
Please wait... 
  
If this message is not eventually replaced by the proper contents of the document, your PDF 
viewer may not be able to display this type of document. 
  
You can upgrade to the latest version of Adobe Reader for Windows®, Mac, or Linux® by 
visiting  http://www.adobe.com/go/reader_download. 
  
For more assistance with Adobe Reader visit  http://www.adobe.com/go/acrreader. 
  
Windows is either a registered trademark or a trademark of Microsoft Corporation in the United States and/or other countries. Mac is a trademark 
of Apple Inc., registered in the United States and other countries. Linux is the registered trademark of Linus Torvalds in the U.S. and other 
countries.


nature research  |  reporting summary
October 2018
.\Nature_Research_buffer.png
Reporting Summary
Nature Research wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency in reporting. For further information on Nature Research policies, see Authors & Referees and the Editorial Policy Checklist.
Please do not complete any field with "not applicable" or n/a.  Refer to the help text for what text to use if an item is not relevant to your study.
For final submission: please carefully check your responses for accuracy; you will not be able to make changes later.
Statistics
For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
n/a
Confirmed
Our web collection on statistics for biologists contains articles on many of the points above.
Software and code
Policy information about availability of computer code
For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors/reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Research guidelines for submitting code & software for further information.
Data
Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:
- Accession codes, unique identifiers, or web links for publicly available datasets
- A list of figures that have associated raw data
- A description of any restrictions on data availability
Field-specific reporting
Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.
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.
Behavioural & social sciences study design
All studies must disclose on these points even when the disclosure is negative.
Ecological, evolutionary & environmental sciences study design
All studies must disclose on these points even when the disclosure is negative.
Did the study involve field work?
Field work, collection and transport
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
Methods
n/a
Involved in the study
Antibodies
Eukaryotic cell lines
Policy information about cell lines
Commonly misidentified lines
(See ICLAC register)
Palaeontology
Animals and other organisms
Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research
Note that full information on the approval of the study protocol must also be provided in the manuscript.
Human research participants
Policy information about studies involving human research participants
Note that full information on the approval of the study protocol must also be provided in the manuscript.
Clinical data
Policy information about clinical studies
All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.
ChIP-seq
Data deposition
Genome browser session 
(e.g. UCSC)
Methodology
Flow Cytometry
Plots
Confirm that:
Methodology
Magnetic resonance imaging
Experimental design
Acquisition
Diffusion MRI
Preprocessing
Statistical modeling & inference
Specify type of analysis:
Statistic type for inference
(See Eklund et al. 2016)
Models & analysis
n/a
Involved in the study
9.0.0.2.20101008.1.734229
This checklist template is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The images or other third party material in this article are included in the article's Creative Commons license, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons license and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/
.\by.png
2
2
2
1
2
2
2
1
2
2
1
2
1
1
2
1
1
2
2
1
	CurrentPageNumber: 
	Double-blind peer review submissions: write DBPR and your manuscript number here instead of author names.: Tatjana Sauka-Spengler
	YYYY-MM-DD: 2019-10-25
	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.: - ATAC-seq, RNA-seq and Biotin ChIP-seq raw sequencing data files (fastq) were downloaded from Illumina Basespace using Basespace module v0.2 to our Computational Bioinformatics Resource Group (CBRG) core server. - scRNA-seq from 10X Chromium raw sequencing data were obtained directly from the Illumina NextSeq machine. Confocal microscopy images were taken using Zeiss 780 Upright Confocal Microscope with a 10X, 25X (oil) or 63X (oil objective) and visualised using the Zen imaging software. Sorted cells were obtained using BD FACS-Aria Fusion with a 100 micron nozzle (see below for details)Fertilised wild-type chicken eggs were obtained from Henry Stewart & Co (Norfolk)
	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.: Custom scripts and pipelines are available at http://github.com/tsslab/ENS/ATAC-seq data processing:Mapping and peak calling - TrimGalore(v0.4.1), Bowtie(v1.0.0), Samtools(v1.3), PicardTools(v1.83). MACS(v2.0.10) Preseq package(v1.0.2) for complexity QC. DiffBind package(v1.10.2), ChIPSeeker R package for annotation of peaksseqMINER package (v1.3.4) for K-means clustering and Deeptools (v2.4.1) for visualisationHOMER package (v4.7) for motif enrichment analysis MEME suite (v4.9.1_1) for transcription factor binding site analysis RNA-seq analysis: RNA-STAR(v2.4.2a), PicardTools(v1.83) and counts obtained with Subread featureCounts (v1.6.2). DESEQ2 (v1.14.1) for differential expression ATAC and RNA correlation using custom python script (http://github.com/tsslab/ENS/custom_correlation.py)ChIP-seq data processing: Mapping and peak calling - TrimGalore(v0.4.1), Bowtie(v1.0.0), Samtools(v1.3), PicardTools(v1.83). MACS(v2.0.10) DiffBind package(v1.10.2), ChIPSeeker R package (v1.20) for annotation of peaksscRNA-seq:Output from Cellranger was then imported into R and analysed using Seurat package (v3.0.1) Deconvolution of bulk RNA-seq - BSEQ-sc R package (v1.0) and CIBERSORTHMRA Analysis was done on the BioRad Precision Melt Analysis software (v1.3)FACS plots were generated with the FACSDIva 8.0.1 softwareConfocal images were processed using Zen (Black version) sortware 
	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.: Bulk ATAC-seq or RNA-seq experiment was done on approximately 2500 FAC-sorted neural crest cells per replicate that has been optimised from the original protocol and by our lab as detailed in Methods. A minimum of approximately 90-120 electroporated embryos were used per experiment for dissected vagal region to obtain sufficient cells for ATAC or RNA. Increasing this number is a possibility but requires longer electroporation and dissection times that may affect freshness of the tissue once all embryos would have been processed. Therefore, for one ATAC-seq experiment per time point, approximately 270-360 embryos were used across triplicates at the minimum if all survived and in reality, approximately 500 embryos were processed per type of experiment, per time point to ensure sufficient cells were obtained from alive embryos. One Biotin ChIP-seq experiment used approximately 100k-150k cells from approximately 15-20 dissected vagal regions at HH18. For this, repeated experiments of 90-120 embryos were performed, FACS sort, nuclei extract and frozen down until 100k-150k cells were obtained before proceeding to the Biotin ChIP-seq experiment. 
	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.: One of the RNA-seq dataset for sox3 knockout was excluded from downstream differential due to being a complete outlier as noted on the Principal component analysis (See Supplementary Figure 5). No exclusion criteria were pre-established.
	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.: ATAC-seq experiments were carried out in experimental triplicates, bulk RNA-seq experiments carried out in experimental duplicates and knockout RNA-seq experiments done in triplicates. Biotin ChIP-seq experiments were carried out in experimental duplicates. Pearson score for ATAC and RNA-seq experiments showed high correlation across replicates that clusters together (See Supplementary Figure 1, 3 and 5). Given that at least 500 embryos were used for each experiment, the reproducibility across three separate biological replicates increases the reliability of the data. 
	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.: No randomization was carried out for ATAC-seq, RNA-seq, scRNA-seq or Biotin-ChIP-seq experiments because it was not comparing the effects of one versus the other, but simply generating data from described assays. However, for knockout experiments, half of the incubated embryos were injected with a Cas9-only control plasmid, eggs selected sequentially. 
	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.: No blinding was carried out for enhancer screens and driven by the presence or lack of fluorescence as a readout. Additionally, since we are not comparing different methods, blinding does not apply. For computational analysis, unsupervised learning was carried out in addition to supervised learning to validate the results and confirm top transcription factor analysis. 
	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.: rabbit anti-GFP Cat #TP401, Torrey Pines Biolabs, 1:250mouse anti-mCherry Cat#632543, Living Colors®, Takada, 1:200mouse anti-Hnk1(3H5) (DHSB AB:2314644), 1:50Alexa Fluor 647 conjugated anti-Tubulin B3 (Tubb3/Tuj1) mouse IgG2a Cat #801209 (gift from Tudor Fulga lab, Oxford), 1:500Alexa Fluor-488 donkey anti-rabbit IgG, 1:500AlexFluor-594 donkey anti-mouse IgG, 1:500Alexa Fluor-647 anti-GFAP mouse IgG2b Clone 2E1.E9 Cat#644706 Biolegend, 1:500
	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.: For anti-GFP, the antibody has been successfully been used in immunohistochemistry and previous papers have used this antibody specifically on neural crest cells (Li N, et al. Development. 2010 Feb;137(3):389-94) and in chicken organism (Yusuf F et al. Dev Dyn. 2006 Nov;235(11):3007-15)For anti-mCherry antibody, this recognised the mCherry fluorescent protein and proven used on manufacturer website tested for Western Blot and Immunocytochemistry. The anti-Tuj1 conjugated antibody used in this study has been used previously in chicken (Barlow et al. 2008)The anti-GFAP conjugated antibody has been used previously (Tyler et al 2018, Toxicol Sci) 
	State the source of each cell line used.: 
	Describe the authentication procedures for each cell line used OR declare that none of the cell lines used were authenticated.: 
	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.: 
	Name any commonly misidentified cell lines used in the study and provide a rationale for their use.: 
	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).: 
	deposition: 1
	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, sex and age OR state that the study did not involve laboratory animals.: Fertilised Bovans Brown wild-type chicken eggs were obtained from Henry Stewart & Co (Norfolk). No preselection was carried out by sex due to age of the embryos studied
	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.: The study did not involve any 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.: The study did not include any field-collected samples
	Identify the organization(s) that approved the study protocol.: All experiments were performed on chicken embryos younger than 12 days of development, and as such were not regulated by the Animals (Scientific Procedures) Act 1986
	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.: 
	graphfiles: 1
	For "Initial submission" or "Revised version" documents, provide reviewer access links.  For your "Final submission" document, provide a link to the deposited data.: ChIP-seq, ATAC-seq, scRNA-seq and bulk RNA–seq data that support the findings of this study have been deposited in the Gene Expression Omnibus (GEO) under accession code GSE125711
	Provide a list of all files available in the database submission.: Raw FASTQ files for both replicates - Sox10 ChIP and Tfap2B ChIP including input FASTQ files. Processed files available in supporting data Fig 6 (peaks)
	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.: No longer applicable 
	Describe the experimental replicates, specifying number, type and replicate agreement.: Duplicates
	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.: Reads were sequenced using Nextseq500 to a depth of approximately 30 million reads, paired-end at 75bp length. 
	Describe the antibodies used for the ChIP-seq experiments; as applicable, provide supplier name, catalog number, clone name, and lot number.: No antibodies were used as this used the biotin-avi-tag system and streptavidin pull down
	Specify the command line program and parameters used for read mapping and peak calling, including the ChIP, control and index files used.: Peak calling was performed with MACS (v2.0.10) with parameter -nomodel
	Describe the methods used to ensure data quality in full detail, including how many peaks are at FDR 5% and above 5-fold enrichment.: For Tfap2B, 239 peaks has a FDR <0.05 and Log2FC >5. For Sox10, 510 peaks has a FDR of <0.05 and Log2FC >5
	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 FACS Diva v8.0.1
	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.: Chicken embryos were electroporated with an enhancer construct driving citrine or cerulean and incubated until desired stage. The vagal regions or guts were dissected and dissociated with Dispase (1.5 ml/mL in DMEM/10 mM Hepes pH 7.5) at 37ºC for 15 mins and Trypsin incubation at 37ºC for 3 minutes. The suspension was then added to an excess of Hanks solution (1X HBSS, 0.25% BSA, 10 mM Hepes pH 7.5) buffer. Cells were spun down for 10 mins at 500xg, resuspended in Hanks and passed through a 40 uM cell strainer. Pelleted cells were resuspended in 200-300 uL of Hanks prior to being subjected to FACS.
	Identify the instrument used for data collection, specifying make and model number.: BD FACS-Aria Fusion using 100 micron nozzle
	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.: Approximately 35-45% of live cells were obtained by FACS (consistent with previous reported studies), of which approximately 60-70% are negative cells (no fluorescence). Due to strict gating strategies described below, we obtain approximately 3% of live cells with confidence in fluorescence markers, distributed across the three populations. Purity mask was set at 32, Yield mask - 32, Precision - Purity, Phase Mask - 0. Enhancers used to label cells are highly specific with NC2 enhancer previously published and their activities reproducible. Purity check was performed previously by re-running post-sorted cells and obtaining a 92.5-95% purity of Citrine positive cells and 99.6% purity of Citrine negative cells. 
	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.: Cells were first gated by size and granularity (P1), doublets (P2), live/dead staining (using 7AAD) (P3) and then by fluorescent markers (P4). Negative cells were used as an initial gate to remove any auto fluorescent cells. Citrine positive cells were then used to also gate the citrine population and the cerulean only population before determining the double positive gate as indicated in Supplementary Figure 2. 
	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.: 



