
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 portfolio  |  reporting summary
March 2021
.\NAT_logo_NaturePortfolio_Master_Inline_CMYK.png
Reporting Summary
Nature Portfolio 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 Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.
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For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
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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 and reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.
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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 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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Field work, collection and transport
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Note that full information on the approval of the study protocol must also be provided in the manuscript.
Animals and other research organisms
Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in Research
Note that full information on the approval of the study protocol must also be provided in the manuscript.
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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.
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Hazards
Could the accidental, deliberate or reckless misuse of agents or technologies generated in the work, or the application of information presented in the manuscript, pose a threat to:
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	Double-blind peer review submissions: write DBPR and your manuscript number here instead of author names.: Tanaz Sharifnia,Stuart L. Schreiber
	YYYY-MM-DD: 2023-03-18
	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.: Immunoblot images were acquired using Image Studio software (version 2.0.38; LI-COR Biosciences). Luminescence values were acquired using EnVision Manager software (versions 1.13.3009.1401 and 1.14.3049.528; PerkinElmer). Absorbance values were acquired using SoftMax Pro software (version 5.4; Molecular Devices). For 6d concentration-response assays, compounds and vehicle were dispensed using Tecan D300eCONTROL software (version 3.2.5; HP). Low-throughput cell counts were obtained using Vi-CELL XR software (version 2.04; Beckman Coulter).
	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.: Unless otherwise specified below, all genetic-perturbation analyses were performed in R (version 4.0.2) using the tidyverse package (version 1.3.0). Selective genetic dependency analysis was performed using the R package limma (version 3.44.3). CRISPR amplicon sequencing analysis was performed using CRISPResso2 (version 2.1.3); the R package rentrez (version 1.2.3); the matchProbePair function from the R package Biostrings (version 2.56.0); and NCBI BLAST (https://blast.ncbi.nlm.nih.gov/Blast.cgi). Network analysis was performed and visualized using the R package igraph (version 1.2.6); STRING (version 11.5) (https://string-db.org/); and Cytoscape (version 3.8.2). Gene-expression analysis of chordoma cell lines was performed using the DepMap RNA-seq pipeline (https://github.com/broadinstitute/depmap_omics) on the Terra computing platform (https://terra.bio/); STAR (version 2.5.3a); and RSEM (version 1.3.0). UMAP analysis was performed using the R package umap (version 0.2.8.0). For gene-copy-number correlation analyses, gene-set enrichment analysis was performed via the fgsea function from the synonymous R package. RNA sequencing analysis of sgRNA-treated cells was performed using STAR (version 2.7.3a); the VIPER Snakemake pipeline; and DESeq2 (version 1.22.1). Using RNA-sequencing data resulting from sgRNA-treated cells, gene-set enrichment analysis was performed using the fgsea function from the synonymous R package on the MSigDB hallmark collection of gene sets (version 7.4); and GeLiNEA was performed via the Molecular Data Provider (MolePro) API (https://translator.broadinstitute.org/molecular_data_provider/assets/lib/swagger-ui/index.html?url=/molecular_data_provider/assets/openapi.json#/), using the MSigDB hallmark collection of gene sets and the STRING interaction network (version 10.5, Homo sapiens, including all available evidence types); and MATLAB (2018b version; MathWorks). The source code for GeLiNEA can be obtained at https://github.com/broadinstitute/GeLiNEA. Small-molecule sensitivity analysis was performed and visualized in Excel from Microsoft 365 (version 2301 and predecessors; Microsoft), Pipeline Pilot (version 18.1.0.1604; Biovia), or MATLAB 2018b. Immunohistochemical image analysis was performed using Halo image analysis software (version 3.4.2986.231; Indica Labs) and the Halo Multiplex IHC algorithm (version 3.4.1). Analyses of low-throughput proliferation, ELISA, in vivo, and immunohistochemical experiments were performed with GraphPad Prism 9. Full details of the software used for all analyses can be found in the Methods section.
	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.: CRISPR-Cas9 screening data for chordoma and non-chordoma cell lines are available through the Broad Institute Cancer Dependency Map 20Q2 release (https://depmap.org/portal/download/; https://doi.org/10.6084/m9.figshare.12280541.v4). Gene dependency and selectivity scores for chordoma cell lines (pertains to Fig. 1b, Supplementary Fig. 2, and Supplementary Fig. 15) are provided in Supplementary Data 1-2. Genomic and transcriptomic correlates of selected dependency genes (pertains to Fig. 3) are available at Figshare (https://doi.org/10.6084/m9.figshare.21774746.v1). GSEA results (pertains to Supplementary Fig. 8a) are provided in Supplementary Data 4. RNA-sequencing data generated from sgRNA-treated cells (pertains to Fig. 4b) are available at Gene Expression Omnibus (GEO) under accession code GSE226734 (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE226734) and Supplementary Data 5. The hg38 reference genome sequence and annotation are publicly available from the UCSC (http://genome.ucsc.edu/cgi-bin/hgGateway?db=hg38) or Ensembl (https://useast.ensembl.org/Homo_sapiens/Info/Index) genome browsers. AUC and EC50 values resulting from small-molecule sensitivity analysis (pertains to Fig. 5b) are provided in Supplementary Data 6. Source data are provided with this paper.
	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 determined on the basis of published findings (e.g., Sharifnia et al.; doi: 10.1038/s41591-018-0312-3) that had used similar sample sizes to detect a significant difference between groups.
	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.": The study did not involve human research participants.
	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.": 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.: See above.
	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.: See above.
	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.: In vivo studies were performed with animals of a single sex (female) as per standard practice at XenoSTART (San Antonio, TX).
	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 in vivo studies were executed at XenoSTART (San Antonio, TX) under an institutional animal care and use committee (IACUC)-approved protocol (#09-001, #10-001).
	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.: For the in vivo study using the CF539 model, one mouse in the vehicle group died of an unknown cause before the study endpoint and was therefore excluded from the analysis and figure. For the in vivo study using the U-CH1 model and TNO155 treatment, any data collected after the pre-established study endpoint were excluded from the analysis and figure. Individual microtiter wells not meeting routine quality control standards for proper cell seeding (pertains to some DMSO-treated wells using U-CH1 cells in the experiment depicted in Fig. 5b) were excluded from the analysis and figure.
	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.: The reproducibility of the experimental findings was verified by performing some combination of the following: confirming an effect across different cell lines or tumor samples, replicating findings with independent experiments, using biological and technical replicates, using multiple concentrations of a compound, using multiple sgRNAs targeting a gene of interest, and confirming ex vivo results in different mouse model systems. The number of times each experiment was performed varied by experiment (ranging from one to five times) and is stated in the relevant Methods section. All attempts at replication were successful.
	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.: For in vivo studies, when tumors reached approximately 150-300 cubic millimeters (for efficacy studies) or 300-500 cubic millimeters (for the pharmacodynamics study), animals matched by tumor volume were randomly allocated into control and treatment groups. Other studies were performed using a single population of cells that was randomly allocated into experimental groups before treatment.
	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.: Blinding was not used for in vivo or other studies, as treatment and data collection were done by the same operator. 
	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.: The antibodies against SHP2 (clone D50F2, no. 3397; 1:1,000), total Erk1/2 (clone 3A7, no. 9107; 1:500), phospho-Erk1/2 (Thr202/Tyr204) (no. 9101; 1:500), CDK6 (clone D4S8S, no. 13331; 1:500), PRKRA/PACT (clone D9N6J, no. 13490; 1:1,000), SLC7A5/LAT1 (no. 5347; 1:1,000), cofilin (clone D3F9, no. 5175; 1:10,000), SOX9 (clone D8G8H, no. 82630; 1:1,000), and cleaved caspase-3 (no. 9661; 1:300) were purchased from Cell Signaling Technologies. The antibody against LUC7L2 (no. PA5-62446; 1:1,000) was purchased from Invitrogen. The antibody against Ki67 (no. ab15580; 1:800) was purchased from abcam. The neutralizing antibodies against type I IFNs (no. 39000; 1:50) and IFN-β (no. 31401; 1:100) were purchased from PBL Assay Science. IRDye secondary antibodies (1:10,000) were purchased from LI-COR Biosciences. Lot numbers were not routinely recorded.
	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.: The antibodies against SHP2, CDK6, PRKRA/PACT, SLC7A5/LAT1, SOX9, and LUC7L2 were validated in the study by detecting loss of signal following treatment with sgRNAs targeting the respective genes (as demonstrated in Supplementary Figure 4). The antibody against phospho-Erk1/2 was validated by detecting loss of signal following treatment with compounds targeting an upstream protein (as demonstrated in Figure 5c and Supplementary Figure 11). No further validation was performed on primary antibodies.
	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.: UM-Chor1, MUG-Chor1, U-CH1, U-CH2, and JHC7 chordoma cell lines were provided by the Chordoma Foundation; the CH22 chordoma cell line was provided by the Chordoma Foundation and Massachusetts General Hospital; A2058 and MDA-MB-468 cell lines were obtained from ATCC. The 293 T packaging cell line was obtained from a cell line repository at the Broad Institute.
	Describe the authentication procedures for each cell line used OR declare that none of the cell lines used were authenticated.: All chordoma cell lines were authenticated by the Chordoma Foundation using the following criteria: each line must have a confirmed diagnosis of chordoma, be of human origin, and have a rearranged genome. Additionally, the line must be immortal, have gone through at least 50 population doublings in culture, and have a genotype that does not match any known cell line by STR analysis. Furthermore, at least two of the following criteria must be met: expression of brachyury, expression of CD24, evidence of a physaliferous morphology, or evidence of genomic rearrangement that matches the original tumor. A2058 and MDA-MB-468 cell lines were authenticated by ATCC by STR profiling. The 293 T packaging cell line was not 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.: Chordoma cell lines were tested for mycoplasma contamination by the Chordoma Foundation and were determined to be mycoplasma-negative. A2058 and MDA-MB-468 cell lines were tested for mycoplasma contamination by ATCC and were determined to be mycoplasma-negative. The 293 T packaging cell line was not tested for mycoplasma contamination.
	Name any commonly misidentified cell lines used in the study and provide a rationale for their use.: No commonly misidentified cell lines were 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.: Animal studies were performed with six- to twelve-week-old female athymic nude mice (Charles River Laboratories). Housing conditions for the mice included a room temperature of 70-74°F, 30-60% relative humidity, and 12-hour light/dark cycles. 
	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.: 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.: The study did not involve samples collected from the field.
	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.: 
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