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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.
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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 
Human research participants
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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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Yes
For examples of agents subject to oversight, see the United States Government Policy for Institutional Oversight of Life Sciences Dual Use Research of Concern.
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	CurrentPageNumber: 
	Double-blind peer review submissions: write DBPR and your manuscript number here instead of author names.: Getz, Gad; Ghobrial, Irene; Sontag, David
	YYYY-MM-DD: 2022-09-23
	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.: Single cell RNA sequencing using 10xGenomics v2, Illumina HiSeq 2500/4000 sequencing platforms demultiplexing and alignment of scRNA sequencing data was performed with Cell Ranger Single cell software suite v2.0.1 (10x Genmoics, open source)
	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 single-cell RNA data was processed using cellranger version 2.0.1 [https://www.10xgenomics.com/] and analyzed with the python package Scanpy version 1.7.1 [https://scanpy-tutorials.readthedocs.io]. Gene expression signatures were extracted using our SignatureAnalyzer algorithm available on GitHub [https://github.com/broadinstitute/SignatureAnalyzer-GPU, commit 4c54ff6690378a0e87bdd8da7041e50d5381443f]. Differential expression testing between normal and neoplastic pseudobulk samples was performed in R version 4.1.0 using the limma software version 3.42.2 [https://bioconductor.org/packages/release/bioc/html/limma.html]. Other analysis code is available at https://github.com/getzlab/Boiarsky-etal-2022.
	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.: The scRNA-seq data generated in this study have been deposited in the NCBI Gene Expression Omnibus (GEO) database under accession number GSE193531 [https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE193531]. To protect patient privacy, raw data have been deposited in dbGaP under accession number phs001323.v3.p1 [https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study_id=phs001323.v3.p1]. Data access can be requested through the dbGaP portal in accordance with their standard guidelines [https://dbgap.ncbi.nlm.nih.gov/aa/wga.cgi?page=login]. The publicly available MSigDB gene sets used in this study are available from the Molecular Signatures Database v7.5.1 [http://www.gsea-msigdb.org/gsea/msigdb]. MMRF CoMMpass data used in this study can be obtained from the MMRF Research Gateway [https://research.themmrf.org]. 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.: Available clinical samples of bone marrow aspirates from myeloma patients at different stages of disease progression and from healthy donors(n=35), no statistical methods were used to determine 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.": Sex data was recorded and is reported in Supplementary Data Table 2. Sex was considered a potential confounding variable and was therefore controlled for in the following analyses: Sex genes XIST and RPS4Y1 (the two genes with the greateset absolute fold changes when comparing gene expression in male vs. female samples in our cohort) were removed prior to PCA, UMAP, clustering, and NMF, so as not to separate samples based on the sex of the patient but rather based on disease biology; in our limma differential expression analysis, we controlled for age, sex, sample preparation batch, and whether the sample was fresh or frozen; finally, we confirmed that activity of the NMF signatures we reported were not significantly correlated with sex (using a rank sum test). See Methods for more details.
	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.": Newly diagnosed, untreated multiple myeloma, MGUS and smoldering myeloma patients, as well as healthy donors. One patient was biopsied both at the SMM stage and after progression to MM (SMM-1 and MM-8). Patients were followed for a median of 5.26 years (1921 days; range[1400, 5314]). Of the 18 patients with MGUS or SMM, 0/6 MGUS and 7/12 SMM patients were observed to progress to MM. Median age=62.5 years (range[30-81]); 13 female, 22 male samples; 25 White, 1 Hispanic, and 9 race-unreported samples. Healthy donor samples were purchased from the company AllCells, with just age and sex reported.
	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.: Patients seen in clinic at Dana Farber Cancer Institute and which meet the eligibility criteria for study protocols were offered to sign consent and participate in a bio-banking study; no compensation offered. Dates of consent range from November 2014 - January 2018. Healthy donor samples were purchased from the company AllCells.
	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.: Human studies were approved by the Dana-Farber Cancer Institute Institutional Review Board (Boston, USA; protocols 14-174, 07-150, or 11-104). Informed consent was obtained from all patients in accordance with the Declaration of Helsinki protocol.
	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.: Cells called by Cell Ranger v2.0.1 were filtered to those with <15% mitochondrial expression, >200 genes covered, <50,000 total uniquemolecular identifiers (UMIs), and <4,000 total genes detected. These exclusion metrics were based on the distribution of the data, and couldnot be pre-determined. Cells that were determined to be non-plasma or myeloma cells were excluded prior to analysis (procedure describedin Methods).
	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 number of biological replicates (from distinct human subjects) per disease stage are: MGUS (n=6), SMM (n=12), newly diagnosed MM (n=8), and nine healthy donors (NBM, n=9). We validated our "normal plasma cell" NMF signature in an external single cell dataset (Ledergor et. al. 2018) as well as in bulk RNAseq data (MMRF CoMMpass).
	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.: Our study of patient data is observational, and thus randomization is not used.
	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 applicable since the data is observational and patients were not assigned to any group.
	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.: Cell selection: Human CD138+ plasma cells, CD45+ immune cells, CD14+ monocytes or CD19+ B-cells were obtained from fresh BM/PB cells using CD138, CD45, CD14 and CD19 Microbeads (Miltenyi Biotec).
	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.: all antibodies are commercially available and validated by the manufacturer, healthy donors or unmanipulated cells were used asnegative controls
	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.: 
	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). 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.: 
	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.: 
	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.: 
	Provide the trial registration number from ClinicalTrials.gov or an equivalent agency.: NCT02269592
	Note where the full trial protocol can be accessed OR if not available, explain why.: IRB 14-174 (clinicaltrials.gov NCT02269592), 07-150 (internal DFCI tissue banking study) or 11-104
	Describe the settings and locales of data collection, noting the time periods of recruitment and data collection.: Patient data were collected at Dana Farber Cancer Institute or Brigham and Womens hospital. Dates of consent range from November 2014 - January 2018. Dates of collection range from June 2016-March 2018. Samples from healthy donors were purchased from the company AllCells.
	Describe how you pre-defined primary and secondary outcome measures and how you assessed these measures.: This study was exploratory in nature and did not involve measuring or studying specific outcomes. To aid with readers' interpretation of our results, we report whether patients were observed to progress to myeloma. Patients were followed for a median of 5.26 years (1921 days; range[1400, 5314]). Of the 18 patients with MGUS or SMM, 0/6 MGUS and 7/12 SMM patients were observed to progress to MM.
	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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