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- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy
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Reporting on sex and gender

Population characteristics

Recruitment

Ethics oversight

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design
All studies must disclose on these points even when the disclosure is negative.

Sample size

Data exclusions

Replication

Randomization

All data generated or analyzed during this study are included in this article and its supplementary information files.

No human subjects were used

NA

NA

NA

The numbers of each individual experiment are stated in the manuscript. For qualitative experiments a sample size of at least three (repeated
on at least three separate occasions) was chosen based on our prior work. In qualitative experiments, the changes we describe are visually
evident (e.g. a band shift on a western blot in deglycosylation experiments) and were repeatable through different replicates. For quantitative
experiments, we did not perform sample size/power analysis calculations prior to the start of the study. Sample sizes were chosen based on
our past experience with inbred, genetically modified models of retinal degeneration. Sample sizes are typically larger for physiological and
functional measurements (such as ERG) where our past experience has shown that there is more inter-animal variability. In past functional
studies using our models of inherited retinal degeneration, sample sizes in the range of 5-10 animals per group have been sufficient to detect
(with statistical significance) differences between means on the order of ~20-25%, so we use that as a starting target goal for each sample
size. In practice, many sample groups for physiological studies are larger, this arises due to random differences in group size (when a cohort of
animals reaches the right age we typically perform analyses on all animals available at that time point to avoid potential bias from selecting
only certain animals from the cage/cohort for evaluation). For mostly aged animals, group sizes are often smaller simply for practical reasons
(animals are harvested early for tissue collection for example), but we still aim to have group sizes of at least 5-10. In this study, since it was
difficult to predict the differences between group means and the within-group variance, we erred toward slightly larger sample sizes. For
structural studies (e.g. retinal layer thickness, cone count, etc.) on inbred genetically modified mouse models of retinal degeneration, we have
historically observed much less between-animal variation than with functional studies, and sample sizes of 3-5 have been sufficient to detect a
difference (e.g. reduction in retinal thickness) of ~20-25%, so that was what we used for this study.

No data was excluded.

At least three replicates were made. For quantitative experiments a bigger sample size was selected where possible. Sample sizes are stated in
submitted study for each experiment. The observation stated in the study were reproducible.

This study does not include treatments so there is no randomization of animals into treatment vs. control groups. Instead the comparisons are
between WT and Ush2adelG/delG animals, and as a result assignment to the control (WT) or experimental (Ush2adelG/delG) was made based
on genotype. Age was another experimental variable, so was controlled for directly (i.e. control and experimental groups were age-matched
for experiments). Animals were raised under the same lighting, housing, and feeding conditions, and were on the same genetic background.
Both sexes of animals were used in each experiment and we did not observe any difference in the distribution of males/female in each
genotype. In our experience over the past several decades the most important co-variates (i.e. apart from specific mutations which are the
experimental variable) affecting retinal degeneration, retinal function, and other retinal phenotypes are age, lighting conditions, and genetic
background. All three of those are controlled for in this study by having all animals raised in the same lighting conditions, by having all animals
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Blinding

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems

n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology and archaeology

Animals and other organisms

Clinical data

Dual use research of concern

Methods

n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Antibodies
Antibodies used

Validation

on the same genetic background (descriptions of breeding are provided in the methods), and by using age-matched groups for all
experiments.

For all functional (i.e. ERG) and structural (i.e. histology, immunofluorescence, associated microscopy, and subsequent quantitative analysis)
animals were only identified by tag number, not genotype or age. For ERG studies, all animals ready at a given time point were analyzed
together and were unblinded to group/age only after data collection and analysis (e.g. measurement of amplitudes etc.) were completed. For
structural studies such as histology, immunofluorescence, microscopy, and subsequent quantitative analysis (counting cells, measuring layer
thickness etc.) where it was important that each experiment contain representatives of each group, one lab member selected tissue sections
based on the group (i.e. to ensure that both groups were in the experiment), and then gave slides identified only by tag number to a second
lab member who performed the labeling/imaging/analysis. Only after all this was completed were the tag numbers unblinded for statistical
analysis and assembly of figures. The only time unblinding (to group) was done prior to the final analysis was for western blots where samples
were extracted and protein concentrations measured while identified only by tag number but groups were unblinded prior to loading on the
gel so samples could be loaded in a logical order.

Secondary Antibodies:

Alexa Fluor-488, donkey-anti-mouse, Catalog number: A21202, Lot number: 2090565, Supplier: Invitrogen

Alexa Fluor-555, donkey-anti-mouse, Catalog number: A31570, Lot number: 2273774, Supplier: Invitrogen

Alexa Fluor-647, donkey-anti-mouse, Catalog number: A32787, Lot number: TJ271040, Supplier: Invitrogen

Alexa Fluor-488, goat-anti-chicken, Catalog number: A11039, Lot number: 1458638, Supplier: Life Technologies

Alexa Fluor-488, donkey-anti-rabbit, Catalog number: A21206, Lot number: 2289872, Supplier: Invitrogen

Alexa Fluor-555, donkey-anti-rabbit, Catalog number: A32794, Lot number: TI271031, Supplier: Invitrogen

Alexa Fluor-647, goat-anti-rabbit, Catalog number: A21245, Lot number: 1981173, Supplier: Invitrogen

Alexa Fluor-594, donkey-anti-rat, Catalog number: A21209, Lot number: 1547508, Supplier: Life Technologies

Goat Anti-Mouse IgG & IgM Antibody, HRP conjugate, Catalog number: AP130P, Lot number: 3253231, Supplier: Sigma-Aldrich

Goat Anti-Rabbit IgG Antibody, HRP conjugate, Catalog number: AP187P, Lot number: 2709676, Supplier: Sigma-Aldrich

Primary Antibodies:

Provided in supplementary table 1

CDH23: validated in: Zallocchi, M., Sisson, J. H. & Cosgrove, D. Biochemical characterization of native Usher protein complexes from a
vesicular subfraction of tracheal epithelial cells. Biochemistry 49, 1236-1247, (2010).

Centrin2: validated in: Giessl, A. et al. Differential expression and interaction with the visual G-protein transducin of centrin isoforms
in mammalian photoreceptor cells. The Journal of biological chemistry 279, 51472-51481, (2004).

Clarin 1: validated in: Zallocchi, M. et al. Localization and expression of clarin-1, the Clrn1 gene product, in auditory hair cells and
photoreceptors. Hearing research 255, 109-120, (2009).

Harmonin: validated in: Zallocchi, M. et al. EIAV-based retinal gene therapy in the shaker1 mouse model for usher syndrome type 1B:
development of UshStat. PloS one 9, e94272, (2014).

IRBP: validated in: Schneider, B. G., Papermaster, D. S., Liou, G. I., Fong, S. L. & Bridges, C. D. Electron microscopic
immunocytochemistry of interstitial retinol-binding protein in vertebrate retinas. Invest Ophthalmol Vis Sci 27, 679-688, (1986).

Opsin (bovine): validated in: Tan, E. et al. The relationship between opsin overexpression and photoreceptor degeneration. Invest
Ophthalmol Vis Sci 42, 589-600, (2001).

PCDH15: validated in: Zallocchi, M., Sisson, J. H. & Cosgrove, D. Biochemical characterization of native Usher protein complexes from
a vesicular subfraction of tracheal epithelial cells. Biochemistry 49, 1236-1247, (2010).
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PRPH2: validated in: Ding, X. Q., Stricker, H. M. & Naash, M. I. Role of the second intradiscal loop of peripherin/rds in homo and
hetero associations. Biochemistry 44, 4897-4904, (2005).

SANS: validated in: Zallocchi, M. et al. EIAV-based retinal gene therapy in the shaker1 mouse model for usher syndrome type 1B:
development of UshStat. PloS one 9, e94272, (2014).

Usherin b: validated in: Zou, J. et al. Individual USH2 proteins make distinct contributions to the ankle link complex during
development of the mouse cochlear stereociliary bundle. Hum Mol Genet 24, 6944-6957, (2015).

VLGR1 (rabbit): validated in: Reiners, J. et al. Scaffold protein harmonin (USH1C) provides molecular links between Usher syndrome
type 1 and type 2. Hum Mol Genet 14, 3933-3943, (2005).

VLGR1 (chicken) validated in: Zou, J. et al. Individual USH2 proteins make distinct contributions to the ankle link complex during
development of the mouse cochlear stereociliary bundle. Hum Mol Genet 24, 6944-6957, (2015).

Human-20 amino acid: Custom antibody produced by Century Biochemicals. Antibody targets the 20 amino acids inserted due to the
frame shift caused by the c.2299delG mutation in usherin. The antibody was only used in IHC. Validation for IHC was done in house
via using this antibody on retinal sections of WT mice. The antibody did not show any unspecific staining on WT, while successfully
labeling the mutant usherin in our knockin model. This validation was performed three times. The result of one experiment including
the absence of staining in the WT retina is displayed in supplemental figure 1E.

The commercial antibodies were validate by their respective supplier:

Sigma-Aldrich, murine primary antibodies (acetylated tubulin (T7451), actin (A3854), FLAG M2 (F1804), GFAP (MAB360), used in
immuno blots (IB) and immuno fluorescence microscopy (IF))

Validation for IB and IF: IB using WT and samples in which the target proteins are knocked down or knocked out via siRNA and
CRISPR/Cas9, respectively. Confirmation of antibody specificity is validated via absence or diminishing of bands in knockout and
knockdown samples, respectively. Knockdown and knockoout are performed in tissue culture. ICC of these cells is used to proof
decreased or absent antibody labeling in knockdown and knockout cell samples, respectively. This can be combined with exogenous
expression of the target protein in cell lines which do not express the target protein endogenously. Transfection of exogenous
protein is followed by knockdown/knockout. Overexpression of the target protein and the resulting increase in band intensity (IB) or
labeling (IF) is also applied. For IB and additional test in which the mRNA expression level of the target protein obtained via RNA-seq
is compared to the band strength in IB is also performed.

Sigma-Aldrich, Chicken primary antibodies (GAPDH (AB2302) used only in IB)

Validation for IB: IB using WT samples and samples in which the target proteins are knocked down or knocked out via siRNA and
CRISPR/Cas9, respectively. Confirmation of antibody specificity is validated via absence or diminishing of bands in knockout and
knockdown samples, respectively. Knockdown and knockdown are performed in tissue culture. Overexpression of the target protein
and resulting an increase in band intensity (IB) is also applied. An additional test in which the mRNA expression level of the target
protein obtained via RNA-seq is compared to the band strength.

Invitrogen, Chicken primary antibodies (Calreticulin (PA1-902A) used only in IF)

Validation for IF: The target protein is either knocked down via siRNA or knocked out via CRISPR/Cas9 in tissue culture. ICC of these
cells is checked for reduced or absent labeling in the knockdown and knockout scenario, respectively, when compared to the WT.

Invitrogen, Rabbit primary antibodies (GFP (A11122) used in IB and IF)

Validation for IF: The target protein is either knocked down via siRNA or knocked out via CRISPR/Cas9 in tissue culture. ICC of these
cells is checked for reduced or absent labeling in the knockdown and knockout scenario, respectively, when compared to the WT.
This can be combined with exogenous expression of the target protein in cell lines which do not express the target protein
endogenously. Transfection of exogenous protein is followed by knockdown/knockout.

Validation for IB: The target protein is either knocked down via siRNA or knocked out via CRISPR/Cas9 in tissue culture. IB to check for
reduced intensity or absence of the band was performed in the knockdown and knockout scenario, respectively. This can be
combined with exogenous expression of the target protein in cell lines which do not express the target protein endogenously.
Transfection of exogenous protein is followed by knockdown/knockout.

Cell Signaling, Rabbit primary antibodies (FLAG (14793) used in IB)

Validation for IB: Absence and presence of target band in IB using WT and knockout samples was validated. Samples include both,
knockout cell lines as well as knockout mouse models to validate antibody specificity. Further, differences in expression using
knockdown cells lines and heterozygous knockout mice are compared to WT via IBs. Additionally, the band intensity obtained by IBs is
compared with expression levels obtained via antibody independent assays (RNA-seq, available proteomic data), to proof that band
intensity and expression level correlate. A multi antibody strategy using immunoprecipitation (IP) with one antibody against the
target protein and subsequent detection with another antibody targeting the same protein was used to further validate antibody
specificity. Exogenous expression in tissue culture with subsequent IB to detect the exogenously expressed target protein is used
validate antibodies for proteins for which no endogenous expression model is available.

Biolegend, Rat primary antibody (FLAG (637301 used in IF)

Validation for IF: The target protein is either knocked down via siRNA or knocked out via CRISPR/Cas9 in tissue culture. ICC of these
cells is checked for reduced or absent labeling in the knockdown and knockout scenario, respectively, when compared to the WT.

This can be combined with exogenous expression of the target protein in cell lines which do not express the target protein
endogenously. Transfection of exogenous protein is followed by knockdown/knockout.

Proteintech, murine primary antibodies (GAPDH (60004-1-Ig) used in IB)

Validation for IB: The target protein is knocked out via siRNA in tissue culture. IB to validate absence of band in the knockout




