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	Double-blind peer review submissions: write DBPR and your manuscript number here instead of author names.: Silvia Velasco, Paola Arlotta
	YYYY-MM-DD: 2021-12-08
	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.: Imaging software Gen5 (BioTek Instruments) or Zen Blue (ZEN 2.6 – blue edition, Zeiss) were used. Calcium imaging was performed using Nikon’s NIS-Elements imaging software (NIS-Elements Advance Research (Ver.4.51.01). Extracellular neurophysiological signals were recorded using MaxLab Live Software (v.20.1.6. MaxWell Biosystems AG, Switzerland).
	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.: The CRISPR guides for SUV420H1 and ARID1B were designed using the Benchling CRISPR Guide Design Tool (Benchling Biology Software, 2017). ImageJ72 (v.2.0) was used to quantify organoid size. Raw proteomics data was analyzed with Proteome Discoverer 2.4 software (Thermo Fisher Scientific), and Cytoscape v. 3.8.2 was used for network visualization. Cell Ranger versions 2.0.1 and 3.0.2 were used for analysis of raw scRNA-seq data. In one case, scRNA-seq demultiplexing was performed with with the cellSNP tool v. 0.1.5 and the cardelino R library v. 0.4.0. Downstream analysis of scRNA-seq and proteomics data was performed using R v. 3.6 packages including DEP, LIMMA, GSEA, PCSF, Seurat v. 3.1.5, Harmony v. 1.0, lme4 v. 1.1-23, Monocle3 v. 0.2.0, stats, clusterProfiler, and WGCNA v. 1.69, as well as Signac v. 0.0.7 from BioTuring. Downstream analysis of scATAC-seq data was performed using Signac v. 1.2.1 in R v. 4.0.0, and TF motifs were called using HOMER v. 4.11.1.  Calcium imaging was analyzed using Suite2P and Matlab. Multi-electrode array analysis was done with MaxLab Live Software (v. 20.1.6. MaxWell Biosystems AG, Switzerland) and Matlab Toolbox provided by MaxWell Biosystems.Code written by authors used for data analysis is available on GitHub at https://github.com/AmandaKedaigle/mutated-brain-organoids.
	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.: Read-level data from scRNA-seq and scATAC-seq, as well as proteomic data, that support the findings of this study have been deposited in a controlled access repository at https://www.synapse.org with accession number project ID syn26346373, while count-level data and metadata have been deposited at the Single Cell Portal (https://singlecell.broadinstitute.org/single_cell/study/SCP1129). The electrophysiology materials and data are available upon request.Public data used in this paper includes the GRCh38 human reference genome and the EnsDb.Hsapiens.v86 annotation package.
	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.: For organoid size analysis, detailed information can be found in Extended Data Table 2 - in summary SUV420H1+/- organoids: n = 132 for total control organoids, n = 132 for total mutant organoids, from 6 experimental batches. For ARID1B+/- organoids: n = 109 for total control organoids, n = 112 for total mutant organoids, from 4 experimental batches. For CHD8+/- organoids: n = 472 for total control organoids, n = 482 for total mutant organoids, from 7 experimental batches. For proteomic analysis, all organoids were collected at 35 d.i.v. For SUV420H1: 4 organoids were used per genotype; for ARID1B: 4-5 organoids were used per genotype; and for CHD8: 3 organoids were used per genotype. For RNA-seq experiments, detailed information can be found on Extended Data Table 10. In summary, 3 organoids per genotype were initially sequenced for scRNA-seq, for a total of 114 single organoids sequenced individually. The number of cells sampled were chosen to maximize the availability of the sequencing lane per organoid. For bulk RNA-seq, 3 organoids were sequenced per genotype, being a total of 30 individual organoids.For scATAC-seq experiments, detailed information can be found on Extended Data Table 10. In summary, 3 organoids were sequenced per genotype, being a total of 12 individually sequenced organoids.For Calcium imaging experiments, 5 organoids were analyzed per genotype. Spontaneous activity was recorded in three different z-planes (120 ± 83 neurons/plane [range from 25 to 294 neurons/plane] in control organoids, and 107 ± 75 neurons/plane [range from 32 to 255 neurons/plane] in SUV420H1+/- organoids).No methods were used to predetermine sample size, rather at least three individual organoids were used for each experiment, based on analysis from previously published work (https://www.nature.com/articles/s41586-019-1289-x) which showed that organoids were reproducible and 3 organoids captured variation.
	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.: In two cases, one organoid was excluded from the analysis as an outlier: in PGP1 SUV420H1 organoids at one month, a mutant organoid was excluded due to very low average nUMI and nGene in that sequencing lane, and in the HUES66 CHD8 organoids at 3.5 month batch II, a mutant organoid was excluded because it mostly contained interneuron lineage cells, with very few projection neuron cells. Although an increase in interneuron-lineage cells was seen in all mutant organoids, this organoid was excluded to be conservative. This left a total of 124 single organoids that passed quality control and were considered in downstream analysis, with a total of 795,358 cells, for both scATAC-seq and scRNA-seq.
	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.: Where indicated in the paper and in Extended Data Table 10, scRNA-seq experiments were replicated in multiple differentiation batch and cell lines.For scATAC-seq, calcium imaging, and proteomics, one experiment each was performed at each time point, with three or more individual organoids per genotype. Bulk RNA-seq experiments were replicated in five batches.Immunohistochemistry: at least three organoids of each condition were used for verifying the expression of the indicated markers in Extended Data Fig. 1a-c; Extended Data Fig. 3g; Extended Data Fig. 4a-b; Extended Data Fig. 8a,d,f; Extended Data Fig. 9c,d,f.Western Blot: each control and mutant protein lysate was botted at least twice.Detailed information can be found in Methods under "Statistics and reproducibility".
	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.: Samples were not randomized to experimental groups because treatment groups (mutants) were paired with their isogenic controls from the same differentiation batch. Organoids used for analysis within each experimental group were chosen from each batch to be representative of the morphology seen in that differentiation.
	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.: Investigators were not blinded. All bioinformatic analyses were applied the same to all samples without adjustment for genotype.
	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.: Primary antibodies:Rat CTIP2 [25B6] (Abcam AB18465,1/100)Rabbit EMX1 (Atlas Antibodies HPA006421, Lot:  E114426, 1/50) Mouse GFAP (Sigma-Aldrich G3893, Lot: 038M4864V, 1/400) Chicken MAP2 (Abcam AB5392, 1/5,000) Rabbit S100B (Abcam AB41548, 1/2,000) Mouse SATB2 [SABTA4B10] (Abcam AB51502, 1/50) Goat SOX2 (RD Systems AF2018, 1/50) Rabbit TBR1 (Abcam AB31940, Lot: GR3182037-1, 1/500) Mouse DLX2 (Santa Cruz sc-393879, Lot: A2320, 1/100)Rabbit Histone H4 tri-methyl K20 (Abcam ab9053, 1/000)Rabbit CHD8 (Bethy Lab, A301-225A, 1/1000)Rabbit ARID1B (Bethyl Lab, A301-046A, 1/1000)Rabbit SUV420H1 (ProSci, 28-129, 1/1000)Rabbit Histone 4 (Abcam, ab7311, 1/500)Mouse GAPDH (Sigma, G8795, 1/30,000)Rabbit b-Actin (D6A8, Cell Signaling, 8457T, 1/10,000)Secondary antibodies:All secondary antibodies were diluted 1/1,200Alexa Fluor donkey anti-rabbit 647, 546 (Life Technologies A31573, A10040)Alexa Fluor donkey anti-mouse 546, 488 (Life Technologies A10036, A21202) Alexa Fluor donkey anti-goat 647 (Life Technologies A21447)Alexa Fluor donkey anti-rat 488 (Life Technologies A21208) Alexa Fluor donkey anti-chicken 488,647 (Jackson ImmunoResearch Laboratories 703-545-155, Millipore AP194SA6) Alexa Fluor donkey anti-guinea pig 647 (Jackson ImmunoResearch Laboratories 706-605-148) Alexa Fluor goat anti-mouse 647 (ThermoFisher Scientific, A21241)Secondary antibodies Wbs:All secondary antibodies were diluted 1/10,000HRP Goat Anti-Mouse IgG H&L (Abcam, ab205719)HRP Goat Anti-Rabbit IgG H&L (Abcam, ab205718)
	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.: According to the manufacturer’s website: The rat CTIP2 antibody (Abcam, AB 18465) has been cited in 295 publications, including Quadrato et al., 2017, from our lab, which used this antibody on human brain organoids.The rabbit EMX1 antibody (Atlas Antibodies, HPA006421) has been cited in 8 publications, including Lancaster et al., 2013 and Quadrato et al., 2017, which used this antibody on human brain organoids.The mouse GFAP antibody (Sigma-Aldrich, G3893) is reactive to human, and has been cited in 541 publications.  The chicken MAP2 antibody (Abcam, AB5392) is reactive to human, and has been cited in 277 publications.  The rabbit S100B antibody (Abcam, 41548) has been cited in 32 publications, including Bedner et al., 2015, which used this antibody in human hippocampal tissue. The mouse SATB2 antibody (Abcam, AB51502) is reactive to human and has been cited in 99 publications.  The goat SOX2 antibody (RD Systems, AF2018) is reactive to human and has been cited in 72 publications.  The rabbit TBR1 antibody (Abcam AB31940) is reactive to human and has been cited in 190 publications.  The mouse DLX2 antibody (Santa Cruz sc-393879) is reactive to human and has been cited in 3 publications.The Histone H4 tri-methyl K20 antibody (Abcam ab9053) is reactive to human and has been cited in 173 publications.The CHD8 antibody (Bethy Lab, A301-225A) is reactive to human and has been cited in 10 publications.The ARID1B antibody (Bethy Lab, A301-046A) is reactive to human and has been cited in 4 publications.The SUV420H1 antibody (ProSci, 28-12) is reactive to human and has tested in Jurkat cells, human skin, human fetal lung, liver, heart and brain.The Histone 4 antibody (Abcam, ab7311) is reactive to human and has been cited in 82 publications.The GAPDH antibody (Sigma, G8795) is reactive to human and has been cited in 1139 publications.The b-Actin antibody (Cell Signaling, 8457T) is reactive to human and has been cited in 528 publications.
	State the source of each cell line used.: The HUES66 ESC line and mutant CHD8 line (HUES66 AC2) were provided by N. Sanjana, X. Shi, J. Pan, and F. Zhang (Broad Institute of MIT and Harvard); the Mito 210 human male psychiatric control iPSC line by B. Cohen Lab (McLean Hospital); and the GM08330 iPSC line (a.k.a. GM8330-8) by M. Talkowski Lab (MGH Hospital) and was originally from Coriell Institute and the H1 parental hESC line (a.k.a. WA01) was purchased from WiCell. 
	Describe the authentication procedures for each cell line used OR declare that none of the cell lines used were authenticated.: The HUES66 and PGP1 lines were authenticated using STR analysis completed by GlobalStem (in 2008) and TRIPath (in 2018), respectively. The Mito210 and Mito294 lines were authenticated by genotyping analysis (Fluidigm FPV5 chip) performed by the Broad Institute Genomics Platform (in 2017). The H1 and GM08330 lines were authenticated using STR analysis completed by WiCell (in 2021). 
	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.: All human PSC cultures were negative for mycoplasma (assayed with MycoAlert PLUS Mycoplasma Detection Kit, Lonza)
	Name any commonly misidentified cell lines used in the study and provide a rationale for their use.: No misidentified lines were used in the study.
	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
	Identify the organization(s) that approved the study protocol.: 
	For laboratory animals, report species, strain, sex and age OR state that the study did not involve laboratory animals.: 
	Provide details on animals observed in or captured in the field; report species, sex 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.: 
	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.: 
	Describe the covariate-relevant population characteristics of the human research participants (e.g. age, gender, 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.": 
	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.: 
	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.: 
	axislabels: 0
	axisscales: 0
	plots: 0
	numberpercentage: 0
	Describe the sample preparation, detailing the biological source of the cells and any tissue processing steps used.: 
	Identify the instrument used for data collection, specifying make and model number.: 
	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.: 
	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.: 
	gatingcheck: 0
	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.: 
	NarrowField: 
	MedField: 
	WideField: 
	XWideField: 
	XXWideField: 
	BodyCheckbox: 



