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Supplementary Information

Cell sorting and performance. Cell sorting is performed using built-in pneumatic microvalves34 on both the positive (targeted) and negative (waste) sides of the flow channel downstream of the bifurcation point. Valve timing is controlled by a DSP-based microcontroller circuit with 0.1ms time precision. When the model infers that a cell belongs to a targeted category, switching signals are timed to synchronize the toggling of valves with the arrival of the cell at the flow bifurcation point, and the cell flows into a reservoir on the microfluidic cartridge where targeted cells are collected (also called the positive well). If the model infers that a cell does not belong to a targeted category, the cell flows into a waste tube. Elliptical laser beams are focused onto both the positive and negative output channels downstream of the sorting flow bifurcation to detect passing cells and thereby monitor sorting performance in realtime.

We evaluated the performance of the cell sorter, specifically as it relates to the pneumatic valves, excluding the accuracy of the AI classification. To this aim, we ran multiple controlled sorting experiments, where target cells to sort were selected randomly at a certain frequency. The sorting performance was evaluated using our optical tracking system.

We used homogeneous cell suspensions, which were prepared at a concentration of one million PBMCs per mL.  Each sample was introduced into the microfluidic cartridge at a flow rate of ~2.2 µl/min which corresponds to a throughput of 2,160 cells per minute. A side reagent of 1X PBS buffer was simultaneously introduced to help focus the cells to a single stream. A fraction (0.5%) of the cells imaged in flow were randomly selected to be sorted into the positive well of the microfluidics cartridge. Laser spots downstream of the bifurcation junction on either side were used to mark the passage of cells and thereby count true positive (TP), false positive (FP) and false negative (FN) sorting events. In each experiment, 50 cells out of a total of ~10,000 imaged cells were selected for sorting, and the yield (sensitivity or recall) and purity (precision or PPV) metrics were calculated as TP/(TP + FN) and TP/(TP + FP) respectively.

There is a trade-off between yield and purity which can be modulated by the valve window size - the period of time for which flow is diverted toward the positive well for each sorting event. Yield and purity metrics for four different window sizes collected from 341 experimental runs are shown in Extended Data Fig. 1. For each window size, data were collected from at least 77 independent runs, distributed across 21 microfluidic cartridges, 7 photoresist mold sets and 2 instruments. The cell flow rate affects the number of false positives observed at any given window size and thus influences purity. The yield is not affected by the false positive rate and thus primarily depends on the window size. The results of this characterization are shown in Extended Data Fig. 1.  Theoretical curves are added to show the expected effect of changes in cell flow rate on purity, based on a normally distributed transit time for the cells with a standard deviation of 5 ms. The measured purity is closely consistent with theoretical expectation, while the yield is about 7% lower than expected. As a representative example, these results indicate that with a window size of 25 ms and a flow rate of 2,160 cells/min, the sorted cells for a rare component that constitutes 0.5% of the cells would have a yield of about 90% and a purity of about 60%. The measured data shows consistency in sorting performance across multiple microfluidic cartridges, instruments and runs. At a given number of cells of interest to analyze within an hour, one can adjust valve parameters (Extended Data Fig. 1) to achieve desirable purity vs yield.

Performance of 0.5% random sorting of PBMC samples using different window sizes (25, 30, 35 and 40 milliseconds). Total 341 experiments were run across 4 window sizes in 21 microfluidic cartridges (3 chips each from 7 photoresist mold sets) on 2 hardware systems. (a) Yield: The theoretical curve assumes a normal distribution of cell arrival time with a standard deviation of 5 ms; fitted curve adds a limit of detection level at 93%. (b) Purity: Solid and dotted lines are theoretical values at various cell throughput; ±3 ms exclusion zone is assumed around each cell to match measured values with the theoretical values. The error bars in both graphs represent one standard deviation (2σ total) of the raw experimental data in each window size.

Sample processing and cell culture. All human blood samples were collected at external sites according to individual institutional review board (IRB) approved protocols and informed consent was obtained for each case.  For adult control and maternal blood samples, peripheral blood mononuclear cells (PBMCs) were isolated from whole blood by first centrifugation then the buffy coat was lysed with Red Blood Cell (RBC) Lysis Buffer (Roche) and then washed with PBS (Thermo Fisher Scientific).  Fetal cells were isolated from fetal blood by directly lysing with the RBC lysis buffer then washed with PBS.  Cells were then fixed with 4% paraformaldehyde (Electron Microscopy Sciences) and stored in PBS at 4oC for longer term usage.  A549, NCI-H1975, NCI-H23 (H23), NCI-H522 (H522), NCI-H810, Hep G2 (HEPG2), SNU-182, SNU-449, SNU-387, Hep 3B2.1-7 (HEP3B2), BxPC-3, PANC-1, Kasumi-1, Reh  and HTR-8/SVneo cell lines were purchased from ATCC and cultured in a humidity and CO2-controlled 37oC cell culture incubator according to ATCC recommended protocols.   GM12878 cell line was obtained from the NIGMS Human Genetic Cell Repository at the Coriell Institute for Medical Research and cultured according to their recommended protocols.

For neutrophil isolation and sorting, human neutrophils were isolated from whole blood using the EasySep Direct Human Neutrophil Isolation kit from Stemcell Technologies by immunomagnetic negative selection. When applicable, isolated neutrophils were labeled with a panel of primary antibodies (anti-CD3, anti-CD45, anti-CD19, anti-CD14, anti-CD66b, anti-CD15 from Biolegend) for 20 minutes at room temperature and washed twice. Propidium iodine was added to the cell mixture prior to acquisition and sorting on a BD FACSMelody instrument. 

For spike-in experiments, cancer cell lines or fetal cells were first fixed with 4% paraformaldehyde and stored at 4oC until mixing into PBMCs.  For experiments in which cell lines were spiked into whole blood, live A549 cells were first stained with CellTracker Green CMFDA (Thermo Fisher Scientific), then spiked into whole blood (collected in EDTA tubes) at predefined ratios (e.g. 400 or 4000 cells in 10 mL blood), followed by buffy coat RBC lysis and fixation.  Prior to loading into the sorter, the cell mixtures were pre-enriched by selective depletion of CD45 positive PBMC cells using magnetic beads (Miltenyi). Twenty percent of the samples were saved for flow cytometry analysis to estimate the number of total cells and cancer cells before and after CD45 depletion. Based on flow cytometry analysis, the CD45 magnetic bead depletion step resulted in 11-15-fold enrichment of A549 cells.  

Dissociated tumor cells (DTCs) from NSCLC patients were purchased from Discovery Life Sciences.  Cancer type and stage information and cell type composition report from flow cytometry were provided by the vendor.  To account for possible cell type composition changes from the freeze-thaw process, after thawing the DTC aliquots, we split the samples to analyze and sort by flow cytometry COSMOS. The antibody panel used for flow cytometry included markers for EpCAM, CD45, CD3, CD16, CD19, CD14 and CD11b. 

For cell viability assessment, pre-sorted or sorted cells were stained with either trypan blue or a Calbiochem Live/Dead Double Staining Kit (Millipore Sigma) which uses a cell permeable green fluorescent Cyto-dye to stain live cells and propidium iodine to stain dead cells. Cells were then counted under a fluorescent microscope. 

Molecular analyses
Single cell RNA sequencing (scRNA-seq). Cells were either directly loaded or retrieved from the positive wells of the microfluidic cartridge then loaded on a BD Rhapsody single cell analysis system (BD Biosciences). Single cells were then processed following either targeted RNA sequencing (human immune response panel) or whole transcriptome amplification protocols.  The sequencing data were analyzed using BD DataView software.

Bulk RNA sequencing. Total RNA was extracted from cells using the RNeasy Mini Kit (Qiagen). cDNA synthesis, amplification and library preparation were performed with the Quantseq 3’m RNA-seq Library Prep Kit (Lexogen) according to the manufacturer’s protocol. The final libraries were sequenced on an Illumina Miniseq. Read QC, trimming, alignment and counting were performed with the Lexogen Quantseq analysis pipeline. Differential expression analysis was done using DESeq2 and iDEP (http://bioinformatics.sdstate.edu/idep/). 

Genotyping. Cell lines and PBMCs of individual blood donors were genotyped with Next Generation Sequencing using a targeted SampleID panel (Swift Biosciences) that includes 95 assays for exonic single nucleotide polymorphisms (SNPs) and 9 assays for gender ID. Briefly, genomic DNA was extracted from bulk cells using QIAGEN DNeasy Blood & Tissue Kit (Qiagen) and 1ng DNA was used as input to amplify the amplicon panels and prepare the sequencing library.  For cancer cell lines, a 20-amplicon panel that covers the full length of the TP53 gene (Swift Biosciences) was pooled with the SampleID panel so cells were genotyped on both common SNPs and TP53 mutational status.  From ATCC and COSMIC annotation, A549 cells are known to be TP53 wild type and NCI-H522 are known to carry a homozygous frameshift mutation (c.572_572delC).  Our bulk genotyping results confirmed the relative mutation status for these two cell lines. For sorted cells from the COSMOS experiments, cells were retrieved from the positive outlet well of the microfluidic cartridge into a PCR tube, then directly lysed using Extracta DNA Prep for PCR (Quanta Bio). Cell lysates were amplified with the Swift Biosciences amplicon panels and followed by the same library preparation procedure for NGS. 

DTCs from lung cancer patients.  Cells were   analyzed for targeted DNA mutations and copy number variations (CNV) before and after sorting on COSMOS. For mutation analysis following direct lysis with Extracta DNA Prep for PCR (Quanta Bio) a 208-amplicon panel that includes 17 lung cancer genes (Swift Biosciences) were used.  For CNV analysis, after direct lysis, genomic DNA was amplified using ResolveDNA Whole Genome Amplification Kit (BioSkryb Genomics) and then libraries were prepared for sequencing (Kapa Hyperplus Kit, Roche).   All libraries were sequenced on either an Illumina MiniSeq or NextSeq instrument (Illumina) using 2x150 bp kit (DNA) or 2x75 bp kit (RNA).  

Primary sequencing analysis and QC. Sequencing reads were aligned to the reference genome using the BWA-MEM aligner. SNP allele counts were summarized using bcftools. SNP data were subjected to quality control checks: each sample was required to have a mean coverage per SNP of > 200; each SNP locus needed to have a median coverage across all samples > 0.1x the median SNP to be considered; each individual SNP assay for a sample needed to have a depth of coverage > 50. 89 SNP assays were selected on this basis for further use in mixture analysis. Samples and individual SNP assays that failed QC were excluded from genotyping and the estimation of mixture proportions. 

Mixture proportion estimation by SNP analysis. Pure diploid samples that formed the base of each mixture for spike-in experiments were clustered into the three diploid genotypes (AA, AB, BB) for each SNP using a maximum likelihood estimation that incorporated an internal estimate of error within homozygous SN. The mixture proportion of the component of interest (tumor cell line or fetal sample) was determined using maximum likelihood estimation (MLE), in which all discrete mixture fractions in increments of 0.005 were considered (0.0, 0.005, 0.01, …, 1.0). For each possible mixture proportion, expected allele fractions at each SNP were determined by linearly combining the allele fractions in the two mixture components. A binomial log likelihood corresponding to each individual sample-SNP combination was computed using the expected allele fraction and an effective number of independent reads N per SNP estimated from the variance of allele fraction in mixture SNPs at which the base genotype is heterozygous (AB) and the spike-in component genotype is homozygous (AA or BB). By estimating N from the mixture data directly and using SNPs expected to have a shared allele fraction, the procedure is robust to low input for which the number of reads might exceed the number of independent molecules sampled. The overall log likelihood for each possible mixture proportion is computed as the sum of contributions from each SNP, and the mixture proportion is estimated as that at which the highest overall log likelihood is obtained. The accuracy of the procedure was verified on DNA mixtures with known composition (Extended Data Fig. 5). Each composite sample contained 250 pg of DNA and the mixture proportion of DNA from the second individual was set at 5%, 10%, 20%, 30%, 40%, 60%, 80% and 90%. 

Joint Estimation of Genotypes and Sample Purity. In two cases, genotypes and mixture fraction were jointly estimated from the allele fractions ϕ of SNPs in the mixture: (i) to genotype the fetal sample Fet1, which included some maternal cells in addition to fetal cells (ii) for the spike-in of A549 cells into whole blood. In each case, genotypes for one of the mixture components, designated G0, were obtained from a pure sample (from maternal DNA for the former, and from the pure A549 cell line for the latter), while the genotypes of the other sample, designated G (corresponding to the fetal sample in the former case and to the unrelated blood sample for the latter) were estimated from the data. The maternal sample was genotyped as diploid, but for pure A549, the allowed allele fractions for genotypes were 0, ⅓, ½, ⅔ and 1, in keeping with the known hypotriploidy of that cell line. An expectation maximization (EM) procedure was then used to jointly estimate the purity and missing genotypes. Briefly, given G0  and a current estimate of purity f, a binomial likelihood was estimated for each allowed missing genotype, and a maximum likelihood estimate was used to update G. Given G, a revised estimate of f was obtained by linear regression, using the expected linear relationship between the observed allele fraction ϕ and G0 over SNPs of identical G. The procedure incorporated an error rate estimate drawn from the SNPs where both components are identically homozygous. The procedure was iterated until convergence, defined as changes in the purity estimate < 0.0001. Results of the EM procedure for A549 cells enriched from a starting concentration of 40 cells/mL are shown in (Extended Data Fig. 6). The three dotted lines depict the linear regression used to estimate the purity given the genotypes; their slope is equal to the final purity estimate of 0.43. Fig. 6d also shows well-separated clusters corresponding to each of the inferred genotypes in the blood sample.

Mutation and CNV analysis. Mutation allele fractions in sorted samples were estimated from targeted amplicon sequencing data (Fig. 3a, e and Extended Data Table 2). In each sample, the mutation allele fraction was estimated as the fraction of high-quality read alignments overlapping the mutation locus that contained the variant allele. For spike-in samples, the pre-enrichment allele fraction is the spike-in concentration used ((1:1000, 1:10,000 or 1:100,000; Fig 3b and Extended Data Table 2).

Six aliquots from the GM12878 cell line, consisting of 100, 50, 25, 10, 5 and 1 cell(s) respectively, were used as a normalization cohort for copy number estimation in DTCs before and after enrichment. Read coverage was first aggregated over 1 Mb genomic intervals across the genome within the dissociated tumor sample and each of the GM12878 normalization aliquots. The coverage within each sample was then scaled by the mean coverage per Mb over the entire genome for that sample. Next, the median assay bias and median absolute deviation (MAD) of the scaled coverage for each 1 Mb interval across the genome were computed from data from the normalization cohort. Genomic intervals for which the MAD across normalization samples exceeded 20% of the median were excluded from further analysis. Finally, the coverage values within the dissociated tumor sample before and after enrichment were further scaled by the median assay bias estimated from the normalization cohort. The resulting scaled coverage data reveal several large-scale aneuploidies in the DTCs after sorting but not prior to the sort (Fig. 3f, g and h), and thereby provide strong evidence for an enrichment of tumor cells by sorting.


Extended Data Figures
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Extended Data Figure 1. Performance of cell sorting using 0.5% random sorting of PBMC samples using different window sizes (25, 30, 35 and 40 milliseconds). A total of 341 experiments were run across four window sizes in 21 microfluidic devices (three chips each from seven photoresist mold sets) and on two hardware systems. (a) Yield: The theoretical curve assumes a normal distribution of cell arrival time with a standard deviation of 5 ms; fitted curve adds a limit of detection level at 93%. (b) Purity: Solid and dotted lines are theoretical values at various cell throughput; ±3 ms exclusion zone is assumed around each cell to match measured values with the theoretical values. The error bars in both graphs represent one standard deviation (2σ total) of the raw experimental data in each window size.
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Extended Data Figure 2.  UMAP projection of the indicated coordinate in the embedding space of the model.  The value of the coordinate is represented by the heatmap color demonstrating contribution of that coordinate in identifying cells that are highlighted. For example, the leftmost plot demonstrates the value of coordinate number 4 (DCX04) and it shows that this coordinate “encodes” for the NSCLC and HCC (malignant) cells, whereas coordinates DCX11, DCX21 and DCX37 correspond to the HCC, fnRBC and PBMC classes, respectively.
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Extended Data Figure 3.  Receiver operating characteristic (ROC) curves for the classification of (a) NSCLCs and (b) HCCs. Two ROC curves each are shown: one for the positive selection of each category, and one for negative selection, specifically for the selection of non-blood cells. Area Under Curves (AUCs) achieved for NSCLC are 0.9842 (positive selection) and 0.9996 (negative selection) and for HCC are 0.9986 (positive selection) and 0.9999 (negative selection). (c) ROC curves for the classification of fnRBCs and the AUC is 0.97 (positive selection). Insets zoom into the upper left portions of the ROC curves where false positive rates are very low to highlight the differences between modes of classification. 
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Extended Data Figure 4. Violin plots showing the predicted probabilities and data distribution of assigning cells in each category to its appropriate class for WBCs (PWBC), HCC (PHCC), fNRBC (PfNRBC) and NSCLC (PNSCLC).
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Extended Data Figure 5. Accuracy of SNP-based mixture fraction estimates in control DNA mixtures. Each composite sample contained 250 pg of bulk DNA drawn from two individuals and the mixture proportion of DNA from the second individual was set at 5%, 10%, 20%, 30%, 40%, 60%, 80% and 90%. A close correspondence was found between the known and estimated mixture proportions.
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Extended Data Figure 6. A549 purity in cells enriched using COSMOS from a 40 cells/mL spike-in into healthy donor whole blood. The purity and blood sample genotypes were estimated with an expectation-maximization (EM) algorithm. Green circles, blue diamonds and red triangles denote AA, AB and BB genotypes respectively in the blood sample used as a base for the spike-in mixture; dotted lines represent the expected allele fractions for the three blood genotypes at the inferred purity of 43% (95% confidence interval 0.40 - 0.45) which is also the slope of the lines. 
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Extended Data Figure 7. Minimal gene expression changes in COSMOS sorted PBMCs and neutrophils. (a) Workflow schematic: PBMCs flowed-through COSMOS were compared with control cells stored in RPMI medium using either a single cell targeted immune panel (b) or single cell whole transcriptome (WTA) workflow (C) with the BD RhapsodyTM system.  (b and c) Left are t-SNE plots of gene expression profiles of the pre-sort and sorted cells, each point is a cell. Right are correlation plots of mean (log10(molecules per cell per gene)) for the two conditions, each point is a gene. The two samples overlapped with each other in t-SNE plots and gene expression levels showed high correlations (R2 equaled 0.97 and 0.98 for targeted panel and WTA, respectively), indicating no significant gene expression change after sorting. (d) Workflow schematic: human neutrophils were first isolated from whole blood by immunomagnetic negative selection then split into multiple aliquots for four conditions: unperturbed (untreated), immunostained and negative selection flow-sorted by FACS, unstained/unlabeled and sorted by COSMOS. Pre-sorted and sorted cells were lysed for bulk gene expression profiling by RNA-seq.  (e) The number of differentially expressed genes compared to unperturbed cells as determined by bulk RNA-seq for COSMOS and FACS sorted samples are summarized. COSMOS sorted neutrophils had a lower number of up- and down- regulated genes compared to FACS confirming that COSMOS-sorted cells had minimal gene expression differences compared to unperturbed cells. (f) A summary of the upregulated pathways in FACS-sorted compared to COSMOS-sorted neutrophils, suggesting that FACS induced upregulation of pathways in neutrophil activation and degranulation.
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Extended Data Figure 8. UMAPs of morphology embeddings and scRNA-seq gene expression of three different dissociated tumor cell (DTC) NSCLC samples containing low (a, d), medium (b, e) and high (c, f) percentage of malignant cells were tested.  (a-c) UMAP of morphological embeddings: each data point is a cell; the predicted malignant cells are colored red and non-malignant cells colored gray.  The plot labels indicate the fraction of malignant cells predicted by the model.  (d-e) UMAP of single cell RNA gene expression profiles from all genes.  The red and blue color gradients indicate the expression levels of EpCAM (tumor cell marker) and PTPRC (CD45, immune cell marker), respectively. The plot labels indicate the fraction of EpCAM+/PTRPC- cells.  Overall, the morphology-based model predicted a similar fraction of malignant vs nonmalignant cells and UMAPs have similar resolution and separation of malignant vs nonmalignant cells for all three samples. 
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Extended Data Figure 9. (a) Pseudo-color gene expression level of PTPRC (CD45, immune cell marker) of the DTC sample from Fig 3I is shown.  (b) Further sub-clustering of the EPCAM+/PTPRC(CD45)- cluster showed that sorted cells almost completely overlapped with pre-sorted cells for all subclusters. (c) Gene expression correlation plot of mean (log10(molecules per cell per gene)) for the sorted and the pre-sorted cells from the EPCAM+/PTPRC(CD45)-  cluster from Fig. 3K with the gene names annotated.  (d-f) Stress and apoptosis related gene expression profile comparison of the pre-sorted and sorted cells in the EPCAM+/CD45- subpopulation.  (d)  Further subclustering of the EpCAM+/CD45- cluster from Fig. 3i using only the 166 stress and apoptosis genes, showed sorted cells overlap with pre-sort cells in all subclusters and. (e and f) Gene expression correlation plots with gene names annotated is shown.  Each data point is a gene and the names annotated.  The gene expression correlation coefficient (R2) was 0.978 suggesting that COSMOS sorting did not cause additional cell stress. 



Extended Data Table 1. Cell spike into PBMCs and SNP analysis to estimate enrichment and purity of cells processed on COSMOS. 
	Cell Line 
	Cell Type
	Spike-in ratio
	No. cells imaged
	Classifier Positive Rate
	Estimated sorted cell purity
	Estimated fold
enrichment

	Fet1
	fnRBC
	1:1,304
	999,978
	0.017%
	74%
	965

	A549
	NSCLC
	1:1,000
	69,611
	0.150%
	62%
	348

	A549
	NSCLC
	1:1,000
	101,180
	0.170%
	67%
	380

	A549
	NSCLC
	1:10,000
	1,105,997
	0.060%
	27%
	1,978

	A549
	NSCLC
	1:10,000
	876,421
	0.099%
	17%
	1,201

	A549
	NSCLC
	1:10,000
	1,107,669
	0.025%
	31%
	2,305

	A549
	NSCLC
	1:10,000
	1,063,745
	0.0083%
	42%
	4,200

	A549
	NSCLC
	1:10,000
	1,169,744
	0.0094%
	33%
	3,300

	A549
	NSCLC
	1:10,000
	719,499
	0.028%
	33%
	3,300

	H522
	NSCLC
	1:10,000
	1,050,036
	0.030%
	26%
	2,550

	A549
	NSCLC
	1:100,000
	1,342,632
	0.003%
	20%
	13,904

	H522
	NSCLC
	1:100,000
	1,514,263
	0.005%
	30%
	30,000

	H522
	NSCLC
	1:100,000
	1,561,847
	0.006%
	33%
	32,500





Extended Data Table 2. Cell spike into PBMCs and genotyping analysis using known frameshift mutations to estimate enrichment and purity of cells processed on COSMOS. 
	Cell Line
	Spike-in ratio
	Proportion of TP53 frameshift c.572_572delC
	Fold enrichment of c.572_572delC

	A549
	100%
	0%
	--

	NCI-H522
	100%
	100%
	--

	NCI-H522
	0.1% (1:1,000)
	45%
	451

	NCI-H522
	0.01% (1:10,000)
	15%
	1,499

	NCI-H522
	0.001% (1:100,000)
	23%
	22,770





Extended Data Table 3.  SNP analysis to estimate enrichment and purity of cells spiked into whole blood.
	A549 Spike-in cell concentration
	Percentage of A549 after RBC lysis
	Percentage of A549 after CD45 depletion
	Fold enrichment by CD45 depletion
	No. Cells Imaged
	Classifier Positive Rate
	Estimated sorted cell purity
	Estimated old
enrichment

	400/mL
	0.004%
	0.06%
	13
	1,029,175
	0.019%
	55%
	10,900

	400/mL
	0.003%
	0.06%
	16.2
	932,665
	0.018%
	80%
	29,000

	40/mL
	0.001%
	0.01%
	11
	949,836
	0.007%
	43%
	33,500

	40/mL
	0.001%
	0.01%
	6.7
	1,012,315
	0.009%
	35%
	27,800





Extended Data Table 4. Cell viability after processing on COSMOS.
	Sample 
	No. runs
	% Viability of pre-sorted cells (average ± SD)
	% Viability of sorted or flown-through cells (average ± SD)

	PBMC
	13
	94.7 ± 2.5%
	94.2 ± 3.8%

	B-lymphoblastoid cell line (GM12878)
	10
	90.6 ± 3.1%
	91.0 ± 5.4%


	Cancer cell lines (H522 and A549)
	13
	96.1 ± 2.0%
	96.9 ± 2.2%

	Dissociated NSCLC tissue
	3
	71.0 ± 4.4%
	65.0 ± 1.0%





     
Extended Data Table 5.  Full list of enriched pathways in FACS-sorted vs COSMOS-sorted neutrophils.
	Adjusted p-value
	Number of Genes
	Pathways
	Genes

	1.54E-04
	47
	Symbiont process
	LTF THOC5 EIF3D CALM2 CALM3 CAMP PCBP1 JUN APOBEC3G CCL3 MPO PSMB1 MRE11 EIF2AK2 WAPL TNPO1 KPNA3 SGTA FKBP8 DDX58 VPS29 LTBR NFE2L2 CD46 VPS4B IRF3 BECN1 ILF3 TRIM22 TANK TAF1 ZYX ITGA5 SYK LMBRD1 RAB6A SATB1 KPNA4 NUCKS1 RAB1B PTBP1 SERPINB9 AP2S1 RPL21 RPS4Y1 NMT2 POLR2A

	1.41E-03
	41
	Viral process
	EIF3D PCBP1 JUN APOBEC3G CCL3 PSMB1 MRE11 EIF2AK2 WAPL TNPO1 KPNA3 SGTA FKBP8 DDX58 VPS29 LTBR NFE2L2 CD46 VPS4B IRF3 BECN1 ILF3 TRIM22 TANK TAF1 ZYX ITGA5 SYK LMBRD1 RAB6A SATB1 KPNA4 NUCKS1 RAB1B PTBP1 LTF AP2S1 RPL21 RPS4Y1 NMT2 POLR2A

	1.41E-03
	75
	Cellular response to stress
	MRE11 MAP2K4 UBE2A ACD SGTA LTBR NPRL2 NFE2L2 PRDX6 RPA2 BECN1 HSPA2 RBM17 ERCC5 HUS1 OXSR1 TMEM259 UBE2G2 ZNF652 TAF1 SIRT6 GSK3B SUSD6 GADD45G POLN RHOB OPA1 SMC5 MPO BID EIF2AK2 TSPO CINP CCDC47 COL4A3BP SLC12A4 MAX DYSF TANK PARP9 PEA15 SYK ATMIN TERF2IP DDIT4 NABP1 JUN CALR UPP1 ERO1A IRAK4 AGER SIPA1 CCDC88C PDK3 NUCKS1 THOC5 CBX3 MCM7 FEM1B PTTG1IP KMT5A CHUK ARHGEF6 PSMB1 TAB2 SH2D3C CAMKK2 IRF3 CNOT6L TPP1 DNAJC7 YIF1A POLR2A GFPT1

	1.52E-03
	93
	Protein localization
	TMSB10 TBC1D22A ZC3H11A WAPL TNPO3 RABL2B TNPO1 SUN2 THOC5 TM9SF1 ACD STX10 SGTA KDELR1 VPS29 TM9SF2 BECN1 KIF13A SRP14 SRP9 IMMP1L COMMD1 RAB1B ZDHHC14 RAB6A SVBP EXOC3 PTTG1IP IPO9 BID BTN3A1 TOLLIP GSK3B TESC DVL1 SRSF3 RPA2 APPL2 FLCN CALR CD24 MYCBP2 LSG1 AP2S1 DGKD BIRC5 SNAP29 TSPO KPNA3 CORO1C VPS4B FFAR1 IRF3 KTN1 YWHAQ DYSF CTDSPL2 ARL3 ARL8A RHOB FRMD4A AHCTF1 GHRL FCHO2 ZFAND2B CALM3 SYK GAPVD1 FNTA YIF1A SMAD2 RABEP2 KPNA4 AGER SNX2 DENND1B SFT2D2 PARP9 SCIN YBX1 CD33 DDX58 TRIM22 TERF2IP UBE2G2 CHUK CCL3 GNAS CASC3 RPL21 RPS4Y1 HAX1 ATP6V1B2

	1.52E-03
	73
	Protein transport
	TBC1D22A ZC3H11A TNPO3 RABL2B TNPO1 THOC5 STX10 SGTA VPS29 KIF13A SRP14 SRP9 IMMP1L RAB1B ZDHHC14 RAB6A SVBP PTTG1IP IPO9 BTN3A1 GSK3B SRSF3 APPL2 CALR CD24 BID LSG1 AP2S1 DGKD TESC BIRC5 SNAP29 KPNA3 KDELR1 VPS4B FFAR1 IRF3 KTN1 YWHAQ DYSF CTDSPL2 ARL3 ARL8A RHOB FRMD4A AHCTF1 GHRL ZFAND2B SYK GAPVD1 COMMD1 YIF1A SMAD2 RABEP2 EXOC3 KPNA4 AGER SNX2 DENND1B SFT2D2 ACD CD33 DDX58 UBE2G2 CHUK CCL3 GNAS TSPO CASC3 RPL21 RPS4Y1 HAX1 ATP6V1B2

	1.52E-03
	75
	Amide transport
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