagtgg tccccaggga accctcgaca 240 
gggccagggc gtctctctcg tccagcaagg gcagggacgg gccacaggca agggc 295 

SEQ ID NO, 13 moltype = DNA length = 1733 
FEATURE Location/Qualifiers 
source 1. .1733 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 13 
ctcgacattg attattgact agttattaat agtaatcaat tacggggtca ttagttcata 60 
gcccatatat ggagttccgc gttacataac ttacggtaaa tggcccgcct ggctgaccgc 120 
ccaacgaccc ccgcccattg acgtcaataa tgacgtatgt tcccatagta acgccaatag 180 
ggactttcca ttgacgtcaa tgggtggagt atttacggta aactgcccac ttggcagtac 240 
atcaagtgta tcatatgcca agtacgcccc ctattgacgt caatgacggt aaatggcccg 300 
cctggcatta tgcccagtac atgaccttat gggactttcc tacttggcag tacatctacg 360 
tattagtcat cgctattacc atggtcgagg tgagccccac gttctgcttc actctcccca 420 
tctccccccc ctccccaccc ccaattttgt atttatttat tttttaatta ttttgtgcag 480 
cgatgggggc gggggggggg ggggggcgcg cgccaggcgg ggcggggcgg ggcgaggggc 540 
ggggcggggc gaggcggaga ggtgcggcgg cagccaatca gagcggcgcg ctccgaaagt 600 
ttccttttat ggcgaggcgg cggcggcggc ggccctataa aaagcgaagc gcgcggcggg 660 
cgggagtcgc tgcgcgctgc cttcgccccg tgccccgctc cgccgccgcc tcgcgccgcc 720 
cgccccggct ctgactgacc gcgttactcc cacaggtgag cgggcgggac ggcccttctc 780 
ctccgggctg taattagcgc ttggtttaat gacggcttgt ttcttttctg tggctgcgtg 840 
aaagccttga ggggctccgg gagggccctt tgtgcggggg gagcggctcg gggggtgcgt 900 
gcgtgtgtgt gtgcgtgggg agcgccgcgt gcggctccgc gctgcccggc ggctgtgagc 960 
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gctgcgggcg cggcgcgggg ctttgtgcgc tccgcagtgt gcgcgagggg agcgcggccg 1020 
ggggcggtgc cccgcggtgc ggggggggct gcgaggggaa caaaggctgc gtgcggggtg 1080 
tgtgcgtggg ggggtgagca gggggtgtgg gcgcgtcggt cgggctgcaa ccccccctgc 1140 
acccccctcc ccgagttgct gagcacggcc cggcttcggg tgcggggctc cgtacggggc 1200 
gtggcgcggg gctcgccgtg ccgggcgggg ggtggcggca ggtgggggtg ccgggcgggg 1260 
cggggccgcc tcgggccggg gagggctcgg gggaggggcg cggcggcccc cggagcgccg 1320 
gcggctgtcg aggcgcggcg agccgcagcc attgcctttt atggtaatcg tgcgagaggg 1380 
cgcagggact tcctttgtcc caaatctgtg cggagccgaa atctgggagg cgccgccgca 1440 
ccccctctag cgggcgcggg gcgaagcggt gcggcgccgg caggaaggaa atgggcgggg 1500 
agggccttcg tgcgtcgccg cgccgccgtc cccttctccc tctccagcct cggggctgtc 1560 
cgcgggggga cggctgcctt cgggggggac ggggcagggc ggggttcggc ttctggcgtg 1620 
tgaccggcgg ctctagagcc tctgctaacc atgttcatgc cttcttcttt ttcctacagc 1680 
tcctgggcaa cgtgctggtt attgtgctgt ctcatcattt tggcaaagaa ttg 1733 

SEQ ID NO, 14 moltype = DNA length = 370 
FEATURE Location/Qualifiers 
source 1. .370 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 14 
tattattgaa ataggtagat atagtcagtc tggacttttt atgcttatac atcttagtcc 60 
ctaggaaaac ccagaactaa cagattcaga aaagttggaa aaatcagtga attatatgtg 120 
aaacacatta ttcttagtgg actgcttgtt aaaggcaagg agagtgttag taaagagctt 180 
aggtagatta gaataaagaa attgtctctc tccatctgct ctaattagct tatctcacca 240 
gcttttatag catgctggtt atttcagaaa agaagtgaga gctactttga aaggacaacc 300 
atttttcttt ccgctaattt ataatggttt tgaagtggtt gttcattctc aaacatagac 360 
ttttaaatgt 370 

SEQ ID NO, 15 moltype = DNA length 670 
FEATURE Location/Qualifiers 
source 1.. 670 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 15 
tcctattgtt aactttgaac ttccaattca tttggagaag tggtttcctc gtcatgtaat 60 
aaagaccaaa cgggaagata ttcgagagct catcttgaaa cttcatttac agcaacagaa 120 
gggcagcagt agctagttaa tctgtacaaa catgacacag atgttctcta agattactgg 180 
aaagcctctt accagcattt gtgttagcca gctcacagag aagaaaataa cttgcagtag 240 
ttttataata agtcattgga acattattta aaatatgtag gacacattat tagaattgtt 300 
tattattgaa ataggtagat atagtcagtc tggacttttt atgcttatac atcttagtcc 360 
ctaggaaaac ccagaactaa cagattcaga aaagttggaa aaatcagtga attatatgtg 420 
aaacacatta ttcttagtgg actgcttgtt aaaggcaagg agagtgttag taaagagctt 480 
aggtagatta gaataaagaa attgtctctc tccatctgct ctaattagct tatctcacca 540 
gcttttatag catgctggtt atttcagaaa agaagtgaga gctactttga aaggacaacc 600 
atttttcttt ccgctaattt ataatggttt tgaagtggtt gttcattctc aaacatagac 660 
ttttaaatgt 670 

SEQ ID NO, 16 moltype = DNA length 360 
FEATURE Location/Qualifiers 
source 1. .360 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 16 
agaaattaag ctcttttaat ggatgtttct tgtacatgtc attttagaaa acatctgacc 60 
ctaactgtca gccttattct ctgtttggca gaacttcccc tggctctctg tgtcactgta 120 
acaggtgaat aactaagaaa aaactgtgtc tgtagacact tgtttataat ggcattcagg 180 
gtcctggagc taggctgaca gatgctcctc cagaaggtta atgagataaa ggttcctcca 240 
gctggccctt aagcagagat tacacctgag ggaaagacaa gcagattatt ccagaaacag 300 
acactgctac atgttcttca taaattaaca ccctcataaa ggtaaaccaa gaaggttatc 360 

SEQ ID NO, 17 moltype = DNA length = 730 
FEATURE Location/Qualifiers 
source 1.. 730 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 17 
gtggacccta acacactgca ggagtggtat ttgtatcctg ctaactctag ctgaagtgct 60 
agcacctcac cagtgccaga aaaccagcac acagcagctc aggccaggag gagaggcttg 120 
caccatgcca cagagctctg cagcccctca cagactacct ggaagctggc ttggttctgt 180 
ttcctttcac acttgctggc actgaaacag ttaggacaaa cctattgagc gctattctct 240 
gatcatccct cagtagtaaa cagctctaat gacaaggaga acagccctgc ttgaataaac 300 
ttttaaatgc ttttcaaaat taagccactg tgactatttt aacaaaaatc ttaaatctta 360 
aaaatatatc actcagttat catgtgtgga aaattgagaa cgttttttga gaaaggttac 420 
tgtaagactt aaggaagaaa gacctaaatc cccactgtga tggtatttgg aaggtaatta 480 
ggtcaaaggt aagagccttt gggatgtaat taggtcatga gggccgagcc cttataagaa 540 
gagacaaaag agggatgatt tctctctccc tttctctctc tctctttctt tctctctctc 600 
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tccctttctc tccctttctc tctctctttc tctctctcct tttccgccat gtggggatac 660 
aactagagga cagctgccta caaactaaga agagtgacct cactagacac tggtttttct 720 
ggtgccttga 730 

SEQ ID NO, 18 moltype = DNA length 1089 
FEATURE Location/Qualifiers 
source 1. .1089 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 18 
gtggacccta acacactgca ggagtggtat ttgtatcctg ctaactctag ctgaagtgct 60 
agcacctcac cagtgccaga aaaccagcac acagcagctc aggccaggag gagaggcttg 120 
caccatgcca cagagctctg cagcccctca cagactacct ggaagctggc ttggttctgt 180 
ttcctttcac acttgctggc actgaaacag ttaggacaaa cctattgagc gctattctct 240 
gatcatccct cagtagtaaa cagctctaat gacaaggaga acagccctgc ttgaataaac 300 
ttttaaatgc ttttcaaaat taagccactg tgactatttt aacaaaaatc ttaaatctta 360 
aaaatatatc actcagttat catgtgtgga aaattgagaa cgttttttga gaaaggttac 420 
tgtaagactt aaggaagaaa gacctaaatc cccactgtga tggtatttgg aaggtaatta 480 
ggtcaaaggt aagagccttt gggatgtaat taggtcatga gggccgagcc cttataagaa 540 
gagacaaaag agggatgatt tctctctccc tttctctctc tctctttctt tctctctctc 600 
tccctttctc tccctttctc tctctctttc tctctctcct tttccgccat gtggggatac 660 
aactagagga cagctgccta caaactaaga agagtgacct cactagacac tggtttttct 720 
ggtgccttga agaaattaag ctcttttaat ggatgtttct tgtacatgtc attttagaaa 780 
acatctgacc ctaactgtca gccttattct ctgtttggca gaacttcccc tggctctctg 840 
tgtcactgta acaggtgaat aactaagaaa aaactgtgtc tgtagacact tgtttataat 900 
ggcattcagg gtcctggagc taggctgaca gatgctcctc cagaaggtta atgagataaa 960 
ggttcctcca gctggccctt aagcagagat tacacctgag ggaaagacaa gcaattattc 1020 
cagaaacaga cactgctaca tgttcttcat aaattaacac cctcataaag gtaaaccaag 1080 
aaggttatc 1089 

SEQ ID NO, 19 moltype = DNA length 952 
FEATURE Location/Qualifiers 
source 1.. 952 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 19 
tcctattgtt aactttgaac ttccaattca tttggagaag tggtttcctc gtcatgtaat 60 
aaagaccaaa cgggaagata ttcgagagct catcttgaaa cttcatttac agcaacagaa 120 
gggcagcagt agctagttaa tctgtacaaa catgacacag atgttctcta agattactgg 180 
aaagcctctt accagcattt gtgttagcca gctcacagag aagaaaataa cttgcagtag 240 
ttttataata agtcattgga acattattta aaatatgtag gacacattat tagaattgtt 300 
gggatctcat agatggaatg ggaatggggg tgatatagat aaacttacta gatataaatt 360 
aaaattttat aaatatttca tatttttctg agtaaatatg attggattat gcaacagcat 420 
atgtaatatg ggaatgtttt gtagataata aaacttacat gatctgtact tccacgtgac 480 
tgggtgctga ggggagttaa agcctccctg gtgccagccc cagtgcttgt caaatttgct 540 
gacaggtcac atcatattgt aattctattc tttgcagctc aagcatgcag taagaaatta 600 
agctctttta atggatgttt cttgtacatg tcattttaga aaacatctga ccctaactgt 660 
cagccttatt ctctgtttgg cagaacttcc cctggctctc tgtgtcactg taacaggtga 720 
ataactaaga aaaaactgtg tctgtagaca cttgtttata atggcattca gggtcctgga 780 
gctaggctga cagatgctcc tccagaaggt taatgagata aaggttcctc cagctggccc 840 
ttaagcagag attacacctg agggaaagac aagcagatta ttccagaaac agacactgct 900 
acatgttctt cataaattaa caccctcata aaggtaaacc aagaaggtta tc 952 

SEQ ID NO, 20 moltype = DNA length = 660 
FEATURE Location/Qualifiers 
source 1. . 660 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 20 
tcctattgtt aactttgaac ttccaattca tttggagaag tggtttcctc gtcatgtaat 60 
aaagaccaaa cgggaagata ttcgagagct catcttgaaa cttcatttac agcaacagaa 120 
gggcagcagt agctagttaa tctgtacaaa catgacacag atgttctcta agattactgg 180 
aaagcctctt accagcattt gtgttagcca gctcacagag aagaaaataa cttgcagtag 240 
ttttataata agtcattgga acattattta aaatatgtag gacacattat tagaattgtt 300 
agaaattaag ctcttttaat ggatgtttct tgtacatgtc attttagaaa acatctgacc 360 
ctaactgtca gccttattct ctgtttggca gaacttcccc tggctctctg tgtcactgta 420 
acaggtgaat aactaagaaa aaactgtgtc tgtagacact tgtttataat ggcattcagg 480 
gtcctggagc taggctgaca gatgctcctc cagaaggtta atgagataaa ggttcctcca 540 
gctggccctt aagcagagat tacacctgag ggaaagacaa gcagattatt ccagaaacag 600 
acactgctac atgttcttca taaattaaca ccctcataaa ggtaaaccaa gaaggttatc 660 

SEQ ID NO, 21 moltype = DNA length = 589 
FEATURE Location/Qualifiers 
source 1.. 589 

mol type other DNA 
organism synthetic construct 
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SEQUENCE, 21 
tagttattaa tagtaatcaa ttacggggtc attagttcat agcccatata tggagttccg 60 
cgttacataa cttacggtaa atggcccgcc tggctgaccg cccaacgacc cccgcccatt 120 
gacgtcaata atgacgtatg ttcccatagt aacgccaata gggactttcc attgacgtca 180 
atgggtggag tatttacggt aaactgccca cttggcagta catcaagtgt atcatatgcc 240 
aagtacgccc cctattgacg tcaatgacgg taaatggccc gcctggcatt atgcccagta 300 
catgacctta tgggactttc ctacttggca gtacatctac gtattagtca tcgctattac 360 
catggtgatg cggttttggc agtacatcaa tgggcgtgga tagcggtttg actcacgggg 420 
atttccaagt ctccacccca ttgacgtcaa tgggagtttg ttttggcacc aaaatcaacg 480 
ggactttcca aaatgtcgta acaactccgc cccattgacg caaatgggcg gtaggcgtgt 540 
acggtgggag gtctatataa gcagagctgg tttagtgaac cgtcagatc 589 

SEQ ID NO, 22 moltype = DNA length = 1948 
FEATURE Location/Qualifiers 
source 1. .1948 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 22 
tcctattgtt aactttgaac ttccaattca tttggagaag tggtttcctc gtcatgtaat 60 
aaagaccaaa cgggaagata ttcgagagct catcttgaaa cttcatttac agcaacagaa 120 
gggcagcagt agctagttaa tctgtacaaa catgacacag atgttctcta agattactgg 180 
aaagcctctt accagcattt gtgttagcca gctcacagag aagaaaataa cttgcagtag 240 
ttttataata agtcattgga acattattta aaatatgtag gacacattat tagaattgtt 300 
gggatctcat agatggaatg ggaatggggg tgatatagat aaacttacta gatataaatt 360 
aaaattttat aaatatttca tatttttctg agtaaatatg attggattat gcaacagcat 420 
atgtaatatg ggaatgtttt gtagataata aaacttacat gatctgtact tccacgtgac 480 
tgggtgctga ggggagttaa agcctccctg gtgccagccc cagtgcttgt caaatttgct 540 
gacaggtcac atcatattgt aattctattc tttgcagctc aagcatgcag taagttaatt 600 
agttaattta atcctcacat tagctctacc atgagtttac tatttctatt ccattttata 660 
cgtaaggaag gagacaaagt aagtgatttt tctatcaagg aaggaaattt gcaagagaat 720 
agtttcatta caaaaactaa atttgtacgt agctctgtat tattgaaata ggtagatata 780 
gtcagtctgg actttttatg cttatacatc ttagtcccta ggaaaaccca gaactaacag 840 
attcagaaaa gttggaaaaa tcagtgaatt atatgtgaaa cacattattc ttagtggact 900 
gcttgttaaa ggcaaggaga gtgttagtaa agagcttagg tagattagaa taaagaaatt 960 
gtctctctcc atctgctcta attagcttat ctcaccagct tttatagcat gctggttatt 1020 
tcagaaaaga agtgagagct actttgaaag gacaaccatt tttctttccg ctaatttata 1080 
atggttttga agtggttgtt cattctcaaa catagacttt taaatgttag gtctttccta 1140 
taactctttg ttattggaag tttcaaggat ttggacactc aattaaggat tctgtcctca 1200 
agtttgtaca aaaaagcagg ctgccaccat ggtgagcaag ggcgaggagc tgttcaccgg 1260 
ggtggtgccc atcctggtcg agctggacgg cgacgtaaac ggccacaagt tcagcgtgtc 1320 
cggcgagggc gagggcgatg ccacctacgg caagctgacc ctgaagttca tctgcaccac 1380 
cggcaagctg cccgtgccct ggcccaccct cgtgaccacc ctgacctacg gcgtgcagtg 1440 
cttcagccgc taccccgacc acatgaagca gcacgacttc ttcaagtccg ccatgcccga 1500 
aggctacgtc caggagcgca ccatcttctt caaggacgac ggcaactaca agacccgcgc 1560 
cgaggtgaag ttcgagggcg acaccctggt gaaccgcatc gagctgaagg gcatcgactt 1620 
caaggaggac ggcaacatcc tggggcacaa gctggagtac aactacaaca gccacaacgt 1680 
ctatatcatg gccgacaagc agaagaacgg catcaaggtg aacttcaaga tccgccacaa 1740 
catcgaggac ggcagcgtgc agctcgccga ccactaccag cagaacaccc ccatcggcga 1800 
cggccccgtg ctgctgcccg acaaccacta cctgagcacc cagtccgccc tgagcaaaga 1860 
ccccaacgag aagcgcgatc acatggtcct gctggagttc gtgaccgccg ccgggatcac 1920 
tctcggcatg gacgagctgt acaagtaa 1948 

SEQ ID NO, 23 moltype = DNA length 608 
FEATURE Location/Qualifiers 
source 1.. 608 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 23 
aaaacgtgct ttttccacgg aactgtgcaa cccacagatc agaagatctc acttgggagc 60 
ccatacctcc ggggcctagg gtcccaacca cagaaccaag cagattttca acagccacta 120 
agctagaatc tgcttaagcc tgcggagctc cccgcgggag gggcaaccag caccaccgct 180 
gtggctgcct gctgtctaag ccctttgaac tcctttgcag gaggggctac agccaacact 240 
gggactgata gctgcctaac acactaagct cccagggtgg gggaagggtg gcagccatct 300 
ctatagctcc aggccatgtc tttcccctgc tggagccagg gaggctggac ggcttgctcc 360 
caagaggtat accccacagt ccaacacact agctgtggca gactgcggac agagcgcctc 420 
ttcaggccgg accttgacat gtccctgctc actgggtggg gcctccttgc aggaactcca 480 
acaactccat ccagggactt agggacagac tctaatcttc ctgggcttga gcctctagag 540 
ggaggggtgg ccacagtctc tgcggacggg tagatttagt cttccctcct ggtagtgctg 600 
aggaatct 608 

SEQ ID NO, 24 moltype = DNA length 1214 
FEATURE Location/Qualifiers 
source 1. .1214 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 24 
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aaaacgtgct ttttccacgg aactgtgcaa cccacagatc agaagatctc acttgggagc 60 
ccatacctcc ggggcctagg gtcccaacca cagaaccaag cagattttca acagccacta 120 
agctagaatc tgcttaagcc tgcggagctc cccgcgggag gggcaaccag caccaccgct 180 
gtggctgcct gctgtctaag ccctttgaac tcctttgcag gaggggctac agccaacact 240 
gggactgata gctgcctaac acactaagct cccagggtgg gggaagggtg gcagccatct 300 
ctatagctcc aggccatgtc tttcccctgc tggagccagg gaggctggac ggcttgctcc 360 
caagaggtat accccacagt ccaacacact agctgtggca gactgcggac agagcgcctc 420 
ttcaggccgg accttgacat gtccctgctc actgggtggg gcctccttgc aggaactcca 480 
acaactccat ccagggactt agggacagac tctaatcttc ctgggcttga gcctctagag 540 
ggaggggtgg ccacagtctc tgcggacggg tagatttagt cttccctcct ggtagtgctg 600 
aggaatctag ttaattagtt aatttaatcc tcacattagc tctaccatga gtttactatt 660 
tctattccat tttatacgta aggaaggaga caaagtaagt gatttttcta tcaaggaagg 720 
aaatttgcaa gagaatagtt tcattacaaa aactaaattt gtacgtagct ctgtattatt 780 
gaaataggta gatatagtca gtctggactt tttatgctta tacatcttag tccctaggaa 840 
aacccagaac taacagattc agaaaagttg gaaaaatcag tgaattatat gtgaaacaca 900 
ttattcttag tggactgctt gttaaaggca aggagagtgt tagtaaagag cttaggtaga 960 
ttagaataaa gaaattgtct ctctccatct gctctaatta gcttatctca ccagctttta 1020 
tagcatgctg gttatttcag aaaagaagtg agagctactt tgaaaggaca accatttttc 1080 
tttccgctaa tttataatgg ttttgaagtg gttgttcatt ctcaaacata gacttttaaa 1140 
tgttaggtct ttcctataac tctttgttat tggaagtttc aaggatttgg acactcaatt 1200 
aaggattctg tcct 1214 

SEQ ID NO, 25 moltype = DNA length 747 
FEATURE Location/Qualifiers 
source 1.. 747 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 25 
gattgaaccc ctctgcttac aacatctgtt ccctccccag gctccctagc agggccccaa 60 
ccacctcaca gcctgccatc agataactaa tcagccccac cacagcccaa tgcctgcatt 120 
agcacattca ggcctaatca ggaattaatg gacagtgctt cgcagtaatt taatttccac 180 
aataaaccta atgagcaatt taatacaaat gtcaaaagga atcatttagt tgttgtctga 240 
atgctttctc ctgtgcaaac cttcatgaaa actcaacaca gctgcctttt tatagcccag 300 
ttaacataca ttccagcaga atcagggagg cccctgtgca tttagtatta ttaataaggt 360 
taactgggca cttaattagc aatttagtgg ttagtgctcc atgactagaa ggtccccaga 420 
agattattta gcagaattaa ctgaggcttt tgtcatatcc tccctagatg ccttcctcac 480 
actcctaaac aaagctgact cttaatcaat cccagatagg ttcacaaaga gggcatggac 540 
ataaacaata aatcccttcc acccaagcca atgccatgga gccctcctgg agaggaggag 600 
ggctctcccc cgcagtgctc cctgttgctg atgctgcagc tgcaggcatc tacaatgcca 660 
gtcccagggt cgattgactg ttttcatgta tataacagca tctctggtat cctggagaag 720 
aaaaatggat gattcaggat ctgaatc 747 

SEQ ID NO, 26 moltype = DNA length 399 
FEATURE Location/Qualifiers 
source 1. .399 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 26 
acagaaatta agctctttta atggatgttt cttgtacatg tcattttaga aaacatctga 60 
ccctaactgt cagccttatt ctctgtttgg cagaacttcc cctggctctc tgtgtcactg 120 
taacaggtga ataactaaga aaaaactgtg tctgtagaca cttgtttata atggcattca 180 
gggtcctgga gctaggctga cagatgctcc tccagaaggt taatgagata aaggttcctc 240 
cagctggccc ttaagcagag attacacctg agggaaagac aagcagatta ttccagaaac 300 
agacactgct acatgttctt cataaattaa caccctcata aaggtaaacc aagaaggtta 360 
tcctcaatca tctggtatca atatataatt atttttcac 399 

SEQ ID NO, 27 moltype = DNA length 1146 
FEATURE Location/Qualifiers 
source 1. .1146 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 27 
gattgaaccc ctctgcttac aacatctgtt ccctccccag gctccctagc agggccccaa 60 
ccacctcaca gcctgccatc agataactaa tcagccccac cacagcccaa tgcctgcatt 120 
agcacattca ggcctaatca ggaattaatg gacagtgctt cgcagtaatt taatttccac 180 
aataaaccta atgagcaatt taatacaaat gtcaaaagga atcatttagt tgttgtctga 240 
atgctttctc ctgtgcaaac cttcatgaaa actcaacaca gctgcctttt tatagcccag 300 
ttaacataca ttccagcaga atcagggagg cccctgtgca tttagtatta ttaataaggt 360 
taactgggca cttaattagc aatttagtgg ttagtgctcc atgactagaa ggtccccaga 420 
agattattta gcagaattaa ctgaggcttt tgtcatatcc tccctagatg ccttcctcac 480 
actcctaaac aaagctgact cttaatcaat cccagatagg ttcacaaaga gggcatggac 540 
ataaacaata aatcccttcc acccaagcca atgccatgga gccctcctgg agaggaggag 600 
ggctctcccc cgcagtgctc cctgttgctg atgctgcagc tgcaggcatc tacaatgcca 660 
gtcccagggt cgattgactg ttttcatgta tataacagca tctctggtat cctggagaag 720 
aaaaatggat gattcaggat ctgaatcaca gaaattaagc tcttttaatg gatgtttctt 780 
gtacatgtca ttttagaaaa catctgaccc taactgtcag ccttattctc tgtttggcag 840 
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aacttcccct ggctctctgt 
gtagacactt gtttataatg 
agaaggttaa tgagataaag 
gaaagacaag cagattattc 
cctcataaag gtaaaccaag 
tttcac 

SEQ ID NO, 28 
FEATURE 
source 

SEQUENCE, 28 
tttggcaagt aagtttctta 
atttaatggt catttaggtt 
gctgtattga aaaaatatac 
ttaagaggaa tgtggtttag 
ataacatgaa ataaaatata 
aaaactgttc taatatagag 
cctttaagca acaaagttat 
agcaaagtga agattgaatt 
actatttcta ttccatttta 
tttcattaca aaaactaaat 
cagtctggac tttttatgct 
tcttagttag aataaagaaa 
cttt 

SEQ ID NO, 29 
FEATURE 
source 

SEQUENCE, 29 
tttggcaagt aagtttctta 
atttaatggt catttaggtt 
gctgtattga aaaaatatac 
ttaagaggaa tgtggtttag 
ataacatgaa ataaaatata 
aaaactgttc taatatagag 
cctttaagca acaaagttat 
agcaaagtga agattgaatt 
actatttcta ttccatttta 
tttcattaca aaaactaaat 
cagtctggac tttttatgct 
tcttagttag aataaagaaa 
cttttaggcg tgtacggtgg 
atg 

We claim: 

gtcactgtaa caggtgaata 
gcattcaggg tcctggagct 
gttcctccag ctggccctta 
cagaaacaga cactgctaca 
aaggttatcc tcaatcatct 

moltype = DNA length 
Location/Qualifiers 
1.. 724 
mol type other DNA 
organism synthetic 

taagcttacc agtattttgc 
tattagcttt tataaaggct 
ttgagctttt cctaaagcat 
atctttacaa tacacttttt 
atttcattgc tatttgatag 
aatttcatct gcagggaaaa 
cgcacagcta tcatttatat 
agttaattag ttaatttaat 
tacgtaagga aggagacaaa 
ttgtacgtag ctctgtatta 
tatatggaaa aatcagtgaa 
ttgtctctct ccatctgctc 

moltype = DNA length 
Location/Qualifiers 
1 .. 783 
mol type other DNA 
organism synthetic 

taagcttacc agtattttgc 
tattagcttt tataaaggct 
ttgagctttt cctaaagcat 
atctttacaa tacacttttt 
atttcattgc tatttgatag 
aatttcatct gcagggaaaa 
cgcacagcta tcatttatat 
agttaattag ttaatttaat 
tacgtaagga aggagacaaa 
ttgtacgtag ctctgtatta 
tatatggaaa aatcagtgaa 
ttgtctctct ccatctgctc 
gaggtctata taagcagagc 

actaagaaaa 
aggctgacag 
agcagagatt 
tgttcttcat 
ggtatcaata 

724 

construct 

aaatacaact 
gaaaatgtgg 
aaaataacat 
ttcagagaat 
taaatcttta 
tgttttcttg 
taagtgctta 
cctcacatta 
ggaaatttgc 
ttgaaatagg 
ttatatgtga 
taattagctt 

783 

construct 

aaatacaact 
gaaaatgtgg 
aaaataacat 
ttcagagaat 
taaatcttta 
tgttttcttg 
taagtgctta 
cctcacatta 
ggaaatttgc 
ttgaaatagg 
ttatatgtga 
taattagctt 
tcgtttagtg 

1. A genetically engineered promoter-enhancer construct 
comprising a promoter and at least one enhancer operatively 
linked to the promoter that specifically promotes expression 
in a photoreceptor cell of a nucleic acid that is operatively 
linked to the promoter-enhancer construct and capable of 
being expressed therein. 

2. The genetically engineered promoter-enhancer con­
struct of claim 1, wherein the promoter-enhancer is posi­
tioned upstream of the nucleic acid. 

3. The genetically engineered promoter-enhancer con­
struct of claim 1, wherein the enhancer is derived from a 
human interphotoreceptor matrix proteoglycan (IMPG) 
gene. 

4. The genetically engineered promoter-enhancer con­
struct of claim 3, wherein the enhancer has a nucleotide 
sequence that is at least 90% identical to SEQ ID NO: 1, 
SEQ ID NO: 6, or SEQ ID NO: 17. 

5. The genetically engineered promoter-enhancer con­
struct of claim 3, wherein the enhancer has a nucleotide 
sequence that is at least 90% identical to SEQ ID NO: 25. 

aactgtgtct 900 
atgctcctcc 960 
acacctgagg 1020 
aaattaacac 1080 
tataattatt 1140 

1146 

atgcaaatat 60 
tttatttgag 120 
tgagggtgat 180 
tttgccagag 240 
cttgatttaa 300 
gttaagagtt 360 
atatgttcta 420 
gctctaccat 480 
aagagaatag 540 
tagatatagt 600 
aacacattat 660 
atctcaccag 720 

724 

atgcaaatat 60 
tttatttgag 120 
tgagggtgat 180 
tttgccagag 240 
cttgatttaa 300 
gttaagagtt 360 
atatgttcta 420 
gctctaccat 480 
aagagaatag 540 
tagatatagt 600 
aacacattat 660 
atctcaccag 720 
aaccgccacc 780 

783 

6. The genetically engineered promoter-enhancer con­
struct of claim 1, wherein the promoter is derived from a 
human interphotoreceptor matrix proteoglycan (IMPG) 
gene. 

7. The genetically engineered promoter-enhancer con­
struct of claim 6, wherein the promoter has a nucleotide 
sequence that is at least 90% identical to SEQ ID NO: 2, 
SEQ ID NO: 4, or SEQ ID NO: 16. 

8. The genetically engineered promoter-enhancer con­
struct of claim 6, wherein the promoter has a nucleotide 
sequence that is at least 90% identical to SEQ ID NO: 26. 

9. The genetically engineered promoter-enhancer con­
struct of claim 1, having a nucleotide sequence that is 90% 
identical to SEQ ID NO: 3, SEQ ID NO: 7, SEQ ID NO: 8, 
SEQ ID NO: 9, SEQ ID NO: 18, SEQ ID NO: 19, or SEQ 
ID NO: 20. 

10. The genetically engineered promoter-enhancer con­
struct of claim 1, having a nucleotide sequence that is 90% 
identical to SEQ ID NO: 27. 

11. The genetically engineered promoter-enhancer con­
struct of any one of claims 1-8 wherein the enhancer is 
positioned upstream from the promoter. 
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12. The genetically engineered promoter-enhancer con­
struct of any one of claims 1-8, wherein the enhancer is 
positioned downstream from the promoter. 

13. A recombinant expression construct capable of 
expressing a gene or a gene expression modulating sequence 
in a photoreceptor cell comprising the promoter-enhancer 
construct of claims 1-12, operatively linked to a nucleic acid 
encoding the gene or the gene expression modulating 
sequence. 

14. The recombinant expression construct of claim 13 
further comprising a vector. 

15. A method of expressing the gene or the gene expres­
sion modulating sequence in the photoreceptor cell com­
prising introducing into the cell the recombinant expression 
construct of claim 13 or 14. 

16. A method of modulating expression of a target gene in 
the photoreceptor cell comprising introducing into the cell a 
recombinant expression construct of claim 13 or 14. 

17. The method of claim 16, wherein the gene expression 
modulating sequence is an siRNA complementary to the 
target gene and the expression of which in the photoreceptor 
cell is modulated thereby. 
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18. The method of claim 16, wherein the recombinant 
expression construct encodes components of a gene editing 
system, wherein expression of the target gene in the photo­
receptor cell is modulated thereby. 

19. The method of claim 16, wherein the expression of the 
encoded gene corrects a genetic mutation on the target gene 
in the photoreceptor cell. 

20. A pharmaceutical composition comprising the recom­
binant expression construct of claim 13 or claim 14 and a 
pharmaceutically acceptable carrier. 

21. A method of treating a retinal disease in a subject 
comprising administering the pharmaceutical composition 
of claim 20 to the subject. 

22. The method of claim 21, wherein the disease is a 
photoreceptor-specific or inherited retinal disease. 

23. The method of claim 22, wherein the disease is 
retinitis pigmentosa, Leber congenital amaurosis, Usher 
syndrome, Stargardt disease, age-related or inherited macu­
lar degeneration. 

24. The method of any one of claims 21-23, wherein the 
administration is subretinal injection. 

* * * * * 
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