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	CurrentPageNumber: 
	Double-blind peer review submissions: write DBPR and your manuscript number here instead of author names.: Lars M Steinmetz
	YYYY-MM-DD: 2023-07-03
	na: 
	y: 
	Provide a description of all commercial, open source and custom code used to collect the data in this study, specifying the version used OR state that no software was used.: [Structural predictions]:AlphaFold2 software was used with the default settings in Multimer mode (v2.2.2). [ICS]: BD CellView Imaging Technology (Schraivogel et al., 2022)[FACS]: BD FACSAria Fusion, BD LSRFortessa[Microscopy]: Zeiss Cellobserver, Zeiss LSM900 [qPCR]: Applied Biosystems StepOnePlus Real-Time PCR System (272006365), StepOne Software v2.3.[NGS]: Illumina sequencer NextSeq 500 [Chemidoc]: Bio-Rad ChemiDoc Touch (Software v. 2.3.0.07)[LC-MS/MS]: Orbitrap Fusion Lumos mass spectrometer (Thermo Scentific)
	Provide a description of all commercial, open source and custom code used to analyse the data in this study, specifying the version used OR state that no software was used.: [FACS and ICS]: FlowJo_v10.7.1_CL software, BD FACSChorus™ Software (v. 4.1).[Microscopy]: Fiji (v.2.1.0/1.53c)[RNA sequencing]: STAR (v.2.7.5c), samtools (v.1.9), featureCounts (v1.6.4), DeSeq2 (v. 1.36.0), rMATS turbo (v4.1.1). [PSI value calculation]: Schafer et al., Curr Protoc Hum Genet., 2015. doi/10.1002/0471142905.hg1116s87[ICS screen analysis]:  Schraivogel et al., Science, 2022. DOI: 10.1126/science.abj3013. MAGeCK (v 0.5.9), MAUDE (v. 0.99.4).[Mass spectrometry data analysis]: IsobarQuant (PMID: 26379230), Mascot (V2.4, Matrix Science), Limma (v.3.46.0).R computing language v. 4.2.1., plots were generated with ggplot2 (v3.4.0), precision-recall curves with ROCR (v. 1.0-11), and heatmaps with pheatmap (v. 1.0.12).
	Note the sampling procedure. Describe the statistical methods that were used to predetermine sample size OR if no sample-size calculation was performed, describe how sample sizes were chosen and provide a rationale for why these sample sizes are sufficient.: Raw and processed RNA-sequencing and ICS screen data is deposited at GEO (“GSE220833 [https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE220833]”). Raw and processed proteomics data is deposited at PRIDE (“PXD038790 [http://www.ebi.ac.uk/pride/archive/projects/PXD038790]”). The top ranked predictions of each structural model are available in ModelArchive under the following Archive IDs: “ma-gosou [https://modelarchive.org/doi/10.5452/ma-gosou]”, “ma-8o0d5 [https://modelarchive.org/doi/10.5452/ma-8o0d5]”, “ma-w0ijb [https://modelarchive.org/doi/10.5452/ma-w0ijb]”, “ma-9yrs3 [https://modelarchive.org/doi/10.5452/ma-9yrs3]”.Source data are provided with this paper.To protect patient privacy in compliance with IRB requirements, individual patient data cannot be shared. Please contact the corresponding author for queries regarding aggregate de-identified patient data. Response to these queries can be expected within a month. Requests for raw de-identified data will require IRB approval and data sharing agreement.
	Note the sampling procedure. Describe the statistical methods that were used to predetermine sample size OR if no sample-size calculation was performed, describe how sample sizes were chosen and provide a rationale for why these sample sizes are sufficient.: Sample sizes were not predetermined by statistical methods. Statistical significance was evaluated retrospectively. For human patient data, because of the rarity of RBM20 cardiomyopathy in the population, we collected all identified patient cases and were unable to respecify sample size.
	Describe the covariate-relevant population characteristics of the human research participants (e.g. age, genotypic information, past and current diagnosis and treatment categories). If you filled out the behavioural & social sciences study design questions and have nothing to add here, write "See above.": No sex-based analyses were performed in this study; recruitment was sex-independent.
	Describe the covariate-relevant population characteristics of the human research participants (e.g. age, genotypic information, past and current diagnosis and treatment categories). If you filled out the behavioural & social sciences study design questions and have nothing to add here, write "See above.": Four members (75% males, mean age 42±2.8 years) carrying the P633L variant identified through cascade screening and fifteen individuals with pathogenic and likely pathogenic variants in the RS-domain identified through family screening only (i.e., non-probands, 42% male, mean age 43.4±0.5 years).
	Describe how participants were recruited. Outline any potential self-selection bias or other biases that may be present and how these are likely to impact results.: A kindred with four members carrying the P633L variant in RBM20 was identified through cascade screening. The first identification of this variant of uncertain significance was found in a proband with dilated cardiomyopathy and heart failure in the seventh decade of life. Given ascertainment bias associated with comparing variant carriers identified by family screening to probands who generally present with more severe disease, we compared these four RBM20 P633L relatives to individuals with pathogenic and likely pathogenic variants in the RS-domain identified through family screening only (i.e., non-probands). Identifying patients with specific rare genetic diagnoses requires collaboration between large referral centers equipped with genetic testing and counseling capability in addition to highly specialized cardiac care. Because of the rarity of RBM20 cardiomyopathy in the population, we collected all identified cases and were unable to respecify sample size. As is true for many rare disease cohorts, thee data may be biased with respect to the socioeconomic status and family screening adherence observed in patients who can pursue care at quaternary referral centers in the United States 
	Identify the organization(s) that approved or provided guidance on the study protocol, OR state that no ethical approval or guidance was required and explain why not.: The study was approved by the independent internal review board (IRB) at each of 9 contributing inherited cardiomyopathy centers (Stanford Center for Inherited Cardiovascular Disease, the University of Heidelberg, the University Hospital Zurich, Johns Hopkins University, Brigham and Women’s Hospital at Harvard Medical School, the University of Pennsylvania, the University of Michigan, the University of British Columbia, and Children’s Hospital Atlanta), and patient consent was obtained as required by each individual institution.
	Identify the organization(s) that approved or provided guidance on the study protocol, OR state that no ethical approval or guidance was required and explain why not.: Animals of both sexes were used in this study equally. 
	Identify the organization(s) that approved or provided guidance on the study protocol, OR state that no ethical approval or guidance was required and explain why not.: All animal care and procedures performed in this study conformed to the EMBL Guidelines for the Use of Animals in Experiments and were reviewed and approved by the Institutional Animal Care and Use Committee (IACUC).
	life: 
	behavioural: 
	eee: 
	If no data were excluded from the analyses, state so OR if data were excluded, describe the exclusions and the rationale behind them, indicating whether exclusion criteria were pre-established.: No data was excluded from the analyses.
	Describe the measures taken to verify the reproducibility of the experimental findings. If all attempts at replication were successful, confirm this OR if there are any findings that were not replicated or cannot be reproduced, note this and describe why.: For alternative splicing qPCR validations, at least two biological replicates were analyzed independently and were qualitatively consistent. For mass spectrometry validation, WB analysis was performed for three replicates and was qualitatively consistent. For ICS screen validation, single gene KOs were performed once, with the only consistent hit being TNPO3. It was further validated by siRNA KD in at least three experiments. The splicing reporter assay experiment was replicated four times, showing consistent results.
	Describe how samples/organisms/participants were allocated into groups. If allocation was not random, describe how covariates were controlled. If this is not relevant to your study, explain why.: Not applicable for cell culture experiments. Isogenic cell lines with different single point mutations were compared, samples were not randomized. For mouse experiments, animals of the same genotype were allocated to control and treatment groups randomly and sex-independently. 
	Describe the extent of blinding used during data acquisition and analysis. If blinding was not possible, describe why OR explain why blinding was not relevant to your study.: Only supervised analyses between sample groups were performed in this study. The investigators were not blinded. Quantitative measurements were performed on automated analysis pipelines. Exception: for image-based co-localization measurements, ROIs were selected manually but in an unbiased way, selecting only by the DAPI channel and including at least five cells per measurement. 
	Briefly describe the study type including whether data are quantitative, qualitative, or mixed-methods (e.g. qualitative cross-sectional, quantitative experimental, mixed-methods case study). : 
	State the research sample (e.g. Harvard university undergraduates, villagers in rural India) and provide relevant demographic information (e.g. age, sex) and indicate whether the sample is representative. Provide a rationale for the study sample chosen. For studies involving existing datasets, please describe the dataset and source.: 
	Describe the sampling procedure (e.g. random, snowball, stratified, convenience). Describe the statistical methods that were used to predetermine sample size OR if no sample-size calculation was performed, describe how sample sizes were chosen and provide a rationale for why these sample sizes are sufficient. For qualitative data, please indicate whether data saturation was considered, and what criteria were used to decide that no further sampling was needed.: 
	Provide details about the data collection procedure, including the instruments or devices used to record the data (e.g. pen and paper, computer, eye tracker, video or audio equipment) whether anyone was present besides the participant(s) and the researcher, and whether the researcher was blind to experimental condition and/or the study hypothesis during data collection.: 
	Indicate the start and stop dates of data collection, noting the frequency and periodicity of sampling and providing a rationale for these choices. If there is a gap between collection periods, state the dates for each sample cohort. Specify the spatial scale from which the data are taken: 
	State how many participants dropped out/declined participation and the reason(s) given OR provide response rate OR state that no participants dropped out/declined participation.: 
	If participants were not allocated into experimental groups, state so OR describe how participants were allocated to groups, and if allocation was not random, describe how covariates were controlled.: 
	Briefly describe the study. For quantitative data include treatment factors and interactions, design structure (e.g. factorial, nested, hierarchical), nature and number of experimental units and replicates.: 
	Describe the research sample (e.g. a group of tagged Passer domesticus, all Stenocereus thurberi within Organ Pipe Cactus National Monument), and provide a rationale for the sample choice. When relevant, describe the organism taxa, source, sex, age range and any manipulations. State what population the sample is meant to represent when applicable. For studies involving existing datasets, describe the data and its source.: 
	Describe the data collection procedure, including who recorded the data and how.: 2
	Describe the measures taken to verify the reproducibility of experimental findings. For each experiment, note whether any attempts to repeat the experiment failed OR state that all attempts to repeat the experiment were successful.: 
	Describe the study conditions for field work, providing relevant parameters (e.g. temperature, rainfall).: 
	State the location of the sampling or experiment, providing relevant parameters (e.g. latitude and longitude, elevation, water depth).: 
	Describe the efforts you have made to access habitats and to collect and import/export your samples in a responsible manner and in compliance with local, national and international laws, noting any permits that were obtained (give the name of the issuing authority, the date of issue, and any identifying information).: 
	Describe any disturbance caused by the study and how it was minimized.: 
	Describe all antibodies used in the study; as applicable, provide supplier name, catalog number, clone name, and lot number.: anti-TNPO3  (Invitrogen MA5-37991, 1:1000 WB) anti-GAPDH  (Abcam ab9485 1:1000 WB)anti-MOV10  (Sigma PLA0195, 1:1000 WB, 1:250 IF)anti-RBM20 (Abcam ab233147 1:1000 WB, 1:250 IF, 1:100 ICS)  anti-H3 (Abcam ab176842, 1:1000 WB)anti-RBM20  (Invitrogen PA5-58068, 1:250 IF)  anti-TNPO3 (Abcam ab54353, 1:250 IF)anti-alpha-Actinin (Abcam ab9465, 1:500 IF) Goat-anti-rabbit-HRP (Abcam ab97051, 1:10,000 WB, secondary antibody)AlexaFluor488 goat-anti-rabbit (Invitrogen A32731, 1:500 IF and 1:250 ICS, secondary antibody)AlexaFluor488 goat-anti-mouse (Invitrogen A11001, 1:500 IF, secondary antibody)AlexaFluor568 goat-anti-rabbit (Invitrogen A11011, 1:500 IF, secondary antibody)AlexaFluor568 goat-anti-mouse (Invitrogen A11004, 1:500 IF, secondary antibody)  WB = Western Blot; IF = immunofluorescence; ICS = image-enabled cell sorting.
	Describe the validation of each primary antibody for the species and application, noting any validation statements on the manufacturer’s website, relevant citations, antibody profiles in online databases, or data provided in the manuscript.: Validation of all commercial antibodies were specified in respective commercial data sheets. In addition, Western Blot bands observed for anti-TNPO3 and anti-RBM20 antibodies were validated by TNPO3 knock-out and knock-down, and by analysis of RBM20 level in non-expressing RBM20 HeLa parental cell line. 
	State the source of each cell line used and the sex of all primary cell lines and cells derived from human participants or vertebrate models.: iPSCs were produced and characterized in Briganti et al., 2020; doi:10.1016/j.celrep.2020.108117HeLa Tet:Cas9 line, which was used to generate HeLa Tet:Cas9 eGFP-RBM20 reporter lines used in this study, was provided by Paul Blainey (Broad Institute), characterized in Feldman et al., 2018; doi: 10.1016/j.cell.2019.09.016. and generated in Iain Cheeseman’s lab (MIT).HEK293FT (Thermo Fisher Scientific). 
	Describe the authentication procedures for each cell line used OR declare that none of the cell lines used were authenticated.: All mutations and insertions were sequencing-verified. Single-cell derived eGFP-RBM20 reporter HeLa lines were engineered from the original Tet:Cas9 clone. iPSC-CMs were differentiated from a sub-culture of the original iPSCs.
	Confirm that all cell lines tested negative for mycoplasma contamination OR describe the results of the testing for mycoplasma contamination OR declare that the cell lines were not tested for mycoplasma contamination.: Verified to contain no contamination.
	Name any commonly misidentified cell lines used in the study and provide a rationale for their use.: None used.
	Provide provenance information for specimens and describe permits that were obtained for the work (including the name of the issuing authority, the date of issue, and any identifying information). Permits should encompass collection and, where applicable, export.: 
	deposition: 0
	If new dates are provided, describe how they were obtained (e.g. collection, storage, sample pretreatment and measurement), where they were obtained (i.e. lab name), the calibration program and the protocol for quality assurance OR state that no new dates are provided.: 
	datescheck: 0
	For laboratory animals, report species, strain and age OR state that the study did not involve laboratory animals.: RBM20-WT or -P635L-Hom mouse strains in a C57BL/6J genetic background were used for experimental procedures. Animals were 5 or 11 weeks old at the time of injections, and were sacrificed 4 weeks post injections.
	Provide details on animals observed in or captured in the field; report species and age where possible. Describe how animals were caught and transported and what happened to captive animals after the study (if killed, explain why and describe method; if released, say where and when) OR state that the study did not involve wild animals.: No wild animals were used in this study. 
	For laboratory work with field-collected samples, describe all relevant parameters such as housing, maintenance, temperature, photoperiod and end-of-experiment protocol OR state that the study did not involve samples collected from the field.: No field collected animals were used in this study. 
	Provide the trial registration number from ClinicalTrials.gov or an equivalent agency.: 
	Note where the full trial protocol can be accessed OR if not available, explain why.: 
	Describe the settings and locales of data collection, noting the time periods of recruitment and data collection.: 
	Describe how you pre-defined primary and secondary outcome measures and how you assessed these measures.: 
	Describe any other significant impacts.: 
	calculatehazards: 
	Please describe the agents/technologies/information that may pose a threat, including any agents subject to oversight for dual use research of concern.: 
	Describe any other potentially harmful combination(s) of experiments and agents.: 
	calculateexperiments: 
	calculatehazardsexperiments: 
	Describe the precautions that were taken during the design and conduct of this research, or will be required in the communication and application of the research, to minimise biosecurity risks. These may include bio-containment facilities, changes to the study design/methodology or redaction of details from the manuscript.: 
	Describe any evaluations and oversight of biosecurity risks of this work that you have received from people or organizations outside of your immediate team.: 
	Describe the benefits that application or use of this work could bring, including benefits that may mitigate risks to public health, national security, or the health of crops, livestock or the environment.: 
	Describe whether the benefits of communicating this information outweigh the risks, and if so, how.: 
	graphfiles: 0
	For "Initial submission" or "Revised version" documents, provide reviewer access links.  For your "Final submission" document, provide a link to the deposited data.: 
	Provide a list of all files available in the database submission.: 
	Provide a link to an anonymized genome browser session for "Initial submission" and "Revised version" documents only, to enable peer review.  Write "no longer applicable" for "Final submission" documents.: 
	Describe the experimental replicates, specifying number, type and replicate agreement.: 
	Describe the sequencing depth for each experiment, providing the total number of reads, uniquely mapped reads, length of reads and whether they were paired- or single-end.: 
	Describe the antibodies used for the ChIP-seq experiments; as applicable, provide supplier name, catalog number, clone name, and lot number.: 2
	Specify the command line program and parameters used for read mapping and peak calling, including the ChIP, control and index files used.: 
	Describe the methods used to ensure data quality in full detail, including how many peaks are at FDR 5% and above 5-fold enrichment.: 
	Describe the software used to collect and analyze the flow cytometry data. For custom code that has been deposited into a community repository, provide accession details.: BD FACSChorus™ Software v.4.1FlowJo_v10.7.1_CL software
	axislabels: 1
	axisscales: 1
	plots: 1
	numberpercentage: 1
	Describe the sample preparation, detailing the biological source of the cells and any tissue processing steps used.: [iPSC-CMs]: For ICS measurement of endogenous RBM20 localization, iPSC-CMs were harvested with TrypLE Select Enzyme (10X) (Gibco A1217701) (see above), resuspended in the Passaging media (see above), washed once with PBS, and fixed with 4% PFA in PBS at room temperature (RT) for 10 minutes. Then, cells were washed once with PBS, and permeabilized with 0.1% Triton-X100 (Merck) in 1% BSA (Sigma) in PBS for 5 minutes at RT. Then, cells were incubated with 1:100 dilution of anti-RBM20 (ab233147, Abcam) antibody in 1% BSA in PBS for 1 hour at RT, followed by a wash in PBS. Cells were then incubated with 1:500 dilution of AlexaFluor488 goat anti rabbit antibody (Invitrogen) in 1% BSA for 30 minutes at 4°C in the dark. After this, cells were washed once with PBS, and resuspended in PBS containing DAPI and DRAQ5.[HeLa]: HeLa cells were harvested with Trypsin-EDTA (0.25%), resuspended in DMEM containing 10% FBS, and washed once with PBS. For viability staining, cell suspensions in PBS were stained with 50 µg/ml final concentration of DAPI (Thermo Fisher Scientific). For staining of nuclei of live cells, 100 mM of DRAQ5 (Biostatus) was added to the cell suspension in PBS at room temperature. Cells were analyzed with FACS or ICS not earlier than 5 min after addition of DAPI or DRAQ5. For all FACS and ICS applications, after being stained, cells were filtered through a 35 μM cell strainer to avoid clumping, and kept on ice until analyzed.For single-cell FACS sorting, cells were sorted based on the desired fluorophore expression into 96-well plates containing culture media, one cell per well. For bulk FACS sorting, cells were sorted into 1.5 ml microcentrifuge tubes containing DMEM with10% FBS, based on the desired fluorophore expression. 
	Identify the instrument used for data collection, specifying make and model number.: For all sterile sorts, BD FACSAria™ Fusion was used, using a 100 μm sort nozzle. Viability staining with DAPI was used to sort out dying cells. For routine checking of transfection/transduction efficacies, as well as for optimising experimental conditions, BD LSRFortessa™ was used. Image-enabled cell sorting (ICS) used the BD CellViewTM Imaging Technology as previously described5. ICS experiments were performed with a 100 μm sort nozzle, with the piezoelectric transducer driven at 34 kHz, automated stream setup by BD FACSChorus™ Software, and a system pressure of 20 psi. All sorts were performed in purity mode.
	Describe the abundance of the relevant cell populations within post-sort fractions, providing details on the purity of the samples and how it was determined.: For engineering of single cell-derived reporter lines, cells were sorted in the single-cell mode. Purity of individual clones was confirmed by FACS, microscopy, and sequencing.For imaging-based sorts: purity was checked by re-analyzing the negative gate (the gate that does not contain fluorescent-labeled cells) from each sort run with FACS. 
	Describe the gating strategy used for all relevant experiments, specifying the preliminary FSC/SSC gates of the starting cell population, indicating where boundaries between "positive" and "negative" staining cell populations are defined.: Single cell gating using forward and side scatter signals was used in all cases. Negative gates were selected based on the negative control samples - cells not expressing eGFP / not stained with any fluorescent dyes. Detailed gating strategy for all ICS-based assays is described in Schraivogel et al., 2022. 
	gatingcheck: 1
	Indicate task or resting state; event-related or block design.: 
	Specify the number of blocks, trials or experimental units per session and/or subject, and specify the length of each trial or block (if trials are blocked) and interval between trials.: 
	State number and/or type of variables recorded (e.g. correct button press, response time) and what statistics were used to establish that the subjects were performing the task as expected (e.g. mean, range, and/or standard deviation across subjects).: 
	Specify: functional, structural, diffusion, perfusion.: 
	Specify in Tesla: 
	Specify the pulse sequence type (gradient echo, spin echo, etc.), imaging type (EPI, spiral, etc.), field of view, matrix size, slice thickness, orientation and TE/TR/flip angle.: 
	State whether a whole brain scan was used OR define the area of acquisition, describing how the region was determined.: 
	Specify # of directions, b-values, whether single shell or multi-shell, and if cardiac gating was used.: 
	Provide detail on software version and revision number and on specific parameters (model/functions, brain extraction, segmentation, smoothing kernel size, etc.).: 
	If data were normalized/standardized, describe the approach(es): specify linear or non-linear and define image types used for transformation OR indicate that data were not normalized and explain rationale for lack of normalization.: 
	Describe the template used for normalization/transformation, specifying subject space or group standardized space (e.g. original Talairach, MNI305, ICBM152) OR indicate that the data were not normalized.: 
	Describe your procedure(s) for artifact and structured noise removal, specifying motion parameters, tissue signals and physiological signals (heart rate, respiration).: 
	Define your software and/or method and criteria for volume censoring, and state the extent of such censoring.: 
	Specify type (mass univariate, multivariate, RSA, predictive, etc.) and describe essential details of the model at the first and second levels (e.g. fixed, random or mixed effects; drift or auto-correlation).: 
	Define precise effect in terms of the task or stimulus conditions instead of psychological concepts and indicate whether ANOVA or factorial designs were used.: 
	whole: 
	ROI: 
	both: 
	Describe how anatomical locations were determined (e.g. specify whether automated labeling algorithms or probabilistic atlases were used).: 
	Specify voxel-wise or cluster-wise and report all relevant parameters for cluster-wise methods.: 
	Describe the type of correction and how it is obtained for multiple comparisons (e.g. FWE, FDR, permutation or Monte Carlo).: 
	Report the measures of dependence used and the model details (e.g. Pearson correlation, partial correlation, mutual information).: 
	Report the dependent variable and connectivity measure, specifying weighted graph or binarized graph, subject- or group-level, and the global and/or node summaries used (e.g. clustering coefficient, efficiency, etc.).: 
	Specify independent variables, features extraction and dimension reduction, model, training and evaluation metrics.: 
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