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DESCRIPTION
BACKGROUND

[0001] Multicellular masses, such as tissues and tumors, may comprise a heterogeneous cellular milieu. These complex cellular 
environments may often display multiple phenoytpes, which may be indicative of multiple genotypes. Distilling multicellular complexity down 
to single cell variability is an important facet of understanding multicellular heterogeneity. This understanding may be important in the 
development of therapeutic regimens to combat diseases with multiple resistance genotypes.

SUMMARY OF THE INVENTION

[0002] The invention provides a method comprising: (a) distributing a sample comprising a plurality of cells into an array of microwells; (b) 
contacting a single cell in a single microwell with a single solid support, wherein the solid support is a bead comprising a plurality of 
oligonucleotides, each oligonucleotide comprising a cellular label, a molecular label, and a target-binding region; (c) hybridizing or ligating a 
target nucleic acid from the single cell to the target-binding region of an oligonucleotide of the plurality of oligonucleotides to generate a 
labelled target nucleic acid; (d) optionally amplifying the labelled target nucleic acid or complement thereof; and (e) determining an amount 
of the target nucleic acid or complement thereof by detecting and/or sequencing the labelled target nucleic acid, amplicon or complement 
thereof, and counting the number of molecular labels for the target nucleic acid,
wherein the cellular label comprises a nucleic acid sequence that provides information for which cell the oligonucleotide is contacted to, 
wherein the cellular label of each of the plurality of oligonucleotides on a bead are the same, and wherein the cellular labels of the 
oligonucleotides on a first bead are different than the cellular labels of the oligonucleotides on a second bead,
wherein the molecular label comprises a nucleic acid sequence that provides identifying information for the labelled target nucleic acid, and 
wherein each molecular label of each of the plurality of oligonucleotides on a bead is different, and 
wherein the target-binding region comprises a nucleic acid sequence that can bind to the target nucleic acid.

SUMMARY OF THE DISCLOSURE

[0003] One aspect provided is a method, comprising obtaining a sample comprising a plurality of cells; labeling at least a portion of two or 
more polynucleotide molecules, complements thereof, or reaction products therefrom, from a first cell of the plurality and a second cell of 
the plurality with a first same cell label specific to the first cell and a second same cell label specific to the second cell; and a molecular label 
specific to each of the two or more polynucleotide molecules, complements thereof, or reaction products therefrom, wherein each molecular 
label of the two or more polynucleotide molecules, complements thereof, or reaction products therefrom, from the first cell are unique with 
respect to each other, and wherein each molecular label of the two or more polynucleotide molecules, complements thereof, or reaction 
products therefrom, from the second cell are unique with respect to each other. In some embodiments, the method further comprises 
sequencing the at least a portion of two or more polynucleotide molecules, complements thereof, or reaction products therefrom. In some 
embodiments, the method further comprises analyzing sequence data from the sequencing to identify a number of individual molecules of 
the polynucleotides in a specific one of the cells. In some embodiments, the cells are cancer cells. In some embodiments, the cells are 
infected with viral polynucleotides. In some embodiments, the cells are bacteria or fungi. In some embodiments, the sequencing comprises 
sequencing with read lengths of at least 100 bases. In some embodiments, the sequencing comprises sequencing with read lengths of at 
least 500 bases. In some embodiments, the polynucleotide molecules are mRNAs or micro RNAs, and the complements thereof and 
reaction products thereof are complements of and reaction products therefrom the mRNAs or micro RNAs. In some embodiments, the 
molecular labels are on a bead. In some embodiments, the label specific to an individual cell is on a bead. In some embodiments, the label 
specific to an individual cell and the molecular labels are on beads. In some embodiments, the method is performed at least in part in an 
emulsion. In some embodiments, the method is performed at least in part in a well or microwell of an array. In some embodiments, the 
presence of a polynucleotide that is associated with a disease or condition is detected. In some embodiments, the disease or condition is a 
cancer. In some embodiments, at least a portion of a microRNA, complement thereof, or reaction product therefrom is detected. In some 
embodiments, the disease or condition is a viral infection. In some embodiments, the viral infection is from an enveloped virus. In some 
embodiments, the viral infection is from a non-enveloped virus. In some embodiments, the virus contains viral DNA that is double stranded. 
In some embodiments, the virus contains viral DNA that is single stranded. In some embodiments, the virus is selected from the group 
consisting of a pox virus, a herpes virus, a vericella zoster virus, a cytomegalovirus, an Epstein-Barr virus, a hepadnavirus, a papovavirus, 
polyomavirus, and any combination thereof. In some embodiments, the first cell is from a person not having a disease or condition and the 
second cell is from a person having the disease or condition. In some embodiments, the persons are different. In some embodiments, the 
persons are the same but cells are taken at different time points. In some embodiments, the first cell is from a person having the disease or 
condition and the second cell is from the same person. In some embodiments, the cells in the sample comprise cells from a tissue or organ. 
In some embodiments, the cells in the sample comprise cells from a thymus, white blood cells, red blood cells, liver cells, spleen cells, lung 
cells, heart cells, brain cells, skin cells, pancreas cells, stomach cells, cells from the oral cavity, cells from the nasal cavity, colon cells, small 
intestine cells, kidney cells, cells from a gland, brain cells, neural cells, glial cells, eye cells, reproductive organ cells, bladder cells, gamete 
cells, human cells, fetal cells, amniotic cells, or any combination thereof.

[0004] One aspect provided is a solid support comprising a plurality of oligonucleotides each comprising a cellular label and a molecular 
label, wherein each cellular label of the plurality of oligonucleotides are the same, and each molecular label of the plurality of
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oligonucleotides are different; and wherein the solid support is a bead,the cellular label is specific to the solid support, the solid support, 
when placed at the center of a three dimensional Cartesian coordinate system, has oligonucleotides extending into at least seven of eight 
octants, or any combination thereof. In some embodiments, the plurality of oligonucleotides further comprises at least one of a sample label; 
a universal label; and a target nucleic acid binding region. In some embodiments, the solid support comprises the target nucleic acid binding 
region, wherein the target nucleic acid binding region comprises a sequence selected from the group consisting of a gene-specific 
sequence, an oligo-dT sequence, a random multimer, and any combination thereof. In some embodiments, the solid support further 
comprises a target nucleic acid or complement thereof. In some embodiments, the solid support comprises a plurality of target nucleic acids 
or complements thereof comprising from about 0.01% to about 100% of transcripts of a transcriptome of an organism or complements 
thereof, or from about 0.01% to about 100% of genes of a genome of an organism or complements thereof. In some embodiments, the 
cellular labels of the plurality of oligonucleotides comprise a first random sequence connected to a second random sequence by a first label 
linking sequence; and the molecular labels of the plurality of oligonucleotides comprise random sequences. In some embodiments, the solid 
support is selected from the group consisting of a polydimethylsiloxane (PDMS) solid support, a polystyrene solid support, a glass solid 
support, a polypropylene solid support, an agarose solid support, a gelatin solid support, a magnetic solid support, a pluronic solid support, 
and any combination thereof. In some embodiments, the plurality of oligonucleotides comprise a linker comprising a linker functional group, 
and the solid support comprises a solid support functional group; wherein the solid support functional group and linker functional group 
connect to each other. In some embodiments, the linker functional group and the solid support functional group are individually selected 
from the group consisting of C6, biotin, streptavidin, primary amine(s), aldehyde(s), ketone(s), and any combination thereof. In some 
embodiments, molecular labels of the plurality of oligonucleotides comprise at least 15 nucleotides.

[0005] One aspect provided is a kit comprising any of the solid supports described herein, and instructions for use. In some embodiments, 
the kit further comprises a well. In some embodiments, the well is comprised in an array. In some embodiments, the well is a microwell. In 
some embodiments, the kit further comprises a buffer. In some embodiments, the kit is contained in a package. In some embodiments, the 
package is a box. In some embodiments, the package or box has a volume of 2 cubic feet or less. In some embodiments, the package or 
box has a volume of 1 cubic foot or less.

[0006] One aspect provided is an emulsion comprising any of the solid supports described herein.

[0007] One aspect provided is a composition comprising a well and any of the solid supports described herein.

[0008] One aspect provided is a composition comprising a cell and any of the solid supports described herein.

[0009] In some embodiments, the emulsion or composition further comprises a cell. In some embodiments, the cell is a single cell. In some 

embodiments, the well is a microwell. In some embodiments, the microwell has a volume ranging from about 1,000 pm3 to about 120,000 

pm3.

[0010] One aspect provided is a method, comprising contacting a sample with any solid support disclosed herein, hybridizing a target 
nucleic acid from the sample to an oligonucleotide of the plurality of oligonucleotides. In some embodiments, the method further comprises 
amplifying the target nucleic acid or complement thereof. In some embodiments, the method further comprises sequencing the target 
nucleic acid or complement thereof, wherein the sequencing comprises sequencing the molecular label of the oligonucleotide to which the 
target nucleic acid or complement thereof is bound. In some embodiments, the method further comprises determining an amount of the 
target nucleic acid or complement thereof, wherein the determining comprises quantifying levels of the target nucleic acid or complement 
thereof; counting a number of sequences comprising the same molecular label; or a combination thereof. In some embodiments, the 
method does not comprise aligning any same molecular labels or any same cellular labels. In some embodiments, the amplifying comprises 
reverse transcribing the target nucleic acid. In some embodiments, the amplifying employs a method selected from the group consisting of: 
PCR, nested PCR, quantitative PCR, real time PCR, digital PCR, and any combination thereof. In some embodiments, the amplifying is 
performed directly on the solid support; on a template transcribed from the solid support; or a combination thereof. In some embodiments, 
the sample comprises a cell. In some embodiments, the cell is a single cell. In some embodiments, the contacting occurs in a well. In some 
embodiments, the well is a microwell and is contained in an array of microwells.

[0011] One aspect provided is a device, comprising a plurality of microwells, wherein each microwell of the plurality of microwells has a 

volume ranging from about 1,000 pm3 to about 120,000 pm3. In some embodiments, each microwell of the plurality of microwells has a 

volume of about 20,000 pm3. In some embodiments, the plurality of microwells comprises from about 96 to about 200,000 microwells. In 
some embodiments, the microwells are comprised in a layer of a material. In some embodiments, at least about 10 % of the microwells 
further comprise a cell. In some embodiments, the device further comprises any of the solid supports described herein.

[0012] One aspect provided is an apparatus comprising any of the devices described herein, and a liquid handler. In some embodiments, 
the liquid handler delivers liquid to the plurality of microwells in about one second. In some embodiments, the liquid handler delivers liquid to 
the plurality of microwells from a single input port. In some embodiments, the apparatus further comprises a magnet. In some 
embodiments, the apparatus further comprises at least one of: an inlet port, an outlet port, a pump, a valve, a vent, a reservoir, a sample 
collection chamber, a temperature control apparatus, or any combination thereof. In some embodiments, the apparatus comprises the 
sample collection chamber, wherein the sample collection chamber is removable from the apparatus. In some embodiments, the apparatus 
further comprises an optical imager. In some embodiments, the optical imager produces an output signal which is used to control the liquid 
handler. In some embodiments, the apparatus further comprises a thermal cycling mechanism configured to perform a polymerase chain 
reaction (PCR) amplification of oligonucleotides.
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[0013] One aspect provided is a method of producing a clinical diagnostic test result, comprising producing the clinical diagnostic test result 
with any device or apparatus described herein; any solid support described herein; any method described herein; or any combination 
thereof. In some embodiments, the clinical diagnostic test result is transmitted via a communication medium.

[0014] One aspect provided is a method of making any of the solid supports described herein, comprising attaching to a solid support: a 
first polynucleotide comprising a first portion of the cellular label, and a first linker; and contacting a second polynucleotide comprising a 
second portion of the cellular label, a sequence complementary to the first liker, and the molecular label. In some embodiments, the third 
polynucleotide further comprises a target nucleic acid binding region.

[0015] In some embodiments, an emulsion, microwell, or well contains only one cell. In some embodiments, from 1 to 2,000,000 emulsions, 
microwells, or wells each contain only one cell. In some embodiments, the method comprises distributing at most one cell into each 
emulsion, microwell, or well. In some embodiments, a single solid support and a single cell are distributed to an emulsion, microwell, or well. 
In some embodiments, from 1 to 2,000,000 emulsions, microwells, or wells each have distributed thereto one cell and one solid support. In 
some embodiments, the method comprises distributing at most one solid support per emulsion, microwell, or well. In some embodiments, 
the method comprises distributing one solid support and one cell to each of from 1 to 2,000,000 microwells, emulsions, or wells. In some 
embodiments, cell distribution is random or non-random. In some embodiments, cell distribution is stochastic. In some embodiments, a cell 
is distributed by a cell sorter. In some embodiments, a cell is distributed by contacting one or more wells, microwells, or emulsions with a 
dilute solution of cells diluted so that at most one cell is distributed to the one or more wells, microwells, or emulsions.

[0016] In some embodiments, the target specific regions, target specific regions of the plurality of oligonucleotides, or the target specific 
region of the two or more polynucleotide molecules, comprise sequences complementary to two or more targets of a target panel. In some 
embodiments, the two or more targets of the target panel are biomarkers. In some embodiments, the biomarkers are biomarkers for a 
disease or condition. In some embodiments, the disease or condition is a cancer, an infection, a viral infection, an inflammatory disease, a 
neurodegenerative disease, a fungal disease, a bacterial infection, or any combination thereof. In some embodiments, the panel comprises 
from: 2-50,000, 2-40,000, 2-30,000, 2-20,000, 2-10,000, 2-9000, 2-8,000, 2-7,000, 2-6,000, 2-5,000, 2-1,000, 2-800, 2-700, 2-600, 2-500, 
2-400, 2-300, 2-200, 2-100, 2-75, 2-50, 2-40, 2-30, 2-20, 2-10, or 2-5 biomarkers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The novel features of the invention are set forth with particularity in the appended claims. Abetter understanding of the features and 
advantages of the present invention will be obtained by reference to the following detailed description that sets forth illustrative 
embodiments, in which the principles of the invention are utilized, and the accompanying drawings of which:

FIG. 1 depicts an exemplary solid support conjugated with an exemplary oligonucleotide.

FIG. 2A-C depicts an exemplary workflow for synthesizing oligonucleotide coupled beads using split-pool synthesis.

FIG. 3 depicts an exemplary oligonucleotide coupled bead.

FIG. 4 illustrates an exemplary embodiment of a microwell array.

FIG. 5 depicts an exemplary distribution of solid supports in a microwell array.

FIG. 6A-C show exemplary distribution cells onto microwell arrays. FIG. 6A shows the distribution of K562 cells (large cell size). FIG. 6B 
shows the distribution of Ramos cells (small cell size). FIG. 6C shows the distribution of Ramos cells and oligonucleotide coupled beads 
onto microwell arrays, with solid arrows pointing to the Ramos cells and dashed arrows pointing to the oligonucleotide coupled beads.

FIG. 7 shows exemplary statistics of the microwell volume, solid support volume, and amount of biological material obtained from lysis.

FIG. 8A-C illustrates an exemplary embodiment of bead cap sealing. FIG. 8A-B show images of a microarray well with cells and 
oligonucleotide beads distributed into wells of a microarray well and with larger sephadex beads used to seal the wells. Dotted arrows point 
to the cells, dashed arrows point to the oligonucleotide coupled beads and the solid arrows point to the sephadex beads. FIG. 8C depicts a 
schematic of the cell and oligonucleotide bead (e.g., oligobead) deposited within a well with a sephadex bead used to seal the well.

FIG. 9 depicts a bar graph comparing amplification efficiency of GAPDH and RPL19 amplified from microwells and tubes. The grey bars 
represent data from the microwell. The white bars represent data from the tube.

FIG. 10 depicts an agarose gel comparing amplification specificity of three different genes directly on a solid support.

FIG. 11A-I show graphical representations of the sequencing results.

FIG. 12A-C show a histogram of the sequencing results for the K562-only sample, Ramos-only sample, and K562 + Ramos mixture sample, 
respectively.

FIG. 12D-E shows a graph of the copy number for genes listed in Table 3 for the Ramos-only cell sample and K562-only cell sample, 
respectively.
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FIG. 12F-I show the copy number for individual genes.

FIG. 12J-M show graphs of the number of unique molecules per gene (y-axis) for the beads with the 100 unique barcode combinations.

FIG. 12N-0 show enlarged graphs of two beads that depict the general pattern of gene expression profiles for the two cell types.

FIG. 12P shows a scatter plot of results based on principal component analysis of gene expression profile of 768 beads with > 30 molecules 
per bead from the K562+Ramos mixture sample.

FIG. 12Q-R show histograms of the copy number per amplicon per bead for the K562-like cells (beads on the left of the first principal 
component based on FIG. 12P) and Ramos-like cells (beads on the right of the first principal component based on FIG. 12P), respectively.

FIG. 12S-T show the copy number per bead or single cell of the individual genes for the K562-like cells (beads on the left of the first 
principal component based on FIG. 12P) and Ramos-like cells (beads on the right of the first principal component based on FIG. 12P), 
respectively.

FIG. 13A depicts general gene expression patterns for the mouse and Ramos cells.

FIG. 13B-C show scatter plots of results based on principal component analysis of gene expression profile of the high density sample and 
low density sample, respectively.

FIG. 13D-E depict graphs of the read per barcode (be) combination (y-axis) versus the unique barcode combination, sorted by the total 
number of molecules per be combination (x-axis) for Ramos-like cells and mouse-like cells from the high density sample, respectively.

FIG. 13F-G depict graphs of the number of molecules per barcode (be) combination (y-axis) versus the unique barcode combination, sorted 
by the total number of molecules per be combination (x-axis) for Ramos-like cells and mouse-like cells from the high density sample, 
respectively.

FIG. 13H-I depict graphs of the read per barcode (be) combination (y-axis) versus the unique barcode combination, sorted by the total 
number of molecules per barcode combination (x-axis) for Ramos-like cells and mouse-like cells from the low density sample, respectively.

FIG. 13J-K depict graphs of the number of molecules per barcode combination (y-axis) versus the unique barcode combination, sorted by 
the total number of molecules per barcode combination (x-axis) for Ramos-like cells and mouse-like cells from the low density sample, 
respectively.

FIG. 14 shows a graph depicting the genes on the X-axis and the Iog10 of the number of reads.

FIG. 15A shows a graph of the distribution of genes detected per three-part cell label (e.g., cell barcode).

FIG. 15B shows a graph of the distribution of unique molecules detected per bead (expressing the gene panel).

FIG. 16 depicts the cell clusters based on the genes associated with a cell barcode.

FIG. 17A-D show the analysis of monocyte specific markers. FIG. 17E shows the cell cluster depicted in FIG. 16.

FIG. 18A-B show the analysis of the T cell specific markers. FIG. 18C shows the cell cluster depicted in FIG. 16.

FIG. 19A-B show the analysis of the CD8+ T cell specific markers. FIG. 19C shows the cell cluster depicted in FIG. 16.

FIG. 20A shows the analysis of CD4+ T cell specific markers. FIG. 20B shows the cell cluster depicted in FIG. 16.

FIG. 21A-D show the analysis of Natural Killer (NK) cell specific markers. FIG. 20E shows the cell cluster depicted in FIG. 16.

FIG. 22A-E show the analysis of B cell specific markers. FIG. 22F shows the cell cluster depicted in FIG. 16.

FIG. 23A-F show the analysis of Toll-like receptors. Toll-like receptors are mainly expressed by monocytes and some B cells. FIG. 23G 
shows the cell cluster depicted in FIG. 16.

FIG. 24 depicts a graph of the genes versus the log 10 of the number of reads.

FIG. 25A-D shows graphs of the molecular barcode versus the number of reads or Iog10 of the number of reads for two genes.

FIG. 26A shows a graph of the number of genes in the panel expressed per cell barcode versus the number of unique cell barcodes/single 
cell. FIG. 26B shows a histogram of the number of unique molecules detected per bead versus frequency of the number of cells per unique 
cell barcode carrying a given number of molecules. FIG. 26C shows a histogram of the number of unique GAPDH molecules detected per 
bead versus frequency of the number of cells/unique cell barcode carrying a given number of molecules.

FIG. 27 shows a scatterplot of the 856 cells.

FIG. 28 shows a heat map of expression of the top 100 (in terms of the total number of molecules detected).

FIG. 29 shows a workflow for Example 12.

FIG. 30 shows a workflow for Example 13.
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FIG. 31A-C. Clustering of single cells in controlled mixtures containing two distinct cell types. A. Clustering of a 1:1 mixture of K562 and 
Ramos cells by principal component analysis of the expression of 12 genes. The biplot shows two distinct clusters, with one cluster 
expressing Ramos specific genes and the other expressing K562 specific genes. B. Principal component analysis of a mixture containing a 
small percentage of Ramos cells in a background of primary B cells from a healthy individual using a panel of 111 genes. The color of each 
data point indicates the total number of unique transcript molecules detected across the entire gene panel. Aset of 18 cells (circled) out of 
1198 cells displays a distinct gene expression profile and with much higher transcription levels. C. Heatmap showing expression level of 
each gene in the top 100 cells in the sample of FIG. 31B, ranked by the total number of transcript molecules detected in the gene panel. 
Genes are ordered via hierarchical clustering in terms of correlation. The top 18 cells, indicated by the horizontal red bar, expressed 
preferentially a set of genes known to be associated with follicular lymphoma, as indicated by the vertical red bar.

FIG. 31D. PCA analysis of primary B cells with spiked in Ramos cells. Color of each data point (single cell) indicates the log of the number of 
transcript molecules each cell carries for the particular gene. Top 7 rows: Genes that are preferentially expressed by the subset of 18 cells 
that are likely Ramos cells. First row genes (from left to right) include GAPDH, TCL1A, MKI67 and BCL6. Second row genes (from left to 
right) include MYC, CCND3, CD81 and GNAI2. Third row of genes (from left to right) include IGBP1, CD20, BLNK and DOCK8. Fourth row 
of genes (from left to right) include IRF4, CD22, IGHM and AURKB. Fifth row of genes (from left to right) include CD38, CD10, LEF1 and 
AICDA. Sixth row of genes (from left to right) include CD40, CD27, IL4R and PRKCD. Seventh row of genes (from left to right) include 
RGS1, MCL1, CD79a and HLA-DRA. Last row: Genes that are expressed preferentially by a subset of primary B cells but not especially 
enriched in those 18 cells. Genes in the last row (from left to right) include IL6, CD23a, CCR7 and CXCR5.

FIG. 32 Expression of GAPDH. Color indicates natural log of the number of unique transcript molecules observed per cell.

FIG. 33A-F shows the principal component analysis (PCA) for monocyte associated genes. FIG. 33A shows the PCA for CD16. FIG. 33B 
shows the PCA for CCRvarA. FIG. 33C shows the PCA for CD14. FIG. 33D shows the PCA for S100A12. FIG. 33E shows the PCA for 
CD209. FIG. 33F shows the PCA for IFNGR1.

FIG. 34A-B shows the principal component analysis (PCA) for pan-T cell markers (CD3). FIG. 34A shows the PCA for CD3D and FIG. 34B 
shows the PCA for CD3E.

FIG. 35A-E shows the principal component analysis (PCA) for CD8 T cell associated genes. FIG. 35A shows the PCA for CD8A. FIG. 35B 
shows the PCA for EOMES. FIG. 35C shows the PCA for CD8B. FIG. 35D shows the PCA for PRF1. FIG. 35E shows the PCA for RUNX3.

FIG. 36A-C shows the principal component analysis (PCA) for CD4 T cell associated genes. FIG. 36A shows the PCA for CD4. FIG. 36B 
shows the PCA for CCR7. FIG. 36C shows the PCA for CD62L.

FIG. 37A-F shows the principal component analysis (PCA) for B cell associated genes. FIG. 37Ashows the PCA for CD20. FIG. 37B shows 
the PCA for IGHD. FIG. 37C shows the PCA for ΡΑΧ5. FIG. 37D shows the PCA for TCL1A. FIG. 37E shows the PCA for IGHM. FIG. 37F 
shows the PCA for CD24.

FIG. 38A-C shows the principal component analysis (PCA) for Natural Killer cell associated genes. FIG. 38A shows the PCA for KIR2DS5. 
FIG. 38B shows the PCA for CD16. FIG. 38C shows the PCA for CD62L.

FIG. 39 Simultaneous identification of major cell types in a human PBMC sample (632 cells) by PCA analysis of 81 genes assayed by 
CytoSeq Cells with highly correlated expression profile are coded with similar color.

FIG. 40A-B Correlation analysis of single cell gene expression profile of PBMC sample. 40A. A matrix showing the pairwise correlation 
coefficient across 632 cells in the sample. The cells are ordered such that those with highly correlated gene expression profile are grouped 
together. 40B. Heatmap showing the expression of each gene by each cell. The cells (columns) are ordered in the same manner as the 
correlation matrix above. The genes (rows) are ordered such that genes that share highly similar expression pattern across the cells are 
grouped together. The cell type of each cluster of cells may be identified by the group of genes the cells co-expressed. Within each major 
cell cluster, there is substantial degree of heterogeneity in terms of gene expression.

FIG. 41 data represents that of 731 cells from a replicate experiment of PBMC sample from the same donor. Cells with similar gene 
expression profile (based on hierarchical clustering using correlation coefficient) are plotted with similar color.

FIG. 42 shows a heat map demonstrating the correlation in gene expression profile between genes.

FIG. 43 Description of CytoSeq. A. Experimental procedure for CytoSeq. B. Structure of oligonucleotides attached to beads.

FIG. 44 Dissecting sub-populations of CD3+ T cells. A. PCA of Donor 1 unstimulated sample reveals two major branches of cells. The 
expression level (log of unique transcript molecule) of a particular gene within each cell is indicated with color. Helper T cell associated 
cytokine and effector genes are enriched in cells in the lower branch, while cytotoxic T cell associated genes are enriched in the upper 
branch. Shown here are representative genes. First row shows helper T cell related genes and include (from left to right) CD4, SELL and 
CCR7. Second row shows cytotoxic T cell related genes and include (from left to right) CD8A, NKG2D and EOMES. B. PCA of Donor 1 anti- 
CD3/anti-CD28 stimulated sample showing enrichment of expression of indicated genes to one of the two main branches representing 
helper and cytotoxic T cells. These genes are present at low amounts in the unstimulated sample. First two rows show genes that are 
known to be associated with activated T cells and include (from left to right) in the first row IRF4, CD69 and MYC and in the second row 
GAPDH, TNF and IFNG. The third row shows genes that are known to be associated with activated helper T cells and include (from left to 
right) IL2, LTAand CD40LG. The fourth row shows genes that are known to be associated with activated cytotoxic T cells and include (from 
left to right) CCL4, CCL3 and GZMB. C. Number of cells that contribute to the overall expression level of genes that exhibit large fold- 
changes when comparing stimulated over unstimulated samples in aggregate data. For several cytokines (red arrows), the contribution
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from only a small number of cells is responsible for large overall gene expression change in the entire population.

FIG. 45. PCA plots of T cell samples that have undergone stimulation with anti-CD28/anti-CD3 beads in the two donors, and the 
corresponding unstimulated samples, with emphasis on the expression of genes that clearly show preferential expression in either helper or 
cytotoxic subsets in the unstimulated samples. The color of each data point (single cell) indicates log(number of unique transcript molecule) 
per cell for the indicated gene. For each pair of stimulated and unstimulated graphs in each donor, the color range is adjusted to be the 
same. A. Genes that are known to be associated with both helper and cytotoxic T cells. B. Genes that are known to be associated with 
cytotoxic T cells. C. Genes that are known to be associated with helper T cells.

FIG. 46A-D PCA plots of T cell samples that have undergone stimulation with anti-CD28/anti-CD3 beads in the two donors, and the 
corresponding unstimulated samples, with emphasis on the expression of genes that are expressed in the stimulated samples but at low or 
undetectable level in the unstimulated samples. The color of each data point (single cell) indicates log(number of unique transcript 
molecule) per cell for the indicated gene. For each pair of stimulated and unstimulated graphs in each donor, the color range is adjusted to 
be the same. 46A and 46D. Genes that are expressed by both branches of cells upon activation. 46B. Genes that are expressed 
preferentially by cells in the upper branch upon activation. These genes are known to be associated with activated cytotoxic T cells. 46C. 
Genes that are expressed preferentially by cells in the lower branch upon activation. These genes are known to be associated with 
activated helper T cells.

FIG. 47 Clustering of data from Donor Ts unstimulated CD3+ T cells shows separations of CD4 and CD8 cells, as well as a group of cells 
that express Granzyme K and Granzyme A but little CD8. Top: Heatmap showing correlation between each pair of cells. Cells that are highly 
correlated are grouped together. Bottom: Heatmap showing the level of expression of each gene of each cell. Cells and genes are ordered 
via bidirectional hierarchical clustering.

FIG. 48. Similar to FIG. 47, but showing data from anti-CD3/anti-CD28 stimulated CD3+ T cell sample of Donor 1. Top: Heatmap showing 
correlation between each pair of cells. Cells that are highly correlated are grouped together. Bottom: Heatmap showing the level of 
expression of each gene of each cell. Cells and genes are ordered via bidirectional hierarchical clustering.

FIG. 49A-C In donor 1, large overall fold change was observed for various cytokines in the antiCD28/antiCD3 stimulated sample, as 
compared to the unstimulated one. A-B: The large fold changes of these cytokines were mostly contributed by only a few single cells (dots 
that are enclosed with squares or circles). A number of these cytokines were contributed by the same small number of cells. C: The co
expression patterns of these cytokines coincide with the signature cytokine combination for the Th2 and Th17 subsets of helper T cells.

FIG. 50A-B. Dissecting sub-populations of CD8+ T cells. A. Clustering of CytoSeq data defines two major groups of CD8+ cells - one group 
expresses genes shared by central memory/naive cells, and the other group expresses genes shared by effector memory/effector cells. 
Shown here is data of Donor 2's unstimulated sample. Top: Heatmap showing correlation between each pair of cells. Bottom: Heatmap 
showing the level of expression of each gene in each cell. Cells and genes are ordered via bidirectional hierarchical clustering. B. 
Identification of rare antigen specific T cell by expression of gamma interferon (IFNG) in CD8+ T cells from two donors after stimulation with 
CMV peptide pool. Each cell is plotted on the 2D principal component space. Cells expressing IFNG (circled) are usually among those with 
the most total detected transcripts in the panel (indicated by the color). In donor 2, the top expressing cell (square) does not produce IFNG 
but expresses cytokines IL6 and IL1B. Number next to each circle indicates the rank in descending order the number of total unique 
transcript molecules detected for that cell.

FIG. 51. Similar to Figure 50A except the data here represents that of Donor 2 CMV stimulated sample. A. Clustering of CytoSeq data 
defines two major groups of CD8+ cells - one group expresses genes shared by central memory/naive cells, and the other group expresses 
genes shared by effector memory/effector cells. Shown here is data of Donor 2's unstimulated sample. Top: Heatmap showing correlation 
between each pair of cells. Bottom: Heatmap showing the level of expression of each gene in each cell. Cells and genes are ordered via 
bidirectional hierarchical clustering.

FIG. 52. Data are plotted in principal component space. Color indicates log(number of unique transcript molecule detected) for the particular 
gene. A. Genes that appear to be expressed by larger proportion of cells upon stimulation by CMV peptide pool. B. Genes that are enriched 
in one branch of cells. These genes are also known to be associated with naive and central memory CD8+ T cells. C. Genes that are 
enriched in the other branch of cells. These genes are known to be associated with effector and effector memory CD8+ T cells. D. 
Granzyme K expressing cells occupy a region between the naive/central memory and effector/effector memory cells on the PC space. E. 
HLA-DRA expressing cells constitute a special subset. F. Genes that are expressed in both branches of cells.

FIG. 53. Same as FIG. 50B, except the data represents those of the unstimulated controls. None of the cells in Donor 1 's sample expressed 
IFNG, while one cell in Donor 2's sample expressed IFNG yet with overall low expression across the entire gene panel (rank 1069). Color 
scale is adjusted to match that of the respective graph for the stimulated sample.

FIG. 54. Heatmaps showing the heterogeneous expression of the gene panel in cells that express gamma interferon (IFNG) in CMV 
stimulated CD8+ T cells of Donors 1 and 2. Also shown is the cell that carries most total transcripts detected in Donor 2. This particular cell 
does not express IFNG but expresses strongly IL6, IL1B and CCL4. The cells and genes are ordered by bidirectional hierarchical clustering 
based on correlation. Cell ID refers to the rank in total number of detected transcripts of the gene panel, and are indicated in the PCA plots 
in FIG. 50.

FIG. 55. Amplification scheme. The first PCR amplifies molecules attached to the bead using a gene specific primer and a primer against 
the universal lllumina sequencing primer 1 sequence. The second PCR amplifies the first PCR products using a nested gene specific primer 
flanked by lllumina sequencing primer 2 sequence, and a primer against the universal lllumina sequencing primer 1 sequence. The third
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PCR adds P5 and P7 and sample index to turn PCR products into lllumina sequencing library. 150bp x 2 sequencing reveals the cell label 
and molecule label on read 1, the gene on read 2, and the sample index on index 1 read.

FIG. 56 depicts a schematic of a workflow for analyzing molecules from a sample.

FIG. 57 depicts a schematic of a workflow for analyzing molecules from a sample.

FIG. 58A-B depict agarose gels of PCR products.

FIG. 59 depicts a plot of sequencing reads for a plurality of genes.

FIG. 60A-D depicts plots of the reads observed per label detected (RPLD) for Lys, Phe, Thr, and Dap spike-in controls, respectively. FIG. 
60E depicts a plot of Reads versus Input.

[0092] FIG. 61 depicts a plot of the reads observed per label detected (RPLD) for various genes.

FIG. 62 depicts a plot of the reads observed per label detected (RPLD) for various genes.

FIG. 63 depicts a plot of total reads (labels) versus rpld for various genes.

FIG. 64 depicts a plot of RPKM for undetected genes.

FIG. 65 depicts a schematic for the synthesis of molecular barcodes.

FIG. 66A-C depict schematics for the synthesis of molecular barcodes.

FIG. 67 shows a schematic of a workflow for stochastically labeling nucleic acids.

FIG. 68 is a schematic of a workflow for stochastically labeling nucleic acids.

FIG. 69 illustrates a mechanical fixture within which microwell array substrates may be clamped, thereby forming a reaction chamber or well 
into which samples and reagents may be pipetted for performing multiplexed, single cell stochastic labeling I molecular indexing 
experiments. Upper: exploded view showing the upper and lower parts of the fixture and an elastomeric gasket for forming a leak-proof seal 
with the microwell array substrate. Lower: exploded side-view of the fixture.

FIG. 70 illustrates a mechanical fixture which creates two reaction chambers or wells when a microwell array substrate is clamped within the 
fixture.

FIG. 71 illustrates two examples of elastomeric (e.g., polydimethylsiloxane) gaskets for use with the mechanical fixtures illustrated in FIGS. 
69 and 70. The elastomeric gaskets provide for a leak-proof seal with the microwell array substrate to create a reagent well around the 
microwell array. The gaskets may contain one (upper), two (lower), or more openings for creating reagent wells.

FIG. 72 depicts one embodiment of a cartridge within which a microwell array is packaged. Left: An exploded view of the cartridge 
illustrating (from bottom to top) the microwell array substrate, a gasket that defines the flow cell or array chamber, a reagent and/or waste 
reservoir component for defining compartments to contain pre-loaded assay reagents or store spent reagents, and a cover for sealing the 
reagent and waste reservoirs and defining the sample inlet and outlet ports. Right: An assembled view of one embodiment of the cartridge 
design illustrating relief for bringing an external magnet into close proximity with the microwell array.

FIG. 73 depicts one embodiment of a cartridge designed to include onboard assay reagents with the packaged microwell array.

FIG. 74 provides a schematic illustration of an instrument system for performing multiplexed, single cell stochastic labeling I molecular 
indexing assay. The instrument system may provide a variety of control and analysis capabilities, and may be packaged as individual 
modules or as a fully integrated system. Microwell arrays may be integrated with flow cells that are either a fixed component of the system 
or are removable, or may be packaged within removable cartridges that further comprise pre-loaded assay reagent reservoirs and other 
functionality.

FIG. 75 illustrates one embodiment of the process steps to be performed by an automated system for performing multiplexed, single cell 
stochastic labeling I molecular indexing assays.

FIG. 76 illustrates one embodiment of a computer system or processor for providing instrument control and data analysis capabilities for the 
assay system presently disclosed.

FIG. 77 shows a block diagram illustrating one example of a computer system architecture that can be used in connection with example 
embodiments of the assay systems of the present disclosure.

FIG. 78 depicts a diagram showing a network with a plurality of computer systems, cell phones, personal data assistants, and Network 
Attached Storage (NAS), that can be used with example embodiments of the assay systems of the present disclosure.

FIG. 79 depicts a block diagram of a multiprocessor computer system that can be used with example embodiments of the assay systems of 
the present disclosure.

FIG. 80 depicts a diagram of analysis of a test sample and communication of test result obtained from the test sample via a communication 
media.
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DETAILED DESCRIPTION

[0018] Disclosed herein are methods, kits, and compositions for analyzing molecules in a plurality of samples. Generally, the methods, kits, 
and compositions comprise (a) stochastically labeling molecules in two or more samples with molecular barcodes to produce labeled 
molecules; and (b) detecting the labeled molecules. The molecular barcodes may comprise one or more target specific regions, label 
regions, sample index regions, universal PCR regions, adaptors, linkers, or a combination thereof. The labeled molecules may comprise a) 
a molecule region; b) a sample index region; and c) a label region. The molecule region may comprise at least a portion of the molecule 
from the molecular barcode was originally attached to. The molecule region may comprise a fragment of the molecule from the molecular 
barcode was originally attached to. The sample index region may be used to determine the source of the molecule region. The sample 
index region may be used to determine from which sample the molecule region originated from. The sample index region may be used to 
differentiate molecule regions from two or more different samples. The label region may be used to confer a unique identity to identical 
molecule regions originating from the same source. The label region may be used to confer a unique identity to identical molecule regions 
originating from the same sample.

[0019] The method for analyzing molecules in a plurality of samples may comprise: a) producing a plurality of sample-tagged nucleic acids 
by: i) contacting a first sample comprising a plurality of nucleic acids with a plurality of first sample tags to produce a plurality of first sample- 
tagged nucleic acids; and ii) contacting a second sample comprising a plurality of nucleic acids with a plurality of second sample tags to 
produce a plurality of second sample-tagged nucleic acids, wherein the plurality of second sample tags are different from the first sample 
tags; b) contacting the plurality of sample-tagged nucleic acids with a plurality of molecular identifier labels to produce a plurality of labeled 
nucleic acids; and c) detecting at least a portion of the labeled nucleic acids, thereby determining a count of a plurality of nucleic acids in a 
plurality of samples. The plurality of samples may comprise a single cell.

[0020] Alternatively, the method for analyzing molecules in a plurality of samples may comprise: a) producing a plurality of labeled nucleic 
acids comprising: i) contacting a first sample with a first plurality of sample tags, wherein the first plurality of sample tags comprises identical 
nucleic acid sequences; ii) contacting the first sample with a first plurality of molecular identifier labels may comprise different nucleic acid 
sequences, wherein contacting the first sample with the first plurality of sample tags or first plurality of molecular identifier labels occurs 
simultaneously or sequentially to produce a plurality of first-labeled nucleic acids; Hi) contacting a second sample with a second plurality of 
sample tags, wherein the second plurality of sample tags may comprise identical nucleic acid sequences; iv) contacting the second sample 
with a second plurality of molecular identifier labels may comprise different nucleic acid sequences, wherein contacting the second sample 
with the second plurality of sample tags or second plurality of molecular identifier labels occurs simultaneously or sequentially to produce a 
plurality of second-labeled nucleic acids, wherein the plurality of labeled nucleic acids may comprise the plurality of first-labeled nucleic 
acids and the second-labeled nucleic acids; and b) determining a number of different labeled nucleic acids, thereby determining a count of a 
plurality of nucleic acids in a plurality of samples.

[0021] The method for analyzing molecules in a plurality of samples may comprise: a) contacting a plurality of samples may comprise two 
or more different nucleic acids with a plurality of sample tags and a plurality of molecular identifier labels to produce a plurality of labeled 
nucleic acids, wherein: i) the plurality of labeled nucleic acids may comprise two or more nucleic acids attached to two or more sample tags 
and two or more molecular identifier labels; ii) the sample tags attached to nucleic acids from a first sample of the plurality of samples are 
different from the sample tags attached to nucleic acid molecules from a second sample of the plurality of samples; and iii) two or more 
identical nucleic acids in the same sample are attached to two or more different molecular identifier labels; and b) detecting at least a 
portion of the labeled nucleic acids, thereby determining a count of two or more different nucleic acids in the plurality of samples.

[0022] FIG. 56 depicts an exemplary workflow for the quantification of RNA molecules in a sample. As shown in Step 1 of FIG. 56, RNA 
molecules (110) may be reverse transcribed to produce cDNA molecules (105) by the stochastic hybridization of a set of molecular identifier 
labels (115) to the polyA tail region of the RNA molecules. The molecular identifier labels (115) may comprise an oligodT region (120), label 
region (125), and universal PCR region (130). The set of molecular identifier labels may contain 960 different types of label regions. As 
shown in Step 2 of FIG. 56, the labeled cDNA molecules (170) may be purified to remove excess molecular identifier labels (115). 
Purification may comprise Ampure bead purification. As shown in Step 3 of FIG. 56, the labeled cDNA molecules (170) may be amplified to 
produce a labeled amplicon (180). Amplification may comprise multiplex PCR amplification. Amplification may comprise a multiplex PCR 
amplification with 96 multiplex primers in a single reaction volume. Amplification may comprise a custom primer (135) and a universal primer 
(140). The custom primer (135) may hybridize to a region within the cDNA (105) portion of the labeled cDNA molecule (170). The universal 
primer (140) may hybridize to the universal PCR region (130) of the labeled cDNA molecule (170). As shown in Step 4, the labeled 
amplicons (180) may be further amplified by nested PCR. The nested PCR may comprise multiplex PCR with 96 multiplex primers in a 
single reaction volume. Nested PCR may comprise a custom primer (145) and a universal primer (140). The custom primer (135) may 
hybridize to a region within the cDNA(105) portion of the labeled amplicon (180). The universal primer (140) may hybridize to the universal 
PCR region (130) of the labeled amplicon (180). As shown in Step 5, one or more adaptors (150, 155) may be attached to the labeled 
amplicon (180) to produce an adaptor-labeled amplicon (190). The one or more adaptors may be attached to the labeled amplicon (180) 
via ligation. As shown in Step 6, the one or more adaptors (150, 155) may be used to conduct one or more additional assays on the 
adaptor-labeled amplicon (190). The one or more adaptors (150, 155) may be hybridized to one or more primers (160, 165). The one or 
more primers (160, 165) be PCR amplification primers. The one or more primers (160, 165) may be sequencing primers. The one or more 
adaptors (150, 155) may be used for further amplification of the adaptor-labeled amplicons. The one or more adaptors (150, 155) may be
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used for sequencing the adaptor-labeled amplicon.

[0023] FIG. 57 depicts an exemplary schematic of a workflow for analyzing nucleic acids from two or more samples. As shown in FIG. 57, a 
method for analyzing nucleic acids from two or more samples may comprise selecting two or more genes for analysis and designing custom 
primers based on the selected genes (210). The method may further comprise supplementing one or more samples comprising nucleic 
acids (e.g., RNA) with one or more spike-in controls (220). The nucleic acids in the sample may be amplified by multiplex RT-PCR (230) with 
molecular barcodes (or sample tags or molecular identifier labels) and the custom primers to produce labeled amplicons. The labeled 
amplicons may further treated with one or more sequencing adaptors to produce adaptor labeled amplicons (240). The adaptor labeled 
amplicons can be analyzed (250). As shown in FIG. 57, analysis of the labeled amplicons (250) may comprise one or more of (1) detection 
of a universal PCR primer seq, polyA and/or molecular barcode (or sample tag, molecular identifier label); (2) map read on the end of the 
adaptor labeled amplicons (e.g., 96 genes and spike-in controls) that is not attached to the adaptor and/or barcode (e.g., molecular 
barcode, sample tag, molecular identifier label); and (3) count and/or summarize the number of different adaptor labeled amplicons.

[0024] FIG. 67 shows a schematic of a workflow for stochastically labeling nucleic acids with molecular barcodes (1220). As shown in step 1 
of FIG. 67, RNA molecules may be stochastically labeled with a set of molecular barcodes (1220). The molecular barcodes (1220) may 
comprise a target binding region (1221), label region (1222), sample index region (1223) and universal PCR region (1224). In some 
instances, the target binding region comprises an oligodT sequence that hybridizes to a polyA sequence in the RNA molecules. The label 
region (1222) may contain a unique sequence that may be used to distinguish two or more different molecular barcodes. When the 
molecular barcode hybridizes to an RNA molecule, the label region may be used to confer a unique identity to identical RNA molecules. The 
sample index region (1223) may be identical for a set of molecular barcodes. The sample index region (1223) may be used to distinguish 
labeled nucleic acids from different samples. The universal PCR region (1224) may serve as a primer binding site for amplification of the 
labeled molecules. Once the RNA molecules are labeled with the molecular barcodes, the RNA molecules may be reverse transcribed to 
produce labeled cDNA molecules (1230) containing a cDNA copy of the RNA molecule (1210) and the molecular barcode (1220).

[0025] As shown in Step 2 of FIG. 67, excess oligos (e.g., molecular barcodes) may be removed by Ampure bead purification. As shown in 
Step 3 of FIG. 67, the labeled cDNA molecules may be amplified by multiplex PCR. Multiplex PCR of the labeled cDNA molecules may be 
performed by using a first set of forward primers (F1, 1235 in FIG. 67) and universal primers (1240) in a single reaction volume to produce 
labeled amplicons (1245). As shown in Step 4 of FIG. 67, the labeled amplicons may be further amplified by multiplex PCR using nested 
primers. Nested primer amplification of the labeled amplicons may be performed by using a second set of forward primers (F2, 1250 in FIG. 
67) and universal primers (1240) in a single reaction volume to produce labeled nested PCR amplicons. In some instances, the F2 primers 
(1250) contain an adaptor (1251) and a target binding region (1252). The target binding region (1252) of the F2 primers may hybridize to 
the labeled amplicons and may prime amplification of the labeled amplicons. The adaptor (1251) and the universal PCR region (1224) of 
the nested PCR amplicons may be used in the sequencing of the labeled nested PCR amplicons. The amplicons may be sequenced by 
MiSeq. Alternatively, the amplicons may be sequenced by HiSeq.

[0026] FIG. 68 shows a schematic of a workflow for stochastically labeling nucleic acids. As shown in Step 1 of FIG. 68, RNA molecules 
(1305) may be stochastically labeled with a set molecular barcodes (1320). The molecular barcodes may comprise a target binding region 
(1321), label region (1322), and universal PCR region (1323). Once the molecular barcodes are attached to the RNA molecules, the RNA 
molecules (1305) may be reverse transcribed to produce labeled cDNA molecules (1325) comprising a cDNA copy of the RNA molecule 
(1310) and the molecular barcode (1320). As shown in Step 2 of FIG. 68, the labeled cDNA molecules may be purified by Ampure bead 
purification to remove excess oligos (e.g., molecular barcodes). As shown in Step 3 of FIG. 68, the labeled amplicons may be amplified by 
multiplex PCR. Multiplex PCR of the labeled cDNA molecules may be performed by using a first set of forward primers (F1, 1330 in FIG. 68) 
and universal primers (1335) in a single reaction volume to produce labeled amplicons (1360). As shown in Step 4 of FIG. 67, the labeled 
amplicons may be further amplified by multiplex PCR using nested primers. Nested primer amplification of the labeled amplicons may be 
performed by using a second set of forward primers (F2, 1340 in FIG. 68) and sample index primers (1350) in a single reaction volume to 
produce labeled nested PCR amplicons. In some instances, the F2 primers (1340) contain an adaptor (1341) and a target binding region 
(1342). The target binding region (1342) of the F2 primers may hybridize to the labeled amplicons and may prime amplification of the 
labeled amplicons. The sample index primers (1350) may comprise a universal primer region (1351), sample index region (1352), and 
adaptor region (1353). As shown in Step 4 of FIG. 68, the universal primer region (1351) of the sample index primer may hybridize to the 
universal PCR region of the labeled amplicons. The sample index region (1352) of the sample index primer may be used to distinguish two 
or more samples. The adaptor regions (1341, 1353) may be used to sequence the labeled nested PCR amplicons. The amplicons may be 
sequenced by MiSeq. Alternatively, the amplicons may be sequenced by HiSeq.

[0027] Further disclosed herein are methods of producing one or more libraries. The one or more libraries may comprise a plurality of 
labeled molecules. The one or more libraries may comprise a plurality of labeled amplicons. The one or more libraries may comprise a 
plurality of enriched molecules or a derivative thereof (e.g., labeled molecules, labeled amplicons). Generally, the method of producing one 
or more libraries comprises (a) stochastically labeling a plurality of molecules from two or more samples to produce a plurality of labeled 
molecules, wherein the labeled molecules comprise a molecule region, a sample index region, and label region; and (b) producing one or 
more libraries from the plurality of labeled molecules, wherein (i) the one or more libraries comprise two or more different labeled 
molecules, (ii) the two or more different labeled molecules differ by the molecule region, sample index region, label region, or a combination 
thereof.

[0028] The method for producing one or more libraries may comprise: a) producing a plurality of sample-tagged nucleic acids by: i) 
contacting a first sample comprising a plurality of nucleic acids with a plurality of first sample tags to produce a plurality of first sample- 
tagged nucleic acids; and ii) contacting a second sample comprising a plurality of nucleic acids with a plurality of second sample tags to
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produce a plurality of second sample-tagged nucleic acids, wherein the plurality of first sample tags are different from the second sample 
tags; and b) contacting the plurality of sample-tagged nucleic acids with a plurality of molecular identifier labels to produce a plurality of 
labeled nucleic acids, thereby producing a labeled nucleic acid library.

[0029] The contacting to a sample can be random or non-random. For example, the contacting of a sample with sample tags can be a 
random or non-random contacting. In some embodiments, the sample is contacted with sample tags randomly. In some embodiments, the 
sample is contacted with sample tags non-randomly. The contacting to a plurality of nucleic acids can be random or non-random. For 
example, the contacting of a plurality of nucleic acids with sample tags can be a random or non-random contacting. In some embodiments, 
the plurality of nucleic acids is contacted with sample tags randomly. In some embodiments, the plurality of nucleic acids is contacted with 
sample tags non-randomly.

[0030] Further disclosed herein are methods of producing one or more sets of labeled beads. The method of producing the one or more 
sets of labeled beads may comprise attaching one or more nucleic acids to one or more beads, thereby producing one or more sets of 
labeled beads. The one or more nucleic acids may comprise one or more molecular barcodes. The one or more nucleic acids may 
comprise one or more sample tags. The one or more nucleic acids may comprise one or more molecular identifier labels. The one or more 
nucleic acids may comprise a) a primer region; b) a sample index region; and c) a linker or adaptor region. The one or more nucleic acids 
may comprise a) a primer region; b) a label region; and c) a linker or adaptor region. The one or more nucleic acids may comprise a) a 
sample index region; and b) a label region. The one or more nucleic acids may further comprise a primer region. The one or more nucleic 
acids may further comprise a target specific region. The one or more nucleic acids may further comprise a linker region. The one or more 
nucleic acids may further comprise an adaptor region. The one or more nucleic acids may further comprise a sample index region. The one 
or more nucleic acids may further comprise a label region.

[0031] Further disclosed herein are methods for selecting one or more custom primers. The method of selecting a custom primer for 
analyzing molecules in a plurality of samples may comprise: a) a first pass, wherein primers chosen may comprise: i) no more than three 
sequential guanines, no more than three sequential cytosines, no more than four sequential adenines, and no more than four sequential 
thymines; ii) at least 3, 4, 5, or 6 nucleotides that are guanines or cytosines; and iii) a sequence that does not easily form a hairpin structure; 
b) a second pass, comprising: i) a first round of choosing a plurality of sequences that have high coverage of all transcripts; and ii) one or 
more subsequent rounds, selecting a sequence that has the highest coverage of remaining transcripts and a complementary score with 
other chosen sequences no more than 4; and c) adding sequences to a picked set until coverage saturates or total number of customer 
primers is less than or equal to about 96.

[0032] Further disclosed herein are kits for use in analyzing two or more molecules from two or more samples. The kit may comprise (a) a 
first container comprising a first set of molecular barcodes, wherein (i) a molecular barcode of the first set of molecular barcodes comprise a 
sample index region and a label region; (ii) the sample index region of two or more barcodes of the first set of molecular barcodes are the 
same; and (iii) the label region of two or more barcodes of the first set of molecular barcodes are different; and (b) a second container 
comprising a second set of molecular barcodes, wherein (i) a molecular barcode of the second set of molecular barcodes comprise a 
sample index region and a label region; (ii) the sample index region of two or more barcodes of the second set of molecular barcodes are 
the same; (iii) the label region of two or more barcodes of the second set of molecular barcodes are different; (iv) the sample index region 
of the barcodes of the second set of molecular barcodes are different from the sample index region of the barcodes of the first set of 
molecular barcodes; and (v) the label region of two or more barcodes of the second set of molecular barcodes are identical to the label 
region of two or more barcodes of the first set of molecular barcodes.

[0033] Alternatively, the kit comprises: a) a plurality of beads, wherein one or more beads of the plurality of beads may comprise at least 
one of a plurality of nucleic acids, wherein at least one of a plurality nucleic acids may comprise: i) at least one primer sequence, wherein 
the primer sequence of at least one of the plurality of nucleic acids is the same for the plurality of beads; ii) a bead-specific sequence, 
wherein the bead-specific sequence of any one of the plurality of nucleic acids is the same, and wherein the bead-specific sequence is 
different for any one of the plurality of beads; and iii) a stochastic sequence, wherein the stochastic sequence is different for any one of the 
plurality of nucleic acids; b) a primer may comprise a sequence complementary to the primer sequence; and c) one or more amplification 
agents suitable for nucleic acid amplification.

[0034] Alternatively, the kit comprises: a) a first container comprising a first set of sample tags, wherein(i) a sample tag of the first set of 
sample tags comprises a sample index region; and (ii) the sample index regions of the sample tags of the first set of sample tags are at 
least about 80% identical; and b) a second container comprising a first set of molecular identifier labels, wherein (i) a molecular identifier 
label of the first set of molecular identifier labels comprises a label region; and (ii) at least about 30% of the label regions of the total 
molecular identifier labels of the first set of molecular identifier labels are different

[0035] Before the present methods, kits and compositions are described in greater detail, it is to be understood that this invention is not 
limited to particular method, kit or composition described, as such may, of course, vary. It is also to be understood that the terminology used 
herein is for the purpose of describing particular embodiments only, and is not intended to be limiting, since the scope of the present 
invention will be limited only by the appended claims. Examples are put forth so as to provide those of ordinary skill in the art with a 
complete disclosure and description of how to make and use the present invention, and are not intended to limit the scope of what the 
inventors regard as their invention nor are they intended to represent that the experiments below are all or the only experiments performed. 
Efforts have been made to ensure accuracy with respect to numbers used (e.g., amounts, temperature, etc.) but some experimental errors 
and deviations should be accounted for. Unless indicated otherwise, parts are parts by weight, molecular weight is weight average 
molecular weight, temperature is in degrees Centigrade, and pressure is at or near atmospheric.
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[0036] Methods, kits and compositions are provided for stochastic labeling of nucleic acids in a plurality of samples or in a complex nucleic 
acid preparation. These methods, kits and compositions find use in unraveling mechanisms of cellular response, differentiation or signal 
transduction and in performing a wide variety of clinical measurements. These and other objects, advantages, and features of the invention 
will become apparent to those persons skilled in the art upon reading the details of the methods, kits and compositions as more fully 
described below.

[0037] The methods disclosed herein comprise attaching one or more molecular barcodes, sample tags, and/or molecular identifier labels 
to two or more molecules from two or more samples. The molecular barcodes, sample tags and/or molecular identifier labels may comprise 
one or more oligonucleotides. In some instances, attachment of molecular barcodes, sample tags, and/or molecular identifier labels to the 
molecules comprises stochastic labeling of the molecules. Methods for stochastically labeling molecules may be found, for example, in U.S. 
Serial Numbers 12/969,581 and 13/327,526. Generally, the stochastic labeling method comprises the random attachment of a plurality of 
the tag and label oligonucleotides to one or more molecules. The molecular barcodes, sample tags, and/or molecular identifier labels are 
provided in excess of the one or more molecules to be labeled. In stochastic labeling, each individual molecule to be labeled has an 
individual probability of attaching to the plurality of the molecular barcodes, sample tags, and/or molecular identifier labels. The probability of 
each individual molecule to be labeled attaching to a particular molecular barcodes, sample tags, and/or molecular identifier labels may be 
about the same as any other individual molecule to be labeled. Accordingly, in some instances, the probability of any of the molecules in a 
sample finding any of the tags and labels is assumed to be equal, an assumption that may be used in mathematical calculations to estimate 
the number of molecules in the sample. In some circumstances the probability of attaching may be manipulated by, for example electing 
tags and labels with different properties that would increase or decrease the binding efficiency of that molecular barcodes, sample tags, 
and/or molecular identifier labels with an individual molecule. The tags and labels may also be varied in numbers to alter the probability that 
a particular molecular barcodes, sample tags, and/or molecular identifier labels will find a binding partner during the stochastic labeling. For 
example, one label is overrepresented in a pool of labels, thereby increasing the chances that the overrepresented label finds at least one 
binding partner.

[0038] The methods disclosed herein may further comprise combining two or more samples. The methods disclosed herein may further 
comprise combining one or more molecules from two or more samples. For example, the methods disclosed herein comprise combining a 
first sample and a second sample. The two or more samples may be combined after conducting one or more stochastic labeling 
procedures. The two or more samples may be combined after attachment of one or more sets of molecular barcodes to two or more 
molecules from the two or more samples. The two or more samples may be combined after attachment of one or more sets of sample tags 
to two or more molecules from the two or more samples. The two or more samples may be combined after attachment of one or more sets 
of molecular identifier labels to two or more molecules from the two or more samples. For example, the first and second samples are 
combined prior to contact with the plurality of molecular identifier labels.

[0039] Alternatively, the two or more samples may be combined prior to conducting one or more stochastic labeling procedures. The two or 
more samples may be combined prior to attachment of one or more sets of molecular barcodes to two or more molecules from the two or 
more samples. The two or more samples may be combined prior to attachment of one or more sets of sample tags to two or more 
molecules from the two or more samples. The two or more samples may be combined prior to attachment of one or more sets of molecular 
identifier labels to two or more molecules from the two or more samples.

[0040] The two or more samples may be combined after conducting one or more assays on two or more molecules or derivatives thereof 
(e.g., labeled molecules, amplicons) from the two or more samples. The one or more assays may comprise one or more amplification 
reactions. The one or more assays may comprise one or more enrichment assays. The one or more assays may comprise one or more 
detection assays. For example, the first and second samples are combined after detecting the labeled nucleic acids.

[0041] The two or more samples may be combined prior to conducting one or more assays on two or more molecules or derivatives thereof 
(e.g., labeled molecules, amplicons) from the two or more samples. The one or more assays may comprise one or more amplification 
reactions. The one or more assays may comprise one or more enrichment assays. The one or more assays may comprise one or more 
detection assays. For example, the first and second samples are combined prior to detecting the labeled nucleic acids.

Supports

[0042] The present disclosure comprises compositions and methods for multiplex sequence analysis from single cells. The methods and 
compositions of the present disclosure provide for the use of solid supports. In some instances, the methods, kits, and compositions 
disclosed herein comprise a support.

[0043] The terms "support", "solid support", "semi-solid support", and "substrate" may be used interchangeably and refer to a material or 
group of materials having a rigid or semi-rigid surface or surfaces. A support may refer to any surface that is transferable from solution to 
solution or forms a structure for conducting oligonucleotide-based assays. The support or substrate may be a solid support. Alternatively, 
the support is a non-solid support. A support may refer to an insoluble, semi-soluble, or insoluble material. A support may be referred to as 
"functionalized" when it includes a linker, a scaffold, a building block, or other reactive moiety attached thereto, whereas a solid support may 
be "nonfunctionalized" when it lack such a reactive moiety attached thereto. The support may be employed free in solution, such as in a 
microtiter well format; in a flow-through format, such as in a column; or in a dipstick.
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[0044] The support or substrate may comprise a membrane, paper, plastic, coated surface, flat surface, glass, slide, chip, or any 
combination thereof. In many embodiments, at least one surface of the support may be substantially flat, although in some embodiments it 
may be desirable to physically separate synthesis regions for different compounds with, for example, wells, raised regions, pins, etched 
trenches, or the like. According to other embodiments, the solid support(s) may take the form of resins, gels, microspheres, or other 
geometric configurations. Alternatively, the solid support(s) comprises silica chips, microparticles, nanoparticles, plates, and arrays. Solid 
supports may include beads (e.g., silica gel, controlled pore glass, magnetic beads, Dynabeads, Wang resin; Merrifield resin, 
Sephadex/Sepharose beads, cellulose beads, polystyrene beads etc.), capillaries, flat supports such as glass fiber filters, glass surfaces, 
metal surfaces (steel, gold silver, aluminum, silicon and copper), glass supports, plastic supports, silicon supports, chips, filters, 
membranes, microwell plates, slides, or the like, plastic materials including multiwell plates or membranes (e.g., formed of polyethylene, 
polypropylene, polyamide, polyvinylidenedifluoride), wafers, combs, pins or needles (e.g., arrays of pins suitable for combinatorial synthesis 
or analysis) or beads in an array of pits or nanoliter wells of flat surfaces such as wafers (e.g., silicon wafers), wafers with pits with or without 
filter bottoms.

[0045] Methods and techniques applicable to polymer (including protein) array synthesis have been described in U.S. Patent Pub. No. 
20050074787, WO 00/58516, U.S. Patent Nos. 5,143,854, 5,242,974, 5,252,743, 5,324,633, 5,384,261, 5,405,783, 5,424,186, 5,451,683, 
5,482,867, 5,491,074, 5,527,681, 5,550,215, 5,571,639, 5,578,832, 5,593,839, 5,599,695, 5,624,711, 5,631,734, 5,795,716, 5,831,070, 
5,837,832, 5,856,101, 5,858,659, 5,936,324, 5,968,740, 5,974,164, 5,981,185, 5,981,956, 6,025,601, 6,033,860, 6,040,193, 6,090,555, 
6,136,269, 6,269,846 and 6,428,752, in PCT Publication No. WO 99/36760 and WO 01/58593. Patents that describe synthesis techniques 
in specific embodiments include U.S. Patent Nos. 5,412,087, 6,147,205, 6,262,216, 6,310,189, 5,889,165, and 5,959,098. Nucleic acid 
arrays are described in many of the above patents, but many of the same techniques may be applied to polypeptide arrays. Additional 
exemplary substrates are disclosed in U.S. Patent No. 5,744,305 and US Patent Pub. Nos. 20090149340 and 20080038559.

[0046] The attachment of the labeled nucleic acids to the support may comprise amine-thiol crosslinking, maleimide crosslinking, N- 
hydroxysuccinimide or N-hydroxysulfosuccinimide, Zenon or SiteClick. Attaching the labeled nucleic acids to the support may comprise 
attaching biotin to the plurality of labeled nucleic acids and coating the one or more beads with streptavadin.

[0047] In some instances, a solid support may comprise a molecular scaffold. Exemplary molecular scaffolds may include antibodies, 
antigens, affinity reagents, polypeptides, nucleic acids, cellular organelles, and the like. Molecular scaffolds may be linked together (e.g., a 
solid support may comprise a plurality of connected molecular scaffolds). Molecular scaffolds may be linked together by an amino acid 
linker, a nucleic acid linker, a small molecule linkage (e.g., biotin and avidin), and/or a matrix linkage (e.g., PEG or glycerol). Linkages may 
be non-covalent. Linkages may be covalent. In some instances, molecular scaffolds may not be linked. A plurality of individual molecular 
scaffolds may be used in the methods of the disclosure.

[0048] In some instances a support may comprise a nanoparticle. The nanoparticle may be a nickel, gold, silver, carbon, copper, silicate, 
platinum cobalt, zinc oxide, silicon dioxide crystalline, and/or silver nanoparticle. Alternatively, or additionally, the nanoparticle may be a gold 
nanoparticle embedded in a porous manganese oxide. The nanoparticle may be an iron nanoparticle. The nanoparticle may be a 
nanotetrapod studded with nanoparticles of carbon.

[0049] A support may comprise a polymer. A polymer may comprise a matrix. A matrix may further comprise one or more beads. A polymer 
may comprise PEG, glycerol, polysaccharide, or a combination thereof. A polymer may be a plastic, rubber, nylon, silicone, neoprene, 
and/or polystyrene. A polymer may be a natural polymer. Examples of natural polymers include, but are not limited to, shellac, amber, wool, 
silk, cellulose, and natural rubber. A polymer may be a synthetic polymer. Examples of synthetic polymers include, but are not limited to, 
synthetic rubber, phenol formaldehyde resin (or Bakelite), neoprene, nylon, polyvinyl chloride (PVC or vinyl), polystyrene, polyethylene, 
polypropylene, polyacrylonitrile, PVB, and silicone.

[0050] A support may be a semi-solid support. A support may comprise a gel (e.g., a hydrogel). The terms "hydrogel", "gel" and the like, are 
used interchangeably herein and may refer to a material which is not a readily flowable liquid and not a solid but a gel which gel is 
comprised of from 0.5% or more and preferably less than 40% by weight of gel forming solute material and from 95% or less and preferably 
more than 55% water. The gels may be formed by the use of a solute which is preferably a synthetic solute (but could be a natural solute, 
e.g., for forming gelatin) which forms interconnected cells which binds to, entrap, absorb and/or otherwise hold water and thereby create a 
gel in combination with water, where water includes bound and unbound water. The gel may be the basic structure of the hydrogel patch will 
include additional components beyond the gel forming solute material and water such as an enzyme and a salt which components are 
further described herein. The gel may be a polymer gel.

[0051] A solid support may comprise a structured nanostructure. For example, the structured nanostructure may comprise capture 
containers (e.g., a miniaturized honeycomb) which may comprise the oligonucleotides to capture the cell and/or contents of the cell. In 
some instances, structured nanostructures may not need the addition of exogenous reagents.

[0052] The support comprises a bead. A bead may encompass any type of solid or hollow sphere, ball, bearing, cylinder, or other similar 
configuration composed of plastic, ceramic, metal, or polymeric material onto which a nucleic acid may be immobilized (e.g., covalently or 
non-covalently). A bead may comprise nylon string or strings. A bead may be spherical in shape. A bead may be non-spherical in shape. 
Beads may be unpolished or, if polished, the polished bead may be roughened before treating, (e.g., with an alkylating agent). A bead may 
comprise a discrete particle that may be spherical (e.g., microspheres) or have an irregular shape. Beads may comprise a variety of 
materials including, but not limited to, paramagnetic materials, ceramic, plastic, glass, polystyrene, methylstyrene, acrylic polymers, titanium, 
latex, sepharose, cellulose, nylon and the like. A bead may be attached to or embedded into one or more supports. A bead may be
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attached to a gel or hydrogel. A bead may be embedded into a gel or hydrogel. A bead may be attached to a matrix. A bead may be 
embedded into a matrix. A bead may be attached to a polymer. A bead may be embedded into a polymer. The spatial position of a bead 
within the support (e.g., gel, matrix, scaffold, or polymer) may be identified using the oligonucleotide present on the bead which serves as a 
location address. Examples of beads include, but are not limited to, streptavidin beads, agarose beads, magnetic beads, Dynabeads®, 
MACS® microbeads, antibody conjugated beads (e.g., anti-immunoglobulin microbead), protein A conjugated beads, protein G conjugated 
beads, protein A/G conjugated beads, protein L conjugated beads, oligodT conjugated beads, silica beads, silica-like beads, anti-biotin 
microbead, anti-fluorochrome microbead, and BcMag™ Carboxy-Terminated Magnetic Beads. The diameter of the beads may be about 
5pm, 10pm, 20pm, 25pm, 30pm, 35pm, 40pm, 45pm or 50pm. A bead may refer to any three dimensional structure that may provide an 
increased surface area for immobilization of biological particles and macromolecules, such as DNA and RNA.

[0053] A support may be porous. A support may be permeable or semi-permeable. A support may be solid. A support may be semi-solid. A 
support may be malleable. A support may be flexible. In some instances, a support may be molded into a shape. For example, a support 
may be placed over an object and the support may take the shape of the object. In some instances, the support is placed over an organ 
and takes the shape of the organ. In some instances, the support is produced by 3D-printing.

[0054] The support (e.g., beads, nanoparticles) may be at least about 0.1, 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 100, 500, 1000, or 2000 
or more micrometers in diameter. The solid supports (e.g., beads) maybe at most about 0.1, 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 100, 
500, 1000, or 2000 or more micrometers in diameter. The diameter of the bead may be about 20 microns.

[0055] In some instances, a solid support comprises a dendrimer. A dendrimer may be smaller than a bead. A dendrimer may be 
subcellular. A dendrimer may be less than 1, 0.9, 0.8, 0.7, 0.6, 0.5, 0.4, 0.3, 0.2, or 0.1 micron in diameter. A dendrimer may be less than 
0.09, 0.08, 0.07, 0.06, 0.05, 0.04, 0.03, or 0.01 micron in diameterA dendrimer may comprise three major portions, a core, an inner shell, 
and an outer shell. A dendrimer may be synthesized to have different functionality in each of these portions. The different functionality of the 
portions of the dendrimer may control properties such as solubility, thermal stability, and attachment of compounds for particular 
applications. A dendrimer may be synthetically processed. A dendrimer may be synthesized by divergent synthesis. Divergent synthesis 
may comprise assembling a dendrimer from a multifunctional core, which is extended outward by a series of reactions. Divergent synthesis 
may comprise a series of Michael reactions. Alternatively, a dendrimer may be synthesized by convergent synthesis. Convergent synthesis 
may comprise building dendrimers from small molecules that end up at the surface of the sphere, and reactions may proceed inward and 
are eventually attached to a core. Dendrimers may also be prepared by click chemistry. Click chemistry may comprise Diels-Alder reactions, 
thiol-yne reactions, azide-alkyne reactions, or a combination thereof. Examples of dendrimers include, but are not limited to, 
poly(amidoamine) (PAMAM) dendrimer, PEG-core denderimer, phosphorous dendrimer, polypropylenimine dendrimer, and polylysine 
dendrimer. A dendrimer may be a chiral dendrimer. Alternatively, a dendrimer may be an achiral dendrimer.

[0056] A solid support may comprise a portion of a dendrimer. The portion of the dendrimer may comprise a dendron. A dendron may 
comprise monodisperse wedge-shaped dendrimer sections with multiple terminal groups and a single reaction function at the focal point. A 
solid support may comprise a polyester dendrom. Examples of dendrons include, but are not limited to, polyester-8-hydroxyl-1-acetylene 
bis-MPA dendron, polyester-16-hydroxyl-1-acetylene bis-MPA dendron, polyester-32-hydroxyl-1-acetylene bis-MPA dendron, polyester-8- 
hydroxyl-1-carboxyl bis-MPA dendron, polyester-16-hydroxyl-1-carboxyl bis-MPA dendron, and polyester-32-hydroxyl-1-carboxyl bis-MPA 
dendron.

[0057] A solid support may comprise a hyberbranched polymer. A hyperbranched polymer may comprise polydisperse dendritic 
macromolecules that possess dendrimer-like properties. Often, hyberbranched polymers are prepared in a single synthetic polymerization 
step. The hyperbranched polymer may be based on 2,2-bis(hydroxymethyl)propanoic acid (bis-MPA) monomer. Examples of 
hyperbranched polymers include, but are not limited to, hyperbranched bis-MPA polyester-16-hydroxyl, hyperbranched bis-MPA polyester- 
32-hydroxyl, and hyperbranched bis-MPA polyester-64-hydroxyl.

[0058] The solid support may be an array or microarray. The solid support may comprise discrete regions. The solid support may be an 
addressable array. In some instances, the array comprises a plurality of probes fixed onto a solid surface. The plurality of probes enables 
hybridization of the labeled-molecule and/or labeled-amplicon to the solid surface. The plurality of probes comprises a sequence that is 
complementary to at least a portion of the labeled-molecule and/or labeled-amplicon. In some instances, the plurality of probes comprises a 
sequence that is complementary to at least a portion of the sample tag, molecular identifier label, nucleic acid, or a combination thereof. In 
other instances, the plurality of probes comprises a sequence that is complementary to the junction formed by the attachment of the sample 
tag or molecular identifier label to the nucleic acid.

[0059] The array may comprise one or more probes. The probes may be in a variety of formats. The array may comprise a probe 
comprising a sequence that is complementary to at least a portion of the target nucleic acid and a sequence that is complementary to the 
unique identifier region of a sample tag or molecular identifier label, wherein the sample tag or molecular identifier label comprises an 
oligonucleotide. The sequence that is complementary to at least a portion of the target nucleic acid may be attached to the array. The 
sequence that is complementary to the unique identifier region may be attached to the array. The array may comprise a first probe 
comprising a sequence that is complementary to at least a portion of the target nucleic acid and a second probe that is complementary to 
the unique identifier region. There are various ways in which a stochastically labeled nucleic acid may hybridize to the arrays. For example, 
the junction of the unique identifier region and the target nucleic acid of the stochastically labeled nucleic acid may hybridize to the probe on 
the array. There may be a gap in the regions of the stochastically labeled nucleic acid that may hybridize to the probe on the array. Different 
regions of the stochastically labeled nucleic acid may hybridize to two or more probes on the array. Thus, the array probes may be in many 
different formats. The array probes may comprise a sequence that is complementary to a unique identifier region, a sequence that is
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complementary to the target nucleic acid, or a combination thereof. Hybridization of the stochastically labeled nucleic acid to the array may 
occur by a variety of ways. For example, two or more nucleotides of the stochastically labeled nucleic acid may hybridize to one or more 
probes on the array. The two or more nucleotides of the stochastically labeled nucleic acid that hybridize to the probes may be consecutive 
nucleotides, non-consecutive nucleotides, or a combination thereof. The stochastically labeled nucleic acid that is hybridized to the probe 
may be detected by any method known in the art. For example, the stochastically labeled nucleic acids may be directly detected. Directly 
detecting the stochastically labeled nucleic acid may comprise detection of a fluorophore, hapten, or detectable label. The stochastically 
labeled molecules may be indirectly detected. Indirect detection of the stochastically labeled nucleic acid may comprise ligation or other 
enzymatic or non-enzymatic methods.

[0060] The array may be in a variety of formats. For example, the array may be in a 16-, 32-, 48-, 64-, 80-, 96-, 112-, 128-, 144-, 160-, 
176-, 192-, 208-, 224-, 240-, 256-, 272-, 288-, 304-, 320-, 336-, 352-, 368-, 384-, or 400-format. Alternatively, the array is in an 8x60K, 
4x180K, 2x400K, 1x1M format. In other instances, the array is in an 8x15K, 4x44K, 2x105K, 1x244K format.

[0061] The array may comprise a single array. The single array may be on a single substrate. Alternatively, the array is on multiple 
substrates. The array may comprise multiple formats. The array may comprise a plurality of arrays. The plurality of arrays may comprise 
two or more arrays. For example, the plurality of arrays may comprise at least about 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 
19, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, or 100 arrays. In some instances, at least two arrays of the plurality of 
arrays are identical. Alternatively, at least two arrays of the plurality of arrays are different.

[0062] In some instances, the array comprises symmetrical chambered areas. For example, the array comprises 0.5 x 0.5 millimeters 
(mm), 1 x 1 mm, 1.5 x 1.5 mm, 2x2 mm, 2.5 x 2.5 mm, 3x3 mm, 3.5 x 3.5 mm, 4x4 mm, 4.5 x 4.5 mm, 5x5 mm, 5.5 x 5.5 mm, 6x6 
mm, 6.5 x 6.5 mm, 7x7 mm, 7.5 x 7.5 mm, 8x8 mm, 8.5 x 8.5 mm, 9x9 mm, 9.5 x 9.5 mm, 10 x 10 mm, 10.5 x 10.5 mm, 11x11 mm,
11.5 x 11.5 mm, 12 x 12 mm, 12.5 x 12.5 mm, 13 x 13 mm, 13.5 x 13.5 mm, 14 x 14 mm, 14.5 x 14.5 mm, 15 x 15 mm, 15.5 x 15.5 mm, 16
x 16 mm, 16.5 x 16.5 mm, 17 x 17 mm, 17.5 x 17.5 mm, 18 x 18 mm, 18.5 x 18.5 mm, 19 x 19 mm, 19.5 x 19.5 mm, or 20 x 20 mm
chambered areas. In some instances, the array comprises 6.5 x 6.5 mm chambered areas. Alternatively, the array comprises asymmetrical 
chambered areas. For example, the array comprises 6.5 x 0.5 mm, 6.5 x 1 mm, 6.5 x 1.5 mm, 6.5 x 2 mm, 6.5 x 2.5 mm, 6.5 x 3 mm, 6.5 x
3.5 mm, 6.5 x 4 mm, 6.5 x 4.5 mm, 6.5 x 5 mm, 6.5 x 5.5 mm, 6.5 x 6 mm, 6.5 x 6.5 mm, 6.5 x 7 mm, 6.5 x 7.5 mm, 6.5 x 8 mm, 6.5 x 8.5 
mm, 6.5 x 9 mm, 6.5 x 9.5 mm, 6.5 x 10 mm, 6.5 x 10.5 mm, 6.5 x 11 mm, 6.5 x 11.5 mm, 6.5 x 12 mm, 6.5 x 12.5 mm, 6.5 x 13 mm, 6.5 x
13.5 mm, 6.5 x 14 mm, 6.5 x 14.5 mm, 6.5 x 15 mm, 6.5 x 15.5 mm, 6.5 x 16 mm, 6.5 x 16.5 mm, 6.5 x 17 mm, 6.5 x 17.5 mm, 6.5 x 18
mm, 6.5 x 18.5 mm, 6.5 x 19 mm, 6.5 x 19.5 mm, or 6.5 x 20 mm chambered areas.

[0063] The array may comprise at least about 1 micron (pm), 2 pm, 3 pm, 4 pm, 5 pm, 6 pm, 7 pm, 8 pm, 9 pm, 10 pm, 15 pm, 20 pm, 25 
pm, 30 pm, 35 pm, 40 pm, 45 pm, 50 pm, 55 pm, 60 pm, 65 pm, 70 pm, 75 pm, 80 pm, 85 pm, 90 pm, 95 pm, 100 pm, 125 pm, 150 pm, 
175 pm, 200 pm, 225 pm, 250 pm, 275 pm, 300 pm, 325 pm, 350 pm, 375 pm, 400 pm, 425 pm, 450 pm, 475 pm, or 500 pm spots. In 
some instances, the array comprises 70 pm spots.

[0064] The array may comprise at least about 1 pm, 2 pm, 3 pm, 4 pm, 5 pm, 6 pm, 7 pm, 8 pm, 9 pm, 10 pm, 15 pm, 20 pm, 25 pm, 30
pm, 35 pm, 40 pm, 45 pm, 50 pm, 55 pm, 60 pm, 65 pm, 70 pm, 75 pm, 80 pm, 85 pm, 90 pm, 95 pm, 100 pm, 125 pm, 150 pm, 175 pm,
200 pm, 225 pm, 250 pm, 275 pm, 300 pm, 325 pm, 350 pm, 375 pm, 400 pm, 425 pm, 450 pm, 475 pm, 500 pm, 525 pm, 550 pm, 575
pm, 600 pm, 625 pm, 650 pm, 675 pm, 700 pm, 725 pm, 750 pm, 775 pm, 800 pm, 825 pm, 850 pm, 875 pm, 900 pm, 925 pm, 950 pm,
975 pm, 1000 pm feature pitch. In some instances, the array comprises 161 pm feature pitch.

[0065] The array may comprise one or more probes. In some instances, the array comprises at least about 5, 10, 15, 20, 25, 30, 40, 50, 
60, 70, 80, 90, or 100 probes. Alternatively, the array comprises at least about 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1100, 1200, 
1300, 1400, 1500, 1600, 1700, 1800, 1900, 2000, 2100, 2200, 2300, 2400, 2500, 2600, 2700, 2800, 2900, or 3000 probes. The array may 
comprise at least about 3500, 4000, 4500, 5000, 5500, 6000, 6500, 7000, 7500, 8000, 8500, 9000, 9500, or 10000 probes. In some 
instances, the array comprises at least about 960 probes. Alternatively, the array comprises at least about 2780 probes. The probes may be 
specific for the plurality of oligonucleotide tags. The probes may be specific for at least a portion of the plurality of oligonucleotide tags. The 
probes may be specific for at least about 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 97% or 100% of the total number of 
the plurality of oligonucleotide tags. Alternatively, the probes are specific for at least about 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 
90%, 95%, 97% or 100% of the total number of different oligonucleotide tags of the plurality of oligonucleotide tags. The probes may be 
oligonucleotides. The oligonucleotides may be at least about 1, 2, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100 nucleotides long. In other 
instances, the probes are non-specific probes. For example, the probes may be specific for a detectable label that is attached to the 
labeled-molecule. The probe may be streptavidin.

[0066] The array may be a printed array. In some instances, the printed array comprises one or more oligonucleotides attached to a 
substrate. For example, the printed array comprises 5' amine modified oligonucleotides attached to an epoxy silane substrate.

[0067] Alternatively, the array comprises a slide with one or more wells. The slide may comprise at least about 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 
12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, or 100 wells. Alternatively, the slide comprises at 
least about 125, 150, 175, 200, 250, 300, 350, 400, 450, 500, 650, 700, 750, 800, 850, 900, 950, or 1000 wells. In some instances, the 
slide comprises 16 wells. Alternatively, the slide comprises 96 wells. In other instances, the slide comprises at least about 80, 160, 240, 320, 
400, 480, 560, 640, 720, 800, 880, or 960 wells.

[0068] In some instances, the solid support is an Affymetrix 3K tag array, Arrayjet noncontact printed array, or Applied Microarrays Inc (AMI)
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array. Alternatively, the support comprises a contact printer, impact printer, dot printer, or pin printer.

[0069] The solid support may comprise the use of beads that self-assemble in microwells. For example, the solid support comprises 
lllumina's BeadArray Technology. Alternatively, the solid support comprises Abbott Molecular's Bead Array technology, and Applied 
Microarray's FlexiPlexTM system.

[0070] In other instances, the solid support is a plate. Examples of plates include, but are not limited to, MSD multi-array plates, MSD Multi- 
Spot® plates, microplate, ProteOn microplate, AlphaPlate, DELFIA plate, IsoPlate, and LumaPlate.

[0071] The method may further comprise attaching at least one of a plurality of labeled nucleic acids to a support. The support may 
comprise a plurality of beads. The support may comprise an array. The support may comprise a glass slide.

[0072] The glass slide may comprise one or more wells. The one or more wells may be etched on the glass slide. The one or more wells 
may comprise at least 960 wells. The glass slide may comprise one or more probes. The one or more probes may be printed onto the glass 
slide. The one or more wells may further comprise one or more probes. The one or more probes may be printed within the one or more 
wells. The one or more probes may comprise 960 nucleic acids.

[0073] The methods and kits disclosed herein may further comprise distributing the plurality of first sample tags, the plurality of second 
sample tags, the plurality of molecular identifier labels, or any combination thereof in a microwell plate. The methods and kits disclosed 
herein may further comprise distributing one or more beads in the microwell plate. The methods and kits disclosed herein may further 
comprise distributing the plurality of samples in a plurality of wells of a microwell plate. The one or more of the plurality of samples may 
comprise a plurality of cells. One or more of the plurality of samples may comprise a plurality of nucleic acids. The method may further 
comprise distributing one or fewer cells to the plurality of wells. The plurality of cells may be lysed in the microwell plate. The method may 
further comprise synthesizing cDNA in the microwell plate. Synthesizing cDNA may comprise reverse transcription of mRNA. The microwell 
plate may comprise a microwell plate fabricated on PDMS by soft lithography, etched on a silicon wafer, etched on a glass slide, patterned 
photoresist on a glass slide, or a combination thereof. The microwell may comprise a hole on a microcapillary plate. The microwell plate 
may comprise a water-in-oil emulsion. The microwell plate may comprise at least one or more wells. The microwell plate may comprise at 
least about 6 wells, 12 wells, 48 wells, 96 wells, 384 wells, 960 wells or 1000 wells.

[0074] The methods and kits may further comprise a chip. The microwell plate may be attached to the chip. The chip may comprise at least 
about 6 wells, 12 wells, 48 wells, 96 wells, 384 wells, 960 wells, 1000 wells, 2000 wells, 3000 wells, 4000 wells, 5000 wells, 6000 wells, 7000 
wells, 8000 wells, 9000 wells, 10,000 wells, 20,000 wells, 30,000 wells, 40,000 wells, 50,000 wells, 60,000 wells, 70,000 wells, 80, 000 wells, 
90,000 wells, 100,000 wells, 200,000 wells, 500,000 wells, or a million wells. The wells may comprise an area of at least about 300 

microns2, 400 microns2, 500 microns2, 600 microns2, 700 microns2, 800 microns2, 900 microns2, 1000 microns2, 1100 microns2, 1200 

microns2, 1300 microns2, 1400 microns2, 1500 microns2. The method may further comprise distributing between about 10,000 and 30,000 
samples on the chip.

Functionalized surfaces and oligonucleotides

[0075] The bead may comprise a functionalized surface. A functionalized surface may refer to the surface of the solid support comprising a 
functional group. A functional group may be a group capable of forming an attachment with another functional group. For example, a 
functional group may be biotin, which may form an attachment with streptavidin, another functional group. Exemplary functional groups may 
include, but are not limited to, aldehydes, ketones, carboxy groups, amino groups, biotin, streptavidin, nucleic acids, small molecules (e.g., 
for click chemistry), homo- and hetero-bifunctional reagents (e.g., N-succinimidyl(4-iodoacetyl) aminobenzoate (SIAB), dimaleimide, dithio- 
bis-nitrobenzoic acid (DTNB), N-succinimidyl-S-acetyl-thioacetate (SATA), N-succinimidyl-3-(2-pyridyldithio) propionate (SPDP), succinimidyl 
4-(N-mafeimidomethyl)-cyclohexane-1-carboxylate (SMCC) and 6-hydrazinonicotimide (HYNIC), and antibodies. In some instances the 
functional group is a carboxy group (e.g., COOH).

[0076] Oligonucleotides (e.g., nucleic acids) may be attached to functionalized solid supports. The immobilized oligonucleotides on solid 
supports or similar structures may serve as nucleic acid probes, and hybridization assays may be conducted wherein specific target nucleic 
acids may be detected in complex biological samples.

[0077] The solid support (e.g., beads) may be functionalized for the immobilization of oligonucleotides. An oligonucleotide may be 
conjugated to a solid support through a covalent amide bond formed between the solid support and the oligonucleotide.

[0078] A support may be conjugated to at least about 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900 or 
1000 or more oligonucleotides. A support may be conjugated to at least about 100000, 200000, 300000, 400000, 500000, 600000, 700000, 
800000, 900000, 1000000, 2000000, 3000000, 4000000, 5000000, 6000000, 7000000, 8000000, 9000000 or 10000000, 100000000, 
500000000, 1000000000 or more oligonucleotides. A support may be conjugated to at least about 100000, 200000, 300000, 400000, 
500000, 600000, 700000, 800000, 900000, 1000000, 2000000, 3000000, 4000000, 5000000, 6000000, 7000000, 8000000, 9000000 or 
10000000, 100000000, 500000000, 1000000000 or more oligonucleotides. A support may be conjugated to at least 1 million 
oligonucleotides. A support may be conjugated to at least 10 million oligonucleotides. A support may be conjugated to at least 25 million 
oligonucleotides. A support may be conjugated to at least 50 million oligonucleotides. A support may be conjugated to at least 100 million
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oligonucleotides. A support may be conjugated to at least 250 million oligonucleotides. A support may be conjugated to at least 500 million 
oligonucleotides. A support may be conjugated to at least 750 million oligonucleotides. A support may be conjugated to at least about 1,2,3 
4, 5, 6, 7, 8, 9, 10, 11, 12 13, 14, or 15 billion oligonucleotides. Asupport may be conjugated to at least 1 billion oligonucleotides. Asupport 
may be conjugated to at least 5 billion oligonucleotides.

[0079] The oligonucleotides may be attached to the support (e.g., beads, polymers, gels) via a linker. Conjugation may comprise covalent 
or non-covalent attachment. Conjugation may introduce a variable spacer between the beads and the nucleic acids. The linker between the 
support and the oligonucleotide may be cleavable (e.g., photocleavable linkage, acid labile linker, heat sensitive linker, and enzymatically 
cleavable linker).

[0080] Cross-linking agents for use for conjugating molecules to supports may include agents capable of reacting with a functional group 
present on a surface of the solid support and with a functional group present in the molecule. Reagents capable of such reactivity may 
include aldehydes, ketones, carboxy groups, amino groups, biotin, streptavidin, nucleic acids, small molecules (e.g., for click chemistry), 
homo- and hetero-bifunctional reagents (e.g., N-succinimidyl(4-iodoacetyl) aminobenzoate (SIAB), dimaleimide, dithio-bis-nitrobenzoic acid 
(DTNB), N-succinimidyl-S-acetyl-thioacetate (SATA), N-succinimidyl-3-(2-pyridyldithio) propionate (SPDP), succinimidyl 4-(N- 
mafeimidomethyl)-cyclohexane-1-carboxylate (SMCC) and 6-hydrazinonicotimide (HYNIC).

[0081] A bead may be functionalized with a carboxy functional group and an oligonucleotide may be functionalized with an amino functional 
group.

[0082] Asupport may be smooth. Alternatively, or additionally, a support may comprise divets, ridges, or wells. Asupport may comprise a 
microwell array. A microwell array may be functionalized with functional groups that facilitate the attachment of oligonucleotides. The 
functional groups on the microwell array may be different for different positions on the microwell array. The functional groups on the 
microwell array may be the same for all regions of the microwell array.

Assay System Components

Microwell arrays

[0083] As described above, microwell arrays are used to entrap single cells and beads (one bead per cell) within a small reaction chamber 
of defined volume. Each bead comprises a library of oligonucleotide probes for use in stochastic labeling and digital counting of the entire 
complement of cellular mRNA molecules, which are released upon lysis of the cell. In one embodiment of the present disclosure, the 
microwell arrays are a consumable component of the assay system. In other embodiments, the microwell arrays may be reusable. In either 
case, they may be configured to be used as a stand-alone device for use in performing assays manually, or they may be configured to 
comprise a removable or fixed component of an instrument that provides for full or partial automation of the assay procedure.

[0084] The microwells of the array can be fabricated in a variety of shapes and sizes, which are chosen to optimize the efficiency of 
trapping a single cell and bead in each well. Appropriate well geometries include, but are not limited to, cylindrical, conical, hemispherical, 
rectangular, or polyhedral (e.g., three dimensional geometries comprised of several planar faces, for example, hexagonal columns, 
octagonal columns, inverted triangular pyramids, inverted square pyramids, inverted pentagonal pyramids, inverted hexagonal pyramids, or 
inverted truncated pyramids). The microwells may comprise a shape that combines two or more of these geometries. For example, in one 
embodiment it may be partly cylindrical, with the remainder having the shape of an inverted cone. In another embodiment, it may include 
two side-by-side cylinders, one of larger diameter than the other, that are connected by a vertical channel (that is, parallel to the cylinder 
axes) that extends the full length (depth) of the cylinders. In general, the open end (or mouth) of each microwell will be located at an upper 
surface of the microwell array, but in some embodiments the openings may be located at a lower surface of the array. In general, the closed 
end (or bottom) of the microwell will be flat, but curved surfaces (e.g., convex or concave) are also possible. In general, the shape (and 
size) of the microwells will be determined based on the types of cells and/or beads to be trapped in the microwells.

[0085] Microwell dimensions may be characterized in terms of the diameter and depth of the well. As used herein, the diameter of the 
microwell refers to the largest circle that can be inscribed within the planar cross-section of the microwell geometry. In one embodiment of 
the present disclosure, the diameter of the microwells may range from about 0.1 to about 5-fold the diameter of the cells and/or beads to be 
trapped within the microwells. In other embodiments, the microwell diameter is at least 0.1-fold, at least 0.5-fold, at least 1-fold, at least 2- 
fold, at least 3-fold, at least 4-fold, or at least 5-fold the diameter of the cells and/or beads to be trapped within the microwells. In yet other 
embodiments, the microwell diameter is at most 5-fold, at most 4-fold, at most 3-fold, at most 2-fold, at most 1-fold, at most 0.5-fold, or at 
most 0.1-fold the diameter of the cells and/or beads to be trapped within the microwells. In one embodiment, the microwell diameter is 
about 2.5-fold the diameter of the cells and/or beads to be trapped within the microwells. Those of skill in the art will appreciate that the 
microwell diameter may fall within any range bounded by any of these values (e.g., from about 0.2-fold to about 3.5-fold the diameter of the 
cells and/or beads to be trapped within the microwells). Alternatively, the diameter of the microwells can be specified in terms of absolute 
dimensions. In one embodiment of the present disclosure, the diameter of the microwells may range from about 5 to about 50 microns. In 
other embodiments, the microwell diameter is at least 5 microns, at least 10 microns, at least 15 microns, at least 20 microns, at least 25 
microns, at least 30 microns, at least 35 microns, at least 40 microns, at least 45 microns, or at least 50 microns. In yet other embodiments, 
the microwell diameter is at most 50 microns, at most 45 microns, at most 40 microns, at most 35 microns, at most 30 microns, at most 25
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microns, at most 20 microns, at most 15 microns, at most 10 microns, or at most 5 microns. In one embodiment, the microwell diameter is 
about 30 microns. Those of skill in the art will appreciate that the microwell diameter may fall within any range bounded by any of these 
values (e.gr., from about 28 microns to about 34 microns).

[0086] The microwell depth is chosen to optimize cell and bead trapping efficiency while also providing efficient exchange of assay buffers 
and other reagents contained within the wells. In one embodiment of the present disclosure, the depth of the microwells may range from 
about 0.1 to about 5-fold the diameter of the cells and/or beads to be trapped within the microwells. In other embodiments, the microwell 
depth is at least 0.1-fold, at least 0.5-fold, at least 1-fold, at least 2-fold, at least 3-fold, at least 4-fold, or at least 5-fold the diameter of the 
cells and/or beads to be trapped within the microwells. In yet other embodiments, the microwell depth is at most 5-fold, at most 4-fold, at 
most 3-fold, at most 2-fold, at most 1-fold, at most 0.5-fold, or at most 0.1-fold the diameter of the cells and/or beads to be trapped within 
the microwells. In one embodiment, the microwell depth is about 2.5-fold the diameter of the cells and/or beads to be trapped within the 
microwells. Those of skill in the art will appreciate that the microwell depth may fall within any range bounded by any of these values (e.gr., 
from about 0.2-fold to about 3.5-fold the diameter of the cells and/or beads to be trapped within the microwells). Alternatively, the diameter 
of the microwells can be specified in terms of absolute dimensions. In one embodiment of the present disclosure, the depth of the 
microwells may range from about 10 to about 60 microns. In other embodiments, the microwell depth is at least 10 microns, at least 20 
microns, at least 25 microns, at least 30 microns, at least 35 microns, at least 40 microns, at least 50 microns, or at least 60 microns. In yet 
other embodiments, the microwell depth is at most 60 microns, at most 50 microns, at most 40 microns, at most 35 microns, at most 30 
microns, at most 25 microns, at most 20 microns, or at most 10 microns. In one embodiment, the microwell depth is about 30 microns. 
Those of skill in the art will appreciate that the microwell depth may fall within any range bounded by any of these values (e.gr., from about 
24 microns to about 36 microns).

[0087] The wells of the microwell array are arranged in a one dimensional, two dimensional, or three dimensional array, where three 
dimensional arrays may be achieved, for example, by stacking a series of two or more two dimensional arrays (that is, by stacking two or 
more substrates comprising microwell arrays). The pattern and spacing between wells is chosen to optimize the efficiency of trapping a 
single cell and bead in each well, as well as to maximize the number of wells per unit area of the array. The wells may be distributed 
according to a variety of random or non-random patterns, for example, they may be distributed entirely randomly across the surface of the 
array substrate, or they may be arranged in a square grid, rectangular grid, or hexagonal grid. In one embodiment of the present 
disclosure, the center-to-center distance (or spacing) between wells may vary from about 15 microns to about 75 microns. In other 
embodiments, the spacing between wells is at least 15 microns, at least 20 microns, at least 25 microns, at least 30 microns, at least 35 
microns, at least 40 microns, at least 45 microns, at least 50 microns, at least 55 microns, at least 60 microns, at least 65 microns, at least 
70 microns, or at least 75 microns. In yet other embodiments, the microwell spacing is at most 75 microns, at most 70 microns, at most 65 
microns, at most 60 microns, at most 55 microns, at most 50 microns, at most 45 microns, at most 40 microns, at most 35 microns, at most 
30 microns, at most 25 microns, at most 20 microns, or at most 15 microns. In one embodiment, the microwell spacing is about 55 microns. 
Those of skill in the art will appreciate that the microwell depth may fall within any range bounded by any of these values (e.gr., from about 
18 microns to about 72 microns).

[0088] The microwell array may comprise surface features between the microwells that are designed to help guide cells and beads into the 
wells and/or prevent them from settling on the surfaces between wells. Examples of suitable surface features include, but are not limited to, 
domed, ridged, or peaked surface features that encircle the wells and/or straddle the surface between wells.

[0089] The total number of wells in the microwell array is determined by the pattern and spacing of the wells and the overall dimensions of 
the array. In one embodiment of the present disclosure, the number of microwells in the array may range from about 96 to about 5,000,000 
or more. In other embodiments, the number of microwells in the array is at least 96, at least 384, at least 1,536, at least 5,000, at least 
10,000, at least 25,000, at least 50,000, at least 75,000, at least 100,000, at least 500,000, at least 1,000,000, or at least 5,000,000. In yet 
other embodiments, the number of microwells in the array is at most 5,000,000, at most 1,000,000, at most 75,000, at most 50,000, at most 
25,000, at most 10,000, at most 5,000, at most 1,536, at most 384, or at most 96 wells. In one embodiment, the number of microwells in the 
array is about 96. In another embodiment, the number of microwells is about 150,000. Those of skill in the art will appreciate that the 
number of microwells in the array may fall within any range bounded by any of these values (e.g., from about 100 to 325,000).

[0090] Microwell arrays may be fabricated using any of a number of fabrication techniques known to those of skill in the art. Examples of 
fabrication methods that may be used include, but are not limited to, bulk micromachining techniques such as photolithography and wet 
chemical etching, plasma etching, or deep reactive ion etching; micro-molding and micro-embossing; laser micromachining; 3D printing or 
other direct write fabrication processes using curable materials; and similar techniques.

[0091] Microwell arrays may be fabricated from any of a number of substrate materials known to those of skill in the art, where the choice of 
material typically depends on the choice of fabrication technique, and vice versa. Examples of suitable materials include, but are not limited 
to, silicon, fused-silica, glass, polymers (e.g., agarose, gelatin, hydrogels, polydimethylsiloxane (PDMS; elastomer), polymethylmethacrylate 
(PMMA), polycarbonate (PC), polypropylene (PP), polyethylene (PE), high density polyethylene (HDPE), polyimide, cyclic olefin polymers 
(COP), cyclic olefin copolymers (COC), polyethylene terephthalate (PET), and epoxy resins), metals or metal films (e.g., aluminum, stainless 
steel, copper, nickel, chromium, and titanium), and the like. Typically, a hydrophilic material is desirable for fabrication of the microwell 
arrays (to enhance wettability and minimize non-specific binding of cells and other biological material), but hydrophobic materials that can 
be treated or coated (e.g., by oxygen plasma treatment, or grafting of a polyethylene oxide surface layer) can also be used. The use of 
porous, hydrophilic materials for the fabrication of the microwell array may be desirable in order to facilitate capillary wicking/venting of 
entrapped air bubbles in the device. In some embodiments, the microwell array is fabricated with an optical adhesive. In some 
embodiments, the microwell array is fabricated with a plasma or corona treated material. The use of plasma or corona treated materials can
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make the material hydrophillic. In some embodients, plasma or corona treated materials, such as a hydrophillic material, can be more stable 
than non-treated materials. In some embodiments, the microwell array is fabricated from a single material. In other embodiments, the 
microwell array may comprise two or more different materials that have been bonded together or mechanically joined.

[0092] A variety of surface treatments and surface modification techniques may be used to alter the properties of microwell array surfaces. 
Examples include, but are not limited to, oxygen plasma treatments to render hydrophobic material surfaces more hydrophilic, the use of 
wet or dry etching techniques to smooth (or roughen) glass and silicon surfaces, adsorption and/or grafting of polyethylene oxide or other 
polymer layers to substrate surfaces to render them more hydrophilic and less prone to non-specific adsorption of biomolecules and cells, 
the use of silane reactions to graft chemically-reactive functional groups to otherwise inert silicon and glass surfaces, etc. Photodeprotection 
techniques can be used to selectively activate chemically-reactive functional groups at specific locations in the array structure, for example, 
the selective addition or activation of chemically-reactive functional groups such as primary amines or carboxyl groups on the inner walls of 
the microwells may be used to covalently couple oligonucleotide probes, peptides, proteins, or other biomolecules to the walls of the 
microwells. In general, the choice of surface treatment or surface modification utilized will depend both on the type of surface property that 
is desired and on the type of material from which the microwell array is made.

[0093] In some embodiments, it may be advantageous to seal the openings of microwells during, for example, cell lysis steps, to prevent 
cross hybridization of target nucleic acid between adjacent microwells. A microwell may be sealed using a cap such as a solid support or a 
bead, where the diameter of the bead is larger than the diameter of the microwell. For example, a bead used as a cap can be at least about 
10, 20, 30, 40, 50, 60, 70, 80 or 90% larger than the diameter of the microwell. Alternatively, a cap may be at most about 10, 20, 30, 40, 50, 
60, 70, 80 or 90% larger than the diameter of the microwell.

[0094] A bead used as a cap may comprise cross-linked dextran beads (e.g., Sephadex). Cross-linked dextran can range from about 10 
micrometers to about 80 micrometers. The cross-linked dextran of the bead cap can be from 20 micrometers to about 50 micrometers. A 
cap can comprise, for example, inorganic nanopore membranes (e.g., aluminum oxides), dialysis membranes, glass slides, 
coverslips,and/or hydrophilic plastic film (e.g., film coated with a thin film of agarose hydrated with lysis buffer).

[0095] In some embodiments, the cap may allow buffer to pass into and out of the microwell, while preventing macromolecules (e.g., 
nucleic acids) from migrating out of the well. A macromolecule of at least about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 13, 14, 15, 16, 17, 18, 19, or 
20 or more nucleotides can be blocked from migrating into or out of the microwell by the cap. A macromolecule of at most about 1,2,3, 4, 
5, 6, 7, 8, 9, 10, 12, 13, 14, 15, 16, 17, 18, 19, or 20 or more nucleotides can be blocked from migrating into or out of the microwell by the 
cap.

[0096] In some embodiments, a sealed microwell array can comprise a single layer of beads on top of the microwells. In some 
embodiments, a sealed microwell array can comprise multiple layers of beads on top of the microwells. A sealed microwell array can 
comprise about 1, 2, 3, 4, 5, or 6 or more layers of beads.

Mechanical fixtures

[0097] When performing multiplexed, single cell stochastic labeling/molecular indexing assays manually, it is convenient to mount the 
microwell array in a mechanical fixture to create a reaction chamber and facilitate the pipetting or dispensing of cell suspensions and assay 
reagents onto the array (FIGs. 69 and 70). In the example illustrated in FIG. 69, the fixture accepts a microwell array fabricated on a 1 mm 
thick substrate, and provides mechanical support in the form of a silicone gasket to confine the assay reagents to a reaction chamber that is 
16 mm wide x 35 mm long x approximately 4 mm deep, thereby enabling the use of 800 microliters to 1 milliliter of cell suspension and bead 
suspension (comprising bead-based oligonucleotide labels) to perform the assay.

[0098] The fixture consists of rigid, machined top and bottom plates (e.g., aluminum) and a compressible (e.g., silicone, 
polydimethylsiloxane) gasket for creating the walls of the chamber or well. Design features include: (i) Chamfered aperture edges and 
clearance for rotating microscope objectives in and out of position as needed (for viewing the microwell array at different magnifications), (ii) 
Controlled compression of the silicone gasket to ensure uniform, repeatable formation of a leak-proof seal with the microwell array 
substrate, (iii) Captive fasteners for convenient operation, (iv) A locating clamp mechanism for secure and repeatable positioning of the 
array, (v) Convenient disassembly for removal of the array during rinse steps.

[0099] The top and bottom plates may be fabricated using any of a variety of techniques (e.g., conventional machining, CNC machining, 
injection molding, 3D printing, etc.) using a variety of materials (e.g., aluminum, anodized aluminum, stainless steel, teflon, 
polymethylmethacrylate (PMMA), polycarbonate (PC), or similar rigid polymer materials).

[0100] The silicone (polydimethylsiloxane; PDMS) gasket may be configured to create multiple chambers (see FIG. 71) in order to run 
controls and experiments (or replicate experiments, or multiple independent experiments) in parallel. The gasket is molded from PDMS or 
similar elastomeric material using a Teflon mold that includes draft angles for the vertical gasket walls to provide for good release 
characteristics. Alternatively, molds can be machined from aluminum or other materials (e.g., black delrin, polyetherimide (ultem), etc.), and 
coated with Teflon if necessary to provide for good release characteristics. The gasket mold designs are inverted, i.e. so that the top surface 
of the molded part (i.e. the surface at the interface with a glass slide or silicon wafer used to cover the mold during casting) becomes the 
surface for creating a seal with the microwell array substrate during use, thereby avoiding potential problems with mold surface roughness 
and surface contamination in creating a smooth gasket surface (to ensure a leak-proof seal with the array substrate), and also providing for
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a flexible choice of substrate materials and the option of pre-assembly by using the microwell array substrate as a base during casting. The 
gasket mold designs may also include force focusing ridges at the boundaries of the well areas, i.e. the central mesa(s) in the mold (which 
form the well(s)) have raised ridges at the locations which become the perimeter of the well(s), so that a cover placed on top of the mold 
after filling rests on a small contact area at the precise location where good edge profile is critical for forming a leak-proof seal between the 
gasket and substrate during use.

Instrument Systems

[0101] The present disclosure also includes instrument systems and consumables to support the automation of multiplexed, single cell 
stochastic labeling/molecular indexing assays. Such systems may include consumable cartridges that incorporate microwell arrays 
integrated with flow cells, as well as the instrumentation necessary to provide control and analysis functionality such as (i) fluidics control, (ii) 
temperature control, (iii) cell and/or bead distribution and collection mechanisms, (iv) cell lysis mechanisms, (v) imaging capability, and (vi) 
image processing. In some embodiments, the input for the system comprises a cell sample and the output comprises a bead suspension 
comprising beads having attached oligonucleotides that incorporate sample tags, cell tags, and molecular indexing tags. In other 
embodiments, the system may include additional functionality, such as thermal cycling capability for performing PCR amplification, in which 
case the input for the system comprises a cell sample and the output comprises an oligonucleotide library resulting from amplification of the 
oligonucleotides incorporating sample tags, cell tags, and molecular indexing tags that were originally attached to beads. In yet other 
embodiments, the system may also include sequencing capability, with or without the need for oligonucleotide amplification, in which case 
the input for the system is a cell sample and the output comprises a dataset further comprising the sequences of all sample tag, cell tag, 
and molecular indexing tags associated with the target sequences of interest.

Microwell array flow cells

[0102] In many embodiments of the automated assay system, the microwell array substrate will be packaged within a flow cell that provides 
for convenient interfacing with the rest of the fluid handling system and facilitates the exchange of fluids, e.g., cell and bead suspensions, 
lysis buffers, rinse buffers, etc., that are delivered to the microwell array. Design features may include: (i) one or more inlet ports for 
introducing cell samples, bead suspensions, and/or other assay reagents, (ii) one or more microwell array chambers designed to provide for 
uniform filling and efficient fluid-exchange while minimizing back eddies or dead zones, and (iii) one or more outlet ports for delivery of fluids 
to a sample collection point and/or a waste reservoir. In some embodiments, the design of the flow cell may include a plurality of microarray 
chambers that interface with a plurality of microwell arrays such that one or more cell samples may be processed in parallel. In some 
embodiments, the design of the flow cell may further include features for creating uniform flow velocity profiles, i.e. "plug flow", across the 
width of the array chamber to provide for more uniform delivery of cells and beads to the microwells, for example, by using a porous barrier 
located near the chamber inlet and upstream of the microwell array as a "flow diffuser", or by dividing each array chamber into several 
subsections that collectively cover the same total array area, but through which the divided inlet fluid stream flows in parallel. In some 
embodiments, the flow cell may enclose or incorporate more than one microwell array substrate. In some embodiments, the integrated 
microwell array I flow cell assembly may constitute a fixed component of the system. In some embodiments, the microwell array I flow cell 
assembly may be removable from the instrument.

[0103] In general, the dimensions of fluid channels and the array chamber(s) in flow cell designs will be optimized to (i) provide uniform 
delivery of cells and beads to the microwell array, and (ii) to minimize sample and reagent consumption. In some embodiments, the width of 
fluid channels will be between 50 microns and 20 mm. In other embodiments, the width of fluid channels may be at least 50 microns, at 
least 100 microns, at least 200 microns, at least 300 microns, at least 400 microns, at least 500 microns, at least 750 microns, at least 1 
mm, at least 2.5 mm, at least 5 mm, at least 10 mm, or at least 20 mm. In yet other embodiments, the width of fluid channels may at most 
20 mm, at most 10 mm, at most 5 mm, at most 2.5 mm, at most 1 mm, at most 750 microns, at most 500 microns, at most 400 microns, at 
most 300 microns, at most 200 microns, at most 100 microns, or at most 50 microns. In one embodiment, the width of fluid channels is 
about 2 mm. Those of skill in the art will appreciate that the width of the fluid channels may fall within any range bounded by any of these 
values (e.g., from about 250 microns to about 3 mm).

[0104] In some embodiments, the depth of the fluid channels will be between 50 microns and 10 mm. In other embodiments, the depth of 
fluid channels may be at least 50 microns, at least 100 microns, at least 200 microns, at least 300 microns, at least 400 microns, at least 
500 microns, at least 750 microns, at least 1 mm, at least 1.25 mm, at least 1.5 mm, at least 1.75 mm, at least 2 mm, at least 2.5 mm, at 
least 3 mm, at least 3.5 mm, at least 4 mm, at least 4.5 mm, at least 5 mm, at least 5.5 mm, at least 6 mm, at least 6.5 mm, at least 7 mm, 
at least 7.5 mm, at least 8 mm, at least 8.5 mm, at least 9 mm, or at least 9.5 mm. In other embodiments, the depth of fluid channels may 
be at most 10 mm, at most 9.5 mm, at most 9 mm, at most 8.5 mm, at most 8 mm, at most 7.5 mm, at most 7 mm, at most 6.5 mm, at most 
6 mm, at most 5.5 mm, at most 5 mm, at most 4.5 mm, at most 4 mm, at most 3.5 mm, at most 3 mm, at most 2 mm, at most 1.75 mm, at 
most 1.5 mm, at most 1.25 mm, at most 1 mm, at most 750 microns, at most 500 microns, at most 400 microns, at most 300 microns, at 
most 200 microns, at most 100 microns, or at most 50 microns. In one embodiment, the depth of the fluid channels is about 1 mm. Those of 
skill in the art will appreciate that the depth of the fluid channels may fall within any range bounded by any of these values (e.g., from about 
800 microns to about 1 mm).

[0105] Flow cells may be fabricated using a variety of techniques and materials known to those of skill in the art. In general, the flow cell will 
be fabricated as a separate part and subsequently either mechanically clamped or permanently bonded to the microwell array substrate.
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Examples of suitable fabrication techniques include conventional machining, CNC machining, injection molding, 3D printing, alignment and 
lamination of one or more layers of laser or die-cut polymer films, or any of a number of microfabrication techniques such as 
photolithography and wet chemical etching, dry etching, deep reactive ion etching, or laser micromachining. Once the flow cell part has 
been fabricated it may be attached to the microwell array substrate mechanically, e.g., by clamping it against the microwell array substrate 
(with or without the use of a gasket), or it may be bonded directly to the microwell array substrate using any of a variety of techniques 
(depending on the choice of materials used) known to those of skill in the art, for example, through the use of anodic bonding, thermal 
bonding, ultrasonic welding, or any of a variety of adhesives or adhesive films, including epoxy-based, acrylic-based, silicone-based, UV 
curable, polyurethane-based, or cyanoacrylate-based adhesives.

[0106] Flow cells may be fabricated using a variety of materials known to those of skill in the art. Examples of suitable materials include, but 
are not limited to, silicon, fused-silica, glass, any of a variety of polymers, e.g., polydimethylsiloxane (PDMS; elastomer), 
polymethylmethacrylate (PMMA), polycarbonate (PC), polypropylene (PP), polyethylene (PE), high density polyethylene (HDPE), polyimide, 
cyclic olefin polymers (COP), cyclic olefin copolymers (COC), polyethylene terephthalate (PET), epoxy resins, metals (e.g., aluminum, 
stainless steel, copper, nickel, chromium, and titanium), or a combination of these materials.

Cartridges

[0107] In many embodiments of the automated assay system, the microwell array, with or without an attached flow cell, will be packaged 
within a consumable cartridge that interfaces with the instrument system and which may incorporate additional functionality. Design features 
of cartridges may include (i) one or more inlet ports for creating fluid connections with the instrument and/or manually introducing cell 
samples, bead suspensions, and/or other assay reagents into the cartridge, (ii) one or more bypass channels, i.e. for self-metering of cell 
samples and bead suspensions, to avoid overfilling and/or back flow, (iii) one or more integrated microwell array I flow cell assemblies, or 
one or more chambers within which the microarray substrate(s) are positioned, (iv) integrated miniature pumps or other fluid actuation 
mechanisms for controlling fluid flow through the device, (v) integrated miniature valves for compartmentalizing pre-loaded reagents and/or 
controlling fluid flow through the device, (vi) vents for providing an escape path for trapped air, (vii) one or more sample and reagent waste 
reservoirs, (viii) one or more outlet ports for creating fluid connections with the instrument and/or providing a processed sample collection 
point, (ix) mechanical interface features for reproducibly positioning the removable, consumable cartridge with respect to the instrument 
system, and for providing access so that external magnets can be brought into close proximity with the microwell array, (x) integrated 
temperature control components and/or a thermal interface for providing good thermal contact with the instrument system, and (xi) optical 
interface features, e.g., a transparent window, for use in optical interrogation of the microwell array. In some embodiments, the cartridge is 
designed to process more than one sample in parallel. In some embodiments of the device, the cartridge may further comprise one or more 
removable sample collection chamber(s) that are suitable for interfacing with stand-alone PCR thermal cyclers and/or sequencing 
instruments. In some embodiments of the device, the cartridge itself is suitable for interfacing with stand-alone PCR thermal cyclers and/or 
sequencing instruments.

[0108] In some embodiments of the device, the cartridge may further comprise components that are designed to create physical and/or 
chemical barriers that prevent diffusion of (or increase path lengths and diffusion times for) large molecules in order to minimize cross
contamination between microwells. Examples of such barriers include, but are not limited to, a pattern of serpentine channels used for 
delivery of cells and beads to the microwell array, a retractable platen or deformable membrane that is pressed into contact with the surface 
of the microwell array substrate during lysis or incubation steps, the use of larger beads, e.g., Sephadex beads as described previously, to 
block the openings of the microwells, or the release of an immiscible, hydrophobic fluid from a reservoir within the cartridge during lysis or 
incubation steps, to effectively separate and compartmentalize each microwell in the array. Any or all of these barriers, or an embodiment 
without such barriers, may be combined with raising the viscosity of the solution in and adjacent to the microwells, e.g., through the addition 
of solution components such as glycerol or polyethylene glycol.

[0109] In general, the dimensions of fluid channels and the array chamber(s) in cartridge designs will be optimized to (i) provide uniform 
delivery of cells and beads to the microwell array, and (ii) to minimize sample and reagent consumption. In some embodiments, the width of 
fluid channels will be between 50 microns and 20 mm. In other embodiments, the width of fluid channels may be at least 50 microns, at 
least 100 microns, at least 200 microns, at least 300 microns, at least 400 microns, at least 500 microns, at least 750 microns, at least 1 
mm, at least 2.5 mm, at least 5 mm, at least 10 mm, or at least 20 mm. In yet other embodiments, the width of fluid channels may at most 
20 mm, at most 10 mm, at most 5 mm, at most 2.5 mm, at most 1 mm, at most 750 microns, at most 500 microns, at most 400 microns, at 
most 300 microns, at most 200 microns, at most 100 microns, or at most 50 microns. In one embodiment, the width of fluid channels is 
about 2 mm. Those of skill in the art will appreciate that the width of the fluid channels may fall within any range bounded by any of these 
values (e.g., from about 250 microns to about 3 mm).

[0110] In some embodiments, the depth of the fluid channels in cartridge designs will be between 50 microns and 10 mm. In other 
embodiments, the depth of fluid channels may be at least 50 microns, at least 100 microns, at least 200 microns, at least 300 microns, at 
least 400 microns, at least 500 microns, at least 750 microns, at least 1 mm, at least 1.25 mm, at least 1.5 mm, at least 1.75 mm, at least 2 
mm, at least 2.5 mm, at least 3 mm, at least 3.5 mm, at least 4 mm, at least 4.5 mm, at least 5 mm, at least 5.5 mm, at least 6 mm, at least 
6.5 mm, at least 7 mm, at least 7.5 mm, at least 8 mm, at least 8.5 mm, at least 9 mm, or at least 9.5 mm. In yet other embodiments, the 
depth of fluid channels may be at most 10 mm, at most 9.5 mm, at most 9 mm, at most 8.5 mm, at most 8 mm, at most 7.5 mm, at most 7 
mm, at most 6.5 mm, at most 6 mm, at most 5.5 mm, at most 5 mm, at most 4.5 mm, at most 4 mm, at most 3.5 mm, at most 3 mm, at 
most 2 mm, at most 1.75 mm, at most 1.5 mm, at most 1.25 mm, at most 1 mm, at most 750 microns, at most 500 microns, at most 400 
microns, at most 300 microns, at most 200 microns, at most 100 microns, or at most 50 microns. In one embodiment, the depth of the fluid
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channels is about 1 mm. Those of skill in the art will appreciate that the depth of the fluid channels may fall within any range bounded by 
any of these values (e.g., from about 800 microns to about 1 mm).

[0111] Cartridges may be fabricated using a variety of techniques and materials known to those of skill in the art. In general, the cartridges 
will be fabricated as a series of separate component parts (FIG. 72) and subsequently assembled (FIGs. 72 and 73) using any of a number 
of mechanical assembly or bonding techniques. Examples of suitable fabrication techniques include, but are not limited to, conventional 
machining, CNC machining, injection molding, thermoforming, and 3D printing. Once the cartridge components have been fabricated they 
may be mechanically assembled using screws, clips, and the like, or permanently bonded using any of a variety of techniques (depending 
on the choice of materials used), for example, through the use of thermal or ultrasonic bonding/welding or any of a variety of adhesives or 
adhesive films, including epoxy-based, acrylic-based, silicone-based, UV curable, polyurethane-based, or cyanoacrylate-based adhesives.

[0112] Cartridge components may be fabricated using any of a number of suitable materials, including but not limited to silicon, fused-silica, 
glass, any of a variety of polymers, e.g., polydimethylsiloxane (PDMS; elastomer), polymethylmethacrylate (PMMA), polycarbonate (PC), 
polypropylene (PP), polyethylene (PE), high density polyethylene (HDPE), polyimide, cyclic olefin polymers (COP), cyclic olefin copolymers 
(COC), polyethylene terephthalate (PET), epoxy resins, or metals (e.g., aluminum, stainless steel, copper, nickel, chromium, and titanium).

[0113] As described above, the inlet and outlet features of the cartridge may be designed to provide convenient and leak-proof fluid 
connections with the instrument, or may serve as open reservoirs for manual pipetting of samples and reagents into or out of the cartridge. 
Examples of convenient mechanical designs for the inlet and outlet port connectors include, but are not limited to, threaded connectors, 
swaged connectors, Luer lock connectors, Luer slip or "slip tip" connectors, press fit connectors, and the like. In some embodiments, the 
inlet and outlet ports of the cartridge may further comprise caps, spring-loaded covers or closures, phase change materials, or polymer 
membranes that may be opened or punctured when the cartridge is positioned in the instrument, and which serve to prevent contamination 
of internal cartridge surfaces during storage and/or which prevent fluids from spilling when the cartridge is removed from the instrument. As 
indicated above, in some embodiments the one or more outlet ports of the cartridge may further comprise a removable sample collection 
chamber that is suitable for interfacing with stand-alone PCR thermal cyclers and/or sequencing instruments.

[0114] As indicated above, in some embodiments the cartridge may include integrated miniature pumps or other fluid actuation mechanisms 
for control of fluid flow through the device. Examples of suitable miniature pumps or fluid actuation mechanisms include, but are not limited 
to, electromechanically- or pneumatically-actuated miniature syringe or plunger mechanisms, chemical propellants, membrane diaphragm 
pumps actuated pneumatically or by an external piston, pneumatically-actuated reagent pouches or bladders, or electro-osmotic pumps.

[0115] As described above, in some embodiments the cartridge may include miniature valves for compartmentalizing pre-loaded reagents 
and/or controlling fluid flow through the device. Examples of suitable miniature valves include, but are not limited to, one-shot "valves" 
fabricated using wax or polymer plugs that can be melted or dissolved, or polymer membranes that can be punctured; pinch valves 
constructed using a deformable membrane and pneumatic, hydraulic, magnetic, electromagnetic, or electromechanical (solenoid) acutation, 
one-way valves constructed using deformable membrane flaps, and miniature gate valves.

[0116] As indicated above, in some embodiments the cartridge may include vents for providing an escape path for trapped air. Vents may 
be constructed according to a variety of techniques known to those of skill in the art, for example, using a porous plug of 
polydimethylsiloxane (PDMS) or other hydrophobic material that allows for capillary wicking of air but blocks penetration by water. Vents 
may also be constructed as apertures through hydrophobic barrier materials, such that wetting to the aperture walls does not occur at the 
pressures used during operation.

[0117] In general, the mechanical interface features of the cartridge provide for easily removable but highly precise and repeatable 
positioning of the cartridge relative to the instrument system. Suitable mechanical interface features include, but are not limited to, alignment 
pins, alignment guides, mechanical stops, and the like. In some embodiments, the mechanical design features will include relief features for 
bringing external apparatus, e.g., magnets or optical components, into close proximity with the microwell array chamber (FIG. 72).

[0118] In some embodiments, the cartridge will also include temperature control components or thermal interface features for mating to 
external temperature control modules. Examples of suitable temperature control elements include, but are not limited to, resistive heating 
elements, miniature infrared-emitting light sources, Peltier heating or cooling devices, heat sinks, thermistors, thermocouples, and the like. 
Thermal interface features will typically be fabricated from materials that are good thermal conductors (e.g., copper, gold, silver, aluminium, 
etc.) and will typically comprise one or more flat surfaces capable of making good thermal contact with external heating blocks or cooling 
blocks.

[0119] In many embodiments, the cartridge will include optical interface features for use in optical imaging or spectroscopic interrogation of 
the microwell array. Typically, the cartridge will include an optically transparent window, e.g., the microwell substrate itself or the side of the 
flow cell or microarray chamber that is opposite the microwell array, fabricated from a material that meets the spectral requirements for the 
imaging or spectroscopic technique used to probe the microwell array. Examples of suitable optical window materials include, but are not 
limited to, glass, fused-silica, polymethylmethacrylate (PMMA), polycarbonate (PC), cyclic olefin polymers (COP), or cyclic olefin copolymers 
(COC). Typically, the cartridge will include a second optically transparent or translucent window or region which can be used to illuminate 
the microwell array in transverse, reflected, or oblique illumination orientations.

Instruments
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[0120] The present disclosure also includes instruments for use in the automation of multiplexed, single cell stochastic labeling/molecular 
indexing assays. As indicated above, these instruments may provide control and analysis functionality such as (i) fluidics control, (ii) 
temperature control, (iii) cell and/or bead distribution and collection mechanisms, (iv) cell lysis mechanisms, (v) magnetic field control, (vi) 
imaging capability, and (vii) image processing. In some embodiments, the instrument system may comprise one or more modules (one 
possible embodiment of which is illustrated schematically in FIG. 74), where each module provides one or more specific functional feature 
sets to the system. In other embodiments, the instrument system may be packaged such that all system functionality resides within the 
same package. FIG. 75 provides a schematic illustration of the process steps included in one embodiment of the automated system. As 
indicated above, in some embodiments, the system may comprise additional functional units, either as integrated components or as 
modular components of the system, that expand the functional capabilities of the system to include PCR amplification (or other types of 
oligonucleotide amplification techniques) and oligonucleotide sequencing.

[0121] In general, the instrument system will provide fluidics capability for delivering samples and/or reagents to the one or more microarray 
chamber(s) or flow cell(s) within one or more assay cartridge(s) connected to the system. Assay reagents and buffers may be stored in 
bottles, reagent and buffer cartridges, or other suitable containers that are connected to the cartridge inlets. The system may also include 
waste reservoirs in the form of bottles, waste cartridges, or other suitable waste containers for collecting fluids downstream of the assay 
cartridge(s). Control of fluid flow through the system will typically be performed through the use of pumps (or other fluid actuation 
mechanisms) and valves. Examples of suitable pumps include, but are not limited to, syringe pumps, programmable syringe pumps, 
peristaltic pumps, diaphragm pumps, and the like. In some embodiments, fluid flow through the system may be controlled by means of 
applying positive pneumatic pressure at the one or more inlets of the reagent and buffer containers, or at the inlets of the assay 
cartridge(s). In some embodiments, fluid flow through the system may be controlled by means of drawing a vacuum at the one or more 
outlets of the waste reservoirs, or at the outlets of the assay cartridge(s). Examples of suitable valves include, but are not limited to, check 
valves, electromechanical two-way or three-way valves, pneumatic two-way and three-way valves, and the like. In some embodiments, 
pulsatile flow may be applied during assay wash/rinse steps to facilitate complete and efficient exchange of fluids within the one or more 
microwell array flow cell(s) or chamber(s).

[0122] As indicated above, in some embodiments the instrument system may include mechanisms for further facilitating the uniform 
distribution of cells and beads over the microwell array. Examples of such mechanisms include, but are not limited to, rocking, shaking, 
swirling, recirculating flow, low frequency agitation (for example, using a rocker plate or through pulsing of a flexible (e.g., silicone) 
membrane that forms a wall of the chamber or nearby fluid channel), or high frequency agitation (for example, through the use of 
piezoelectric transducers). In some embodiments, one or more of these mechanisms is utilized in combination with physical structures or 
features on the interior walls of the flow cell or array chamber, e.g., mezzanine/top hat structures, chevrons, or ridge arrays, to facilitate 
mixing and/or to help prevent pooling of cells or beads within the array chamber. Flow-enhancing ribs on upper or lower surfaces of the flow 
cell or array chamber may be used to control flow velocity profiles and reduce shear across the microwell openings (i.e. to prevent cells or 
beads from being pulled out of the microwells during reagent exchange and rinse steps).

[0123] In some embodiments, the instrument system may include mechanical cell lysis capability as an alternative to the use of detergents 
or other reagents. Sonication using a high frequency piezoelectric transducer is one example of a suitable technique.

[0124] In some embodiments, the instrument system will include temperature control functionality for the purpose of facilitating the accuracy 
and reproducibility of assay results, for example, cooling of the microwell array flow cell or chamber may be advantageous for minimizing 
molecular diffusion between microwells. Examples of temperature control components that may be incorporated into the instrument system 
design include, but are not limited to, resistive heating elements, infrared light sources, Peltier heating or cooling devices, heat sinks, 
thermistors, thermocouples, and the like. In some embodiments of the system, the temperature controller may provide for programmable 
changes in temperature over specified time intervals.

[0125] As indicated elsewhere in this disclosure, many embodiments of the disclosed methods utilize magnetic fields for removing beads 
from the microwells upon completion of the assay. In some embodiments, the instrument system may further comprise use of magnetic 
fields for transporting beads into or out of the microwell array flow cell or chamber. Examples of suitable means for providing control of 
magnetic fields include, but are not limited to, use of electromagnets in fixed position(s) relative to the cartridge, or the use of permanent 
magnets that are mechanically repositioned as necessary. In some embodiments of the instrument system, the strength of the applied 
magnetic field(s) will be varied by varying the amount of current applied to one or more electromagnets. In some embodiments of the 
instrument system, the strength of the applied magnetic fields will be varied by changing the position of one or more permanent magnets 
relative to the position of the microarray chamber(s) using, for example, stepper motor-driven linear actuators, servo motor-driven linear 
actuators, or cam shaft mechanisms. In some embodiments of the instrument system, the use of pulsed magnetic fields may be 
advantageous, for example, to prevent clustering of magnetic beads. In some embodiments, a magnet in close proximity to the array or 
chamber may be moved, once or multiple times, between at least two positions relative to the microwell array. Motion of the magnets can 
serve to agitate beads within microwells, to facilitate removal of beads from microwells, or to collect magnetic beads at a desired location.

[0126] As indicated above, in many embodiments the instrument system will include optical imaging and/or other spectroscopic capabilities. 
Such functionality may be useful, for example, for inspection of the microwell array(s) to determine whether or not the array has been 
uniformly and optimally populated with cells and/or beads. Any of a variety of imaging modes may be utilized, including but not limited to, 
bright-field, dark-field, and fluorescence/luminescence imaging. The choice of imaging mode will impact the design of microwell arrays, flow 
cells, and cartridge chambers in that the array substrate and/or opposing wall of the flow cell or array chamber will necessarily need to be 
transparent or translucent over the spectral range of interest. In some embodiments, each microwell array may be imaged in its entirety
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within a single image. In some embodiments, a series of images may be "tiled" to create a high resolution image of the entire array. In some 
embodiment, a single image that represents a subsection of the array may be used to evaluate properties, e.g., cell or bead distributions, 
for the array as a whole. In some embodiments, dual wavelength excitation and emission (or multi-wavelength excitation and/or emission) 
imaging may be performed. Any of a variety of light sources may be used to provide the imaging and/or excitation light, including but not 
limited to, tungsten lamps, tungsten-halogen lamps, arc lamps, lasers, light emitting diodes (LEDs), or laser diodes. Any of a variety of 
image sensors may be used for imaging purposes, including but not limited to, photodiode arrays, charge-coupled device (CCD) cameras, 
or CMOS image sensors. The optical system will typically include a variety of optical components for steering, shaping, filtering, and/or 
focusing light beams through the system. Examples of suitable optical components include, but are not limited to, lenses, mirrors, prisms, 
diffraction gratings, colored glass filters, narrowband interference filters, broadband interference filters, dichroic reflectors, optical fibers, 
optical waveguides, and the like. In some embodiments, the instrument system may use an optically transparent microarray substrate as a 
waveguide for delivering excitation light to the microwell array. The choice of imaging mode may also enable the use of other types of 
assays to be run in parallel with stochastic labeling I molecular indexing assays, for example, the use of trypan blue live cell I dead cell 
assays with bright field imaging, the use of fluorescence-based live cell I dead cell assays with fluorescence imaging, etc. Correlation of 
viability data for individual cells with the cell tag associated with each bead in the associated microwell may provide an additional level of 
discrimination in analyzing the data from multiplexed, single cell assays. Alternatively, viability data in the form of statistics for multiple cells 
may be employed for enhancing the analytical capabilities and quality assurance of the assay.

[0127] In some embodiments, the system may comprise non-imaging and/or non-optical capabilities for probing the microwell array. 
Examples of non-imaging and/or non-optical techniques for detecting trapped air bubbles, determining the cell and/or bead distribution over 
the array, etc., include but are not limited to measurements of light scattering, ultraviolet/visible/infrared absorption measurements (e.g., 
using stained cells and/or beads that incorporate dyes), coherent raman scattering, and conductance measurements (e.g., using 
microfabricated arrays of electrodes in register with the microwell arrays).

System processor and software

[0128] In general, instrument systems designed to support the automation of multiplexed, single cell stochastic labeling/molecular indexing 
assays will include a processor or computer, along with software to provide (i) instrument control functionality, (ii) image processing and 
analysis capability, and (iii) data storage, analysis, and display functionality.

[0129] In many embodiments, the instrument system will comprise a computer (or processor) and computer-readable media that includes 
code for providing a user interface as well as manual, semi-automated, or fully-automated control of all system functions, i.e. control of the 
fluidics system, the temperature control system, cell and/or bead distribution functions, magnetic bead manipulation functions, and the 
imaging system. Examples of fluid control functions provided by the instrument control software include, but are not limited to, volumetric 
fluid flow rates, fluid flow velocities, the timing and duration for sample and bead addition, reagent addition, and rinse steps. Examples of 
temperature control functions provided by the instrument control software include, but are not limited to, specifying temperature set point(s) 
and control of the timing, duration, and ramp rates for temperature changes. Examples of cell and/or bead distribution functions provided by 
the instrument control software include, but are not limited to, control of agitation parameters such as amplitude, frequency, and duration. 
Examples of magnetic field functions provided by the instrument control software include, but are not limited to, the timing and duration of 
the applied magnetic field(s), and in the case of electromagnets, the strength of the magnetic field as well. Examples of imaging system 
control functions provided by the instrument control software include, but are not limited to, autofocus capability, control of illumination 
and/or excitation light exposure times and intensities, control of image acquisition rate, exposure time, and data storage options.

[0130] In some embodiments of the instrument system, the system will further comprise computer-readable media that includes code for 
providing image processing and analysis capability. Examples of image processing and analysis capability provided by the software include, 
but are not limited to, manual, semi-automated, or fully-automated image exposure adjustment (e.g., white balance, contrast adjustment, 
signal-averaging and other noise reduction capability, etc.), automated object identification (i.e. for identifying cells and beads in the image), 
automated statistical analysis (i.e. for determining the number of cells and/or beads identified per unit area of the microwell array, or for 
identifying wells that contain more than one cell or more than one bead), and manual measurement capabilities (e.g., for measuring 
distances between objects, etc.). In some embodiments, the instrument control and image processing/analysis software will be written as 
separate software modules. In some embodiments, the instrument control and image processing/analysis software will be incorporated into 
an integrated package. In some embodiments, the system software may provide integrated real-time image analysis and instrument control, 
so that cell and bead sample loading steps can be prolonged or repeated until optimal cell/bead distributions are achieved.

[0131] In some embodiments of the instrument system, the system will comprise computer-readable media that includes code for providing 
sequence data analysis. Examples of sequence data analysis functionality that may be provided by the data analysis software includes, but 
is not limited to, (i) algorithms for determining the number of reads per gene per cell, and the number of unique transcript molecules per 
gene per cell, based on the data provided by sequencing the oligonucleotide library created by running the assay, (ii) statistical analysis of 
the sequencing data, e.g., principal component analysis, for predicting confidence intervals for determinations of the number of transcript 
molecules per gene per cell, etc., (iii) sequence alignment capabilities for alignment of gene sequence data with known reference 
sequences, (iv) decoding/demultiplexing of sample barcodes, cell barcodes, and molecular barcodes, and (v) automated clustering of 
molecular labels to compensate for amplification or sequencing errors.

[0132] In general, the computer or processor included in the presently disclosed instrument systems, as illustrated in FIG. 76, may be 
further understood as a logical apparatus that can read instructions from media 511 and/or a network port 505, which can optionally be
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connected to server 509 having fixed media 512. The system 500, such as shown in FIG. 76 can include a CPU 501, disk drives 503, 
optional input devices such as keyboard 515 and/or mouse 516 and optional monitor 507. Data communication can be achieved through 
the indicated communication medium to a server at a local or a remote location. The communication medium can include any means of 
transmitting and/or receiving data. For example, the communication medium can be a network connection, a wireless connection or an 
internet connection. Such a connection can provide for communication over the World Wide Web. It is envisioned that data relating to the 
present disclosure can be transmitted over such networks or connections for reception and/or review by a party 522 as illustrated in FIG. 
76.

[0133] FIG. 77 is a block diagram illustrating a first example architecture of a computer system 100 that can be used in connection with 
example embodiments of the present disclosure. As depicted in FIG. 77, the example computer system can include a processor 102 for 
processing instructions. Non-limiting examples of processors include: Intel XeonTM processor, AMD OpteronTM processor, Samsung 32-bit 
RISC ARM 1176JZ(F)-S v1.0ΤΜ processor, ARM Cortex-A8 Samsung S5PC100TM processor, ARM Cortex-A8 Apple A4TM processor, 
Marvell ΡΧΑ930ΤΜ processor, or a functionally-equivalent processor. Multiple threads of execution can be used for parallel processing. In 
some embodiments, multiple processors or processors with multiple cores can also be used, whether in a single computer system, in a 
cluster, or distributed across systems over a network comprising a plurality of computers, cell phones, and/or personal data assistant 
devices.

[0134] As illustrated in FIG. 77, a high speed cache 104 can be connected to, or incorporated in, the processor 102 to provide a high speed 
memory for instructions or data that have been recently, or are frequently, used by processor 102. The processor 102 is connected to a 
north bridge 106 by a processor bus 108. The north bridge 106 is connected to random access memory (RAM) 110 by a memory bus 112 
and manages access to the RAM 110 by the processor 102. The north bridge 106 is also connected to a south bridge 114 by a chipset bus 
116. The south bridge 114 is, in turn, connected to a peripheral bus 118. The peripheral bus can be, for example, PCI, PCI-Χ, PCI Express, 
or other peripheral bus. The north bridge and south bridge are often referred to as a processor chipset and manage data transfer between 
the processor, RAM, and peripheral components on the peripheral bus 118. In some alternative architectures, the functionality of the north 
bridge can be incorporated into the processor instead of using a separate north bridge chip.

[0135] In some embodiments, system 100 can include an accelerator card 122 attached to the peripheral bus 118. The accelerator can 
include field programmable gate arrays (FPGAs) or other hardware for accelerating certain processing. For example, an accelerator can be 
used for adaptive data restructuring or to evaluate algebraic expressions used in extended set processing.

[0136] Software and data are stored in external storage 124 and can be loaded into RAM 110 and/or cache 104 for use by the processor. 
The system 100 includes an operating system for managing system resources; non-limiting examples of operating systems include: Linux, 
Windows™, MACOS™, BlackBerry OS™, iOS™, and other functionally-equivalent operating systems, as well as application software 
running on top of the operating system for managing data storage and optimization in accordance with example embodiments of the 
present invention.

[0137] In this example, system 100 also includes network interface cards (NICs) 120 and 121 connected to the peripheral bus for providing 
network interfaces to external storage, such as Network Attached Storage (NAS) and other computer systems that can be used for 
distributed parallel processing.

[0138] FIG. 78 is a diagram showing a network 200 with a plurality of computer systems 202a, and 202b, a plurality of cell phones and 
personal data assistants 202c, and Network Attached Storage (NAS) 204a, and 204b. In example embodiments, systems 212a, 212b, and 
212c can manage data storage and optimize data access for data stored in Network Attached Storage (NAS) 214a and 214b. A 
mathematical model can be used for the data and be evaluated using distributed parallel processing across computer systems 212a, and 
212b, and cell phone and personal data assistant systems 212c. Computer systems 212a, and 212b, and cell phone and personal data 
assistant systems 212c can also provide parallel processing for adaptive data restructuring of the data stored in Network Attached Storage 
(NAS) 214a and 214b. FIG. 78 illustrates an example only, and a wide variety of other computer architectures and systems can be used in 
conjunction with the various embodiments of the present invention. For example, a blade server can be used to provide parallel processing. 
Processor blades can be connected through a back plane to provide parallel processing. Storage can also be connected to the back plane 
or as Network Attached Storage (NAS) through a separate network interface.

[0139] In some example embodiments, processors can maintain separate memory spaces and transmit data through network interfaces, 
back plane or other connectors for parallel processing by other processors. In other embodiments, some or all of the processors can use a 
shared virtual address memory space.

[0140] FIG. 79 is a block diagram of a multiprocessor computer system 300 using a shared virtual address memory space in accordance 
with an example embodiment. The system includes a plurality of processors 302a-f that can access a shared memory subsystem 304. The 
system incorporates a plurality of programmable hardware memory algorithm processors (MAPs) 306a-f in the memory subsystem 304. 
Each MAP 306a-f can comprise a memory 308a-f and one or more field programmable gate arrays (FPGAs) 310a-f. The MAP provides a 
configurable functional unit and particular algorithms or portions of algorithms can be provided to the FPGAs 310a-f for processing in close 
coordination with a respective processor. For example, the MAPs can be used to evaluate algebraic expressions regarding the data model 
and to perform adaptive data restructuring in example embodiments. In this example, each MAP is globally accessible by all of the 
processors for these purposes. In one configuration, each MAP can use Direct Memory Access (DMA) to access an associated memory 
308a-f, allowing it to execute tasks independently of, and asynchronously from, the respective microprocessor 302a-f. In this configuration, 
a MAP can feed results directly to another MAP for pipelining and parallel execution of algorithms.
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[0141] The above computer architectures and systems are examples only, and a wide variety of other computer, cell phone, and personal 
data assistant architectures and systems can be used in connection with example embodiments, including systems using any combination 
of general processors, co-processors, FPGAs and other programmable logic devices, system on chips (SOCs), application specific 
integrated circuits (ASICs), and other processing and logic elements. In some embodiments, all or part of the computer system can be 
implemented in software or hardware. Any variety of data storage media can be used in connection with example embodiments, including 
random access memory, hard drives, flash memory, tape drives, disk arrays, Network Attached Storage (NAS) and other local or distributed 
data storage devices and systems.

[0142] In example embodiments, the computer subsystem of the present disclosure can be implemented using software modules executing 
on any of the above or other computer architectures and systems. In other embodiments, the functions of the system can be implemented 
partially or completely in firmware, programmable logic devices such as field programmable gate arrays (FPGAs) as referenced in FIG. 79, 
system on chips (SOCs), application specific integrated circuits (ASICs), or other processing and logic elements. For example, the Set 
Processor and Optimizer can be implemented with hardware acceleration through the use of a hardware accelerator card, such as 
accelerator card 122 illustrated in FIG. 77.

Oligonucleotides (e.g., Molecular Barcodes)

[0143] The methods and kits disclosed herein may comprise one or more oligonucleotides or uses thereof. The oligonucleotides may be 
attached to a solid support disclosed herein. Attachment of the oligonucleotide to the solid support may occur through functional group pairs 
on the solid support and the oligonucleotide. The oligonucleotide may be referred to as a molecular bar code. The oligonucleotide may be 
referred to as a label (e.g., molecular label, cellular label) or tag (e.g., sample tag).

[0144] Oligonucleotides may comprise a universal label. A universal label may be the same for all oligonucleotides in a sample. A universal 
label may be the same for oligonucleotides in a set of oligonucleotides. A universal label may be the same for two or more sets of 
oligonucleotides. A universal label may comprise a sequence of nucleic acids that may hybridize to a sequencing primer. Sequencing 
primers may be used for sequencing oligonucleotides comprising a universal label. Sequencing primers (e.g., universal sequencing primers) 
may comprise sequencing primers associated with high-throughput sequencing platforms. A universal label may comprise a sequence of 
nucleic acids that may hybridize to a PCR primer. A universal label may comprise a sequence of nucleic acids that may hybridize to a 
sequencing primer and a PCR primer. The sequence of nucleic acids of the universal label that may hybridize to a sequencing and/or PCR 
primer may be referred to as a primer binding site. A universal label may comprise a sequence that may be used to initiate transcription of 
the oligonucleotide. A universal label may comprise a sequence that may be used for extension of the oligonucleotide or a region within the 
oligonucleotide. A universal label may be at least about 1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50 or more nucleotides in length. A 
universal label may comprise at least about 10 nucleotides. A universal label may be at most about 1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 35, 40, 
45, 50 or more nucleotides in length.

[0145] Oligonucleotides comprise a cellular label. A cellular label comprises a nucleic acid sequence that may provide information for which 
cell the oligonucleotide is contacted to (e.g., determining which nucleic acid originated from which cell). At least 60%, 70%, 80%, 85%, 90%, 
95%, 97%, 99% or 100% of oligonucleotides on the same solid support may comprise the same cellular label. At least 60% of 
oligonucleotides on the same solid support may comprise the same cellular label. At least 95% of oligonucleotides on the same solid 
support may comprise the same cellular label. All the oligonucleotides on a same solid support comprise the same cellular label. The 
cellular label of the oligonucleotides on a first solid support are different than the cellular labels of the oligonucleotides on the second solid 
support.

[0146] Acellular label may be at least about 1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50 or more nucleotides in length. Acellular label 
may be at most about 300, 200, 100, 90, 80, 70, 60, 50, 40, 30, 20, 15, 12, 10, 9, 8, 7, 6, 5, 4 or fewer or more nucleotides in length. A 
cellular label may comprise between about 5 to about 200 nucleotides. A cellular label may comprise between about 10 to about 150 
nucleotides. A cellular label may comprise between about 20 to about 125 nucleotides in length.

[0147] Oligonucleotides comprise a molecular label. A molecular label comprises a nucleic acid sequence that may provide identifying 
information for the specific nucleic acid species hybridized to the oligonucleotide. Oligonucleotides conjugated to a same solid support 
comprise different molecular labels. In this way, the molecular label may distinguish the types of target nucleic acids (e.g., genes), that 
hybridize to the different oligonucleotides. A molecular label may be at least about 1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50 or more 
nucleotides in length. A molecular label may be at most about 300, 200, 100, 90, 80, 70, 60, 50, 40, 30, 20, 15, 12, 10, 9, 8, 7, 6, 5, 4 or 
fewer nucleotides in length.

[0148] Oligonucleotides may comprise a sample label (e.g., sample index). A sample label may comprise a nucleic acid sequence that may 
provide information about from where a target nucleic acid originated. For example, a sample label may be different on different solid 
supports used in different experiments. A sample label may be at least about 1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50 or more 
nucleotides in length. A sample label may be at most about 300, 200, 100, 90, 80, 70, 60, 50, 40, 30, 20, 15, 12, 10, 9, 8, 7, 6, 5, 4 or fewer 
nucleotides in length.

[0149] An oligonucleotide may comprise a universal label, a cellular label, a molecular label and a sample label, or any combination thereof. 
In combination, the sample label may be used to distinguish target nucleic acids between samples, the cellular label may be used to
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distinguish target nucleic acids from different cells in the sample, the molecular label may be used to distinguish the different target nucleic 
acids in the cell (e.g., different copies of the same target nucleic acid), and the universal label may be used to amplify and sequence the 
target nucleic acids.

[0150] A universal label, a molecular label, a cellular label, linker label and/or a sample label may comprise a random sequence of 
nucleotides. A random sequence of nucleotides may be computer generated. A random sequence of nucleotides may have no pattern 
associated with it. A universal label, a molecular label, a cellular label, linker label and/or a sample label may comprise a non-random (e.g., 
the nucleotides comprise a pattern) sequence of nucleotides. Sequences of the universal label, a molecular label, a cellular label, linker 
label and/or a sample label may be commercially available sequences. Sequences of the universal label, a molecular label, a cellular label, 
linker label and/or a sample label may be comprise randomer sequences. Randomer sequences may refer to oligonucleotide sequences 
composed of all possible sequences for a given length of the randomer. Alternatively, or additionally, a universal label, a molecular label, a 
cellular label, linker label and/or a sample label may comprise a predetermined sequence of nucleotides.

[0151] FIG. 1 shows an exemplary oligonucleotide of the disclosure comprising a universal label, a cellular label and a molecular label.

[0152] FIG. 3 shows an exemplary oligonucleotide coupled solid support comprising a solid support (301) coupled to an oligonucleotide 
(312). The oligonucleotide (312) comprises a chemical group (5' amine, 302), a universal label (303), a cellular label (311), a molecular 
label (Molecular BC, 311), and a target binding region (oligodT, 310). In this schematic, the cellular label (311) comprises a first cell label 
(CL Part 1, 304), a first linker (Linkerl, 305), a second cell label (CL Part 2, 306), a second linker (Linker2, 307), a third cell label (CL Part 3, 
308). The cellular label (311) is common for each oligonucleotide on the solid support. The cellular labels (311) for two or more beads may 
be different. The cellular labels (311) for two or more beads may differ by the cell labels (e.g., CL Part 1 (304), CL Part 2 (306), CL Part 3 
(308)). The cellular labels (311) for two or more beads may differ by the first cell label (304), second cell label (306), third cell label (308), or 
a combination thereof. The first and second linkers (303, 305) of the cellular labels (311) may be identical for two or more oligonucleotide 
coupled solid supports. The universal label (303) may be identical for two or more oligonucleotide coupled solid supports. The universal 
label (303) may be identical for two or more oligonucleotides on the same solid support. The molecular label (311) may be different for at 
least two or more oligonucleotides on the solid support. The solid support may comprise 100 or more oligonucleotides. The solid support 
may comprise 1000 or more oligonucleotides. The solid support may comprise 10000 or more oligonucleotides. The solid support may 
comprise 100000 or more oligonucleotides.

[0153] In addition to a universal label, a cellular label, and a molecular label, an oligonucleotide may comprise a target binding region. A 
target binding region may comprise a nucleic acid sequence that may bind to a target nucleic acid (e.g., a cellular nucleic acid to be 
analyzed). A target binding region may be a gene specific sequence. For example, a target binding region may comprise a nucleic acid 
sequence that may attach (e.g., hybridize) to a specific location of a specific target nucleic acid. A target binding region may comprise a 
non-specific target nucleic acid sequence. A non-specific target nucleic acid sequence may refer to a sequence that may bind to multiple 
target nucleic acids, independent of the specific sequence of the target nucleic acid. For example, target binding region may comprise a 
random multimer sequence or an oligo dT sequence (e.g., a stretch of thymidine nucleotides that may hybridize to a poly-adenylation tail on 
mRNAs). A random multimer sequence can be, for example, a random dimer, trimer, quatramer, pentamer, hexamer, septamer, octamer, 
nonamer, decamer, or higher multimer sequence of any length. Atarget binding region may be at least about 5, 10, 15, 20, 25, 30, 35, 40, 
45, 50 or more nucleotides in length. Atarget binding region may be at most about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50 or more nucleotides 
in length.

[0154] An oligonucleotide may comprise a plurality of labels. For example an oligonucleotide may comprise at least about 1, 2, 3, 4, 5, 6, 7, 
or 8 or more universal labels. An oligonucleotide may comprise at most about 1, 2, 3, 4, 5, 6, 7, or 8 or more universal labels. An 
oligonucleotide may comprise at least about 1, 2, 3, 4, 5, 6, 7, or 8 or more cellular labels. An oligonucleotide may comprise at most about 
1, 2, 3, 4, 5, 6, 7, or 8 or more cellular labels. An oligonucleotide may comprise at least about 1, 2, 3, 4, 5, 6, 7, or 8 or more molecular 
labels. An oligonucleotide may comprise at most about 1,2,3, 4, 5, 6, 7, or 8 or more molecular labels. An oligonucleotide may comprise at 
least about 1, 2, 3, 4, 5, 6, 7, or 8 or more sample labels. An oligonucleotide may comprise at most about 1, 2, 3, 4, 5, 6, 7, or 8 or more 
sample labels. An oligonucleotide may comprise at least about 1, 2, 3, 4, 5, 6, 7, or 8 or more target binding regions. An oligonucleotide 
may comprise at most about 1, 2, 3, 4, 5, 6, 7, or 8 or more target binding regions.

[0155] When an oligonucleotide comprises more than one of a type of label (e.g., more than one cellular label or more than one molecular 
label), the labels may be interspersed with a linker label sequence. A linker label sequence may be at least about 5, 10, 15, 20, 25, 30, 35, 
40, 45, 50 or more nucleotides in length. A linker label sequence may be at most about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50 or more 
nucleotides in length. In some instances, a linker label sequence is 12 nucleotides in length. A linker label sequence may be used to 
facilitate the synthesis of the oligonucleotide, such as diagrammed in FIG. 2A.

[0156] The number of oligonucleotides conjugated to a solid support may be 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10-fold more than the number of 
target nucleic acids in a cell. In some instances, at least 10, 20, 30, 40, 50, 60, 70, 80, 90 or 100% of the oligonucleotides are bound by a 
target nucleic acid. In some instances, at most 10, 20, 30, 40, 50, 60, 70, 80, 90 or 100% of the oligonucleotides are bound by a target 
nucleic acid. In some instances, at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40, 50, 60, 70, 80, 90 or 100 or more different target nucleic 
acids are captured by the oligonucleotides on a solid support. In some instances, at most 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40, 50, 60, 70, 
80, 90 or 100 or more different target nucleic acids are captured by the oligonucleotides on a solid support.

[0157] A polymer may comprise additional solid supports. For example, a polymer may be dotted with beads. The beads may be spatially 
located at different regions of the polymer. The beads or supports comprising oligonucleotides of the disclosure may be spatially addressed.
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The beads or supports may comprise a barcode corresponding to a spatial address on the polymer. For example, each bead or support of 
a plurality of beads or supports may comprise barcode that corresponds to a position on a polymer, such as a position on an array or a 
particular microwall of a plurality of microwells. The spatial address can be decoded to determine the location from which a bead or support 
was positioned. For example, a spatial address, such as a barcode, can be decoded by hybridization of an oligonucleotide to the barcode or 
by sequencing the barcode. Alternatively, beads or supports can bear other types of barcodes, such as graphical features, chemical groups, 
colors, fluorescence, or combinations any combination thereof, for spatial address decoding purposes.

[0158] The methods and kits disclosed herein may comprise one or more sets of molecular barcodes. One or more molecular barcodes 
may comprise a sample index region and a label region. Two or more molecular barcodes of a set of molecular barcodes may comprise the 
same sample index region and two or more different label regions. Two or more molecular barcodes of two or more sets of molecular 
barcodes may comprise two or more different sample index regions. Two or more molecular barcodes from a set of molecular barcodes 
may comprise different label regions. Two or more molecular barcodes of two or more sets of molecular barcodes may comprise the same 
label region. Molecular barcodes from two or more sets of molecular barcodes may differ by their sample index regions. Molecular barcodes 
from two or more sets of molecular barcodes may be similar based on their label regions.

[0159] The molecular barcodes may further comprise a target specific region, an adapter region, a universal PCR region, a target specific 
region or any combination thereof. The molecular barcode may comprise a universal PCR region and a target specific region. The 
molecular barcode may comprise one or more secondary structures. The molecular barcode may comprise a hairpin structure. The 
molecular barcode may comprise a target specific region and a cleavable stem.

[0160] The methods and kits disclosed herein may comprise one or more sets of sample tags. One or more sample tags may comprise a 
sample index region. One or more sample tags may comprise a sample index region. Two or more sample tags of a set of sample tags may 
comprise the same sample index region. Two or more sample tags of two or more sets of sample tags may comprise two or more different 
sample index regions.

[0161] The sample tags may further comprise a target specific region, an adapter region, a universal PCR region, a target specific region or 
any combination thereof. The sample tag may comprise a universal PCR region and a target specific region. The sample tag may comprise 
one or more secondary structures. The sample tag may comprise a hairpin structure. The sample tag may comprise a target specific region 
and a cleavable stem.

[0162] The methods and kits disclosed herein may comprise one or more sets of, molecular identifier labels. One or more molecular 
identifier labels may comprise a label region. One or more molecular identifier labels may comprise a label region. Two or more molecular 
identifier labels of a set of molecular identifier labels may comprise two or more different label regions. Two or more molecular identifier 
labels of two or more sets of molecular identifier labels may comprise two or more identical label regions. The molecular identifier labels 
may further comprise a target specific region, an adapter region, a universal PCR region, a target specific region or any combination 
thereof. The molecular identifier label may comprise a universal PCR region and a target specific region. The molecular identifier label may 
comprise one or more secondary structures. The molecular identifier label may comprise a hairpin structure. The molecular identifier label 
may comprise a target specific region and a cleavable stem.

[0163] The molecular barcode, sample tag or molecular identifier label may comprise at least about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 
14, 15, 16, 17, 18, 19, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, or 1000 nucleotides or base pairs. In 
another example, the sample tag or molecular identifier label comprises at least about 1500, 2,000; 2500, 3,000; 3500, 4,000; 4500, 5,000; 
5500, 6,000; 6500, 7,000; 7500, 8,000; 8500, 9,000; 9500, or 10,000 nucleotides or base pairs.

[0164] The molecular barcodes, sample tags or molecular identifier labels may be multimers, e.g., random multimers. Amultimer sequence 
can be, for example, a non-random or random dimer, trimer, quatramer, pentamer, hexamer, septamer, octamer, nonamer, decamer, or 
higher multimer sequence of any length. The tags may be randomly generated from a set of mononucleotides. The tags may be assembled 
by randomly incorporating mononucleotides.

[0165] The molecular barcodes, sample tags or molecular identifier labels may also be assembled without randomness, to generate a 
library of different tags which are not randomly generated but which includes sufficient numbers of different tags to practice the methods.

[0166] In some embodiments a molecular barcode, sample tag or molecular identifier label may comprise a cutback in a target nucleic acid. 
The cutback may be, for example, an enzymatic digestion of one or both ends of a target nucleic acid. The cutback may be used in 
conjunction with the addition of added molecular barcodes, sample tags (e.g., sample index region, sample label), cellular label, and 
molecular identifier labels (e.g., molecular label). The combination of the cutback and the added tags may contain information related to the 
particular starting molecule. By adding a random cutback to the molecular barcode, sample tag or molecular identifier label, a smaller 
diversity of the added tags may be necessary for counting the number of target nucleic acids when detection allows a determination of both 
the random cutback and the added oligonucleotides.

[0167] The molecular barcode, sample tag or molecular identifier label may comprise a target specific region. The target specific region 
may comprise a sequence that is complementary to the molecule. In some instances, the molecule is an mRNA molecule and the target 
specific region comprises an oligodT sequence that is complementary to the polyA tail of the mRNA molecule. The target specific region 
may also act as a primer for DNA and/or RNA synthesis. For example, the oligodT sequence of the target specific region may act as a 
primer for first strand synthesis of a cDNAcopy of the mRNA molecule. Alternatively, the target specific region comprises a sequence that is
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complementary to any portion of the molecule. In other instances, the target specific region comprises a random sequence that may be 
hybridized or ligated to the molecule. The target specific region may enable attachment of the sample tag or molecular identifier label to the 
molecule. Attachment of the sample tag or molecular identifier label may occur by any of the methods disclosed herein (e.g., hybridization, 
ligation). In some instances, the target specific region comprises a sequence that is recognized by one or more restriction enzymes. The 
target specific region may comprise at least about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 30, 40, 50, 60, 70, 80, 
90, 100, 200, 300, 400, 500, 600, 700, 800, 900, or 1000 nucleotides or base pairs. In another example, the target specific region 
comprises at least about 1500, 2000, 2500, 3000, 3500, 4000, 4500, 5000, 5500, 6000, 6500, 7000, 7500, 8000, 8500, 9000, 9500, or 
10000 nucleotides or base pairs. Preferably, the target specific region comprises at least about 5-10, 10-15, 10-20, 10-30, 15-30, or 20-30 
nucleotides or base pairs.

[0168] In some instances, the target specific region is specific for a particular gene or gene product. For example, the target specific region 
comprises a sequence complementary to a region of a p53 gene or gene product. Therefore, the sample tags and molecular identifier 
labels may only attach to molecules comprising the p53-specific sequence. Alternatively, the target specific region is specific for a plurality of 
different genes or gene products. For example, the target specific region comprises an oligodT sequence. Therefore, the sample tags and 
molecular identifier labels may attach to any molecule comprising a polyA sequence. In another example, the target specific region 
comprises a random sequence that is complementary to a plurality of different genes or gene products. Thus, the sample tag or molecular 
identifier label may attach to any molecule with a sequence that is complementary to the target specific region. In other instances, the target 
specific region comprises a restriction site overhang (e.g., EcoRI sticky-end overhang). The sample tag or molecular identifier label may 
ligate to any molecule comprising a sequence complementary to the restriction site overhang.

[0169] In some instances, the target specific region is specific for a particular microRNA or microRNA product. For example, the target 
specific region comprises a sequence complementary to a region of a specific microRNA or microRNA product. For example, the target 
specific regions comprise sequences complementary to regions of a specific panel of microRNAs or panel of microRNA products. Therefore, 
the sample tags and molecular identifier labels may only attach to molecules comprising the micoRNA-specific sequence. Alternatively, the 
target specific region is specific for a plurality of different micoRNAs or micoRNA products. For example, the target specific region comprises 
a sequence complimentary to a region comprised in two or more microRNAs, such as a panel of microRNAs containing a common 
sequence. Therefore, the sample tags and molecular identifier labels may attach to any molecule comprising the common microRNA 
sequence. In another example, the target specific region comprises a random sequence that is complementary to a plurality of different 
microRNAs or microRNA products. Thus, the sample tag or molecular identifier label may attach to any microRNA molecule with a sequence 
that is complementary to the target specific region. In other instances, the target specific region comprises a restriction site overhang (e.g., 
EcoRI sticky-end overhang). The sample tag or molecular identifier label may ligate to any microRNA molecule comprising a sequence 
complementary to the restriction site overhang.

[0170] The molecular barcode or molecular identifier label disclosed herein often comprises a label region. The label region may be used to 
uniquely identify occurrences of target species thereby marking each species with an identifier that may be used to distinguish between two 
otherwise identical or nearly identical targets. The label region of the plurality of sample tags and molecular identifier labels may comprise a 
collection of different semiconductor nanocrystals, metal compounds, peptides, oligonucleotides, antibodies, small molecules, isotopes, 
particles or structures having different shapes, colors, barcodes or diffraction patterns associated therewith or embedded therein, strings of 
numbers, random fragments of proteins or nucleic acids, different isotopes, or any combination thereof. The label region may comprise a 
degenerative sequence. The label region may comprise at least about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 30, 
40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, or 1000 nucleotides or base pairs. In another example, the label region 
comprises at least about 1500; 2,000; 2500, 3,000; 3500, 4,000; 4500, 5,000; 5500, 6,000; 6500, 7,000; 7500, 8,000; 8500, 9,000; 9500, or 
10,000 nucleotides or base pairs. Preferably, the label region comprises at least about 10-30, 15-40, or 20-50 nucleotides or base pairs.

[0171] In some instances, the molecular barcode, sample tag or molecular identifier label comprises a universal primer binding site. The 
universal primer binding site allows the attachment of a universal primer to the labeled-molecule and/or labeled-amplicon. Universal primers 
are well known in the art and include, but are not limited to, -47F (M13F), alfaMF, AOX3', AOX5', BGH_r, CMV_-30, CMV_-50, CVM_f, 
LACrmt, lamgda gt10F, lambda gt 10R, lambda gt11F, lambda gt11R, M13 rev, M13Forward(-20), M13Reverse, male, p10SEQP_pQE, 
pA_-120, pet 4, pGAP Forward, pGL_RVpr3, pGLpr2_R, pKLAC1_4, pQE_FS, pQE_RS, puc_U1, puc_U2, revers A, seq_IRES_tam, 
seq_IRES_zpet, seq_ori, seq_PCR, seq_plRES-, seq_plRES+, seq_pSecTag, seq_pSecTag+, seq_retro+PSI, SP6, T3-prom, T7-prom, and 
T7-term_lnv. Attachment of the universal primer to the universal primer binding site may be used for amplification, detection, and/or 
sequencing of the labeled-molecule and/or labeled-amplicon. The universal primer binding site may comprise at least about 1, 2, 3, 4, 5, 6, 
7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, or 1000 
nucleotides or base pairs. In another example, the universal primer binding site comprises at least about 1500; 2,000; 2500, 3,000; 3500, 
4,000; 4500, 5,000; 5500, 6,000; 6500, 7,000; 7500, 8,000; 8500, 9,000; 9500, or 10,000 nucleotides or base pairs. Preferably, the 
universal primer binding site comprises 10-30 nucleotides or base pairs.

[0172] The molecular barcode, sample tag or molecular identifier label may comprise an adapter region. The adapter region may enable 
hybridization of one or more probes. The adapter region may enable hybridization of one or more HCR probes.

[0173] The molecular barcode, sample tag or molecular identifier label may comprise one or more detectable labels.

[0174] The molecular barcode, sample tag or molecular identifier label may act as an initiator for a hybridization chain reaction (HCR). The 
adapter region of the sample tag or molecular identifier label may act as an initiation for HCR. The universal primer binding site may act as 
an initiator for HCR.
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[0175] In some instances, the molecular barcode, sample tag or molecular identifier label is single-stranded. In other instances, the 
molecular barcode, sample tag or molecular identifier label is double-stranded. The molecular barcode, sample tag or molecular identifier 
label may be linear. Alternatively, the molecular barcode, sample tag or molecular identifier label comprises a secondary structure. As used 
herein, "secondary structure" includes tertiary, quaternary, etc... structures. In some instances, the secondary structure is a hairpin, a stem- 
loop structure, an internal loop, a bulge loop, a branched structure or a pseudoknot, multiple stem loop structures, cloverleaf type structures 
or any three dimensional structure. In some instances, the secondary structure is a hairpin. The hairpin may comprise an overhang 
sequence. The overhang sequence of the hairpin may act as a primer for a polymerase chain reaction and/or reverse transcription reaction. 
The overhang sequence comprises a sequence that is complementary to the molecule to which the sample tag or molecular identifier label 
is attached and the overhang sequence hybridizes to the molecule. The overhang sequence may be ligated to the molecule and acts as a 
template for a polymerase chain reaction and/or reverse transcription reaction. In some embodiments, molecular barcode, the sample tag, 
or molecular identifier label comprises nucleic acids and/or synthetic nucleic acids and/or modified nucleic acids.

[0176] In some instances, the plurality of molecular barcodes, sample tags (e.g., sample index region, sample label), cellular label, and 
molecular identifier labels (e.g., molecular label) comprises at least about 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 
70, 75, 80, 85, 90, 95, or 100 different molecular barcodes, sample tags (e.g., sample index region, sample label), cellular label, and 
molecular identifier labels (e.g., molecular label). In other instances, the plurality of molecular barcodes, sample tags (e.g., sample index 
region, sample label), cellular label, and molecular identifier labels (e.g., molecular label) comprises at least about 200; 300; 400; 500; 600; 
700; 800; 900; 1,000; 2,000; 3,000; 4,000; 5,000; 6,000; 7,000; 8,000; 9,000; or 10000 different molecular barcodes, sample tags (e.g., 
sample index region, sample label), cellular label, and molecular identifier labels (e.g., molecular label). Alternatively; the plurality of 
molecular barcodes, sample tags (e.g., sample index region, sample label), cellular label, and molecular identifier labels (e.g., molecular 
label) comprises at least about 20,000; 30,000; 40,000; 50,000; 60,000; 70,000; 80,000; 90,000; or 100,000 different molecular barcodes, 
sample tags (e.g., sample index region, sample label), cellular label, and molecular identifier labels (e.g., molecular label).

[0177] The number of molecular barcodes, sample tags (e.g., sample index region, sample label), cellular label, and molecular identifier 
labels (e.g., molecular label) in the plurality of molecular barcodes, sample tags (e.g., sample index region, sample label), cellular label, and 
molecular identifier labels (e.g., molecular label) is often in excess of the number of molecules to be labeled. In some instances, the number 
of molecular barcodes, sample tags (e.g., sample index region, sample label), cellular label, and molecular identifier labels (e.g., molecular 
label) in the plurality of molecular barcodes, sample tags (e.g., sample index region, sample label), cellular label, and molecular identifier 
labels (e.g., molecular label) is at least about 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 30, 40, 50, 60, 70, 80, 90, or 100 times greater than the 
number of molecules to be labeled.

[0178] The number of different molecular barcodes, sample tags (e.g., sample index region, sample label), cellular label, and molecular 
identifier labels (e.g., molecular label) in the plurality of molecular barcodes, sample tags (e.g., sample index region, sample label), cellular 
label, and molecular identifier labels (e.g., molecular label) is often in excess of the number of different molecules to be labeled. In some 
instances, the number of different molecular barcodes, sample tags (e.g., sample index region, sample label), cellular label, and molecular 
identifier labels (e.g., molecular label) in the plurality of molecular barcodes, sample tags (e.g., sample index region, sample label), cellular 
label, and molecular identifier labels (e.g., molecular label) is at least about 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5, 6, 7, 8, 9, 10, 15, 20, 30, 40, 50, 
60, 70, 80, 90, or 100 times greater than the number of different molecules to be labeled.

[0179] In some instances, stochastic labeling of a molecule comprises a plurality of molecular barcodes, sample tags (e.g., sample index 
region, sample label), cellular label, and molecular identifier labels (e.g., molecular label), wherein the concentration of the different 
molecular barcodes, sample tags (e.g., sample index region, sample label), cellular label, and molecular identifier labels (e.g., molecular 
label) in the plurality of molecular barcodes, sample tags (e.g., sample index region, sample label), cellular label, and molecular identifier 
labels (e.g., molecular label) is the same. In such instances, the plurality of molecular barcodes, sample tags (e.g., sample index region, 
sample label), cellular label, and molecular identifier labels (e.g., molecular label) comprises equal numbers of each different molecular 
barcode, sample tag or molecular identifier label.

[0180] In some instances, stochastic labeling of a molecule comprises a plurality of molecular barcodes, sample tags (e.g., sample index 
region, sample label), cellular label, and molecular identifier labels (e.g., molecular label), wherein the concentration of the different 
molecular barcodes, sample tags (e.g., sample index region, sample label), cellular label, and molecular identifier labels (e.g., molecular 
label) in the plurality of molecular barcodes, sample tags (e.g., sample index region, sample label), cellular label, and molecular identifier 
labels (e.g., molecular label) is different. In such instances, the plurality of molecular barcodes, sample tags (e.g., sample index region, 
sample label), cellular label, and molecular identifier labels (e.g., molecular label) comprises different numbers of each different molecular 
barcode, sample tag or molecular identifier label.

[0181] In some instances, some molecular barcodes, sample tags (e.g., sample index region, sample label), cellular label, and molecular 
identifier labels (e.g., molecular label) are present at higher concentrations than other molecular barcodes, sample tags (e.g., sample index 
region, sample label), cellular label, and molecular identifier labels (e.g., molecular label) in the plurality of molecular barcodes, sample tags 
(e.g., sample index region, sample label), cellular label, and molecular identifier labels (e.g., molecular label). In some instances, stochastic 
labeling with different concentrations of molecular barcodes, sample tags (e.g., sample index region, sample label), cellular label, and 
molecular identifier labels (e.g., molecular label) extends the sample measurement dynamic range without increasing the number of 
different labels used. For example, consider stochastically labeling 3 nucleic acid sample molecules with 10 different molecular barcodes, 
sample tags (e.g., sample index region, sample label), cellular label, and molecular identifier labels (e.g., molecular label) all at equal 
concentration. We expect to observe 3 different labels. Now instead of 3 nucleic acid molecules, consider 30 nucleic acid molecules, and we
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expect to observe all 10 labels. In contrast, if we still used 10 different stochastic labels and alter the relative ratios of the labels to 
1:2:3:4...10, then with 3 nucleic acid molecules, we would expect to observe between 1-3 labels, but with 30 molecules we would expect to 
observe only approximately 5 labels thus extending the range of measurement with the same number of stochastic labels.

[0182] The relative ratios of the different molecular barcodes, sample tags (e.gr., sample index region, sample label), cellular label, and 
molecular identifier labels (e.gr., molecular label) in the plurality of molecular barcodes, sample tags (e.gr., sample index region, sample 
label), cellular label, and molecular identifier labels (e.gr., molecular label) may be 1 :X, where X is at least about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, or 100. Alternatively, the relative ratios of "n" different molecular barcodes, 
sample tags (e.gr., sample index region, sample label), cellular label, and molecular identifier labels (e.gr., molecular label) in the plurality of 
molecular barcodes, sample tags (e.gr., sample index region, sample label), cellular label, and molecular identifier labels (e.gr., molecular 
label) is 1 :A:B:C:...Zn, where A, B, C...Zn is at least about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 
85, 90, 95, or 100.

[0183] In some instances, the concentration of two or more different molecular barcodes, sample tags (e.gr., sample index region, sample 
label), cellular label, and molecular identifier labels (e.gr., molecular label) in the plurality of molecular barcodes, sample tags (e.gr., sample 
index region, sample label), cellular label, and molecular identifier labels (e.gr., molecular label) is the same. For "n" different molecular 
barcodes, sample tags (e.gr., sample index region, sample label), cellular label, and molecular identifier labels (e.gr., molecular label), the 
concentration of at least 2, 3, 4, ...n different molecular barcodes, sample tags (e.gr., sample index region, sample label), cellular label, and 
molecular identifier labels (e.gr., molecular label) is the same. Alternatively, the concentration of two or more different molecular barcodes, 
sample tags (e.gr., sample index region, sample label), cellular label, and molecular identifier labels (e.gr., molecular label) in the plurality of 
molecular barcodes, sample tags (e.gr., sample index region, sample label), cellular label, and molecular identifier labels (e.gr., molecular 
label) is different. For "n" different molecular barcodes, sample tags (e.gr., sample index region, sample label), cellular label, and molecular 
identifier labels (e.gr., molecular label), the concentration of at least 2, 3, 4,...n different molecular barcodes, sample tags (e.gr., sample index 
region, sample label), cellular label, and molecular identifier labels (e.gr., molecular label) is different. In some instances, for "n" different 
molecular barcodes, sample tags (e.gr., sample index region, sample label), cellular label, and molecular identifier labels (e.gr., molecular 
label), the difference in concentration for at least 2, 3, 4,...n different molecular barcodes, sample tags (e.gr., sample index region, sample 
label), cellular label, and molecular identifier labels (e.gr., molecular label) is at least about 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1, 1.25, 
1.5, 1.75, 2, 2.25, 2.5, 2.75, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, or 1000- 
fold.

[0184] In some instances, at least about 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 97%, or 100% of the different molecular barcodes, sample tags (e.gr., sample index region, 
sample label), cellular label, and molecular identifier labels (e.gr., molecular label) in the plurality of molecular barcodes, sample tags (e.gr., 
sample index region, sample label), cellular label, and molecular identifier labels (e.gr., molecular label) have the same concentration. 
Alternatively, at least about 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 
70%, 75%, 80%, 85%, 90%, 95%, 97%, or 100% of the different molecular barcodes, sample tags (e.gr., sample index region, sample label), 
cellular label, and molecular identifier labels (e.gr., molecular label) in the plurality of molecular barcodes, sample tags (e.gr., sample index 
region, sample label), cellular label, and molecular identifier labels (e.gr., molecular label) have a different concentration.

[0185] As shown in FIG. 65, molecular barcodes (1004) may be synthesized separately. The molecular barcodes (1004) may comprise a 
universal PCR region (1001), one or more identifier regions (1002), and a target specific region. The one or more identifier regions may 
comprise a sample index region, label region, or a combination thereof. The one or more identifier regions may be adjacent. The one or 
more identifier regions may be non-adjacent. The individual molecular barcodes may be pooled to produce a plurality of molecular barcodes 
(1005) comprising a plurality of different identifier regions. Sample tags may be synthesized in a similar manner as depicted in FIG. 65, 
wherein the one or more identifier regions comprise a sample index region. Molecular identifier labels may be synthesized in a similar 
manner as depicted in FIG. 65, wherein the one or more identifier regions comprises a label region.

[0186] The target specific region may be ligated to the identifier region to produce a molecular barcode comprising a target specific region. 
5' and 3' exonucleases may be added to the reaction to remove non-ligated products. The molecular barcode may comprise the universal 
primer binding site, label region and target specific region and may be resistant to 5' and 3' exonucleases. As used herein, the terms 
"universal primer binding site" and "universal PCR region" may be used interchangeably and refer to a sequence that can be used to prime 
an amplification reaction. The 3' phosphate group from the ligated identifier region may be removed to produce a molecular barcode without 
a 3' phosphate group. The 3' phosphate group may be removed enzymatically. For example, a T4 polynucleotide kinase may be used to 
remove the 3' phosphate group.

[0187] Another method of synthesizing molecular barcodes is depicted in FIG. 66A. As shown in FIG. 66A, a molecular barcode (1128) may 
be synthesized by ligating two or more oligonucleotide fragments (1121 and 1127). One oligonucleotide fragment (1121) may comprise a 
universal primer binding site (1122), identifier region (1123) and a first splint (1123). The other oligonucleotide fragment (1128) may 
comprise a second splint (1125) and a target specific region (1126). A ligase (e.gr., T4 DNA ligase) may be used to join the two 
oligonucleotide fragments (1121 and 1127) to produce a molecular barcode (1128). Double stranded ligation of the first splint (1124) and 
second splint (1125) may produce a molecular barcode (1128) with a bridge splint (1129).

[0188] An alternative method of synthesizing a molecular barcode by ligating two oligonucleotide fragments is depicted in FIG. 66B. As 
shown in FIG. 66B, a molecular barcode (1158) is synthesized by ligating two oligonucleotide fragments (1150 and 1158). One 
oligonucleotide fragment (1150) may comprise a universal primer binding site (1151), one or more identifier region (1152), and a ligation
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sequence (1153). The other oligonucleotide fragment (1158) may comprise a ligation sequence (1154) that is complementary to the ligation 
sequence (1153) of the first oligonucleotide fragment (1150), a complement of a target specific region (1155), and a label (1156). The 
oligonucleotide fragment (1159) may also comprise a 3' phosphate which prevents extension of the oligonucleotide fragment. As shown in 
Step 1 of FIG. 66B, the ligation sequences (1153 and 1154) of the two oligonucleotide fragments may anneal and a polymerase may be 
used to extend the 3' end of the first oligonucleotide fragment (1150) to produce molecular barcode (1158). The molecular barcode (1158) 
may comprise a universal primer binding site (1151), one or more identifier regions (1152), ligation sequence (1153), and a target specific 
sequence (1157). The target specific sequence (1157) of the molecular barcode (1158) may be the complement of the complement of the 
target specific region (1155) of the second oligonucleotide fragment (1159). The oligonucleotide fragment comprising the label (1156) may 
be removed from the molecular barcode (1158). For example, the label (1156) may comprise biotin and oligonucleotide fragments (1159) 
comprising the biotin label (1156) may be removed via streptavidin capture. In another example, the label (1156) may comprise a 5' 
phosphate and oligonucleotide fragments (1159) comprising the 5' phosphate (1156) may be removed via an exonuclease (e.g., Lambda 
exonuclease).

[0189] As depicted in FIG. 66C, a first oligonucleotide fragment (1170) comprising a universal primer binding site (1171), one or more 
identifier regions (1172), a first ligation sequence (1173) is annealed to a second oligonucleotide fragment (1176) comprising a second 
ligation sequence (1174) and an RNA complement of the target sequence (1175). Step 1 may comprise annealing the first and second 
ligation sequences (1173 and 1174) followed by reverse transcription of the RNA complement of the target sequence (1175) to produce 
molecular barcode (1177) comprising a universal primer binding site (1171), one or more identifier regions (1172), a first ligation sequence 
(1173), and a target specific region (1178). The oligonucleotide fragments comprising the RNA complement of the target sequence may be 
selectively degraded by RNAse treatment.

[0190] The sequences of the molecular barcodes, sample tags (e.g., sample index region, sample label), cellular label, and molecular 
identifier labels (e.g., molecular label) may be optimized to minimize dimerization of molecular barcodes, sample tags (e.g., sample index 
region, sample label), cellular label, and molecular identifier labels (e.g., molecular label). The molecular barcode, sample tag or molecular 
identifier label dimer may be amplified and result in the formation of an amplicon comprising two universal primer binding sites on each end 
of the amplicon and a target specific region and a unique identifier region. Because the concentration of the molecular barcodes, sample 
tags (e.g., sample index region, sample label), cellular label, and molecular identifier labels (e.g., molecular label) are far greater that the 
number of DNA templates, these molecular barcode, sample tag or molecular identifier label dimers may outcompete the labeled DNA 
molecules in an amplification reaction. Unamplified DNAs lead to false negatives, and amplified molecular barcode, sample tag or molecular 
identifier label dimers lead to high false positives. Thus, the molecular barcodes, sample tags (e.g., sample index region, sample label), 
cellular label, and molecular identifier labels (e.g., molecular label) may be optimized to minimize molecular barcode, sample tag or 
molecular identifier label dimer formation. Alternatively, molecular barcodes, sample tags (e.g., sample index region, sample label), cellular 
label, and molecular identifier labels (e.g., molecular label) that dimerize are discarded, thereby eliminating molecular barcode, sample tag 
or molecular identifier label dimer formation.

[0191] Alternatively, molecular barcode, sample tag or molecular identifier label dimer formation may be eliminated or reduced by 
incorporating one or more modifications into the molecular barcode, sample tag or molecular identifier label sequence. A molecular 
barcode, sample tag or molecular identifier label comprising a universal primer binding site, unique identifier region, and target specific 
region comprising uracils and a 3' phosphate group is annealed to a target nucleic acid. The target nucleic acid may be a restriction 
endonuclease digested fragment. The restriction endonuclease may recognize the recognition site. PCR amplification may comprise one or 
more forward primers and one or more reverse primers. PCR amplification may comprise nested PCR with a forward primer specific for the 
universal primer binding site of the molecular barcode, sample tag or molecular identifier label and a forward primer specific for the target 
specific region of the molecular barcode, sample tag or molecular identifier label and reverse primers that are specific for the target nucleic 
acid. The target nucleic acid may be amplified using a Pfu DNA polymerase, which cannot amplify template comprising one or more uracils. 
Thus, any dimerized molecular barcodes, sample tags (e.g., sample index region, sample label), cellular label, and molecular identifier 
labels (e.g., molecular label) cannot be amplified by Pfu DNA polymerase.

Methods to synthesize oligonucleotides (e.g., molecular barcodes)

[0192] An oligonucleotide may be synthesized. An oligonucleotide may be synthesized, for example, by coupling (e.g., by 1 -Ethyl-3-(3- 
dimethylaminopropyl) carbodiimide) of a 5' amino group on the oligonucleotide to the carboxyl group of the functionalized solid support.

[0193] Uncoupled oligonucleotides may be removed from the reaction mixture by multiple washes. The solid supports may be split into wells 
(e.g., 96 wells). Each solid support may be split into a different well. Oligonucleotide synthesis may be performed using the split/pool method 
of synthesis. The split/pool method may utilize a pool of solid supports comprising reactive moieties (e.g., oligonucleotides to be 
synthesized). This pool may be split into a number of individual pools of solid supports. Each pool may be subjected to a first reaction that 
may result in a different modification to the solid supports in each of the pools (e.g., a different nucleic acid sequence added to the 
oligonucleotide). After the reaction, the pools of solid supports may be combined, mixed, and split again. Each split pool may be subjected 
to a second reaction or randomization that again is different for each of the pools. The process may be continued until a library of target 
compounds is formed.

[0194] Using split/pool synthesis, the nucleic acid sequence to be added to the oligonucleotide may be incorporated by primer extension 
(e.g., Klenow extension). The nucleic acid sequence to be added to the oligonucleotide may be referred to as a primer fragment. Each 
primer fragment for each individual pool may comprise a different sequence (e.g., either in the cellular label, the molecular label, the sample
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label, or any combination thereof). The primer fragment may comprise a sequence that may hybridize to the linker label sequence of the 
oligonucleotide (e.g., the oligonucleotide coupled to the solid support). The primer fragment may further comprise a second cell label and a 
second linker label sequence. Primer extension may be used to introduce the second cell label sequence and the second linker label 
sequence onto the oligonucleotide coupled to the solid support (See FIG. 2B). After primer extension incorporates the new sequences, the 
solid supports may be combined. The combined solid supports may be heated to denature the enzyme. The combined solid supports may 
be heated to disrupt hybridization. The combined solid supports may be split into wells again. The process may be repeated to add 
additional sequences to the solid support-conjugated oligonucleotide.

[0195] The split/pool process may lead to the creation of at least about 1000, 10000, 100000, 500000, or 1000000 or more different 
oligonucleotides. The process may lead to the creation of at most about 1000, 10000, 100000, 500000, or 1000000 or more different 
oligonucleotides.

[0196] Split pool synthesis may comprise chemical synthesis. Different oligonucleotides may be synthesized using DMT chemistry on solid 
supports in individual reactions, then pooled into reactions for synthesis. The split/pool process may be repeated 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 
or more times. The split/pool process may be repeated 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 
85, 90, 95, 100 or more times. The split/pool process may be repeated 2 or more times. The split/pool process may be repeated 3 or more 
times. The split/pool process may be repeated 5 or more times. The split/pool process may be repeated 10 or more times.

[0197] Further disclosed herein are methods of producing one or more sets of labeled beads (e.g., oligonucleotide conjugated beads). The 
method of producing the one or more sets of labeled beads may comprise attaching one or more nucleic acids to one or more beads, 
thereby producing one or more sets of labeled beads. The one or more nucleic acids may comprise one or more molecular barcodes. The 
one or more nucleic acids may comprise one or more sample tags (e.g., sample labels, sample index regions). The one or more nucleic 
acids may comprise one or more cellular labels. The one or more nucleic acids may comprise one or more molecular identifier labels (e.g., 
molecular labels). The one or more nucleic acids may comprise a) a primer region; b) a sample index region; and c) a linker or adaptor 
region. The one or more nucleic acids may comprise a) a primer region; b) a label region (e.g., molecular label); and c) a linker or adaptor 
region. The one or more nucleic acids may comprise a) a sample index region (e.g., sample tag); and b) a label region (e.g., molecular 
label). The one or more nucleic acids may comprise a) a sample index region; and b) a cellular label. The one or more nucleic acids may 
comprise a) a cellular label; and b) a molecular label. The one or more nucleic acids may comprise a) a sample index region; b) cellular 
label; and c) a molecular label. The one or more nucleic acids may further comprise a primer region. The one or more nucleic acids may 
further comprise a target specific region. The one or more nucleic acids may further comprise a linker region. The one or more nucleic acids 
may further comprise an adaptor region. The one or more nucleic acids may further comprise a sample index region. The one or more 
nucleic acids may further comprise a label region.

[0198] Alternatively, the method comprises: a) depositing a plurality of first nucleic acids into a plurality of wells, wherein two or more 
different wells of the plurality of wells may comprise two or more different nucleic acids of the plurality of nucleic acids; b) contacting one or 
more wells of the plurality of wells with one or fewer beads to produce a plurality of single label beads, wherein a single label bead of the 
plurality of first labeled beads comprises a bead attached to a nucleic acid of the plurality of first nucleic acids; c) pooling the plurality of first 
labeled beads from the plurality of wells to produce a pool of first labeled beads; d) distributing the pool of first labeled beads to a 
subsequent plurality of wells, wherein two or more wells of the subsequent plurality of wells comprise two or more different nucleic acids of a 
plurality of subsequent nucleic acids; and e) attaching one or more nucleic acids of the plurality of subsequent nucleic acids to one or more 
first labeled beads to produce a plurality of uniquely labeled beads.

Libraries

[0199] Disclosed herein are methods of producing molecular libraries. The method may comprise: (a) stochastically labeling two or more 
molecules from two or more samples to produce labeled molecules, wherein the labeled molecules comprise (i) a molecule region based on 
or derived from the two or more molecules, (ii) a sample index region for use in differentiating two or more molecules from two or more 
samples; and (iii) a label region for use in differentiating two or more molecules from a single sample. Stochastic labeling may comprise the 
use of one or more sets of molecular barcodes. Stochastic labeling may comprise the use of one or more sets of sample tags. Stochastic 
labeling may comprise the use of one or more sets of molecular identifier labels.

[0200] Stochastically labeling the two or more molecules may comprise contacting the two or more samples with a plurality of sample tags 
and the plurality of molecule specific labels to produce the plurality of labeled nucleic acids. The contacting can be random. The method 
may further comprise amplifying one or more of the labeled molecules, thereby producing an enriched population of labeled molecules of 
the library. The method may further comprise conducting one or more assays on the two or more molecules from the two or more samples. 
The method may further comprise conducting one or more pull-down assays.

[0201] The method of producing a labeled nucleic acid library may further comprise adding one or more controls to the two or more of 
samples. The one or more controls may be stochastically labeled to produce labeled controls. The one or more controls may be used to 
measure an efficiency of producing the labeled molecules.

[0202] The libraries disclosed herein may be used in a variety of applications. For example, the library could be used for sequencing 
applications. The library may be stored and used multiple times to generate samples for analysis. Some applications include, for example,
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genotyping polymorphisms, studying RNA processing, and selecting clonal representatives to do sequencing.

Sample Preparation and Applications

[0203] The oligonucleotides (e.g., molecular bar code, sample tag, molecular label, cellular label) disclosed herein may be used in a variety 
of methods. The oligonucleotides may be in methods for nucleic acid analysis. Nucleic acid analysis may include, but is not limited to, 
genotyping, gene expression, copy number variation, and molecular counting.

[0204] The disclosure provides for methods of multiplex nucleic acid analysis. The method may comprise (a) contacting one or more 
oligonucleotides from a cell with one or more oligonucleotides attached to a support, wherein the one or more oligonucleotides attached to 
the support comprise (i) a cell label region comprising two or more randomer sequences connected by a non-random sequence; and (ii) a 
molecular label region; and (b) conducting one or more assays on the one or more oligonucleotides from the cell.

[0205] Further disclosed herein are methods of producing single cell nucleic acid libraries. The method may comprise (a) contacting one or 
more oligonucleotides from a cell with one or more oligonucleotides attached to a support, wherein the one or more oligonucleotides 
attached to the support comprise (i) a cell label region comprising two or more randomer sequences connected by a non-random 
sequence; and (ii) a molecular label region; and (b) conducting one or more assays on the one or more oligonucleotides from the cell.

[0206] In some instances, the method comprises adding a one or more cells onto a microwell array. The number of cells to be added may 
be determined from counting. Excess or unbound cells may be washed away using a buffer (e.g., phosphobuffered saline buffer, HEPES, 
Tris). The number of cells that may be captured by the wells of the microwell array may be related to the size of the cell. For example, 
depending on the design of the microwell, larger cells may be more easily captured than smaller cells, as depicted in FIG. 6. Different 
microwells (e.g., different dimensions) may be used for capturing different cell types.

[0207] The methods described here allow for the addition of sequences that can nucleic acids for sequencing or other molecular analyses. 
These methods can allow detection of nucleic acid variants, mutants, polymorphisms, inversions, deletions, reversions and other qualitative 
events found in a population of RNA or DNA molecules. For example, the methods can allow for identification of target frequencies (e.g., 
gene expression or allelic distribution). For example, the methods also allow for identification of mutations or SNPs in a genome or 
transcriptome, such as from a diseased or non-diseased subject. The methods also allow for determining the presence or absence of 
contamination or infections in a biological sample from a subject, such as foreign organisms or viruses, such as a bacteria or a fungus.

[0208] Cells can be added into microwells by any method. In some embodiments, cells are added to microwells as a diluted cell sample. In 
some embodiments, cells are added to microwells and allowed to settle in the microwells by gravity. In some embodiments, cells are added 
to microwells and centrifugatiion is used to settle the cells in the microwells. In some embodiments, cells are added to microwells by 
injecting one or more cells into one or more microwells. For example, a single cell can be added to a microwell by injecting the single cell in 
to a microwell. The injecting of a cell can be through the use of any device or method, such as through the use of a micro manipulator. In 
some embodiments, cell can be added to microwells using a magnet. For example, cells can coated on their surface with magnetic 
particles, such as magnetic microparticles or magnetic nanoparticles and added to microwells using a magnet or a magnetic field.

[0209] The microwell array comprising cells may be contacted with an oligonucleotide conjugated solid support (e.g., bead). Uncaptured 
oligonucleotide conjugated solid supports may be removed (e.g., washed away with buffer). FIG. 5 depicts a microwell array with captured 
solid supports. A microwell may comprise at least one solid support. A microwell may comprise at least two solid supports. A microwell may 
comprise at most one solid support. A microwell may comprise at most two solid supports. A microwell may comprise at least about 1,2,3, 
4, 5, 6, 7, 8, 9, or 10 or more solid supports. A microwell may comprise at most about 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 or more solid supports. 
Some of the microwells of the microwell array may comprise one solid support and some of the microwells of the microwell array may 
comprise two or more solid supports, as shown in FIG. 5. The microwell may not need to be covered for any of the methods of the 
disclosure. In other words, microwells may not need to be sealed during the method. When the microwells are not covered (e.g., sealed), 
the wells may be spaced apart such that the contents of one microwell may not diffuse into another microwell.

[0210] Alternatively, or additionally, cells may be captured and/or purified prior to being contacted with an oligonucleotide conjugated 
support. Methods to capture and/or purify cells may comprise use of antibodies, molecular scaffolds, and/or beads. Cells may be purified by 
flow cytometry. Commercially available kits may be used to capture or purify cells. For example, Dynabeads(R) may be used to isolate cells. 
Magnetic isolation may be used to purify cells. Cells may be purified by centrifugation.

[0211] Cells may be contacted with oligonucleotide conjugated supports by creating a suspension comprising cells and the supports. The 
suspension may comprise a gel. Cells may be immobilized on a support or in a solution prior to contact with the oligonucleotide conjugated 
supports. Alternatively, cells may be added to a suspension comprising the oligonucleotide conjugated support. For example, cells may be 
added to a hydrogel that is embedded with oligonucleotide conjugated supports.

[0212] A single cell may be contacted with a single oligonucleotide coupled solid support. A single cell may be contacted with multiple 
oligonucleotide conjugated solid supports. Multiple cells may interact with a single oligonucleotide conjugated solid support. Multiple cells 
may interact with multiple oligonucleotide conjugated solid supports. The oligonucleotide conjugated solid supports may be cell-type 
specific. Alternatively, the oligonucleotide conjugated support may interact with two or more different cell types.
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Lysis

[0213] Cells in the microwells may be lysed. Lysis may be performed by mechanical lysis, heat lysis, optical lysis, and/or chemical lysis. 
Chemical lysis may include the use of digestive enzymes such as proteinase K, pepsin, and trypsin. Lysis may be performed by the addition 
of a lysis buffer to the microwells. A lysis buffer may comprise Tris HCI. A lysis buffer may comprise at least about 0.01, 0.05, 0.1, 0.5, or 1M 
or more Tris HCI. A lysis buffer may comprise at most about 0.01, 0.05, 0.1, 0.5, or 1M or more Tris HCL. Alysis buffer may comprise about 
0.1 M Tris HCI. The pH of the lysis buffer may be at least about 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 or more. The pH of the lysis buffer may be at 
most about 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 or more. In some instances, the pH of the lysis buffer is about 7.5. The lysis buffer may comprise a 
salt (e.g., LiCI). The concentration of salt in the lysis buffer may be at least about 0.1, 0.5, or 1M or more. The concentration of salt in the 
lysis buffer may be at most about 0.1, 0.5, or 1M or more. In some instances, the concentration of salt in the lysis buffer is about 0.5M. The 
lysis buffer may comprise a detergent (e.g., SDS, Li dodecyl sufate, triton X, tween, NP-40). The concentration of the detergent in the lysis 
buffer may be at least about 0.0001, 0.0005, 0.001, 0.005, 0.01, 0.05, 0.1, 0.5, 1, 2, 3, 4, 5, 6, or 7% or more. The concentration of the 
detergent in the lysis buffer may be at most about 0.0001, 0.0005, 0.001, 0.005, 0.01, 0.05, 0.1,0.5,1,2,3,4,5, 6, or 7% or more. In some 
instances, the concentration of the detergent in the lysis buffer is about 1 % Li dodecyl sulfate. The time used in the method for lysis may be 
dependent on the amount of detergent used. In some instances, the more detergent used, the less time needed for lysis. The lysis buffer 
may comprise a chelating agent (e.g., EDTA, EGTA). The concentration of a chelating agent in the lysis buffer may be at least about 1, 5, 
10, 15, 20, 25, or 30mM or more. The concentration of a chelating agent in the lysis buffer may be at most about 1, 5, 10, 15, 20, 25, or 
30mM or more. In some instances, the concentration of chelating agent in the lysis buffer is about 10 mM. The lysis buffer may comprise a 
reducing reagent (e.g., betamercaptoethanol, DTT). The concentration of the reducing reagent in the lysis buffer may be at least about 1, 5, 
10, 15, or 20 mM or more. The concentration of the reducing reagent in the lysis buffer may be at most about 1, 5, 10, 15, or 20 mM or 
more. In some instances, the concentration of reducing reagent in the lysis buffer is about 5 mM. In some instances, a lysis buffer may 
comprise about 0.1 M TrisHCI, about pH 7.5, about 0.5M LiCI, about 1% lithium dodecyl sulfate, about 10mM EDTA, and about 5mM DTT.

[0214] Lysis may be performed at a temperature of about 4, 10, 15, 20, 25, or 30 C. Lysis may be performed for about 1, 5, 10, 15, or 20 or 
more minutes. A lysed cell may comprise at least about 100000, 200000, 300000, 400000, 500000, 600000, or 700000 or more target 
nucleic acid molecules. A lysed cell may comprise at most about 100000, 200000, 300000, 400000, 500000, 600000, or 700000 or more 
target nucleic acid molecules. FIG. 7 illustrates exemplary statistics about the concentration of target nucleic acid (i.e., mRNA) that may be 
obtained from lysis.

Sealing

[0215] The microwells of the microwell array may be sealed during lysis. Sealing may be useful for preventing cross hybridization of target 
nucleic acid between adjacent microwells. A microwell may be sealed using a cap as shown in FIG. 8A and B. A cap may be a solid 
support. A cap may comprise a bead. The diameter of the bead may be larger than the diameter of the microwell. For example, a cap may 
be at least about 10, 20, 30, 40, 50, 60, 70, 80 or 90% larger than the diameter of the microwell. For example, a cap may be at most about 
10, 20, 30, 40, 50, 60, 70, 80 or 90% larger than the diameter of the microwell.

[0216] A cap may comprise cross-linked dextran beads (e.g., Sephadex). Cross-linked dextran may range from about 10 micrometers to 
about 80 micrometers. The cross-linked dextran of the cap may be from 20 micrometers to about 50 micrometers. A cap may comprise, for 
example, anopore inorganic membranes (e.g., aluminum oxides), dialysis membranes, glass slides, coverslips, and/or hydrophilic plastic 
film (e.g., film coated with a thin film of agarose hydrated with lysis buffer).

[0217] The cap may allow buffer to pass through into and out of the microwell, but may prevent macromolecules (e.g., nucleic acid) from 
migrating out of the well. A macromolecule of at least about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 13, 14, 15, 16, 17, 18, 19, or 20 or more 
nucleotides may be blocked from migrating into or out of the microwell by the cap. A macromolecule of at most about 1,2,3, 4, 5, 6, 7, 8, 9, 
10, 12, 13, 14, 15, 16, 17, 18, 19, or 20 or more nucleotides may be blocked from migrating into or out of the microwell by the cap.

[0218] A sealed microwell array may comprise a single layer of beads on top of the microwells. A sealed microwell array may comprise 
multiple layers of beads on top of the microwells. A sealed microwell array may comprise about 1,2,3, 4, 5, or 6 or more layers of beads.

[0219] Depositing a bead, or plurality of beads, onto a solid support (e.g., a microwell array) can be random or non-random. For example, 
contacting a bead with a microwell array can be a random or non-random contacting. In some embodiments, the bead is contacted with a 
microwell array randomly. In some embodiments, the bead is contacted with a microwell array non-randomly. Depositing of a plurality of 
beads to a microwell array can be random or non-random. For example, the contacting of a plurality of beads to a microwell array can be a 
random or non-random contacting. In some embodiments, the plurality of beads is contacted to a microwell array randomly. In some 
embodiments, the plurality of beads is contacted to a microwell array non-randomly.

Stochastic labeling of molecules

[0220] Wherein the sample tag or molecular identifier label is an oligonucleotide, attachment of the oligonucleotide to a nucleic acid may 
occur by a variety of methods, including, but not limited to, hybridization of the oligonucleotide to the nucleic acid. In some instances, the
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oligonucleotide comprises a target specific region. The target specific region may comprise a sequence that is complementary to at least a 
portion of the molecule to be labeled. The target specific region may hybridize to the molecule, thereby producing a labeled nucleic acid. 
Hybridization of the oligonucleotide to the nucleic acid may be followed by a nucleic acid extension reaction. The nucleic acid extension 
reaction may be reverse transcription.

[0221] Attaching, alternatively referred to as contacting, the plurality of nucleic acids with the sample tag may comprise hybridizing the 
sample tag to one or more of the plurality of nucleic acids. Contacting the plurality of nucleic acids with the sample tag may comprise 
performing a nucleic acid extension reaction. The nucleic acid extension reaction may be a reverse transcription reaction.

[0222] Contacting the plurality of nucleic acids with the molecular identifier label may comprise hybridizing the molecular identifier label to 
one or more of the plurality of nucleic acids. Contacting the plurality of nucleic acids with the molecular identifier label may comprise 
performing a nucleic acid extension reaction. The nucleic acid extension reaction may comprise reverse transcription.

[0223] Contacting the plurality of nucleic acids with the molecular identifier label may comprise hybridizing the sample tag to one or more of 
the plurality of nucleic acids. Contacting the plurality of nucleic acids with the molecular identifier label may comprise hybridizing the 
molecular identifier label to the sample tag.

[0224] Contacting the plurality of nucleic acids with the sample tag may comprise hybridizing the molecular identifier label to one or more of 
the plurality of nucleic acids. Contacting the plurality of nucleic acids with the sample tag may comprise hybridizing the sample tag to the 
molecular identifier label.

[0225] Attachment of the sample tag and/or the molecular identifier label to a nucleic acid may occur by ligation. Contacting the plurality of 
nucleic acids with the sample tag may comprise ligating the sample tag to any one of the plurality of nucleic acids. Contacting the plurality of 
nucleic acids with the molecular identifier label may comprise ligating the molecular identifier label to one or more of the plurality of nucleic 
acids. Contacting the plurality of nucleic acids with the sample tag may comprise ligating the molecular identifier label one or more the 
nucleic acids. Contacting the plurality of nucleic acids with the molecular identifier label may comprise ligating the sample tag to one or more 
of the nucleic acids. Ligation techniques comprise blunt-end ligation and sticky-end ligation. Ligation reactions may include DNA ligases 
such as DNA ligase I, DNA ligase III, DNA ligase IV, and T4 DNA ligase. Ligation reactions may include RNA ligases such as T4 RNA ligase I 
and T4 RNA ligase II.

[0226] Methods of ligation are described, for example in Sambrook et al. (2001) and the New England BioLabs catalog. Methods include 
using T4 DNA Ligase which catalyzes the formation of a phosphodiester bond between juxtaposed 5' phosphate and 3' hydroxyl termini in 
duplex DNA or RNA with blunt and sticky ends; Taq DNA Ligase which catalyzes the formation of a phosphodiester bond between 
juxtaposed 5' phosphate and 3' hydroxyl termini of two adjacent oligonucleotides which are hybridized to a complementary target DNA; E. 
coli DNA ligase which catalyzes the formation of a phosphodiester bond between juxtaposed 5'-phosphate and 3'-hydroxyl termini in duplex 
DNA containing cohesive ends; and T4 RNA ligase which catalyzes ligation of a 5' phosphoryl-terminated nucleic acid donor to a 3' 
hydroxyl-terminated nucleic acid acceptor through the formation of a 3'—>5' phosphodiester bond, substrates include single-stranded RNA 
and DNA as well as dinucleoside pyrophosphates; or any other methods described in the art. Fragmented DNA may be treated with one or 
more enzymes, for example, an endonuclease, prior to ligation of adaptors to one or both ends to facilitate ligation by generating ends that 
are compatible with ligation.

[0227] In some instances, both ends of the oligonucleotide are attached to the molecule. For example, both ends of the oligonucleotide may 
be hybridized and/or ligated to one or more ends of the molecule. In some instances, attachment of both ends of the oligonucleotide to both 
ends of the molecule results in the formation of a circularized labeled nucleic acid. Both ends of the oligonucleotide may also be attached to 
the same end of the molecule. For example, the 5' end of the oligonucleotide is ligated to the 3' end of the molecule and the 3' end of the 
oligonucleotide is hybridized to the 3'end of the molecule, resulting in a labeled nucleic acid with a hairpin structure at one end. In some 
instances the oligonucleotide is attached to the middle of the molecule.

[0228] In some instances, attachment of the oligonucleotide to the nucleic acid comprises attaching one or more oligonucleotide linkers to 
the plurality of nucleic acids. The method may further comprise attaching one or more oligonucleotide linkers to the sample-tagged nucleic 
acids. The method may further comprise attaching one or more oligonucleotide linkers to the labeled nucleic acids. Attaching one or more 
oligonucleotide linkers to a nucleic acid, sample tag or molecular identifier label may comprise ligating one or more oligonucleotide linkers to 
a nucleic acid, sample tag or molecular identifier label. The one or more linkers may comprise at least about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 
12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 55, 60, 70, 80, 90, 100 nucleotides. In some instances, the linker may comprise at 
least about 1000 nucleotides.

[0229] In some instances, attachment of the molecular barcode to the molecule comprises the use of one or more adaptors. As used 
herein, the terms "adaptors" and "adaptor regions" may be used interchangeably. Adaptors may comprise a target specific region, which 
allows the attachment of the adaptor to the molecule, and an oligonucleotide specific region, which allows attachment of the molecular 
barcode to the adaptor. Adaptors may further comprise a universal primer. Adaptors may further comprise a universal PCR region. Adaptors 
may be attached to the molecule and/or molecular barcodes by methods including, but not limited to, hybridization and/or ligation.

[0230] Methods for ligating adaptors to fragments of nucleic acid are well known. Adaptors may be double-stranded, single-stranded or 
partially single-stranded. In some aspects, adaptors are formed from two oligonucleotides that have a region of complementarity, for 
example, about 10 to 30, or about 15 to 40 bases of perfect complementarity; so that when the two oligonucleotides are hybridized together
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they form a double stranded region. Optionally, either or both of the oligonucleotides may have a region that is not complementary to the 
other oligonucleotide and forms a single stranded overhang at one or both ends of the adaptor. Single-stranded overhangs may be about 1 
to about 8 bases, or about 2 to about 4. The overhang may be complementary to the overhang created by cleavage with a restriction 
enzyme to facilitate "sticky-end" ligation. Adaptors may include other features, such as primer binding sites and restriction sites. In some 
aspects the restriction site may be for a Type IIS restriction enzyme or another enzyme that cuts outside of its recognition sequence, such 
as EcoP151 (see, Mucke et al. J Mol Biol 2001, 312(4):687-698 and US 5,710,000).

[0231] In some instances, stochastically counting the number of copies of a nucleic acid in a plurality of samples comprises detecting the 
adaptor, a complement of the adaptor, a reverse complement of the adaptor or a portion thereof to determine the number of different 
labeled nucleic acids. Detecting the adaptor, a complement of the adaptor, a reverse complement of the adaptor or a portion thereof may 
comprise sequencing the adaptor, a complement of the adaptor, a reverse complement of the adaptor or a portion thereof.

[0232] The molecular barcode may be attached to any region of a molecule. For example, the molecular barcode may be attached to the 5' 
or 3' end of a polynucleotide (e.g., DNA, RNA). For example, the target-specific region of the molecular barcode comprises a sequence that 
is complementary to a sequence in the 5' region of the molecule. The target-specific region of the molecular barcode may also comprise a 
sequence that is complementary to a sequence in the 3' region of the molecule. In some instances, the molecular barcode is attached a 
region within a gene or gene product. For example, genomic DNA is fragmented and a sample tag or molecular identifier label is attached to 
the fragmented DNA. In other instances, an RNA molecule is alternatively spliced and the molecular barcode is attached to the alternatively 
spliced variants. In another example, the polynucleotide is digested and the molecular barcode is attached to the digested polynucleotide. In 
another example, the target-specific region of the molecular barcode comprises a sequence that is complementary to a sequence within the 
molecule.

[0233] A molecular barcode, sample tag (e.g., sample index), cellular label, or molecular identifier label (e.g., molecular label) comprising a 
hairpin may act as a probe for a hybridization chain reaction (HCR), and, thus, may be referred to as an HCR probe. The HCR probe may 
comprise a molecular barcode comprising a hairpin structure. The HCR probe may comprise a sample tag comprising a hairpin structure. 
The HCR probe may comprise a molecular identifier label comprising a hairpin structure. Further disclosed herein is a stochastic label- 
based hybridization chain reaction (HCR) method comprising stochastically labeling one or more nucleic acid molecules with an HCR probe, 
wherein the HCR probe comprises a molecular barcode comprising a hairpin and the one or more nucleic acid molecules act as initiators for 
a hybridization chain reaction. Further disclosed herein is a stochastic label-based hybridization chain reaction (HCR) method comprising 
stochastically labeling one or more nucleic acid molecules with an HCR probe, wherein the HCR probe comprises a sample tag comprising 
a hairpin and the one or more nucleic acid molecules act as initiators for a hybridization chain reaction. Further disclosed herein is a 
stochastic label-based hybridization chain reaction (HCR) method comprising stochastically labeling one or more nucleic acid molecules with 
an HCR probe, wherein the HCR probe comprises a molecular identifier label comprising a hairpin and the one or more nucleic acid 
molecules act as initiators for a hybridization chain reaction.

[0234] The HCR probe may comprise a hairpin with an overhang region. The overhang region of the hairpin may comprise a target specific 
region. The overhang region may comprise an oligodT sequence. The sample comprising the one or more nucleic acid molecules may be 
treated with one or more restriction nucleases prior to stochastic labeling. The overhang region may comprise a restriction enzyme 
recognition sequence. The sample comprising the one or more nucleic acid molecules may be contacted with one or more adapters prior to 
stochastic labeling to produce an adapter-nucleic acid molecule hybrid. The overhang region and the stem may be complementary to the 
one or more adapters. The HCR probe may comprise a hairpin with a loop. The loop of the HCR probe may comprise a label region and/or 
sample index region.

[0235] Hybridization of a first HCR probe to the nucleic acid molecules may result in the formation of a labeled nucleic acid, wherein the first 
HCR probe is linearized to produce a first linearized HCR probe. The first linearized HCR probe of the labeled nucleic acid may act as an 
initiator for hybridization of a second HCR probe to the labeled nucleic acid to produce a labeled nucleic acid with two linearized HCR 
probes. The second linearized HCR probe may act as an initiator for another hybridization reaction. This process may be repeated multiple 
times to produce a labeled nucleic acid with multiple linearized HCR probes. The detectable labels on the HCR probe may enable detection 
of the labeled nucleic acid. The detectable labels may be any type of label (e.g., fluorphore, chromophore, small molecule, nanoparticle, 
hapten, enzyme, antibody, magnet). The detectable labels may comprise fragments of a single label. The detectable labels may generate a 
detectable signal when they are in close proximity. When the HCR probe is a hairpin, the detectable labels may be too far away to produce 
a detectable signal. When the HCR probe is linearized and multiple linearized HCR probes are hybridized together, the detectable labels 
may be in close enough proximity to generate a detectable signal. For example, a HCR probe may comprise two pyrene moieties as 
detectable labels. Alternatively, the detectable labels may be nanoparticles. The stochastic label-based HCR method may enable 
attachment of multiple hairpin HCR probes to a labeled nucleic acid, which may result in signal amplification. Stochastic label-based HCR 
may increase the sensitivity of detection, analysis and/or quantification of the nucleic acid molecules. Stochastic label-based HCR may 
increase the accuracy of detection, analysis, and/or quantification of one or more nucleic acid molecules.

[0236] After lysis the target nucleic acid of the cells may hybridize to the oligonucleotide conjugated to the solid support. The target nucleic 
acid may hybridize to the target binding region of the oligonucleotide. The nucleic acid may hybridize to any region of the olignucleotide.

[0237] In some instances, not all oligonucleotides may bind a target nucleic acid. This is because in some instances, the number of 
oligonucleotides is larger than the number of target nucleic acids. The number of oligonucleotides conjugated to a solid support may be 1, 
2, 3, 4, 5, 6, 7, 8, 9, or 10-fold more than the number of target nucleic acids in a cell. At least 10, 20, 30, 40, 50, 60, 70, 80, 90 or 100% of 
the oligonucleotides may be bound by a target nucleic acid. At most 10, 20, 30, 40, 50, 60, 70, 80, 90 or 100% of the oligonucleotides may
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be bound by a target nucleic acid. In some instances, at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40, 50, 60, 70, 80, 90 or 100 or more 
different target nucleic acids may be captured by the oligonucleotides on a solid support. In some instances, at most 1, 2, 3, 4, 5, 6, 7, 8, 9, 
10, 20, 30, 40, 50, 60, 70, 80, 90 or 100 or more different target nucleic acids may be captured by the oligonucleotides on a solid support.

[0238] In some instances, at least about 40, 50, 60, 70, 80, 90, 95, 96, 97, 98, 99, or 100% of the number of copies of a target nucleic acid 
are bound to oligonucleotides on a solid support. In some instances, at most about 40, 50, 60, 70, 80, 90, 95, 96, 97, 98, 99, or 100% of the 
number of copies of a target nucleic acid are bound to oligonucleotides on a solid support.

Retrieval

[0239] After lysis, the solid supports may be retrieved. Retrieval of the solid supports may be performed by using a magnet. Retrieval of the 
solid supports may be performed by melting the microwell array and/or sonication. Retrieval of the solid supports may comprise 
centrifugation. Retrieval of the solid supports may comprise size exclusion. In some instances, at least about 50, 60, 70, 80, 90, 95, or 100% 
of the solid supports are recovered from the microwells. In some instances, at most about 50, 60, 70, 80, 90, 95, or 100% of the solid 
supports are recovered from the microwells.

Reverse Transcription

[0240] The methods disclosed herein may further comprise reverse transcription of a labeled-RNA molecule to produce a labeled-cDNA 
molecule. In some instances, at least a portion of the oligonucleotide acts as a primer for the reverse transcription reaction. The oligodT 
portion of the oligonucleotide may act as a primer for first strand synthesis of the cDNA molecule.

[0241] In some instances the labeled cDNA molecule may be used as a molecule for a new stochastic labeling reaction. The labeled cDNA 
may have a first tag or set of tags from attachment to the RNA prior to reverse transcription and a second tag or set of tags attached to the 
cDNA molecule. These multiple labeling reactions can, for example, be used to determine the efficiency of events that occur between the 
attachment of the first and second tags, e.g., an optional amplification reaction or the reverse transcription reaction.

[0242] In another example, an oligonucleotide is attached to the 5' end of an RNA molecule to produce a labeled-RNA molecule. Reverse 
transcription of the labeled-RNA molecule may occur by the addition of a reverse transcription primer. In some instances, the reverse 
transcription primer is an oligodT primer, random hexanucleotide primer, or a target-specific oligonucleotide primer. Generally, oligodT 
primers are 12-18 nucleotides in length and bind to the endogenous poly(A)+ tail at the 3' end of mammalian mRNA. Random 
hexanucleotide primers may bind to mRNA at a variety of complementary sites. Target-specific oligonucleotide primers typically selectively 
prime the mRNA of interest.

[0243] In some instances, the method comprises repeatedly reverse transcribing the labeled-RNA molecule to produce multiple labeled- 
cDNA molecules. The methods disclosed herein may comprise conducting at least about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 
17, 18, 19, or 20 reverse transcription reactions. The method may comprise conducting at least about 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 
75, 80, 85, 90, 95, or 100 reverse transcription reactions.

[0244] Nucleic acid synthesis (e.g., cDNA synthesis) may be performed on the retrieved solid supports. Nucleic acid synthesis may be 
performed in a tube and/or on a rotor to keep the solid supports suspended. The resulting synthesized nucleic acid may be used in 
subsequent nucleic acid amplification and/or sequencing technologies. Nucleic acid synthesis may comprise generating cDNA copies on a 
RNA attached to the oligonucleotide on the solid support. Generating cDNA copies may comprise using a reverse transcriptase (RT) or DNA 
polymerases having RT activity. This may result in the production of single-stranded cDNA molecules. After nucleic acid synthesis, unused 
oligonucleotides may be removed from the solid support. Removal of the oligonucleotides may occur by exonuclease treatment (e.g., by 
Exol).

[0245] In some embodiments, nucleic acids can be removed from the solid support using chemical cleavage. For example, a chemical 
group or a modified base present in a nucleic acid can be used to facilitate its removal from a solid support. For example, an ezyme can be 
used to remove a nucleic acid from a solid support. For example, a nucleic acid can be removed from a solid support through a restriction 
endonucelase digestion. For example, treatment of a nucleic acid containing a dUTP or ddUTP with uracil-d-glycosylase (UDG) can be used 
to remove a nucleic acid from a solid support. For example, a nucleic acid can be removed from a solid support using an enyme that 
performs nucleotide excision, such as a base excision repair enzyme, such as an apurinic/apyrimidinic (AP) endonuclease. In some 
embodiments, a nucleic acid can be removed from a solid support using a photocleavable group and light. In some embodiments, a 
cleavable linker can be used to remove a nucleic acid from the solid support. For example, the cleavable linker can comprise at least one of 
biotin/avidin, biotin/streptavidin, biotin/neutravidin, lg-protein A, a photo-labile linker, acid or base labile linker group, or an aptamer.

[0246] In some embodiments, nucleic acids are not amplified. In some embodiments, nucleic acids are not amplified prior to sequencing the 
nucelic acids. In some embodiments, nucleic acids not attached to a solid support can be directly sequenced without prior amplification. In 
some embodiments, nucleic acids can be directly sequenced without performing amplification when attached to a solid support, for 
example, nucleic acids attached to a solid support can be directly sequenced while attached to the solid support. In some embodiments, a 
nucleic acid that has been removed from a solid support can be directly sequenced. For example, a nucleic acid that has been removed
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from a solid support can be directly sequenced without performing amplification. Any sequencing platform conducive to sequencing without 
amplification can be used to perform the sequencing.

Amplification

[0247] After the nucleic acid has been synthesized (e.g., reverse transcribed), it may be amplified. Amplification may be performed in a 
multiplex manner, wherein multiple target nucleic acid sequences are amplified simultaneously. Amplification may add sequencing adaptors 
to the nucleic acid. Amplification may be performed by polymerase chain reaction (PCR). PCR may refer to a reaction for the in vitro 
amplification of specific DNA sequences by the simultaneous primer extension of complementary strands of DNA. PCR may encompass 
derivative forms of the reaction, including but not limited to, RT-PCR, real-time PCR, nested PCR, quantitative PCR, multiplexed PCR, digital 
PCR, and assembly PCR.

[0248] The method may further comprise conducting one or more amplification reactions to produce labeled nucleic acid amplicons. The 
labeled nucleic acids may be amplified prior to detecting the labeled nucleic acids. The method may further comprise combining the first and 
second samples prior to conducting the one or more amplification reactions.

[0249] The amplification reactions may comprise amplifying at least a portion of the sample tag. The amplification reactions may comprise 
amplifying at least a portion of the label. The amplification reactions may comprise amplifying at least a portion of the sample tag, label, 
nucleic acid, or a combination thereof. The amplification reactions may comprise amplifying at least 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 97%, or 100% of the plurality of 
nucleic acids. The method may further comprise conducting one or more cDNA synthesis reactions to produce one or more cDNA copies of 
the sample-tagged nucleic acids or molecular identifier labeled nucleic acids.

[0250] Amplification of the labeled nucleic acids may comprise PCR-based methods or non-PCR based methods. Amplification of the 
labeled nucleic acids may comprise exponential amplification of the labeled nucleic acids. Amplification of the labeled nucleic acids may 
comprise linear amplification of the labeled nucleic acids.

[0251] In some instances, amplification of the labeled nucleic acids comprises non-PCR based methods. Examples of non-PCR based 
methods include, but are not limited to, multiple displacement amplification (MDA), transcription-mediated amplification (TMA), nucleic acid 
sequence-based amplification (NASBA), strand displacement amplification (SDA), real-time SDA, rolling circle amplification, or circle-to-circle 
amplification. Other non-PCR-based amplification methods include multiple cycles of DNA-dependent RNA polymerase-driven RNA 
transcription amplification or RNA-directed DNA synthesis and transcription to amplify DNA or RNA targets (WO 89/01050; WO 88/10315; 
and U.S. Pat. Nos. 5,130,238; 5,409,818; 5,466,586; 5,514,545; 5,554,517; 5,888,779; 6,063,603; and 6,197,554), a ligase chain reaction 
(LCR), a Qß replicase (Qß) method as described in U.S. Pat. No. 4,786,600, use of palindromic probes, strand displacement amplification, 
oligonucleotide-driven amplification using a restriction endonuclease, an amplification method in which a primer is hybridized to a nucleic 
acid sequence and the resulting duplex is cleaved prior to the extension reaction and amplification, strand displacement amplification using 
a nucleic acid polymerase lacking 5' exonuclease activity (U.S. Pat. No. 6,214,587), rolling circle amplification, and ramification extension 
amplification (RAM) (U.S. Pat. No. 5,942,391).

[0252] Amplification of the labeled nucleic acids may comprise hybridization chain reaction (HCR) based methods (Dirks and Pierce, PNAS, 
2004; Zhang et al., Anal Chem, 2012). HCR based methods may comprise DNA-based HCR. HCR based methods may comprise one or 
more labeled probes. The one or more labeled probes may comprise one or more sample tags or molecular identifier labels, or the 
complement thereof, disclosed herein.

[0253] In some instances, the methods disclosed herein further comprise conducting a polymerase chain reaction on the labeled nucleic 
acid (e.g., labeled-RNA, labeled-DNA, labeled-cDNA) to produce a labeled-amplicon. The labeled-amplicon may be double-stranded 
molecule. The double-stranded molecule may comprise a double-stranded RNA molecule, a double-stranded DNA molecule, or a RNA 
molecule hybridized to a DNA molecule. One or both of the strands of the double-stranded molecule may comprise the sample tag or 
molecular identifier label. Alternatively, the labeled-amplicon is a single-stranded molecule. The single-stranded molecule may comprise 
DNA, RNA, or a combination thereof. The nucleic acids may comprise synthetic or altered nucleic acids.

[0254] The polymerase chain reaction may be performed by methods such as PCR, HD-PCR, Next Gen PCR, digital RTA, or any 
combination thereof. Additional PCR methods include, but are not limited to, allele-specific PCR, Alu PCR, assembly PCR, asymmetric PCR, 
droplet PCR, emulsion PCR, helicase dependent amplification HDA, hot start PCR, inverse PCR, linear-after-the-exponential (LATE)-PCR, 
long PCR, multiplex PCR, nested PCR, hemi-nested PCR, quantitative PCR, RT-PCR, real time PCR, single cell PCR, touchdown PCR or 
combinations thereof.

[0255] Multiplex PCR reactions may comprise nested PCR reactions. The method may comprise a pair of primers wherein a first primer that 
anneals to any one of the plurality of nucleic acids at least 300 to 400 nucleotides from the 3' end of any one of the plurality of nucleic acids 
and a second primer that anneals to any one of the plurality of nucleic acids at least 200 to 300 nucleotides from the 3' end of any one of 
the plurality of nucleic acids, wherein the first primer and second primer generate complementary DNA synthesis towards the 3' end of any 
one of the plurality of nucleic acids.

[0256] In some instances, conducting a polymerase chain reaction comprises annealing a first target specific primer to the labeled nucleic
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acid. Alternatively or additionally, conducting a polymerase chain reaction further comprises annealing a universal primer to a universal 
primer binding site region of the sample tag or molecular identifier label, wherein the sample tag or molecular identifier label is on a labeled 
nucleic acid or labeled-amplicon. The methods disclosed herein may further comprise annealing a second target specific primer to the 
labeled nucleic acid and/or labeled-amplicon.

[0257] In some instances, the method comprises repeatedly amplifying the labeled nucleic acid to produce multiple labeled-amplicons. The 
methods disclosed herein may comprise conducting at least about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 
amplification reactions. Alternatively, the method comprises conducting at least about 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 
95, or 100 amplification reactions.

[0258] Other suitable amplification methods include the ligase chain reaction (LCR) (for example, Wu and Wallace, Genomics 4, 560 
(1989), Landegren et al., Science 241, 1077 (1988) and Barringer et al. Gene 89:117 (1990)), transcription amplification (Kwoh et al., Proc. 
Natl. Acad. Sei. USA86, 1173 (1989) and WO88/10315), self-sustained sequence replication (Guatelli et al., Proc. Nat. Acad. Sei. USA, 87, 
1874 (1990) and W090/06995). Further examples are selective amplification of target polynucleotide sequences (U.S. Patent No. 
6,410,276), consensus sequence primed polymerase chain reaction (CP-PCR) (U.S. Patent No. 4,437,975), arbitrarily primed polymerase 
chain reaction (AP-PCR) (U.S. Patent Nos. 5,413,909, 5,861,245), rolling circle amplification (RCA) (for example, Fire and Xu, PNAS 
92:4641 (1995) and Liu et al., J. Am. Chem. Soc. 118:1587 (1996)) and U.S. Pat. No. 5,648,245, strand displacement amplification (see 
Lasken and Egholm, Trends Biotechnol. 2003 21(12):531-5: Barker et al. Genome Res. 2004 May;14(5):901-7; Dean et al. Proc Natl Acad 
Sei USA. 2002; 99(8):5261-6: Walker et al. 1992, Nucleic Acids Res. 20(7):1691-6, 1992 and Paez, et al. Nucleic Acids Res. 2004; 
32(9):e71), Qbeta Replicase, described in PCT Patent Application No. PCT/US87/00880 and nucleic acid based sequence amplification 
(NABSA). (See, U.S. Patent Nos. 5,409,818, 5,554,517, and 6,063,603), Other amplification methods that may be used are described in, 
U.S. Patent Nos. 6,582,938, 5,242,794, 5,494,810, 4,988,617, and US Pub. No. 20030143599. DNA may also be amplified by multiplex 
locus-specific PCR or using adaptor-ligation and single primer PCR (See Kinzler and Vogelstein, NAR (1989) 17:3645-53. Other available 
methods of amplification, such as balanced PCR (Makrigiorgos, et al. (2002), Nat Biotechnol, Vol. 20, pp.936-9), may also be used.

[0259] Molecular inversion probes ("MIPs") may also be used for amplification of selected targets. MIPs may be generated so that the ends 
of the pre-circle probe are complementary to regions that flank the region to be amplified. The gap may be closed by extension of the end 
of the probe so that the complement of the target is incorporated into the MIP prior to ligation of the ends to form a closed circle. The closed 
circle may be amplified and detected by sequencing or hybridization as previously disclosed in Hardenbol et al., Genome Res. 15:269-275 
(2005) and in U.S. Patent No. 6,858,412.

[0260] Amplification may further comprise adding one or more control nucleic acids to one or more samples comprising a plurality of nucleic 
acids. Amplification may further comprise adding one or more control nucleic acids to a plurality of nucleic acids. The control nucleic acids 
may comprise a control label.

[0261] Amplification may comprise use of one or more non-natural nucleotides. Non-natural nucleotides may comprise photolabile and/or 
triggerable nucleotides. Examples of non-natural nucleotides include, but are not limited to, peptide nucleic acid (PNA), morpholino and 
locked nucleic acid (LNA), as well as glycol nucleic acid (GNA) and threose nucleic acid (TNA). Non-natural nucleotides may be added to 
one or more cycles of an amplification reaction. The addition of the non-natural nucleotides may be used to identify products as specific 
cycles or time points in the amplification reaction.

[0262] Conducting the one or more amplification reactions may comprise the use of one or more primers. The one or more primers may 
comprise one or more oligonucleotides. The one or more oligonucleotides may comprise at least about 7-9 nucleotides. The one or more 
oligonucleotides may comprise less than 12-15 nucleotides. The one or more primers may anneal to at least a portion of the plurality of 
labeled nucleic acids. The one or more primers may anneal to the 3' end and/or 5' end of the plurality of labeled nucleic acids. The one or 
more primers may anneal to an internal region of the plurality of labeled nucleic acids. The internal region may be at least about 50, 100, 
150, 200, 220, 230, 240, 250, 260, 270, 280, 290, 300, 310, 320, 330, 340, 350, 360, 370, 380, 390, 400, 410, 420, 430, 440, 450, 460, 
470, 480, 490, 500, 510, 520, 530, 540, 550, 560, 570, 580, 590, 600, 650, 700, 750, 800, 850, 900 or 1000 nucleotides from the 3' ends 
the plurality of labeled nucleic acids. The one or more primers may comprise a fixed panel of primers. The one or more primers may 
comprise at least one or more custom primers. The one or more primers may comprise at least one or more control primers. The one or 
more primers may comprise at least one or more housekeeping gene primers. The one or more oligonucleotides may comprise a sequence 
selected from a group consisting of sequences in Table 23. The one or more primers may comprise a universal primer. The universal primer 
may anneal to a universal primer binding site. The one or more custom primers may anneal to the first sample tag, the second sample tag, 
the molecular identifier label, the nucleic acid or a product thereof. The one or more primers may comprise a universal primer and a custom 
primer. The custom primer may be designed to amplify one or more target nucleic acids. The target nucleic acids may comprise a subset of 
the total nucleic acids in one or more samples. The target nucleic acids may comprise a subset of the total labeled nucleic acids in one or 
more samples The one or more primers may comprise at least 96 or more custom primers. The one or more primers may comprise at least 
960 or more custom primers. The one or more primers may comprise at least 9600 or more custom primers. The one or more custom 
primers may anneal to two or more different labeled nucleic acids. The two or more different labeled nucleic acids may correspond to one or 
more genes.

[0263] Disclosed herein is a method of selecting a custom primer comprising: a) a first pass, wherein primers chosen may comprise: i) no 
more than three sequential guanines, no more than three sequential cytosines, no more than four sequential adenines, and no more than 
four sequential thymines; ii) at least 3, 4, 5, or 6 nucleotides that are guanines or cytosines; and iii) a sequence that does not easily form a 
hairpin structure; b) a second pass, comprising: i) a first round of choosing a plurality of sequences that have high coverage of all
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transcripts; and ii) one or more subsequent rounds, selecting a sequence that has the highest coverage of remaining transcripts and a 
complementary score with other chosen sequences no more than 4; and c) adding sequences to a picked set until coverage saturates or 
total number of customer primers is less than or equal to about 96.

[0264] The method of selecting the custom primer may further comprise selecting the at least one common primer based on one or more 
mRNA transcripts, non-coding transcripts including structural RNAs, transcribed pseudogenes, model mRNA provided by a genome 
annotation process, sequences corresponding to the genomic contig, or any combination thereof.

[0265] The method of selecting the custom primer may further comprise a primer selection method that enriches for one or more subsets of 
nucleic acids. The one or more subsets may comprise low abundance mRNAs.

[0266] The method of selecting the custom primer may further comprise a computational algorithm. Primers used in the method may be 
designed with the use of the Primer 3, a computer program which suggests primer sequences based on a user defined input sequence. 
Other primer designs may also be used, or primers may be selected by eye without the aid of computer programs. There are many options 
available with the program to tailor the primer design to most applications. Primer3 may consider many factors, including, but not limited to, 
oligo melting temperature, length, GC content, 3' stability, estimated secondary structure, the likelihood of annealing to or amplifying 
undesirable sequences (for example interspersed repeats) and the likelihood of primer-dimer formation between two copies of the same 
primer. In the design of primer pairs, Primer3 may consider product size and melting temperature, the likelihood of primer- dimer formation 
between the two primers in the pair, the difference between primer melting temperatures, and primer location relative to particular regions of 
interest to be avoided.

[0267] The methods, compositions and kits disclosed herein may comprise one or more primers disclosed in Tables 23-24.

Sequencing

[0268] In some aspects, determining the number of different labeled nucleic acids may comprise determining the sequence of the labeled 
nucleic acid or any product thereof (e.g., labeled-amplicons, labeled-cDNA molecules). In some instances, an amplified target nucleic acid 
may be subjected to sequencing. Determining the sequence of the labeled nucleic acid or any product thereof may comprise conducting a 
sequencing reaction to determine the sequence of at least a portion of the sample tag, molecular identifier label, at least a portion of the 
labeled nucleic acid, a complement thereof, a reverse complement thereof, or any combination thereof. In some instances only the sample 
tag or a portion of the sample tag is sequenced. In some instances only the molecular identifier label or a portion of the molecular identifier 
label is sequenced.

[0269] Determining the sequence of the labeled nucleic acid or any product thereof may be performed by sequencing methods such as 
Helioscope™ single molecule sequencing, Nanopore DNA sequencing, Lynx Therapeutics' Massively Parallel Signature Sequencing 
(MPSS), 454 pyrosequencing, Single Molecule real time (RNAP) sequencing, lllumina (Solexa) sequencing, SOLiD sequencing, Ion 
Torrent™, Ion semiconductor sequencing, Single Molecule SMRT(™) sequencing, Polony sequencing, DNA nanoball sequencing, and 
VisiGen Biotechnologies approach. Alternatively, determining the sequence of the labeled nucleic acid or any product thereof may use 
sequencing platforms, including, but not limited to, Genome Analyzer llx, HiSeq, and MiSeq offered by lllumina, Single Molecule Real Time 
(SMRT™) technology, such as the PacBio RS system offered by Pacific Biosciences (California) and the Solexa Sequencer, True Single 
Molecule Sequencing (tSMS™) technology such as the HeliScope™ Sequencer offered by Helicos Inc. (Cambridge, MA).

[0270] In some embodiments, the labeled nucleic acids comprise nucleic acids representing from about 0.01% of the genes of an 
organism's genome to about 100% of the genes of an organism's genome. For example, about 0.01% of the genes of an organism's 
genome to about 100% of the genes of an organism's genome can be sequenced using a target complimentary region comprising a 
plurality of multimers by capturing the genes containing a complimentary sequence from the sample. In some embodiments, the labeled 
nucleic acids comprise nucleic acids representing from about 0.01% of the transcripts of an organism's transcriptome to about 100% of the 
transcripts of an organism's transcriptome. For example, about 0.501% of the transcripts of an organism's transcriptome to about 100% of 
the transcripts of an organism's transcriptome can be sequenced using a target complimentary region comprising a poly-T tail by capturing 
the mRNAs from the sample.

[0271] In some instances, determining the sequence of the labeled nucleic acid or any product thereof comprises paired-end sequencing, 
nanopore sequencing, high-throughput sequencing, shotgun sequencing, dye-terminator sequencing, multiple-primer DNA sequencing, 
primer walking, Sanger dideoxy sequencing, Maxim-Gilbert sequencing, pyrosequencing, true single molecule sequencing, or any 
combination thereof. Alternatively, the sequence of the labeled nucleic acid or any product thereof may be determined by electron 
microscopy or a chemical-sensitive field effect transistor (chemFET) array.

[0272] Determination of the sequence of a nucleic acid (e.g., amplified nucleic acid, labeled nucleic acid, cDNA copy of a labeled nucleic 
acid, etc.) may be performed using variety of sequencing methods including, but not limited to, sequencing by hybridization (SBH), 
sequencing by ligation (SBL), quantitative incremental fluorescent nucleotide addition sequencing (QIFNAS), stepwise ligation and cleavage, 
fluorescence resonance energy transfer (FRET), molecular beacons, TaqMan reporter probe digestion, pyrosequencing, fluorescent in situ 
sequencing (FISSEQ), FISSEQ beads, wobble sequencing, multiplex sequencing, polymerized colony (POLONY) sequencing; nanogrid 
rolling circle sequencing (ROLONY), allele-specific oligo ligation assays (e.g., oligo ligation assay (OLA), single template molecule OLA 
using a ligated linear probe and a rolling circle amplification (RCA) readout, ligated padlock probes, and/or single template molecule OLA
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using a ligated circular padlock probe and a rolling circle amplification (RCA) readout) and the like. High-throughput sequencing methods, 
such as cyclic array sequencing using platforms such as Roche 454, lllumina Solexa, ABI-SOLiD, ION Torrents, Complete Genomics, Pacific 
Bioscience, Helicos, Polonator platforms, may also be utilized. Sequencing may comprise MiSeq sequencing. Sequencing may comprise 
HiSeq sequencing. Sequencing may read the cell label, the molecular label and/or the gene that was on the original oligonucleotide.

[0273] In another example, determining the sequence of labeled nucleic acids or any product thereof comprises RNA-Seq or microRNA 
sequencing. Alternatively, determining the sequence of labeled nucleic acids or any products thereof comprises protein sequencing 
techniques such as Edman degradation, peptide mass fingerprinting, mass spectrometry, or protease digestion.

[0274] The sequencing reaction can, in certain embodiments, occur on a solid or semisolid support, in a gel, in an emulsion, on a surface, 
on a bead, in a drop, in a continuous follow, in a dilution, or in one or more physically separate volumes.

[0275] Sequencing may comprise sequencing at least about 10, 20, 30, 40, 50, 60, 70, 80, 90, 100 or more nucleotides or base pairs of the 
labeled nucleic acid. In some instances, sequencing comprises sequencing at least about 200, 300, 400, 500, 600, 700, 800, 900, 1000 or 
more nucleotides or base pairs of the labeled nucleic acid. In other instances, sequencing comprises sequencing at least about 1500; 
2,000; 3,000; 4,000; 5,000; 6,000; 7,000; 8,000; 9,000; or 10,000 or more nucleotides or base pairs of the labeled nucleic acid.

[0276] Sequencing may comprise at least about 200, 300, 400, 500, 600, 700, 800, 900, 1000 or more sequencing reads per run. In some 
instances, sequencing comprises sequencing at least about 1500; 2,000; 3,000; 4,000; 5,000; 6,000; 7,000; 8,000; 9,000; or 10,000 or 
more sequencing reads per run. Sequencing may comprise less than or equal to about 1,600,000,000 sequencing reads per run. 
Sequencing may comprise less than or equal to about 200,000,000 reads per run.

[0277] Determining the number of different labeled nucleic acids may comprise one or more arrays.

[0278] Determining the number of different labeled nucleic acids may comprise contacting the labeled nucleic acids with the one or more 
probes.

[0279] Probes, as described herein, may comprise a sequence that is complementary to at least a portion of the labeled nucleic acid or 
labeled-amplicon. The plurality of probes may be arranged on the solid support in discrete regions, wherein a discrete region on the solid 
support comprises probes of identical or near-identical sequences. In some instances, two or more discrete regions on the solid support 
comprise two different probes comprising sequences complementary to the sequence of two different unique identifier regions of the 
oligonucleotide tag.

[0280] In some instances, the plurality of probes is hybridized to the array. The plurality of probes may allow hybridization of the labeled- 
molecule to the array. The plurality of probes may comprise a sequence that is complementary to the stochastic label oligo dT. Alternatively, 
or additionally, the plurality of probes comprises a sequence that is complementary to the molecule.

[0281] Determining the number of different labeled nucleic acids may comprise contacting the labeled nucleic acids with an array of a 
plurality of probes. Determining the number of different labeled nucleic acids may comprise contacting the labeled nucleic acids with a glass 
slide of a plurality of probes.

[0282] Determining the number of different labeled nucleic acids may comprise labeled probe hybridization, target-specific amplification, 
target-specific sequencing, sequencing with labeled nucleotides specific for target small nucleotide polymorphism, sequencing with labeled 
nucleotides specific for restriction enzyme digest patterns, sequencing with labeled nucleotides specific for mutations, or a combination 
thereof.

[0283] Determining the number of different labeled nucleic acids may comprise flow cytometry sorting of a sequence-specific label. 
Determining the number of different labeled nucleic acids may comprise detection of the labeled nucleic acids attached to the beads. 
Detection of the labeled nucleic acids attached to the beads may comprise fluorescence detection.

[0284] Determining the number of different labeled nucleic acids may comprise counting the plurality of labeled nucleic acids by 
fluorescence resonance energy transfer (FRET), between a target-specific probe and a labeled nucleic acid or a target-specific labeled 
probe.

Detection of labeled nucleic acids

[0285] The methods disclosed herein may further comprise detection of the labeled nucleic acids and/or labeled-amplicons. Detection of the 
labeled nucleic acids and/or labeled-amplicons may comprise hybridization of the labeled nucleic acids to surface, e.g., a solid support. The 
method may further comprise immunoprecipitation of a target sequence with a nucleic-acid binding protein. Detection of the labeled nucleic 
acids and/or labeled amplicons may enable or assist in determining the number of different labeled nucleic acids.

[0286] In some instances, the method further comprises contacting the labeled nucleic acids and/or labeled-amplicons with a detectable 
label to produce a detectable-label conjugated labeled nucleic acid. The methods disclosed herein may further comprise detecting the
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detectable-label conjugated labeled nucleic acid. Detection of the labeled nucleic acids or any products thereof (e.g., labeled-amplicons, 
detectable-label conjugated labeled nucleic acid) may comprise detection of at least a portion of the sample tag or molecular identifier label, 
molecule, detectable label, a complement of the sample tag or molecular identifier label, a complement of the molecule, or any combination 
thereof.

[0287] Detection of the labeled nucleic acids or any products thereof may comprise an emulsion or a droplet. For example, the labeled 
nucleic acids or any products thereof may be in an emulsion or droplet. A droplet can be a small volume of a first liquid that is encapsulated 
by an immiscible second liquid, such as a continuous phase of an emulsion (and/or by a larger droplet). The volume of a droplet, and/or the 
average volume of droplets in an emulsion, can, for example, be less than about one microliter (or between about one microliter and one 
nanoliter or between about one microliter and one picoliter), less than about one nanoliter (or between about one nanoliter and one 
picoliter), or less than about one picoliter (or between about one picoliter and one femtoliter), among others. A droplet (or droplets of an 
emulsion) can have a diameter (or an average diameter) of less than about 1000, 100, or 10 micrometers, or about 1000 to 10 
micrometers, among others. A droplet can be spherical or nonspherical. Droplets can be generated having an average diameter of about, 
less than about, or more than about 0.001, 0.01, 0.05, 0.1, 1, 5, 10, 20, 30, 40, 50, 60, 70, 80, 100, 120, 130, 140, 150, 160, 180, 200, 300, 
400, or 500 microns. Droplets can have an average diameter of about 0.001 to about 500, about 0.01 to about 500, about 0.1 to about 500, 
about 0.1 to about 100, about 0.01 to about 100, or about 1 to about 100 microns. Adroplet can be a simple droplet or a compound droplet. 
The term emulsion, as used herein, can refer to a mixture of immiscible liquids (such as oil and water). Oil-phase and/or water-in-oil 
emulsions allow for the compartmentalization of reaction mixtures within aqueous droplets. The emulsions can comprise aqueous droplets 
within a continuous oil phase. The emulsions provided herein can be oil-in-water emulsions, wherein the droplets are oil droplets within a 
continuous aqueous phase. When an emulsion or droplet is used to isolate, for example, spatially isolate, single cells, a solid support may 
not be used. Thus the nucleic acids to be tagged and analyzed may not be bound to a solid support and in such instances; a cellular label 
can correspond to the single cell or population of cells present in the emulsion or droplet when tagged. The emulsion or droplet can thus 
effectively isolate the tagging or labeling steps with a single cell or plurality of cells and the cellular label can be used to identify the nucleic 
acids that came from the single cell or plurality of cells. In some embodiments, droplets can be applied to microwells, for example, similarly 
to application of beads to microwell arrays.

[0288] Alternatively, detection of the labeled nucleic acids or any products thereof comprises one or more solutions. In other instances, 
detection of the labeled nucleic acids comprises one or more containers.

[0289] Detection of the labeled nucleic acids or any products thereof (e.g., labeled-amplicons, detectable-label conjugated labeled nucleic 
acid) may comprise detecting each labeled nucleic acid or products thereof. For example, the methods disclosed herein comprise 
sequencing at least a portion of each labeled nucleic acid, thereby detecting each labeled nucleic acid.

[0290] In some instances, detection of the labeled nucleic acids and/or labeled-amplicons comprises electrophoresis, spectroscopy, 
microscopy, chemiluminescence, luminescence, fluorescence, immunofluorescence, colorimetry, or electrochemiluminescence methods. 
For example, the method comprises detection of a fluorescent dye. Detection of the labeled nucleic acid or any products thereof may 
comprise colorimetric methods. For example, the colorimetric method comprises the use of a colorimeter or a colorimetric reader. A non
limiting list of colorimeters and colorimetric readers include Sensovation's Colorimetric Array Imaging Reader (CLAIR), ESEQuant Lateral 
Flow Immunoassay Reader, SpectraMax 340PC 38, SpectraMax Plus 384, SpectraMax 190, VersaMax, VMax, and EMax.

[0291] Additional methods used alone or in combination with other methods to detect the labeled nucleic acids and/or amplicons may 
comprise the use of an array detector, fluorescence reader, non-fluorescent detector, CR reader, luminometer, or scanner. In some 
instances, detecting the labeled nucleic acids and/or labeled-amplicons comprises the use of an array detector. Examples of array detectors 
include, but are not limited to, diode-array detectors, photodiode array detectors, HLPC photodiode array detectors, array detectors, 
Germanium array detectors, CMOS and CCD array detectors, Gated linear CCD array detectors, InGaAs photodiode array systems, and TE 
cooled CCD systems. The array detector may be a microarray detector. Non-limiting examples of microarray detectors include 
microelectrode array detectors, optical DNA microarray detection platforms, DNA microarray detectors, RNA microarray detectors, and 
protein microarray detectors.

[0292] In some instances, a fluorescence reader is used to detect the labeled nucleic acid and/or labeled-amplicons. The fluorescence 
reader may read 1, 2, 3, 4, 5, or more color fluorescence microarrays or other structures on biochips, on slides, or in microplates. In some 
instances, the fluorescence reader is a Sensovation Fluorescence Array imaging Reader (FLAIR). Alternatively, the fluorescence reader is a 
fluorescence microplate reader such as the Gemini XPS Fluorescence microplate reader, Gemini EM Fluorescence microplate reader, 
Finstruments® Fluoroskan filter based fluorescence microplate reader, PHERAstar microplate reader, FlUOstar microplate reader, 
POLARstar Omega microplate reader, FLUOstar OPTIMA multi-mode microplate reader and POLARstar OPTIMA multi-mode microplate 
reader. Additional examples of fluorescence readers include PharosFXTM and PharosFX Plus systems.

[0293] In some instances, detection of the labeled nucleic acid and/or labeled-amplicon comprises the use of a microplate reader. In some 
instances, the microplate reader is an xMarkTM microplate absorbance spectrophotometer, iMark microplate absorbance reader, EnSpire® 
Multimode plate reader, Envision Multilabel plate reader, VICTOR X Multilabel plate reader, FlexStation, SpectraMax Paradigm, SpectraMax 
M5e, SpectraMax M5, SpectraMax M4, SpectraMax M3, SpectraMax M2-M2e, FilterMax F series, Fluoroskan Ascent FL Microplate 
Fluoremeter and Luminometer, Fluoroskan Ascent Microplate Fluoremeter, Luminoskan Ascent Microplate Luminometer, Multiskan EX 
Microplate Photometer, Muliskan FC Microplate Photometer, and Muliskan GO Microplate Photometer. In some instances, the microplate 
reader detects absorbance, fluorescence, luminescence, time-resolved fluorescence, light scattering, or any combination thereof. In some 
embodiments, the microplate reader detects dynamic light scattering. The microplate reader, may in some instances, detect static light
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scattering. In some instances, detection of the labeled nucleic acids and/or labeled-amplicons comprises the use of a microplate imager. In 
some instances, the microplate imager comprises ViewLux uHTS microplate imager and BioRad microplate imaging system.

[0294] Detection of labeled nucleic acids and/or products thereof may comprise the use of a luminometer. Examples of luminometers 
include, but are not limited to, SpectraMax L, GloMax®-96 microplate luminometer, GloMax®-20/20 single-tube luminometer, GloMax®- 
Multi+ with InstinctTM software, GloMaxO-Multi Jr single tube multimode reader, LUMIstar OPTIMA, LEADER HC+ luminometer, LEADER 
450i luminometer, and LEADER 50i luminometer.

[0295] In some instances, detection of the labeled nucleic acids and/or labeled-amplicons comprises the use of a scanner. Scanners 
include flatbed scanners such as those provided by Cannon, Epson, HP, Fujitsu, and Xerox. Additional examples of flatbed scanners include 
the FMBIO® fluorescence imaging scanners (e.g., FMBIO® II, III, and III Plus systems). Scanners may include microplate scanners such as 
the Arrayit ArrayPixTM microarray microplate scanner. In some instances, the scanner is a Personal Molecular ImagerTM (PMI) system 
provided by Bio-rad.

[0296] Detection of the labeled nucleic acid may comprise the use of an analytical technique that measures the mass-to-charge ratio of 
charged particles, e.g., mass spectrometry. In some embodiments the mass-to-charge ratio of charged particles is measured in combination 
with chromatographic separation techniques. In some embodiments sequencing reactions are used in combination with mass-to-charge 
ratio of charged particle measurements. In some embodiments the tags comprise isotopes. In some embodiments the isotope type or ratio 
is controlled or manipulated in the tag library.

[0297] Detection of the labeled nucleic acids or any products thereof comprises the use of small particles and/or light scattering. For 
example, the amplified molecules (e.g., labeled-amplicons) are attached to haptens or directly to small particles and hybridized to the array. 
The small particles may be in the nanometer to micrometer range in size. The particles may be detected when light is scattered off of its 
surface.

[0298] A colorimetric assay may be used where the small particles are colored, or haptens may be stained with colorimetric detection 
systems. In some instances, a flatbed scanner may be used to detect the light scattered from particles, or the development of colored 
materials. The methods disclosed herein may further comprise the use of a light absorbing material. The light absorbing material may be 
used to block undesirable light scatter or reflection. The light absorbing material may be a food coloring or other material. In some 
instances, detection of the labeled nucleic acid or any products thereof comprises contacting the labeled nucleic acids with an off-axis white 
light.

[0299] In some mebodiments, two or more different types of biological materials from a sample can be detected simultaneously. For 
example, two or more different types of biological materials selected from the group consisiting of DNA, RNA (e.g., microRNA, mRNA, etc.), 
nucleotide, protein, and carbohydrate, from a sample can be detected simultaneously. For example, DNA and RNA from a sample can be 
detected simultaneously using the methods described herein.

Data Analysis

[0300] The sequencing data may be used to count the number of target nucleic acid molecules in a cell. For example, a plurality of copies 
of a target nucleic acid in a cell may bind to a different oligonucleotide on the solid support. When the plurality of target nucleic acids are 
amplified and sequenced, they may comprise different molecular labels. The number of molecular labels for a same target nucleic acid may 
be indicative of the number of copies of the target nucleic acid in the cell. Determining the copy number of a target nucleic acid may be 
useful for removing amplification bias when determining the concentration of a target nucleic acid in a cell.

[0301] The sequencing data may be used to genotype a subject. By comparing target nucleic acids with different cellular labels, the copy 
number variation and/or concentration of the target nucleic acid may be determined. By comparing concentrations of target nucleic acids 
with different cellular labels, the sequencing data may be used to determine cellular genotype heterogeneity. For example, a first cell of a 
sample may comprise a target nucleic acid at high concentrations, whereas a second cell of the sample may not comprise the target nucleic 
acid, or may comprise the target nucleic acid at low concentrations, thereby indicating the heterogeneity of the cellular sample.

[0302] Determining cellular genotype heterogeneity may be useful for diagnosing, prognosing, and determining a course of treatment of a 
disease. For example, if a first cell of a sample comprises the target nucleic acid, but a second cell of the sample does not comprise the 
target nucleic acid, but comprises a second target nucleic acid, then a course of a treatment may include an agent (e.g., drug) to target the 
first genotype and an agent (e.g., drug) to target the second genotype.

[0303] In some embodiments, certain sequence types can be linked to a DNA or RNA profile. For example, T-cell receptor and/or B-cell 
receptor sequences can be linked to a transcription profile, microRNA profile, or genomic mutation profile of a sample, such as a single cell. 
In some embodiments, certain sequence types can be linked to an antigenicity or protein expression profile. For example, T-cell receptor 
and/or B-cell receptor sequences can be linked to to an antigenicity or protein expression profile via binding antibodies to a surface, such as 
a surface comprising proteins, such as protein targets of antibodies comprising the T-cell receptor and/or B-cell receptor sequences.

[0304] In some embodiments, the presence or absence of a sequence, such as a viral sequence, can be linked to a DNA or RNA profile. 
For example, the presence or absence of a sequence, such as a viral sequence, can be linked to a transcription profile, microRNA profile,
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or genomic mutation profile of a sample, such as a single cell.

Kits

[0305] The present disclosure provides kits for carrying out the methods of the disclosure. A kit may comprise one or more of: a microwell 
array, an oligonucleotide, and a solid support. A kit may comprise a reagent for reconstituting and/or diluting the oligonucleotides and/or 
solid support. A kit may comprise reagents for conjugating the oligonucleotides to the solid support. A kit may further comprise one or more 
additional reagents, where such additional reagents may be selected from: a wash buffer; a control reagent, an amplification agent for 
amplifying (e.g., performing cDNA synthesis and PCR) a target nucleic acid, and a conjugation agent for conjugating an oligonucleotide to 
the solid support. Components of a subject kit may be in separate containers, or may be combined in a single container.

[0306] A kit may comprise instructions for using the components of the kit to practice the subject methods. The instructions for practicing 
the subject methods may be recorded on a suitable recording medium. For example, the instructions may be printed on a substrate, such 
as paper or plastic, etc. As such, the instructions may be present in the kits as a package insert, in the labeling of the container of the kit or 
components thereof (i.e., associated with the packaging or subpackaging) etc. In some embodiments, the instructions may be present as an 
electronic storage data file present on a suitable computer readable storage medium, e.g., CD-ROM, diskette, flash drive, etc. In some 
embodiments, the actual instructions may not be present in the kit, but means for obtaining the instructions from a remote source, e.g., via 
the internet, are provided. For example a kit may comprise a web address where the instructions may be viewed and/or from which the 
instructions may be downloaded. As with the instructions, this means for obtaining the instructions is recorded on a suitable substrate.

[0307] Further disclosed herein are kits for use in analyzing two or more molecules from two or more samples. The kits disclosed herein 
may comprise a plurality of beads, a primer and amplification agents sufficient to process at least about 384 samples. Any one of the 
samples may comprise a single cell. The nucleic acid amplification may result in a measurement of about 1, 2, 5, 10, 15, 20, 25, 30, 35, 40, 
45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 200, 300, 400, 500 , 600, 700, 800, 900 or 1000 targeted nucleic acids in a sample. The 
nucleic acid amplification may result in a measurement of about 1000 targeted nucleic acids in a sample. The nucleic acid amplification may 
result in a measurement of about 100 targeted nucleic acids in a sample. The nucleic acid amplification may result in a measurement of 
about 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 100% of total nucleic acids 
in single cells. The nucleic acid amplification may result in a global measurement of all nucleic acid sequences in single cells. The nucleic 
acid amplification may result in a measurement of targeted nucleic acid sequences in single cells by sequencing. The nucleic acid 
amplification may result in a measurement of targeted nucleic acid sequences in single cells by an array.

[0308] The amplification agents may comprise a fixed panel of primers. The amplification agents may comprise at least one pair of custom 
primers. The amplification agents may comprise at least one pair of control primers. The amplification agents may comprise at least one 
pair of housekeeping gene primers. The amplification agents suitable may comprise a PCR master mix. The kit may further comprise 
instructions for primer design and optimization. The kit may further comprise a microwell plate, wherein the microwell plate may comprise at 
least one well in which no more than one bead is distributed. The kit may further comprise one or more additional containers. The one or 
more additional containers may comprise one or more additional plurality of sample tags. The plurality of one or more additional sample 
tags in the one or more additional containers are different from the first plurality of sample tags in the first container. The one or more 
additional containers may comprise one or more additional molecular identifier labels. The one or more additional molecular identifier labels 
of the one or more additional containers are the same as the one or more additional molecular identifier labels of the second container.

[0309] The methods and kits disclosed herein may comprise the use of one or more pipette tips and/or containers (e.g., tubes, vials, 
multiwell plates, microwell plates, eppendorf tubes, glass slides, beads). In some instances, the pipet tips are low binding pipet tips. 
Alternatively, or additionally, the containers may be low binding containers. Low binding pipet tips and low binding containers may have 
reduced leaching and/or subsequent sample degradation associated with silicone-based tips and non-low binding containers. Low binding 
pipet tips and low binding containers may have reduced sample binding as compared to non-low binding pipet tips and containers. 
Examples of low binding tips include, but are not limited to, Corning® DeckWorksTM low binding tips and Avant Premium low binding 
graduated tips. A non-limiting list of low-binding containers include Corning® Costar® low binding microcentrifuge tubes and Cosmobrand 
low binding PCR tubes and microcentrifuge tubes.

[0310] Any of the kits disclosed herein can further comprise software. For example, a kit can comprise software for analyzing sequences, 
such as barcodes or target sequences. For example, a kit can comprise software for analyzing sequences, such as barcodes or target 
sequences for counting unique target molecules, such as unique target molecules from a single cell. For example, a kit can comprise 
software for analyzing sequences, such as barcodes or target sequences for counting unique target molecules, such as unique target 
molecules from a gene, such as a gene from a single cell.

Microwells and microwell arrays

[0311] In some instances, the methods of the disclosure provide for contacting a solid support comprising a conjugated oligonucleotide with 
a cell. The contacting step may be performed on a surface. Exemplary surfaces may include a microwell, a tube, a flask, and chip. In some 
instances, the surface comprises a microwell. In some instances, the microwell is part of a microwell array.
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[0312] The microwells of a microwell array may be of a size and shape capable of containing at least 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 or more 
cells per microwell. The microwells may be of a size and shape capable of containing at most 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 or more cells per 
microwell. The microwells of a microwell array may be of a size and shape capable of containing at least 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 or 
more solid supports per microwell. The microwells may be of a size and shape capable of containing at most 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 or 
more solid supports per microwell. A microwell may comprise at most one cell and one solid support. A microwell may comprise at most one 
cell and two solid supports. A microwell may comprise at least one cell and at most one solid support. A microwell may comprise at least 
one cell and at most two solid supports.

[0313] Microwells on the microwell array may be arranged horizontally. The microwells may be arranged vertically. The microwells may be 
arranged with equal or near equal spacing. The microwell array may have markers associated with one or more microwells. For example, 
the microwells of the microwell array may be divided into groups each comprised of a prescribed number of microwells. These groups may 
be provided on the principal surface of the substrate. Markers may be provided so that the position of each group may be determined. A 
marker may be detectable by the naked eye. A marker may be a marker that requires optics to see (e.g., fluorescent marker, emission 
marker, UV marker).

[0314] Amicrowell array may comprise at least about 96, 384, 1000, 5000, 10000, 15000, 100000, 150000, 500000, 1000000, or 5000000 
or more microwells. A microwell array may comprise at most about 96, 384, 1000, 5000, 10000, 15000, 100000, 150000 500000, 1000000, 
or 5000000 or more microwells.

[0315] The shape of the microwell may be cylindrical. The shape of the microwell may be noncylindrical, such as a polyhedron comprised of 
multiple faces (for example, a parallelepiped, hexagonal column, or octagonal column), an inverted cone, an inverted pyramid (inverted 
triangular pyramid, inverted square pyramid, inverted pentagonal pyramid, inverted hexagonal pyramid, or an inverted polygonal pyramid 
with seven or more angles). The microwell may comprise a shape combining two or more of these shapes. For example, it may be partly 
cylindrical, with the remainder having the shape of an inverted cone. The shape of the microwell may be one in which a portion of the top of 
an inverted cone or inverted pyramid is cut off. The mouth of the microwell may be on the top of the microwell or the bottom of the 
microwell. The bottom of the microwell may be flat, but curved surfaces (e.g., convex or concave) are also possible. The shape and size of 
the microwell may be determined in consideration of the type of cell and/or solid substrate (e.g., shape, size) to be stored in the microwell.

[0316] The diameter of the microwell may refer to the largest circle that may be inscribed in the planar shape of the microwell. The diameter 
of the microwell may be at least about 0.1, 0.5, 1, 2, or 3-fold or more the diameter of the cell and/or solid support to be contained in the 
microwell. The diameter of the microwell may be at most about 0.1, 0.5, 1, 2, or 3-fold or more the diameter of the cell and/or solid support 
to be contained in the microwell. The diameter of the microwell may be at least about 10, 20, 30, 40, or 50% or more the diameter of the 
solid support. The diameter of the microwell may be at most about 10, 20, 30, 40, or 50% or more the diameter of the solid support. The 
diameter of the microwell may be at least about 5, 10, 15, 20, 25, 30, 35, 40, 45, or 50 or more micrometers. The diameter of the microwell 
may be at most about 5, 10, 15, 20, 25, 30, 35, 40, 45, or 50 or more micrometers. The diameter of the microwell is about 25 micrometers. 
In some instances, the diameter of the microwell is about 30 micrometers. In some instances, the diameter of the microwell is about 28 
micrometers.

[0317] The difference between the microwell volume and the solid support volume may be at least about 1 χ1θ("14) m3, 1.5 χ1θ("14) m3, 1.7 

x10("14) m3, 2.0 x10("14) m3, 2.5 χ1θ("14) m3, or 3.0 χ1θ("14) m3 or more. The difference between the microwell volume and the solid support 

volume may be at most about 1 x10<'14) m3, 1.5 x10<'14) m3, 1.7 x10<'14) m3, 2.0 x10<'14) m3, 2.5 x10<'14) m3, or 3.0 x10<'14) m3 or more. The 

difference between the microwell volume and the solid support volume may be at least about 1 x10("11) L, 1.5 x10("11) L, 1.7 x10("11) L, 2.0 

x10(-11) L, 2.5 x10(-11) L, or 3.0 x10<-11) L or more. The difference between the microwell volume and the solid support volume may be at 

most about 1 x10("11) L, 1.5 x10("11) L, 1.7 x10("11) L, 2.0 x10("11) L, 2.5 x10("11) L, or 3.0 x10("11) L or more. FIG. 7 illustrates exemplary 
statistics about the volume of the microwell, the solid support, and the differences between the microwell and the solid support volumes.

[0318] The depth of the microwell may be at least about 0.1, 0.5, 1, 2, 3, 4, or 5-fold or more the diameter of the cell and/or solid support to 
be contained in the microwell. The depth of the microwell may be at most about 0.1, 0.5, 1, 2, 3, 4, or 5-fold or more the diameter of the cell 
and/or solid support to be contained in the microwell. The depth of the microwell may be at least about 10, 20, 30, 40, or 50% or more the 
depth of the solid support. The depth of the microwell may be at most about 10, 20, 30, 40, or 50% or more the depth of the solid support. 
The depth of the microwell may be at least about 5, 10, 15, 20, 25, 30, 35, 40, 45, or 50 or more micrometers. The depth of the microwell 
may be at most about 5, 10, 15, 20, 25, 30, 35, 40, 45, or 50 or more micrometers. The depth of the microwell may be about 30 
micrometers. The depth of the microwell may be about 28 micrometers. The microwell may be flat, or substantially flat.

[0319] A microwell array may comprise spacing between the wells. The spacing between the wells may be at least about 5, 10, 25, 20, 25, 
30, 35, 40, 45, or 50 or more micrometers. The spacing between the wells may be at most about 5, 10, 25, 20, 25, 30, 35, 40, 45, or 50 or 
more micrometers. The spacing between the wells may be about 15 micrometers. The spacing between the wells may be about 25 
micrometers.

[0320] There may be differences in the height of dips and rises at any position on the inner wall of a microwell. By creating dips and rises on 
a portion of the inner wall of a well that has been treated for smoothness, functionality may be added to the well. The inner wall of a 
microwell may be smoothed by etching. The degree of vacuum in the etching device, the type of etching gas, the etching steps, and the like 
may be suitably selected. For example, smoothing of the inner wall of a microwell may be conducted by wet etching or by combining a hot 
oxidation step with oxide film etching. The inner wall of the microwell may be functionalized (e.g., functionalized with an oligonucleotide, a
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reactive group, a functional group).

[0321] The microwell array may be made of silicon, metal (e.g., aluminum, stainless steel, copper, nickel, chromium, and titanium), PDMS 
(elastomer), glass, polypropylene, agarose, gelatin, pluoronic (e.g., pluronic F127), plastics (e.g., plastics that are naturally hydrophilic, such 
as PMMA), plastics (e.g., PP, COP, COC) and elastomer (e.g., PDMS) that are hydrophobic but may be treated to be made hydrophilic), 
hydrogels (e.g., polyacrylamide, alginate), or resin (e.g., polyimide, polyethylene, vinyl chloride, polypropylene, polycarbonate, acrylic, and 
polyethylene terephthalate). The microwell array may be made of a material that is hydrophobic. The microwell array may be made of a 
material that is hydrophobic but coated to be made hydrophilic (e.g., by oxygen plasma treatment). The microwell array may be made of a 
material that is hydrophilic but coated to be made hydrophobic.

[0322] A microwell array may be assembled. Microwell array assembly may comprise obtaining a silicon waiter with patterning (e.g., 
patterned posts made with SU8 photoresist) and incubating it with PDMS material to create arrays of wells through soft lithography (e.g., at 
80 C for a few hours). For example, uncured PDMS may be liquid. Uncured PDMS may fill gaps between posts. When PDMS is cured by 
heat, it may be come solid, thereby generating the array of wells. An optical adhesive (e.g., NOA81/NOA63) may be applied to the PDMS 
material (e.g., using UV light) to create an array of posts (e.g., a plurality of arrays). The application may be performed for at least about 1 
second, 2 seconds, 3 seconds, 4 seconds, 5 seconds, 6 seconds, 7 seconds, 8 seconds, 9 seconds, 10 seconds or 1 minute, 2 minutes, 3 
minutes, 4 minutes, or 5 or more minutes. A layer comprising agarose may be applied to the optical adhesive. The agarose layer may be at 
least about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10% or more agarose. The agarose layer may be most about 1, 2,3 ,4 5, 6, 7, 8, 9, 10% or more 
agarose. The agarose layer may be about 5% agarose. The agarose layer may be set on Gelbond film, or any hydrophilic substrate that the 
agarose may adhere to. The incubation of the agarose layer on the optical surface may be at least about 1,2,3, 4, 5, 6, 7, 8,9,10 or more 
minutes. The incubation of the agarose layer on the optical surface may be at most about 1, 2, 3, 4, 5, 6, 7, 8,9,10 or more minutes.

[0323] In some instances, the methods of the disclosure may use a surface that may not comprise microwells. The surface may be glass, 
plastic, metal. The surface may be coated with solid supports, extracellular matrix, polymers. The surface may not comprise wells. The 
surface may comprise solid supports spatially arranged to limit molecular diffusion. The methods of the disclosure of capturing cells and/or 
cell contents may occur on a flat surface. The methods of the disclosure of capturing cells and/or cell contents may occur in a suspension.

Cells and samples

[0324] The cell and of the disclosure may be a cell from an animal (e.g., human, rat, pig, horse, cow, dog, mouse). In some instances, the 
cell is a human cell. The cell may be a fetal human cell. The fetal human cell may be obtained from a mother pregnant with the fetus. The 
cell may be a cell from a pregnant mother. The cell may be a cell from a vertebrate, invertebrate, fungi, archae, or bacteria. The cell may be 
from a multicellular tissue (e.g., an organ (e.g., brain, liver, lung, kidney, prostate, ovary, spleen, lymph node, thyroid, pancreas, heart, 
skeletal muscle, intestine, larynx, esophagus, and stomach), a blastocyst). The cell may be a cell from a cell culture. The cell may be a 
HeLa cell, a K562 cell, a Ramos cell, a hybridoma, a stem cell, an undifferentiated cell, a differentiated cell, a circulating cell, a CHO cell, a 
3T3 cell, and the like.

[0325] In some instances, the cell is a cancerous cell. Non-limiting examples of cancer cells may include a prostate cancer cell, a breast 
cancer cell, a colon cancer cell, a lung cancer cell, a brain cancer cell, and an ovarian cancer cell. In some instances, the cell is from a 
cancer (e.g., a circulating tumor cell). Non-limiting examples of cancers may include, adenoma, adenocarcinoma, squamous cell carcinoma, 
basal cell carcinoma, small cell carcinoma, large cell undifferentiated carcinoma, chondrosarcoma, and fibrosarcoma.

[0326] In some instances, the cell is a rare cell. A rare cell can be a circulatiing tumor cell (CTC), circulating epithelial cell (CEC), circulating 
stem cell (CSC), stem cells, undifferentiated stem cells, cancer stem cells, bone marrow cells, progenitor cells, foam cells, fetal cells, 
mesenchymal cells, circulating endothelial cells, circulating endometrial cells, trophoblasts, immune system cells (host or graft), connective 
tissue cells, bacteria, fungi, or pathogens (for example, bacterial or protozoa), microparticles, cellular fragments, proteins and nucleic acids, 
cellular organelles, other cellular components (for example, mitochondria and nuclei), and viruses.

[0327] In some instances, the cell is from a tumor. In some instances, the tumor is benign or malignant. The tumor cell may comprise a 
metastatic cell. In some instances, the cell is from a solid tissue that comprises a plurality of different cell types (e.g., different genotypes).

[0328] The cell may comprise a virus, bacterium, fungus, and parasite. Viruses may include, but are not limited to, DNA or RNA animal 
viruses (e.g., Picornaviridae (e.g., polioviruses), Reoviridae (e.g., rotaviruses), Togaviridae (e.g., encephalitis viruses, yellow fever virus, 
rubella virus), Orthomyxoviridae (e.g., influenza viruses), Paramyxoviridae (e.g., respiratory syncytial virus, measles virus, mumps virus, 
parainfluenza virus), Rhabdoviridae (e.g., rabies virus), Coronaviridae, Bunyaviridae, Flaviviridae, Filoviridae, Arenaviridae, Bunyaviridae 
and Retroviridae (e.g., human T cell lymphotropic viruses (HTLV), human immunodeficiency viruses (HIV), Papovaviridae (e.g., papilloma 
viruses), Adenoviridae (e.g., adenovirus), Herpesviridae (e.g., herpes simplex viruses), and Poxviridae (e.g., variola viruses)).

[0329] Exemplary bacteria that may be used in the methods of the disclosure may include Actinomedurae, Actinomyces israelii, Bacillus 
anthracis, Bacillus cereus, Clostridium botulinum, Clostridium difficile, Clostridium perfringens, Clostridium tetani, Corynebacterium, 
Enterococcus faecalis, Listeria monocytogenes, Nocardia, Propionibacterium acnes, Staphylococcus aureus, Staphylococcus epiderm, 
Streptococcus mutans, Streptococcus pneumoniae and the like. Gram negative bacteria include, but are not limited to, Afipia felis, 
Bacteriodes, Bartonella bacilliformis, Bortadella pertussis, Borrelia burgdorferi, Borrelia recurrentis, Brucella, Calymmatobacterium
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granulomatis, Campylobacter, Escherichia coli, Francisella tularensis, Gardnerella vaginalis, Haemophilius aegyptius, Haemophilius ducreyi, 
Haemophilius influenziae, Heliobacter pylori, Legionella pneumophila, Leptospira interrogans, Neisseria meningitidia, Porphyromonas 
gingivalis, Providencia sturti, Pseudomonas aeruginosa, Salmonella enteridis, Salmonella typhi, Serratia marcescens, Shigella boydii, 
Streptobacillus moniliformis, Streptococcus pyogenes, Treponema pallidum, Vibrio cholerae, Yersinia enterocolitica, Yersinia pestis and the 
like. Other bacteria may include Myobacterium avium, Myobacterium leprae, Myobacterium tuberculosis, Bartonella henseiae, Chlamydia 
psittaci, Chlamydia trachomatis, Coxiella burnetii, Mycoplasma pneumoniae, Rickettsia akari, Rickettsia prowazekii, Rickettsia rickettsii, 
Rickettsia tsutsugamushi, Rickettsia typhi, Ureaplasma urealyticum, Diplococcus pneumoniae, Ehrlichia chafensis, Enterococcus faecium, 
Meningococci and the like.

[0330] Exemplary fungi to be used in the methods of the disclosure may include, but are not limited to Aspergilli, Candidae, Candida 
albicans, Coccidioides immitis, Cryptococci, and combinations thereof.

[0331] Exemplary parasites to be used in the methods of the disclosure may include, but are not limited to, Balantidium coli, 
Cryptosporidium parvum, Cyclospora cayatanensis, Encephalitozoa, Entamoeba histolytica, Enterocytozoon bieneusi, Giardia lamblia, 
Leishmaniae, Plasmodii, Toxoplasma gondii, Trypanosomae, trapezoidal amoeba, worms (e.g., helminthes), particularly parasitic worms 
including, but not limited to, Nematoda (roundworms, e.g., whipworms, hookworms, pinworms, ascarids, filarids and the like), Cestoda (e.g., 
tapeworms).

[0332] The sample of the disclosure may be a sample from an animal (e.g., human, rat, pig, horse, cow, dog, mouse). In some instances, 
the sample is a human sample. The sample may be a fetal human sample. The fetal human sample may be obtained from a mother 
pregnant with the fetus. The sample may be a sample from a pregnant mother. The sample may be a sample from a vertebrate, 
invertebrate, fungi, archae, or bacteria. The sample may be from a multicellular tissue (e.g., an organ (e.g., brain, liver, lung, kidney, 
prostate, ovary, spleen, lymph node, thyroid, pancreas, heart, skeletal muscle, intestine, larynx, esophagus, and stomach), a blastocyst). 
The sample may be a cell from a cell culture.

[0333] The sample may comprise a plurality of cells. The sample may comprise a plurality of the same type of cell. The sample may 
comprise a plurality of different types of cells. The sample may comprise a plurality of cells at the same point in the cell cycle and/or 
differentiation pathway. The sample may comprise a plurality of cells at different points in the cell cycle and/or differentiation pathway. A 
sample may comprise a plurality of samples.

[0334] The plurality of samples may comprise at least 5, 10, 20, 30, 40, 50, 60, 70, 80, 90 or 100 or more samples. The plurality of samples 
may comprise at least about 100, 200, 300, 400, 500, 600, 700, 800, 900 or 1000 or more samples. The plurality of samples may comprise 
at least about 1000, 2000, 3000, 4000, 5000, 6000, 7000, 8000 samples, 9000, or 10,000 samples, or 100,000 samples, or 1,000,000 or 
more samples. The plurality of samples may comprise at least about 10,000 samples.

[0335] The one or more nucleic acids in the first sample may be different from one or more nucleic acids in the second sample. The one or 
more nucleic acids in the first sample may be different from one or more nucleic acids in a plurality of samples. The one or more nucleic 
acids may comprise a length of at least about 1 nucleotide, 2 nucleotides, 5 nucleotides, 10 nucleotides, 20 nucleotides, 50 nucleotides, 100 
nucleotides, 200 nucleotides, 300 nucleotides, 500 nucleotides, 1000 nucleotides, 2000 nucleotides, 3000 nucleotides, 4000 nucleotides, 
5000 nucleotides, 10,000 nucleotides, 100,000 nucleotides, 1,000,000 nucleotides.

[0336] The first sample may comprise one or more cells and the second sample may comprise one or more cells. The one or more cells of 
the first sample may be of the same cell type as the one or more cells of the second sample. The one or more cells of the first sample may 
be of a different cell type as one or more different cells of the plurality of samples. The cell type may be chondrocyte, osteoclast, adipocyte, 
myoblast, stem cell, endothelial cell or smooth muscle cell. The cell type may be an immune cell type. The immune cell type may be a T cell, 
B cell, thrombocyte, dendritic cell, neutrophil, macrophage or monocyte.

[0337] The plurality of samples may comprise one or more malignant cell. The one or more malignant cells may be derived from a tumor, 
sarcoma or leukemia.

[0338] The plurality of samples may comprise at least one bodily fluid. The bodily fluid may comprise blood, urine, lymphatic fluid, saliva. 
The plurality of samples may comprise at least one blood sample.

[0339] The plurality of samples may comprise at least one cell from one or more biological tissues. The one or more biological tissues may 
be a bone, heart, thymus, artery, blood vessel, lung, muscle, stomach, intestine, liver, pancreas, spleen, kidney, gall bladder, thyroid gland, 
adrenal gland, mammary gland, ovary, prostate gland, testicle, skin, adipose, eye or brain.

[0340] The biological tissue may comprise an infected tissue, diseased tissue, malignant tissue, calcified tissue or healthy tissue.

[0341] The plurality of samples may be from one or more sources. The plurality of samples may be from two or more sources. The plurality 
of samples may be from one or more subjects. The plurality of samples may be from two or more subjects. The plurality of samples may be 
from the same subject. The one or more subjects may be from the same species. The one or more subjects may be from different species. 
The one or more subjects may be healthy. The one or more subjects may be affected by a disease, disorder or condition. The plurality of 
samples may comprise cells of an origin selected from a mammal, bacteria, virus, fungus or plant. The one or more samples may be from a 
human, horse, cow, chicken, pig, rat, mouse, monkey, rabbit, guinea pig, sheep, goat, dog, cat, bird, fish, frog and fruit fly.



DK/EP 3039158 T3

[0342] The plurality of samples may be obtained concurrently. The plurality of samples may be obtained at the same time. The plurality of 
samples may be obtained sequentially. The plurality of samples may be obtained over a course of years, 100 years, 10 years, 5 years, 4 
years, 3 years, 2 years or 1 year of obtaining one or more different samples. One or more samples may be obtained within about one year 
of obtaining one or more different samples. One or more samples may be obtained within 12 months, 11 months, 10 months, 9 months, 8 
months, 7 months, 6 months, 4 months, 3 months, 2 months or 1 month of obtaining one or more different samples. One or more samples 
may be obtained within 30 days, 28 days, 26 days, 24 days, 21 days, 20 days, 18 days, 17 days, 16 days, 15 days, 14 days, 13 days, 12 
days, 11 days, 10 days, 9 days, 8 days, 7 days, 6 days, 5 days, 4 days, 3 days, 2 days or one day of obtaining one or more different 
samples. One or more samples may be obtained within about 24 hours, 22 hours, 20 hours, 18 hours, 16 hours, 14 hours, 12 hours, 10 
hours, 8 hours, 6 hours, 4 hours, 2 hours or 1 hour of obtaining one or more different samples. One or more samples maybe obtained 
within about 60sec, 45sec, 30sec, 20sec, 10sec, 5 sec, 2sec or 1 sec of obtaining one or more different samples. One or more samples 
may be obtained within less than one second of obtaining one or more different samples.

Target Molecules

[0343] The methods and kits disclosed herein may be used in the stochastic labeling of molecules. Such molecules include, but are not 
limited to, polynucleotides and polypeptides. As used herein, the terms "polynucleotide" and "nucleic acid molecule" refers to a polymeric 
form of nucleotides of any length, either ribonucleotides, deoxyribonucleotides, locked nucleic acids (LNA) or peptide nucleic acids (PNAs), 
that comprise purine and pyrimidine bases, or other natural, chemically or biochemically modified, non-natural, or derivatized nucleotide 
bases. A "polynucleotide" or "nucleic acid molecule" may consist of a single nucleotide or base pair. Alternatively, the "polynucleotide" or 
"nucleic acid molecule" comprises two or more nucleotides or base pairs. For example, the "polynucleotide" or "nucleic acid molecule" 
comprises at least about 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 
600, 700, 800, 900, or 1000 nucleotides or base pairs. In another example, the polynucleotide comprises at least about 1500, 2000, 2500, 
3000, 3500, 4000, 4500, 5000, 5500, 6000, 6500, 7000, 7500, 8000, 8500, 9000, 9500, or 10000 nucleotides or base pairs. The backbone 
of the polynucleotide may comprise sugars and phosphate groups, as may typically be found in RNA or DNA, or modified or substituted 
sugar or phosphate groups. A polynucleotide may comprise modified nucleotides, such as methylated nucleotides and nucleotide analogs. 
The sequence of nucleotides may be interrupted by non-nucleotide components. Thus the terms nucleoside, nucleotide, deoxynucleoside 
and deoxynucleotide generally include analogs such as those described herein. These analogs are those molecules having some structural 
features in common with a naturally occurring nucleoside or nucleotide such that when incorporated into a nucleic acid or oligonucleoside 
sequence, they allow hybridization with a naturally occurring nucleic acid sequence in solution. Typically, these analogs are derived from 
naturally occurring nucleosides and nucleotides by replacing and/or modifying the base, the ribose or the phosphodiester moiety. The 
changes may be tailor made to stabilize or destabilize hybrid formation or enhance the specificity of hybridization with a complementary 
nucleic acid sequence as desired. In some instances, the molecules are DNA, RNA, or DNA-RNA hybrids. The molecules may be single- 
stranded or double-stranded. In some instances, the molecules are RNA molecules, such as mRNA, rRNA, tRNA, ncRNA, IncRNA, siRNA, 
microRNAor miRNA. The RNA molecules may be polyadenylated. Alternatively, the mRNA molecules are not polyadenylated. Alternatively, 
the molecules are DNA molecules. The DNA molecules may be genomic DNA. The DNA molecules may comprise exons, introns, 
untranslated regions, or any combination thereof. In some instances, the molecules are a panel of molecules.

[0344] The methods and kits disclosed herein may be used to stochastically label individual occurrences of identical or nearly identical 
molecules and/or different molecules. In some instances, the methods and kits disclosed herein may be used to stochastically label identical 
or nearly identical molecules (e.g., molecules comprise identical or nearly identical sequences). For example, the molecules to be labeled 
comprise at least about 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity. The nearly identical molecules may differ 
by less than about 100, 90, 80, 70, 60, 50, 40, 30, 25, 20, 25, 10, 9, 8, 7, 6, 5, 4, 3, 2, or 1 nucleotide or base pair. The plurality of nucleic 
acids in one or more samples of the plurality of samples may comprise two or more identical sequences. At least about 1%, 2%, 3%, 4%, 
5%, 6%, 7%, 8%, 9%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 97%, or 100% 
of the total nucleic acids in one or more of the plurality of samples may comprise the same sequence. The plurality of nucleic acids in one or 
more samples of the plurality of samples may comprise at least two different sequences. At least about 5%, 10 %, 15%, 20%, 25%, 30%, 
35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 
95%, 96%, 97%, 98%, 99%, 100% of the total nucleic acids in one or more of the plurality of samples may comprise at least two different 
sequences. In some instances, the molecules to be labeled are variants of each other. For example, the molecules to be labeled may 
contain single nucleotide polymorphisms or other types of mutations. In another example, the molecules to be labeled are splice variants. In 
some instances, at least one molecule is stochastically labeled. In other instances, at least 2, 3, 4, 5, 6, 7, 8, 9, or 10 identical or nearly 
identical molecules are stochastically labeled. Alternatively, at least 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 
900, or 1000 identical or nearly identical molecules are stochastically labeled. In other instances, at least 1500; 2,000; 2500; 3,000; 3500; 
4,000; 4500; 5,000; 6,000; 7,000; 8,000; 9,000; or 10000 identical or nearly identical molecules are stochastically labeled. In other 
instances; at least 15,000; 20,000; 25,000; 30,000; 35,000; 40,000; 45,000; 50,000; 60,000; 70,000; 80,000; 90,000; or 100,000 identical or 
nearly identical molecules are stochastically labeled.

[0345] In other instances, the methods and kits disclosed herein may be used to stochastically label different molecules. For example, the 
molecules to be labeled comprise less than 75%, 70%, 65%, 60%, 55%, 50%, 45%, 40%, 35%, 30%, 25%, 20%, 15%, 10%, 5%, 4%, 3%, 
2%, 1% sequence identity. The different molecules may differ by at least about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 
90, 100 or more nucleotides or base pairs. In some instances, at least one molecule is stochastically labeled. In other instances, at least 2, 
3, 4, 5, 6, 7, 8, 9, or 10 different molecules are stochastically labeled. Alternatively, at least 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 
400, 500, 600, 700, 800, 900, or 1000 different molecules are stochastically labeled. In other instances, at least 1500; 2,000; 2500; 3,000;
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3500; 4,000; 4500; 5,000; 6,000; 7,000; 8,000; 9,000; or 10000 different molecules are stochastically labeled. In other instances; at least 
15,000; 20,000; 25,000; 30,000; 35,000; 40,000; 45,000; 50,000; 60,000; 70,000; 80,000; 90,000; or 100,000 different molecules are 
stochastically labeled.

[0346] The different molecules to be labeled may be present in the sample at different concentrations or amounts. For example, the 
concentration or amount of one molecule is greater than the concentration or amount of another molecule in the sample. In some instances, 
the concentration or amount of at least one molecule in the sample is at least about 1.5, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 20, 25, 
30, 35, 40, 45, 50, 60, 70, 80, 90, or 100 or more times greater than the concentration or amount of at least one other molecule in the 
sample. In some instances, the concentration or amount of at least one molecule in the sample is at least about 1000 or more times greater 
than the concentration or amount of at least one other molecule in the sample. In another example, the concentration or amount of one 
molecule is less than the concentration or amount of another molecule in the sample. The concentration or amount of at least one molecule 
in the sample may be at least about 1.5, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, or 100 or 
more times less than the concentration or amount of at least one other molecule in the sample. The concentration or amount of at least one 
molecule in the sample may be at least about 1000 or more times less than the concentration or amount of at least one other molecule in 
the sample.

[0347] In some instances, the molecules to be labeled are in one or more samples. The molecules to be labeled may be in two or more 
samples. The two or more samples may contain different amounts or concentrations of the molecules to be labeled. In some instances, the 
concentration or amount of one molecule in one sample may be greater than the concentration or amount of the same molecule in a 
different sample. For example, a blood sample might contain a higher amount of a particular molecule than a urine sample. Alternatively, a 
single sample is divided into two or more subsamples. The subsamples may contain different amounts or concentrations of the same 
molecule. The concentration or amount of at least one molecule in one sample may be at least about 1.5, 2, 3, 4, 5, 6,7,8,9,10,11,12, 
13, 14, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, or 100 or more times greater than the concentration or amount of the same molecule 
in another sample. Alternatively, the concentration or amount of one molecule in one sample may be less than the concentration or amount 
of the same molecule in a different sample. For example, a heart tissue sample might contain a higher amount of a particular molecule than 
a lung tissue sample. The concentration or amount of at least one molecule in one sample may be at least about 1.5, 2, 3, 4, 5, 6, 7, 8, 9, 
10, 11, 12, 13, 14, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, or 100 or more times less than the concentration or amount of the same 
molecule in another sample. In some instances, the different concentrations or amounts of a molecule in two or more different samples is 
referred to as sample bias.

[0348] The methods and kits disclosed herein may be used for the analysis of two or more molecules from two or more samples. The two 
or more molecules may comprise two or more polypeptides. The method may comprise determining the identity of two or more labeled 
polypeptides. Determining the identity of two or more labeled polypeptides may comprise mass spectrometry. The method may further 
comprise combining the labeled polypeptides of the first sample with the labeled polypeptides of the second sample. The labeled 
polypeptides may be combined prior to determining the number of different labeled polypeptides. The method may further comprise 
combining the first sample-tagged polypeptides and the second sample-tagged polypeptides. The first sample-tagged polypeptides and the 
second sample-tagged polypeptides may be combined prior to contact with the plurality of molecular identifier labels. Determining the 
number of different labeled polypeptides may comprise detecting at least a portion of the labeled polypeptide. Detecting at least a portion of 
the labeled polypeptide may comprise detecting at least a portion of the sample tag, molecular identifier label, polypeptide, or a combination 
thereof.

[0349] As used herein, the term "polypeptide" refers to a molecule comprising at least one peptide. In some instances, the polypeptide 
consists of a single peptide. Alternatively, the polypeptide comprises two or more peptides. For example, the polypeptide comprises at least 
about 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, 
or 1000 peptides. Examples of polypeptides include, but are not limited to, amino acids, proteins, peptides, hormones, oligosaccharides, 
lipids, glycolipids, phospholipids, antibodies, enzymes, kinases, receptors, transcription factors, and ligands.

Subjects

[0350] The methods and kits disclosed herein may comprise use of a cell or sample from one or more subjects. A subject may be a human 
or a non-human subject. A subject may be living. A subject may be dead. A subject may be a human that is under the care of a caregiver 
(e.g., medical professional). A subject may be suspected of having a disease. Asubject may have a disease. Asubject may have symptoms 
of a disease. Asubject may be a subject that provides one or more samples. Asubject may be a mammal, reptile, amphibian, and/or bird. A 
subject may be a non-human primate.

Enzymes

[0351] The methods and kits disclosed herein may comprise one or more enzymes. Examples of enzymes include, but are not limited to 
ligases, reverse transcriptases, polymerases, and restriction nucleases. In some instances, attachment of the oligonucleotide tag to the 
molecules comprises the use of one or more ligases. Examples of ligases include, but are not limited to, DNA ligases such as DNA ligase I, 
DNA ligase III, DNA ligase IV, and T4 DNA ligase, and RNA ligases such as T4 RNA ligase I and T4 RNA ligase II.



DK/EP 3039158 T3

[0352] The methods and kits disclosed herein may further comprise the use of one or more reverse transcriptases. In some instances, the 
reverse transcriptase is a HIV-1 reverse transcriptase, M-MLV reverse transcriptase, AMV reverse transcriptase, and telomerase reverse 
transcriptase. In some instances, the reverse transcriptase is M-MLV reverse transcriptase.

[0353] In some instances, the methods and kits disclosed herein comprise the use of one or more polymerases. Examples of polymerases 
include, but are not limited to, DNA polymerases and RNA polymerases. In some instances, the DNA polymerase is a DNA polymerase I, 
DNA polymerase II, DNA polymerase III holoenzyme, and DNA polymerase IV. Commercially available DNA polymerases include, but are 
not limited to, Bst 2.0 DNA Polymerase, Bst 2.0 Warmstart™ DNA Polymerase, Bst DNA Polymerase, Sulfolobus DNA Polymerase IV, Taq 
DNA Polymerase, 9°N™m DNA Polymerase, Deep VentR™ (exo-) DNA Polymerase, Deep VentR™ DNA Polymerase, Hemo KlenTaq™, 
LongAmp® Taq DNA Polymerase, OneTaq® DNA Polymerase, Phusion® DNA Polymerase, Q5™ High-Fidelity DNA Polymerase, 
Therminator™ γ DNA Polymerase, Therminator™ DNA Polymerase, Therminator™ II DNA Polymerase, Therminator™ III DNA Polymerase, 
VentR® DNA Polymerase, VentR® (exo-) DNA Polymerase, Bsu DNA Polymerase, phi29 DNA Polymerase, T4 DNA Polymerase, T7 DNA 
Polymerase, Terminal Transferase, Titanium® Taq Polymerase, ΚΑΡΑ Taq DNA Polymerase and ΚΑΡΑ Taq Hot Start DNA Polymerase.

[0354] Alternatively, the polymerase is an RNA polymerases such as RNA polymerase I, RNA polymerase II, RNA polymerase III, E. coli 
Poly(A) polymerase, phi6 RNA polymerase (RdRP), Poly(U) polymerase, SP6 RNA polymerase, and T7 RNA polymerase.

[0355] In some instances, the methods and kits disclosed herein comprise one or more restriction enzymes. Restriction enzymes include 
type I, type II, type III, and type IV restriction enzymes. In some instances, Type I enzymes are complex, multi-subunit, combination 
restriction-and-modification enzymes that cut DNA at random far from their recognition sequences. Generally, type II enzymes cut DNA at 
defined positions close to or within their recognition sequences. They may produce discrete restriction fragments and distinct gel banding 
patterns. Type III enzymes are also large combination restriction-and-modification enzymes. They often cleave outside of their recognition 
sequences and may require two such sequences in opposite orientations within the same DNA molecule to accomplish cleavage; they rarely 
give complete digests. In some instances, type IV enzymes recognize modified, typically methylated DNA and may be exemplified by the 
McrBC and Mrr systems of E. coli.

Additional Reagents

[0356] The methods and kits disclosed herein may comprise the use of one or more reagents. Examples of reagents include, but are not 
limited to, PCR reagents, ligation reagents, reverse transcription reagents, enzyme reagents, hybridization reagents, sample preparation 
reagents, and reagents for nucleic acid purification and/or isolation.

[0357] The methods and kits disclosed herein may comprise the use of one or more buffers. Examples of buffers include, but are not limited 
to, wash buffers, ligation buffers, hybridization buffers, amplification buffers, and reverse transcription buffers. In some instances, the 
hybridization buffer is a commercially available buffer, such as TMAC Hyb solution, SSPE hybridization solution, and ECONOTM 
hybridization buffer. The buffers disclosed herein may comprise one or more detergents.

[0358] The methods and kits disclosed herein may comprise the use of one or more carriers. Carriers may enhance or improve the 
efficiency of one or more reactions disclosed herein (e.g., ligation reaction, reverse transcription, amplification, hybridization). Carriers may 
decrease or prevent non-specific loss of the molecules or any products thereof (e.g., labeled-molecule, labeled-cDNA molecule, labeled- 
amplicon). For example, the carrier may decrease non-specific loss of a labeled-molecule through absorption to surfaces. The carrier may 
decrease the affinity of the molecule, labeled-molecule, or any product thereof to a surface or substrate (e.g., container, eppendorf tube, 
pipet tip). Alternatively, the carrier may increase the affinity of the molecule or any product thereof to a surface or substrate (e.g., bead, 
array, glass, slide, chip). Carriers may protect the molecule or any product thereof from degradation. For example, carriers may protect an 
RNA molecule or any product thereof from ribonucleases. Alternatively, carriers may protect a DNA molecule or any product thereof from a 
DNase. Examples of carriers include, but are not limited to, nucleic acid molecules such as DNA and/or RNA, or polypeptides. Examples of 
DNA carriers include plasmids, vectors, polyadenylated DNA, and DNA oligonucleotides. Examples of RNA carriers include polyadenylated 
RNA, phage RNA, phage MS2 RNA, E.coli RNA, yeast RNA, yeast tRNA, mammalian RNA, mammalian tRNA, short polyadenylated 
synthetic ribonucleotides and RNA oligonucleotides. The RNA carrier may be a polyadenylated RNA. Alternatively, the RNA carrier may be a 
non-polyadenylated RNA. In some instances, the carrier is from a bacteria, yeast, or virus. For example, the carrier may be a nucleic acid 
molecule or a polypeptide derived from a bacteria, yeast or virus. For example, the carrier is a protein from Bacillus subtilis. In another 
example, the carrier is a nucleic acid molecule from Escherichia coli. Alternatively, the carrier is a nucleic acid molecule or peptide from a 
mammal (e.g., human, mouse, goat, rat, cow, sheep, pig, dog, or rabbit), avian, amphibian, or reptile.

[0359] The methods and kits disclosed herein may comprise the use of one or more control agents. Control agents may include control 
oligos, inactive enzymes, non-specific competitors. Alternatively, the control agents comprise bright hybridization, bright probe controls, 
nucleic acid templates, spike-in controls, PCR amplification controls. The PCR amplification controls may be positive controls. In other 
instances, the PCR amplification controls are negative controls. The nucleic acid template controls may be of known concentrations. The 
control agents may comprise one or more labels.

[0360] Spike-in controls may be templates that are added to a reaction or sample. For example, a spike-in template may be added to an 
amplification reaction. The spike-in template may be added to the amplification reaction any time after the first amplification cycle. In some 
instances, the spike-in template is added to the amplification reaction after the 2nd, 3rd, 4th, 5th, 6th, 7th, 8th, 9th, 10th, 11th, 12th, 13th, 
14th, 15th, 20th, 25th, 30th, 35th, 40th, 45th, or 50th amplification cycle. The spike-in template may be added to the amplification reaction
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any time before the last amplification cycle. The spike-in template may comprise one or more nucleotides or nucleic acid base pairs. The 
spike-in template may comprise DNA, RNA, or any combination thereof. The spike-in template may comprise one or more labels.

Detectable labels

[0361] The methods, kits, and compositions disclosed herein may further comprise a detectable label. The terms "detectable label", "tag" or 
"label" may be used interchangeably and refer to any chemical moiety attached to a molecule (e.g., nucleotide, nucleotide polymer, or 
nucleic acid binding factor, molecular barcode). The chemical moiety may be covalently attached the molecule. The chemical moiety may 
be non-covalently attached to the molecule. The molecular barcodes, sample tags and molecular identifier labels may further comprise a 
detectable label, tag or label. Preferably, the label is detectable and renders the nucleotide or nucleotide polymer detectable to the 
practitioner of the invention. Detectable labels that may be used in combination with the methods disclosed herein include, for example, a 
fluorescent label, a chemiluminescent label, a quencher, a radioactive label, biotin, pyrene moiety, gold, or combinations thereof. Non
limiting example of detectable labels include luminescent molecules, fluorochromes, fluorescent quenching agents, colored molecules, 
radioisotopes or scintillants.

[0362] In some instances, the methods disclosed herein further comprise attaching one or more detectable labels to the molecular barcode, 
molecular identifier label, the sample tag, the labeled nucleic acid or any product thereof (e.g., labeled-amplicon). The methods may 
comprise attaching two or more detectable labels to the molecular barcode, molecular identifier label, the sample tag or the labeled nucleic 
acid. Alternatively, the method comprises attaching at least about 3, 4, 5, 6, 7, 8, 9, or 10 detectable labels to the molecular barcode, 
molecular identifier label, the sample tag or the labeled nucleic acid. In some instances, the detectable label is a CyTM label. The CyTM 
label is a Cy3 label. Alternatively, or additionally, the detectable label is biotin. In some embodiments the detectable label is attached to a 
probe which binds to the molecular barcode, molecular identifier label, the sample tag or the labeled nucleic acid. This may occur, for 
example, after the nucleic acid or labeled nucleic acid has been hybridized to an array. In one example the nucleic acid or labeled nucleic 
acid is bound to partners on an array. After the binding, a probe which may bind the labeled nucleic acid is bound to the molecules on the 
array. This process may be repeated with multiple probes and labels to decrease the likelihood that a signal is the result of nonspecific 
binding of a label or nonspecific binding of the molecule to the array.

[0363] A donor acceptor pair may be used as the detectable labels. Either the donor or acceptor may be attached to a probe that binds a 
nucleic acid. The probe may be, for example, a nucleic acid probe that may bind to a nucleic acid or the labeled nucleic acid. The 
corresponding donor or acceptor may be added to cause a signal.

[0364] In some instances, the detectable label is a Freedom dye, Alexa Fluor® dye, CyTM dye, fluorescein dye, or LI-COR IRDyes®. In 
some instances, the Freedom dye is fluorescein (6-FAMTM, 6-carboxyfluoroscein), MAX (NHS Ester), TYETM 563, TEX 615, TYETM 665, 
TYE 705. The detectable label may be an Alexa Fluor dye. Examples of Alexa Fluor® dyes include Alexa Fluor® 488 (NHS Ester), Alexa 
Fluor® 532 (NHS Ester), Alexa Fluor® 546 (NHS Ester), Alexa Fluor® 594 (NHS Ester), Alexa Fluor® 647 (NHS Ester), Alexa Fluor® 660 
(NHS Ester), or Alexa Fluor® 750 (NHS Ester). Alternatively, the detectable label is a CyTM dye. Examples of CyTM dyes include, but are 
not limited to, Cy2, Cy3, Cy3B, Cy3.5, Cy5, Cy5.5, and Cy7. In some instances, the detectable label is a fluorescein dye. Non-limiting 
examples of fluorescein dyes include 6-FAMTM (Azide), 6-FAMTM (NHS Ester), Fluorescein dT, JOE (NHS Ester), TETTM, and HEXTM. In 
some instances, the detectable label is a LI-COR IRDyes®, such as 5' IRDye® 700, 5' IRDye® 800, or IRDye® 800CW (NHS Ester). In 
some instances, the detectable label is TYETM 563. Alternatively, the detectable label is Cy3.

[0365] The detectable label may be Rhodamine dye. Examples of rhodamine dyes include, but are not limited to, Rhodamine GreenTM-X 
(NHS Ester), TAMRATM, TAMRATM (NHS Ester), Rhodamine RedTM-X(NHS Ester), ROXTM (NHS Ester), and5'TAMRATM (Azide). In 
other instances, the detectable label is a WellRED Dye. WellRED Dyes include, but are not limited to, WellRED D4 dye, WellRED D3 dye, 
and WellRED D2 dye. In some instances, the detectable label is Texas Red®-X (NHS Ester), Lightcycler® 640 (NHS Ester), or Dy 750 (NHS 
Ester).

[0366] In some instances, detectable labels include a linker molecule. Examples of linker molecules include, but are not limited to, biotin, 
avidin, streptavidin, HRP, protein A, protein G, antibodies or fragments thereof, Grb2, polyhistidine, Ni2+, FLAG tags, myc tags. Alternatively, 
detectable labels include heavy metals, electron donors/acceptors, acridinium esters, dyes and calorimetric substrates. In other instances, 
detectable labels include enzymes such as alkaline phosphatase, peroxidase and luciferase.

[0367] A change in mass may be considered a detectable label, as is the case of surface plasmon resonance detection. The skilled artisan 
would readily recognize useful detectable labels that are not mentioned herein, which may be employed in the operation of the present 
invention.

[0368] In some instances, detectable labels are used with primers. For example, the universal primer is a labeled with the detectable label 
(e.g., Cy3 labeled universal primer, fluorophore labeled universal primer). Alternatively, the target specific primer is labeled with the 
detectable label (e.g., TYE 563-labeled target specific primer). In other instances, detectable labels are used with the sample tags or 
molecular identifier labels. For example, the oligonucleotide tag is labeled with a detectable label (e.g., biotin-labeled oligonucleotide tag). In 
other instances, detectable labels are used with the nucleic acid template molecule. Detectable labels may be used to detect the labeled- 
molecules or labeled-amplicons. Alternatively, detectable labels are used to detect the nucleic acid template molecule.
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[0369] In some instances, the detectable label is attached to the primer, molecular barcode, sample tag, molecular identifier label, labeled- 
molecule, labeled-amplicon, probe, HCR probe, and/or non-labeled nucleic acid. Methods for attaching the detectable label to the primer, 
oligonucleotide tag, labeled-molecule, labeled-amplicon, and/or non-labeled nucleic acid include, but are not limited to, chemical labeling 
and enzymatic labeling. In some instances, the detectable label is attached by chemical labeling. In some embodiments, chemical labeling 
techniques comprise a chemically reactive group. Non-limiting examples of reactive groups include amine-reactive succinimidyl esters such 
as NHS-fluorescein or NHS-rhodamine, amine-reactive isothiocyanate derivatives including FITC, and sulfhydryl-reactive maleimide- 
activated fluors such as fluorescein-5-maleimide. In some embodiments, reaction of any of these reactive dyes with another molecule 
results in a stable covalent bond formed between a fluorophore and the linker and/or agent. In some embodiments, the reactive group is 
isothiocyanates. In some embodiments, a label is attached to an agent through the primary amines of lysine side chains. In some 
embodiments, chemical labeling comprises a NHS-ester chemistry method.

[0370] Alternatively, the detectable label is attached by enzymatic labeling. Enzymatic labeling methods may include, but are not limited to, 
a biotin acceptor peptide/biotin ligase (AP/Bir A), acyl carrier protein/phosphopantetheine transferase (ACP/PPTase), human 06- 
alkylguanine transferase (hAGT), Q-tag/transglutaminase (TGase), aldehyde tag/formylglycine-generating enzyme, mutated prokaryotic 
dehalogenase (HaloTagTM), and farnesylation motif/protein farnesyltransferase (PFTase) methods. Affinity labeling may include, but is not 
limited to, noncovalent methods utilizing dihydrofolate reductase (DHFR) and Phe36Val mutant of FK506-binding protein 12 
(FKBP12(F36V)), and metal-chelation methods.

[0371] Crosslinking reagents may be used to attach a detectable label to the primer, oligonucleotide tag, labeled-molecule, labeled- 
amplicon, and/or non-labeled nucleic acid. In some instances, the crosslinking reagent is glutaraldehyde. Glutaraldehyde may react with 
amine groups to create crosslinks by several routes. For example, under reducing conditions, the aldehydes on both ends of glutaraldehyde 
couple with amines to form secondary amine linkages.

[0372] In some instances, attachment of the detectable label to the primer, oligonucleotide tag, labeled-molecule, labeled-amplicon, and/or 
non-labeled nucleic acid comprises periodate-activation followed by reductive amination. In some instances, Sulfo-SMCC or other 
heterobifunctional crosslinkers are used to conjugate the detectable to the primer, oligonucleotide tag, labeled-molecule, labeled-amplicon, 
and/or non-labeled nucleic acid. For example, Sulfo-SMCC is used to conjugate an enzyme to a drug. In some embodiments, the enzyme is 
activated and purified in one step and then conjugated to the drug in a second step. In some embodiments, the directionality of crosslinking 
is limited to one specific orientation (e.gr., amines on the enzyme to sulfhydryl groups on the antibody).

Diseases/Conditions

[0373] Disclosed herein are methods, kits and compositions for diagnosing, monitoring, and/or prognosing a status or outcome of a disease 
or condition in a subject. Generally, the method comprises (a) stochastically labeling two or more molecules from two or more samples to 
produce two or more labeled nucleic acids; (b) detecting and/or quantifying the two or more labeled nucleic acids; and (c) diagnosing, 
monitoring, and/or prognosing a status or outcome of a disease or condition in a subject based on the detecting and/or quantifying of the 
two or more labeled nucleic acids, may The method may further comprise determining a therapeutic regimen. The two or more of samples 
may comprise one or more samples from a subject suffering from a disease or condition. The two or more samples may comprise one or 
more samples from a healthy subject. The two or more samples may comprise one or more samples from a control.

[0374] Monitoring a disease or condition may further comprise monitoring a therapeutic regimen. Monitoring a therapeutic regimen may 
comprise determining the efficacy of a therapeutic regimen. In some instances, monitoring a therapeutic regimen comprises administrating, 
terminating, adding, or altering a therapeutic regimen. Altering a therapeutic regimen may comprise increasing or reducing the dosage, 
dosing frequency, or mode of administration of a therapeutic regimen. A therapeutic regimen may comprise one or more therapeutic drugs. 
The therapeutic drugs may be an anticancer drug, antiviral drug, antibacterial drug, antipathogenic drug, or any combination thereof.

Cancer

[0375] In some instances, the disease or condition is a cancer. The molecules to be stochastically labeled may be from a cancerous cell or 
tissue. In some instances, the cancer is a sarcoma, carcinoma, lymphoma or leukemia. Sarcomas are cancers of the bone, cartilage, fat, 
muscle, blood vessels, or other connective or supportive tissue. Sarcomas include, but are not limited to, bone cancer, fibrosarcoma, 
chondrosarcoma, Ewing's sarcoma, malignant hemangioendothelioma, malignant schwannoma, bilateral vestibular schwannoma, 
osteosarcoma, soft tissue sarcomas (e.gr., alveolar soft part sarcoma, angiosarcoma, cystosarcoma phylloides, dermatofibrosarcoma, 
desmoid tumor, epithelioid sarcoma, extraskeletal osteosarcoma, fibrosarcoma, hemangiopericytoma, hemangiosarcoma, Kaposi's 
sarcoma, leiomyosarcoma, liposarcoma, lymphangiosarcoma, lymphosarcoma, malignant fibrous histiocytoma, neurofibrosarcoma, 
rhabdomyosarcoma, and synovial sarcoma).

[0376] Carcinomas are cancers that begin in the epithelial cells, which are cells that cover the surface of the body, produce hormones, and 
make up glands. By way of non-limiting example, carcinomas include breast cancer, pancreatic cancer, lung cancer, colon cancer, colorectal 
cancer, rectal cancer, kidney cancer, bladder cancer, stomach cancer, prostate cancer, liver cancer, ovarian cancer, brain cancer, vaginal 
cancer, vulvar cancer, uterine cancer, oral cancer, penile cancer, testicular cancer, esophageal cancer, skin cancer, cancer of the fallopian 
tubes, head and neck cancer, gastrointestinal stromal cancer, adenocarcinoma, cutaneous or intraocular melanoma, cancer of the anal
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region, cancer of the small intestine, cancer of the endocrine system, cancer of the thyroid gland, cancer of the parathyroid gland, cancer of 
the adrenal gland, cancer of the urethra, cancer of the renal pelvis, cancer of the ureter, cancer of the endometrium, cancer of the cervix, 
cancer of the pituitary gland, neoplasms of the central nervous system (CNS), primary CNS lymphoma, brain stem glioma, and spinal axis 
tumors. In some instances, the cancer is a skin cancer, such as a basal cell carcinoma, squamous cell carcinoma, melanoma, 
nonmelanoma, or actinic (solar) keratosis.

[0377] In some instances, the cancer is a lung cancer. Lung cancer may start in the airways that branch off the trachea to supply the lungs 
(bronchi) or the small air sacs of the lung (the alveoli). Lung cancers include non-small cell lung carcinoma (NSCLC), small cell lung 
carcinoma, and mesotheliomia. Examples of NSCLC include squamous cell carcinoma, adenocarcinoma, and large cell carcinoma. The 
mesothelioma may be a cancerous tumor of the lining of the lung and chest cavity (pleura) or lining of the abdomen (peritoneum). The 
mesothelioma may be due to asbestos exposure. The cancer may be a brain cancer, such as a glioblastoma.

[0378] Alternatively, the cancer may be a central nervous system (CNS) tumor. CNS tumors may be classified as gliomas or nongliomas. 
The glioma may be malignant glioma, high grade glioma, diffuse intrinsic pontine glioma. Examples of gliomas include astrocytomas, 
oligodendrogliomas (or mixtures of oligodendroglioma and astocytoma elements), and ependymomas. Astrocytomas include, but are not 
limited to, low-grade astrocytomas, anaplastic astrocytomas, glioblastoma multiforme, pilocytic astrocytoma, pleomorphic 
xanthoastrocytoma, and subependymal giant cell astrocytoma. Oligodendrogliomas include low-grade oligodendrogliomas (or 
oligoastrocytomas) and anaplastic oligodendriogliomas. Nongliomas include meningiomas, pituitary adenomas, primary CNS lymphomas, 
and medulloblastomas. In some instances, the cancer is a meningioma.

[0379] The leukemia may be an acute lymphocytic leukemia, acute myelocytic leukemia, chronic lymphocytic leukemia, or chronic 
myelocytic leukemia. Additional types of leukemias include hairy cell leukemia, chronic myelomonocytic leukemia, and juvenile 
myelomonocytic leukemia.

[0380] Lymphomas are cancers of the lymphocytes and may develop from either B or T lymphocytes. The two major types of lymphoma 
are Hodgkin's lymphoma, previously known as Hodgkin's disease, and non-Hodgkin's lymphoma. Hodgkin's lymphoma is marked by the 
presence of the Reed-Sternberg cell. Non-Hodgkin's lymphomas are all lymphomas which are not Hodgkin's lymphoma. Non-Hodgkin 
lymphomas may be indolent lymphomas and aggressive lymphomas. Non-Hodgkin's lymphomas include, but are not limited to, diffuse large 
B cell lymphoma, follicular lymphoma, mucosa-associated lymphatic tissue lymphoma (MALT), small cell lymphocytic lymphoma, mantle cell 
lymphoma, Burkitt's lymphoma, mediastinal large B cell lymphoma, Waldenstrom macroglobulinemia, nodal marginal zone B cell lymphoma 
(NMZL), splenic marginal zone lymphoma (SMZL), extranodal marginal zone B cell lymphoma, intravascular large B cell lymphoma, primary 
effusion lymphoma, and lymphomatoid granulomatosis.

Pathogenic Infection

[0381] In some instances, the disease or condition is a pathogenic infection. The molecules to be stochastically labeled may be from a 
pathogen. The pathogen may be a virus, bacterium, fungi, or protozoan. In some instances, the pathogen may be a protozoan, such as 
Acanthamoeba (e.g., A. astronyxis, A. castellanii, A. culbertsoni, A. hatchetti, A. polyphaga, A. rhysodes, A. healyi, A. divionensis), Brachiola 
(e.g., B connori, B. vesicularum), Cryptosporidium (e.g., C. parvum), Cyclospora (e.g., C. cayetanensis), Encephalitozoon (e.g., E. cuniculi, 
E. hellem, E. intestinalis), Entamoeba (e.g., E. histolytica), Enterocytozoon (e.g., E. bieneusi), Giardia (e.g., G. lamblia), Isospora (e.g., I. 
belli), Microsporidium (e.g., M. africanum, M. ceylonensis), Naegleria (e.g., N. fowleri), Nosema (e.g., N. algerae, N. ocularum), 
Pleistophora, Trachipleistophora (e.g., T. anthropophthera, T. hominis), and Vittaforma (e.g., V. corneae). The pathogen may be a fungus, 
such as, Candida, Aspergillus, Cryptococcus, Histoplasma, Pneumocystis, and Stachybotrys.

[0382] The pathogen may be a bacterium. Exemplary bacteria include, but are not limited to, Bordetella, Borrelia, Brucella, Campylobacter, 
Chlamydia, Chlamydophila, Clostridium, Corynebacterium, Enterococcus, Escherichia, Francisella, Haemophilus, Helicobacter, Legionella, 
Leptospira, Listeria, Mycobacterium, Mycoplasma, Neisseria, Pseudomonas, Rickettsia, Salmonella, Shigella, Staphylococcus, 
Streptococcus, Treponema, Vibrio, or Yersinia.

[0383] The virus may be a reverse transcribing virus. Examples of reverse transcribing viruses include, but are not limited to, single 
stranded RNA-RT (ssRNA-RT) virus and double-stranded DNA-RT (dsDNA-RT) virus. Non-limiting examples of ssRNA-RT viruses include 
retroviruses, alpharetrovirus, betaretrovirus, gammaretrovirus, deltaretrovirus, epsilonretrovirus, lentivirus, spuma virus, metavirirus, and 
pseudoviruses. Non-limiting examples of dsDNA-RT viruses include hepadenovirus and caulimovirus. The virus can be a DNA virus. The 
virus can be a RNA virus. The DNA virus may be a double-stranded DNA (dsDNA) virus. In some instances, the dsDNA virus is an 
adenovirus, herpes virus, or pox virus. Examples of adenoviruses include, but are not limited to, adenovirus and infectious canine hepatitis 
virus. Examples of herpes viruses include, but are not limited to, herpes simplex virus, varicella-zoster virus, cytomegalovirus, and Epstein- 
Barr virus. A non-limiting list of pox viruses includes smallpox virus, cow pox virus, sheep pox virus, monkey pox virus, and vaccinia virus. 
The DNA virus may be a single-stranded DNA(ssDNA) virus. The ssDNA virus may be a parvovirus. Examples of parvoviruses include, but 
are not limited to, parvovirus B19, canine parvovirus, mouse parvovirus, porcine parvovirus, feline panleukopenia, and Mink enteritis virus.

[0384] The virus can be a RNA virus. The RNA virus may be a double-stranded RNA (dsRNA) virus, (+) sense single-stranded RNA virus 
((+)ssRNA) virus, or (-) sense single-stranded ((-) ssRNA) virus. A non-limiting list of dsRNA viruses include reovirus, orthoreovirus, 
cypovirus, rotavirus, bluetongue virus, and phytoreovirus. Examples of (+) ssRNA viruses include, but are not limited to, picornavirus and 
togavirus. Examples of picornaviruses include, but are not limited to, enterovirus, rhinovirus, hepatovirus, cardiovirus, aphthovirus,
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poliovirus, parechovirus, erbovirus, kobuvirus, teschovirus, and coxsackie. In some instances, the togavirus is a rubella virus, Sindbis virus, 
Eastern equine encephalitis virus, Western equine encephalitis virus, Venezuelan equine encephalitis virus, Ross River virus, 
O'nyong'nyong virus, Chikungunya, or Semliki Forest virus. A non-limiting list of (-) ssRNA viruses include orthomyxovirus and rhabdovirus. 
Examples of orthomyxoviruses include, but are not limited to, influenzavirus a, influenzavirus B, influenzavirus C, isavirus, and thogotovirus. 
Examples of rhabdoviruses include, but are not limited to, cytorhabdovirus, dichorhabdovirus, ephemerovirus, lyssavirus, novirhabdovirus, 
and vesiculovirus.

Fetal disorders

[0385] In some instances, the disease or condition is pregnancy. The methods and kits disclosed herein may comprise diagnosing a fetal 
condition in a pregnant subject. The methods and kits disclosed herein may comprise identifying fetal mutations or genetic abnormalities. 
The molecules to be stochastically labeled may be from a fetal cell or tissue. Alternatively, or additionally, the molecules to be labeled may 
be from the pregnant subject.

[0386] The methods and kits disclosed herein may be used in the diagnosis, prediction or monitoring of autosomal trisomies (e.g., Trisomy 
13, 15, 16, 18, 21, or 22). In some cases the trisomy may be associated with an increased chance of miscarriage (e.g., Trisomy 15, 16, or 
22). In other cases, the trisomy that is detected is a liveborn trisomy that may indicate that an infant will be born with birth defects (e.g., 
Trisomy 13 (Patau Syndrome), Trisomy 18 (Edwards Syndrome), and Trisomy 21 (Down Syndrome)). The abnormality may also be of a sex 
chromosome (e.g., XXY (Klinefelter's Syndrome), XYY (Jacobs Syndrome), or XXX (Trisomy X). The molecule(s) to be labeled may be on 
one or more of the following chromosomes: 13, 18, 21, X, or Y. For example, the molecule is on chromosome 21 and/or on chromosome 
18, and/or on chromosome 13.

[0387] Further fetal conditions that may be determined based on the methods and kits disclosed herein include monosomy of one or more 
chromosomes (X chromosome monosomy, also known as Turner's syndrome), trisomy of one or more chromosomes (13, 18, 21, and X), 
tetrasomy and pentasomy of one or more chromosomes (which in humans is most commonly observed in the sex chromosomes, e.g., 
XXXX, XXYY, XXXY, XYYY, XXXXX, XXXXY, XXXYY, XYYYY and XXYYY), monoploidy, triploidy (three of every chromosome, e.g., 69 
chromosomes in humans), tetraploidy (four of every chromosome, e.g., 92 chromosomes in humans), pentaploidy and muItiploidy.

[0388] Further disclosed herein is a method of forensic analysis comprising any of the above described methods. Forensic scientists may 
use nucleic acids in various samples (e.g., blood, semen, skin, saliva, hair) found at a crime scene to identify the presence of an individual 
at the scene, such as a perpetrator. This process is formally termed DNA profiling, but may also be called "genetic fingerprinting." For 
example, DNA profiling comprises measuring and comparing the lengths of variable sections of repetitive DNA, such as short tandem 
repeats and minisatellites, in various samples and people. This method is usually an extremely reliable technique for matching a DNA 
sample from a person with DNA in a sample found at the crime scene. However, identification may be complicated if the scene is 
contaminated with DNA from several people. In this instance, as well as in other forensic applications, it may be advantageous to obtain 
absolute quantification of nucleic acids from a single cell or small number of cells.

[0389] In some instances, the disease or condition is an immune disorder. An immune diorder can be an inflammatory disorder, an 
autoimmune disorder, irritable bowel syndrome or ulcerative colitis. Examples of autoimmune diseases include Chrohn's disease, lupus, and 
Graves' disease.

[0390] In some instances, the disease or disorder is a neorlogical condition or disorder. A neorlogical condition or disorder can be Acquired 
Epileptiform Aphasia, Acute Disseminated Encephalomyelitis, Adrenoleukodystrophy, Agenesis of the corpus callosum, Agnosia, Aicardi 
syndrome, Alexander disease, Alpers' disease, Alternating hemiplegia, Alzheimer's disease, Amyotrophic lateral sclerosis (see Motor 
Neuron Disease), Anencephaly, Angelman syndrome, Angiomatosis, Anoxia, Aphasia, Apraxia, Arachnoid cysts, Arachnoiditis, Arnold-Chiari 
malformation, Arteriovenous malformation, Asperger's syndrome, Ataxia Telangiectasia, Attention Deficit Hyperactivity Disorder, Autism, 
Auditory processing disorder, Autonomic Dysfunction, , Back Pain, Batten disease, Behcet's disease, Bell's palsy, Benign Essential 
Blepharospasm, Benign Focal Amyotrophy, Benign Intracranial Hypertension, Bilateral frontoparietal polymicrogyria, Binswanger's disease, 
Blepharospasm, Bloch-Sulzberger syndrome, Brachial plexus injury, Brain abscess, Brain damage, Brain injury, Brain tumor, Brown-Sequard 
syndrome, Canavan disease, Carpal tunnel syndrome (CTS), Causalgia, Central pain syndrome, Central pontine myelinolysis, 
Centronuclear myopathy, Cephalic disorder, Cerebral aneurysm, Cerebral arteriosclerosis, Cerebral atrophy, Cerebral gigantism, Cerebral 
palsy, Charcot-Marie-Tooth disease, Chiari malformation, Chorea, Chronic inflammatory demyelinating polyneuropathy (CIDP), Chronic 
pain, Chronic regional pain syndrome, Coffin Lowry syndrome, Coma, including Persistent Vegetative State, Complex I deficiency syndrome, 
Complex I deficiency syndrome, Complex II deficiency syndrome, Complex III deficiency syndrome, Complex IV/COX deficiency syndrome, 
Complex V deficiency syndrome, Congenital facial diplegia, Corticobasal degeneration, Cranial arteritis, Craniosynostosis, Creutzfeldt-Jakob 
disease, Cumulative trauma disorders, Cushing's syndrome, Cytomegalic inclusion body disease (CIBD), Cytomegalovirus Infection, , 
Dandy-Walker syndrome, Dawson disease, Deficiency of mitochondrial NADH dehydrogenase component of Complex I, De Morsier's 
syndrome, Dejerine-Klumpke palsy, Dejerine-Sottas disease, Delayed sleep phase syndrome, Dementia, Dermatomyositis, Neurological 
Dyspraxia, Diabetic neuropathy, Diffuse sclerosis, Dysautonomia, Dyscalculia, Dysgraphia, Dyslexia, Dystonia, , Early infantile epileptic 
encephalopathy, Empty sella syndrome, Encephalitis, Encephalocele, Encephalotrigeminal angiomatosis, Encopresis, Epilepsy, Erb's palsy, 
Erythromelalgia, Essential tremor, , Fabry's disease, Fahr's syndrome, Fainting, Familial spastic paralysis, Febrile seizures, Fisher 
syndrome, Friedreich's ataxia, FART Syndrome, Gaucher's disease, Gerstmann's syndrome, Giant cell arteritis, Giant cell inclusion disease, 
Globoid cell Leukodystrophy, Gray matter heterotopia, Guillain-Barre syndrome, HTLV-1 associated myelopathy, Hallervorden-Spatz
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disease, Head injury, Headache, Hemifacial Spasm, Hereditary Spastic Paraplegia, Heredopathia atactica polyneuritiformis, Herpes zoster 
oticus, Herpes zoster, Hirayama syndrome, Holoprosencephaly, Huntington's disease, Hydranencephaly, Hydrocephalus, Hypercortisolism, 
Hypoxia, Immune-Mediated encephalomyelitis, Inclusion body myositis, Incontinentia pigmenti, Infantile phytanic acid storage disease, 
Infantile Refsum disease, Infantile spasms, Inflammatory myopathy, Intracranial cyst, Intracranial hypertension, Joubert syndrome, Kearns- 
Sayre syndrome, Kennedy disease, Kinsbourne syndrome, Klippel Feil syndrome, Krabbe disease,, Kufor-Rakeb syndrome, Kugelberg- 
Welander disease, Kuru, Lafora disease, Lambert-Eaton myasthenic syndrome, Landau-Kleffner syndrome, Lateral medullary (Wallenberg) 
syndrome, Learning disabilities, Leigh's disease, Lennox-Gastaut syndrome, Lesch-Nyhan syndrome, Leukodystrophy, Lewy body 
dementia, Lissencephaly, Locked-ln syndrome, Lou Gehrig's disease, Lumbar disc disease, Lyme disease - Neurological Sequelae, 
Machado-Joseph disease (Spinocerebellar ataxia type 3), Macrencephaly, Maple Syrup Urine Disease, Megalencephaly, Melkersson- 
Rosenthal syndrome, Menieres disease, Meningitis, Menkes disease, Metachromatic leukodystrophy, Microcephaly, Migraine, Miller Fisher 
syndrome, Mini-Strokes, Mitochondrial disease, Mitochondrial dysfunction, Mitochondrial Myopathies, Mitochondrial Respiratory Chain 
Complex I Deficiency, Mobius syndrome, Monomelic amyotrophy, Motor Neuron Disease, Motor skills disorder, Moyamoya disease, 
Mucopolysaccharidoses, Multi-Infarct Dementia, Multifocal motor neuropathy, Multiple sclerosis, Multiple system atrophy with postural 
hypotension, Muscular dystrophy, Myalgic encephalomyelitis, Myasthenia gravis, Myelinoclastic diffuse sclerosis, Myoclonic Encephalopathy 
of infants, Myoclonus, Myopathy, Myotubular myopathy, Myotonia congenita, NADH-coenzyme Q reductase deficiency, NADH:Q(1) 
oxidoreductase deficiency, Narcolepsy, Neurofibromatosis, Neuroleptic malignant syndrome, Neurological manifestations of AIDS, 
Neurological sequelae of lupus, Neuromyotonia, Neuronal ceroid lipofuscinosis, Neuronal migration disorders, Niemann-Pick disease, Non 
24-hour sleep-wake syndrome, Nonverbal learning disorder, , O'Sullivan-McLeod syndrome, Occipital Neuralgia, Occult Spinal Dysraphism 
Sequence, Ohtahara syndrome, Olivopontocerebellar atrophy, Opsoclonus myoclonus syndrome, Optic neuritis, Orthostatic Hypotension, 
Overuse syndrome, oxidative phosphorylation disorders, Palinopsia, Paresthesia, Parkinson's disease, Paramyotonia Congenita, 
Paraneoplastic diseases, Paroxysmal attacks, Parry-Romberg syndrome (also known as Rombergs Syndrome), Pelizaeus-Merzbacher 
disease, Periodic Paralyses, Peripheral neuropathy, Persistent Vegetative State, Pervasive neurological disorders, Photic sneeze reflex, 
Phytanic Acid Storage disease, Pick's disease, Pinched Nerve, Pituitary Tumors, PMG, Polio, Polymicrogyria, Polymyositis, Porencephaly, 
Post-Polio syndrome, Postherpetic Neuralgia (PHN), Postinfectious Encephalomyelitis, Postural Hypotension, Prader-Willi syndrome, 
Primary Lateral Sclerosis, Prion diseases, Progressive Hemifacial Atrophy also known as Rombergs_Syndrome, Progressive multifocal 
leukoencephalopathy, Progressive Sclerosing Poliodystrophy, Progressive Supranuclear Palsy, Pseudotumor cerebri, Ramsay-Hunt 
syndrome (Type I and Type II), Rasmussen's encephalitis, Reflex sympathetic dystrophy syndrome, Refsum disease, Repetitive motion 
disorders, Repetitive stress injury, Restless legs syndrome, Retrovirus-associated myelopathy, Rett syndrome, Reye's syndrome, 
Rombergs_Syndrome, Rabies, Saint Vitus dance, Sandhoff disease, Schytsophrenia, Schilder's disease, Schizencephaly, Sensory 
Integration Dysfunction, Septo-optic dysplasia, Shaken baby syndrome, Shingles, Shy-Drager syndrome, Sjogren's syndrome, Sleep apnea, 
Sleeping sickness, Snatiation, Sotos syndrome, Spasticity, Spina bifida, Spinal cord injury, Spinal cord tumors, Spinal muscular atrophy, 
Spinal stenosis, Steele-Richardson-Olszewski syndrome, see Progressive Supranuclear Palsy, Spinocerebellar ataxia, Stiff-person 
syndrome, Stroke, Sturge-Weber syndrome, Subacute sclerosing panencephalitis, Subcortical arteriosclerotic encephalopathy, Superficial 
siderosis, Sydenham's chorea, Syncope, Synesthesia, Syringomyelia, Tardive dyskinesia, Tay-Sachs disease, Temporal arteritis, Tethered 
spinal cord syndrome, Thomsen disease, Thoracic outlet syndrome, Tic Douloureux, Todd's paralysis, Tourette syndrome, Transient 
ischemic attack, Transmissible spongiform encephalopathies, Transverse myelitis, Traumatic brain injury, Tremor, Trigeminal neuralgia, 
Tropical spastic paraparesis, Trypanosomiasis, Tuberous sclerosis, Vasculitis including temporal arteritis, Von Hippel-Lindau disease (VHL), 
Viliuisk Encephalomyelitis (VE), Wallenberg's syndrome, Werdnig-Hoffman disease, West syndrome, Whiplash, Williams syndrome, Wilson's 
disease, X-Linked Spinal and Bulbar Muscular Atrophy, or Zellweger syndrome.

Definitions

[0391] Where a range of values is provided, it is understood that each intervening value, to the tenth of the unit of the lower limit unless the 
context clearly dictates otherwise, between the upper and lower limits of that range is also specifically disclosed. Each smaller range 
between any stated value or intervening value in a stated range and any other stated or intervening value in that stated range is 
encompassed within the invention. The upper and lower limits of these smaller ranges may independently be included or excluded in the 
range, and each range where either, neither or both limits are included in the smaller ranges is also encompassed within the invention, 
subject to any specifically excluded limit in the stated range. Where the stated range includes one or both of the limits, ranges excluding 
either or both of those included limits are also included in the invention.

[0392] Unless defined otherwise, all technical and scientific terms used herein have the same meaning as commonly understood by one of 
ordinary skill in the art to which this invention belongs. Although any methods and materials similar or equivalent to those described herein 
can be used in the practice or testing of the present invention, some potential and preferred methods and materials are now described.

[0393] As will be apparent to those of skill in the art upon reading this disclosure, each of the individual embodiments described and 
illustrated herein has discrete components and features which may be readily separated from or combined with the features of any of the 
other several embodiments without departing from the scope of the present invention. Any recited method can be carried out in the order of 
events recited or in any other order which is logically possible.

[0394] It must be noted that as used herein and in the appended claims, the singular forms "a", "an", and "the" include plural referents 
unless the context clearly dictates otherwise. Thus, for example, reference to "a cell" includes a plurality of such cells and reference to "the 
peptide" includes reference to one or more peptides and equivalents thereof, e.g., polypeptides, known to those skilled in the art, and so 
forth.
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[0395] As used herein, the term "label" may refer to a unique oligonucleotide sequence that may allow a corresponding nucleic acid base 
and/or nucleic acid sequence to be identified. In some embodiments, the nucleic acid base and/or nucleic acid sequence may be located at 
a specific position on a larger polynucleotide sequence (e.g., a polynucleotide attached to a bead).

[0396] As used herein, the term "hybridization" may refer to the process in which two single-stranded polynucleotides bind non-covalently to 
form a stable double-stranded polynucleotide. The term "hybridization" may also refer to triple-stranded hybridization. The resulting 
(usually) double-stranded polynucleotide is a "hybrid" or "duplex."

[0397] As used herein, "nucleoside" may include natural nucleosides, such as 2'-deoxy and 2'-hydroxyl forms. "Analogs" in reference to 
nucleosides may include synthetic nucleosides comprising modified base moieties and/or modified sugar moieties, or the like. Analogs may 
be capable of hybridization. Analogs may include synthetic nucleosides designed to enhance binding properties, reduce complexity, 
increase specificity, and the like. Exemplary types of analogs may include oligonucleotide phosphoramidates (referred to herein as 
"amidates"), peptide nucleic acids (referred to herein as "PNAs"), oligo-2'-O-alkylribonucleotides, polynucleotides containing C-5 
propynylpyrimidines, and locked nucleic acids (LNAs).

[0398] As used herein, the terms "nucleic acid molecule," "nucleic acid sequence," "nucleic acid fragment," "oligonucleotide," 
"oligonucleotide fragment" and "polynucleotide" may be used interchangeably and may be intended to include, but are not limited to, 
polymeric forms of nucleotides that may have various lengths, either deoxyribonucleotides or ribonucleotides, or analogs thereof. Nucleic 
acid molecules may include single stranded DNA (ssDNA), double stranded DNA (dsDNA), single stranded RNA (ssRNA) and double 
stranded RNA (dsRNA). Different nucleic acid molecules may have different three-dimensional structures, and may perform various 
functions. Non-limiting examples of nucleic acid molecules may include a gene, a gene fragment, a genomic gap, an exon, an intron, 
intergenic DNA (including, without limitation, heterochromatic DNA), messenger RNA (mRNA), transfer RNA, ribosomal RNA, ribozymes, 
small interfering RNA (siRNA), miRNA, small nucleolar RNA (snoRNA), cDNA, recombinant polynucleotides, branched polynucleotides, 
plasmids, vectors, isolated DNA of a sequence, isolated RNA of a sequence, nucleic acid probes, and primers.

[0399] Oligonucleotides may refer to a linear polymer of natural or modified nucleosidic monomers linked by phosphodiester bonds or 
analogs thereof. An "oligonucleotide fragment" refers to an oligonucleotide sequence that has been cleaved into two or more smaller 
oligonucleotide sequences. Oligonucleotides may be natural or synthetic. Oligonucleotides may include deoxyribonucleosides, 
ribonucleosides, and non-natural analogs thereof, such as anomeric forms thereof, peptide nucleic acids (PNAs), and the like. 
Oligonucleotides may be capable of specifically binding to a target genome by way of a regular pattern of monomer-to-monomer 
interactions, such as Watson-Crick type of base pairing, base stacking, Hoogsteen or reverse Hoogsteen types of base pairing, or the like. 
Oligonucleotides and the term "polynucleotides" may be used interchangeably herein.

[0400] Whenever an oligonucleotide is represented by a sequence of letters, such as "ATGCCTG," it may be understood that the 
nucleotides are in 5' to 3' order from left to right and that "A" denotes deoxyadenosine, "C" denotes deoxycytidine, "G" denotes 
deoxyguanosine, "T" denotes deoxythymidine, and "U" denotes the ribonucleoside, uridine, unless otherwise noted.

[0401] Oligonucleotides may include one or more non-standard nucleotide(s), nucleotide analog(s) and/or modified nucleotides. Examples 
of modified nucleotides may include, but are not limited to diaminopurine, 5-fluorouracil, 5-bromouracil, 5-chlorouracil, 5-iodouracil, 
hypoxanthine, xantine, 4-acetylcytosine, 5-(carboxyhydroxylmethyl)uracil, 5-carboxymethylaminomethyl-2-thiouridine, 5- 
carboxymethylaminomethyluracil, dihydrouracil, beta-D-galactosylqueosine, inosine, N6-isopentenyladenine, 1-methylguanine, 1- 
methylinosine, 2,2-dimethylguanine, 2-methyladenine, 2-methylguanine, 3-methylcytosine, 5-methylcytosine, N6-adenine, 7-methylguanine, 
5-methylaminomethyluracil, 5-methoxyaminomethyl-2-thiouracil, beta-D-mannosylqueosine, 5'-methoxycarboxymethyluracil, 5 
methoxyuracil, 2-methylthio-D46-isopentenyladenine, uracil-5-oxyacetic acid (v), wybutoxosine, pseudouracil, queosine, 2-thiocytosine, 5- 
methyl-2-thiouracil, 2-thiouracil, 4-thiouracil, 5-methyluracil, uracil-5-oxyacetic acid methylester, uracil-5-oxyacetic acid (v), 5-methyl-2- 
thiouracil, 3-(3-amino-3-N-2-carboxypropyl) uracil, (acp3)w, oligonucleotide phosphoramidates (referred to herein as "amidates"), peptide 
nucleic acids (referred to herein as "PNAs"), oligo-2'-O-alkylribonucleotides, polynucleotides containing C-5 propynylpyrimidines, locked 
nucleic acids (LNAs), 2,6-diaminopurine and the like. Nucleic acid molecules may also be modified at the base moiety (e.g., at one or more 
atoms that typically are available to form a hydrogen bond with a complementary nucleotide and/or at one or more atoms that are not 
typically capable of forming a hydrogen bond with a complementary nucleotide), sugar moiety or phosphate backbone.

[0402] As used herein, a "sample" may refer to a single cell or many cells. Nucleic acid molecules may be obtained from one or more 
samples. A sample may comprise a single cell type or a combination of two or more cell types. A sample may include a collection of cells 
that perform a similar function such as those found, for example, in a tissue. A sample may comprise one or more tissues. Examples of 
tissues may include, but are not limited to, epithelial tissue (e.g., skin, the lining of glands, bowel, skin and organs such as the liver, lung, 
kidney), endothelium (e.g., the lining of blood and lymphatic vessels), mesothelium (e.g., the lining of pleural, peritoneal and pericardial 
spaces), mesenchyme (e.g., cells filling the spaces between the organs, including fat, muscle, bone, cartilage and tendon cells), blood cells 
(e.g., erythrocytes, granulocytes, neutrophils, eosinophils, basophils, monocytes, T-lymphocytes (also known as T-cells), B-lymphocytes 
(also known as B-cells), plasma cells, megakaryocytes and the like), neurons, germ cells (e.g., spermatozoa, oocytes), amniotic fluid cells, 
placenta, stem cells and the like. A sample may be obtained from one or more of single cells in culture, metagenomic samples, embryonic 
stem cells, induced pluripotent stem cells, cancer samples, tissue sections, and biopsies, or any combination thereof.

[0403] As used herein, the term "organism" may include, but is not limited to, a human, a non-human primate, a cow, a horse, a sheep, a 
goat, a pig, a dog, a cat, a rabbit, a mouse, a rat, a gerbil, a frog, a toad, a fish (e.g., Danio rerio) a roundworm (e.g., C. elegans) and any 
transgenic species thereof. The term "organism" may also include, but is not limited to, a yeast (e.g., S. cerevisiae) cell, a yeast tetrad, a
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yeast colony, a bacterium, a bacterial colony, a virion, virosome, virus-like particle and/or cultures thereof, and the like.

[0404] As used herein, the term "attach," "conjugate," and "couple" may be used interchangeably and may refer to both covalent 
interactions and noncovalent interactions.

[0405] While preferred embodiments of the present invention have been shown and described herein, it will be obvious to those skilled in 
the art that such embodiments are provided by way of example only. Numerous variations, changes, and substitutions will now occur to 
those skilled in the art without departing from the invention. It should be understood that various alternatives to the embodiments of the 
invention described herein may be employed in practicing the invention. It is intended that the following claims define the scope of the 
invention and that methods and structures within the scope of these claims and their equivalents be covered thereby.

EXAMPLES

EXAMPLE 1: Enzymatic Split-Pool Synthesis

[0406] In this example, an enzymatic split-pool synthesis method was used to produce oligonucleotide coupled beads. As shown in FIG. 2A, 
a set of oligonucleotides was added to each well of a first plate. An oligonucleotide in a set of oligonucleotides comprises a 5'amine, 
universal sequence, cell label and a linker. The 5' amine, universal sequence and linker are the same for each set of oligonucleotides. The 
universal sequence and linker are different from each other. However, the cell label is different for each set of oligonucleotides. Thus, each 
well has a different cell label.
In Step 1 of the enzymatic split-pool synthesis, oligonucleotide-coupled beads were synthesized by adding a single bead to each well and 
performing 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC) coupling reactions. The oligonucleotides beads resulting from Step 1 
comprise a bead coupled to multiple oligonucleotides. The oligonucleotide comprises a 5'-amine, universal sequence, cellular label 1, and 
linker 1 (see FIG. 2A). The oligonucleotides on the same bead are the same. However, oligonucleotides on a first bead are different from 
oligonucleotides on a second bead.

[0407] In Step 2 of the enzymatic split-pool synthesis, multiple washes were performed to remove uncoupled oligonucleotides. Once the 
uncoupled oligonucleotides were removed, the oligonucleotide-coupled beads were pooled (see FIG. 2A). The oligonucleotide coupled 
beads resulting from Step 2 comprise a bead coupled to multiple single stranded oligonucleotides. The single stranded oligonucleotide 
comprises a 5' amine, universal sequence, cell label 1 and linker 1. Each oligonucleotide on a bead is identical. However, each bead 
comprises a different oligonucleotide. The oligonucleotides coupled to the different beads differ by the cell label 1 sequence.

[0408] As shown in FIG. 2B, a set of oligonucleotides was added to each well of a second plate. An oligonucleotide in a set of 
oligonucleotides comprises a first linker, cell label, and a second linker. The first and second linkers are the same for each set of 
oligonucleotides. The first and second linkers are different from each other. However, the cell label is different for each set of 
oligonucleotides. Thus, each well has a different cell label.

[0409] In Step 3 of the enzymatic split-pool synthesis, the oligonucleotide coupled beads that were pooled in Step 2 were split into the wells 
of the second plate. Because the first linker of the oligonucleotides in the wells of the second plate are complementary to the linker of the 
oligonucleotides coupled to the beads, primer extension using Klenow large fragment was performed to couple the oligonucleotides from 
the second plate to the oligonucleotide coupled beads from Step 2. The oligonucleotides coupled beads resulting from Step 3 comprise a 
bead coupled to multiple double stranded oligonucleotides. The double stranded oligonucleotide comprises a 5' amine, universal sequence, 
cell label 1, linker 1, cell label 2, and linker 2 (see FIG. 2B).

[0410] In Step 4 of the enzymatic split-pool synthesis, multiple washes were performed to remove uncoupled oligonucleotides and the 
Klenow large fragment enzymes. The second plate was heated to denature the double stranded oligonucleotides, and the oligonucleotide 
coupled beads were pooled (see FIG. 2B). The oligonucleotide coupled beads resulting from Step 4 comprise a bead coupled to multiple 
single stranded oligonucleotides. The single stranded oligonucleotide comprises a 5' amine, universal sequence, cell label 1, linker 1, cell 
label 2, and linker 2. Each oligonucleotide on a bead is identical. However, each bead comprises a different oligonucleotide. The 
oligonucleotides coupled to the different beads differ by the combined cell label sequences. For example, a first bead may comprise 
oligonucleotides comprising a first cell label of cell label A and second cell label of cell label C and a second bead may comprise 
oligonucleotides comprising a first cell label of cell label C and a second cell label of cell label D. Thus, the first bead and the second bead 
may comprise the same cell label (in this case, cell label C), however, the combined cell label sequences of the first bead and the second 
bead are different (e.g., for the first bead, the combined cell label sequence is cell label A + cell label C; for the second bead, the combined 
cell label sequence is cell label C + cell label A). In other instances, two beads may comprise oligonucleotides comprising different cell 
labels. For example, a first bead may comprise oligonucleotides comprising cell label A and cell label B and a second bead may comprise 
oligonucleotides comprising cell label C and cell label D. In this instance, both of the cell labels of the first bead are different from both of the 
cell labels of the second bead.

[0411] As shown in FIG. 2C, a set of oligonucleotides was added to each well of a third plate. An oligonucleotide in a set of oligonucleotides 
comprises a linker, cell label, molecular label, and an oligodT. The linker and oligodT sequences are the same for each set of 
oligonucleotides. However, the cell label is different for each set of oligonucleotides. Thus, each well has a different cell label. In addition,
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the molecular label is different for oligonucleotides within a set. Thus, a single well contains a plurality of oligonucleotides with the same cell 
label, but different molecular labels. The oligonucleotides from different wells may contain the same molecular label.

[0412] In Step 5 of the enzymatic split-pool synthesis, the oligonucleotide coupled beads that were pooled in Step 4 were split into the wells 
of the third plate. Because the linker of the oligonucleotides in the wells of the second plate are complementary to the second linker of the 
oligonucleotides coupled to the beads, primer extension using Klenow large fragment was performed to couple the oligonucleotides from 
the third plate to the oligonucleotide coupled beads from Step 4. The oligonucleotides coupled beads resulting from Step 5 comprise a bead 
coupled to multiple double stranded oligonucleotides. The double stranded oligonucleotide comprises a 5' amine, universal sequence, cell 
label 1, linker 1, cell label 2, linker 2, cell label 3, molecular label and oligodT (see FIG. 2C).

[0413] In Step 6 of the enzymatic split-pool synthesis, multiple washes were performed to remove uncoupled oligonucleotides and the 
Klenow large fragment enzymes. The third plate was heated to denature the double stranded oligonucleotides, and the oligonucleotide 
coupled beads were pooled (see FIG. 2C). The oligonucleotide coupled beads resulting from Step 4 comprise a bead coupled to multiple 
single stranded oligonucleotides. The single stranded oligonucleotide comprises a 5' amine, universal sequence, cell label 1, linker 1, cell 
label 2, linker 2, cell label 3, molecular label and oligodT. The multiple single stranded oligonucleotides on a single bead may be 
differentiated by the molecular label. The cell label portions of the multiple oligonucleotides on a single bead are identical. Each bead 
comprises different oligonucleotides. The oligonucleotides coupled to the different beads differ by the cell label sequences. The molecular 
label on the oligonucleotides from different beads may be the same. The molecular label on the oligonucleotides from different beads may 
be different. Two or more beads may differ by the combined cell label sequences. For example, a first bead may comprise an 
oligonucleotide comprising cell label A, cell label B and cell label C and a second bead may comprise an oligonucleotide comprising cell 
label B, cell label D and cell label A. In this instance, the first and second bead both contain cell label B, however the two other cell labels 
are different. Thus, two or more beads may comprise oligonucleotides differing by at least one cell label. Two or more beads may comprise 
oligonucleotides differing by at least two cell labels. Two or more beads may comprise oligonucleotides differing by at least three cell labels. 
However, a bead may comprise an oligonucleotide comprising two or more identical cell labels. For example, a bead may comprise an 
oligonucleotide comprising cell label A, cell label A and cell label D. A bead may comprise oligonucleotides comprising at least three identical 
cell labels. For example, a bead may comprise an oligonucleotide comprising cell label A, cell label A and cell label A. A bead may comprise 
oligonucleotides comprising three non-identical cell labels. For example, a bead may comprise an oligonucleotide comprising cell label A, 
cell label D and cell label E. A bead may comprise at least two oligonucleotides comprising at least two different molecular labels. For 
example, a bead may comprise a first oligonucleotide comprising molecular label A and a second oligonucleotide comprising molecular label 
D. However, a bead may comprise multiple copies of an oligonucleotide comprising a first molecular label. Thus, a bead may comprise at 
least two oligonucleotides comprising the same molecular label. For example, a bead may comprise a first oligonucleotide comprising 
molecular label A and a second oligonucleotide comprising molecular label A. At least 30% of the oligonucleotides on a bead may comprise 
different molecular labels. At least 40% of the oligonucleotides on a bead may comprise different molecular labels. At least 50% of the 
oligonucleotides on a bead may comprise different molecular labels. At least 60% of the oligonucleotides on a bead may comprise different 
molecular labels. Less than 30% of the oligonucleotides on a bead may comprise the same molecular label. Less than 20% of the 
oligonucleotides on a bead may comprise the same molecular label. Less than 15% of the oligonucleotides on a bead may comprise the 
same molecular label. Less than 10% of the oligonucleotides on a bead may comprise the same molecular label. Less than 5% of the 
oligonucleotides on a bead may comprise the same molecular label.

[0414] The enzymatic split-pool synthesis technique may be performed on multiple plates or plates with a greater number of wells to 
produce a larger number of oligonucleotide coupled beads. The use of three separate cell label portions may increase the diversity of the 
total cell label portions on the beads. With 96 different sequence options for each cell label portion, 884,736 different cell label combinations 
may be created.

EXAMPLE 2: Comparison of amplification in tube and microwell

[0415] The disclosure provides a method for capturing cells. About 5,000 Ramos cells were captured on a microwell array comprising 
microwells of about 30 micron in diameter. Some cells were not captured. The control for the experiment was an equivalent number of cells 
captured in a tube. Both the cells in the tube and the cells in the microwell array were lysed. The nucleic acid was allowed to hybridize to a 
conjugated bead. Real time PCR of GAPDH and RPL19 genes was performed.

[0416] FIG. 9 shows the results of the real time PCR amplification. The yield from the microwell was larger than the yield from the nucleic 
acid in the tube, indicating that the hybridization of the nucleic acid to the oligonucleotide was more effective in the microwell than the tube 
(compare grey bar and white bar, respectively).

EXAMPLE 3: Comparison of amplification of second synthesized strand and synthesis on bead

[0417] Cells were obtained and lysed as described in Example 1. RPL19, TUBB, and GAPDH were amplified either off the second strand 
synthesized off the solid supports, or direct on the solid supports using a universal primer. FIG. 10 shows, amplification directly on the solid 
supports (FIG. 10) yielded less off-target amplification than amplification not directly off a solid support. GAPDH and TUBB amplifications 
produced correctly sized products regardless of method (the left lane of each triplet in FIG. 10 corresponds to solid support plus lysate in 
tube format, the middle lane of each triplet corresponds to solid supports from the microwell, and the right lane of each triplet corresponds
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to solid supports plus purified nucleic acid). The RPL19 product had minimal off-target amplification products, but only produced a strong 
product when purified nucleic acid was used with the solid support. These experiments indicate that amplification directly on the beads 
produces less off-target amplification products than amplification using a second strand synthesized off the solid support.

EXAMPLE 4: Multiplex analysis of target nucleic acids

[0418] Cells are obtained and lysed as described in Example 1. Target nucleic acids are hybridized to the solid support comprising 
oligonucleotides. A plurality of copies of the target nucleic acid are hybridized to a target binding region comprising an oligodT sequence. 
The plurality of copies of the target nucleic acid are reverse transcribed using reverse transcriptase. Reverse transcription incorporates the 
features of the oligonucleotide to which the copy of the target nucleic acid was hybridized (e.g., the molecular label, the cellular label, and 
the universal label). The plurality of copies of the target nucleic acid are amplified using PCR. The amplified copies of the target nucleic acid 
are sequenced. The sequenced target nucleic acids are counted to determine the copy number of the target nucleic acid in the cell. The 
counting is performed by counting the number of different molecular labels for each of the same sequence read of target nucleic acid. In 
this way, amplification bias may be diminished.

EXAMPLE 5: Evaluating efficacy of split-pool synthesis to produce beads with clonal copies of one cell label combination

[0419] In this example, the efficacy of split-pool synthesis to produce beads with clonal copies of one cell label combination was evaluated. 
Oligonucleotide coupled beads were synthesized by the enzymatic split-pool synthesis method as described in Example 1. 250 ng of total 
RNA was purified from Ramos cells, which is equivalent to RNA from 25,000 cells. The total RNA was contacted with 35,000 oligonucleotide 
coupled beads, resulting in hybridization of mRNA to the oligonucleotide coupled beads. cDNA synthesis was performed on the mRNA 
hybridized to the oligonucleotide coupled beads. Samples comprising 18, 175, and 1750 beads were used for further analysis. PCR 
amplification reactions using GAPDH-specific primers and IGJ-specific primers were performed on the cDNA bound to the beads from the 
18-, 175- and 1750-bead samples. The cDNA molecules attached to the beads were sequenced. FIG. 11A-I show graphical representations 
of the sequencing results. For FIG. 11A-C, the number of reads per bead is plotted on the y-axis and the unique barcode (e.g., cell label 
combination) is plotted on the x-axis for the 18-bead, 175-bead and 1750-bead samples, respectively. For FIG. 11D-F, the number of 
unique molecules per bead is plotted on the y-axis and the unique barcode (e.g., cell label combination) is plotted on the x-axis for the 18- 
bead, 175-bead and 1750-bead samples, respectively. For FIG. 11G-I, the number of unique molecules per bead is plotted on the y-axis 
and the unique barcode is plotted on the x-axis for the 18-bead, 175-bead and 1750-bead samples, respectively. The results for FIG. 11G-I 
are sorted by the total number of molecules. The median number of unique molecules per bead for the various samples is shown in Table 
1. Numerical values for the sequencing results are shown in Table 2. For FIG. 11J-L, the number of unique barcode (be) combination using 
the index is plotted on the y-axis and the barcode (be) segment index is plotted on the x-axis for the cell label 1, cell label 2, and cell label 3 
for the 1750-bead sample, respectively. The barcode (be) refers to the cell label (e.g., be segmentl = cell label part 1). As shown in FIG. 
11 J-L, the presence of almost all 96 barcodes within each segment was detected by sequencing. These results demonstrate the success of 
the enzymatic split-pool synthesis method to produce beads with clonal copies of one cell label combination.

Table 1

18 beads 
~78~

*22~
IGJ

I GAPDH
Jääääääääääääääääääääääääääääääääääääääääääääääääääf

Median number of unique molecules 

175 beads
~85~

~45~

1750 beads 
~40~

~25~

Table 2
[ Expected # of beads 

[Total number of reads 

[ >=8 match in constant 1

17.5

58321

175

60308

1750

[ >=8 match in constant 2 54117 55187 115126

[ >=8 match in constant 1 & 2 54114 55185 115107

[Perfect match in all 3 sub-barcodes 

§ Perfect match in gene (40bp)

§ Total number of unique barcode combination

38585

29968

239

46066

33775

407

95217

72260
1654 i

[ % useful reads 51.388% 56.00% 54.31% i
[ Number of unique barcode combinations > 20 read 5 26 288 i

EXAMPLE 6. Single cell RNA labeling using oligonucleotide coupled beads

[0420] In this example, the efficacy of single cell RNA labeling using oligonucleotide coupled beads was evaluated. Three cell samples were 
prepared as follows:
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Sample 1: K562 only Sample 2: Ramos only Sample 3: Ramos + K562 mixture

j Number of microwells -10000 -10000 -10000

I Number of Ramos cells 0 5000 j 3750
I Number of K562 cells 1000 0 I 2500

[0421] The cell suspension of the samples was added to the top of a microwell and cells were allowed to settle into the wells of the 
microwell array. Cells not captured by the microwell array were washed away in a phosphate buffered saline (PBS) bath. Oligonucleotide 
coupled beads, as prepared by the enzymatic split-pool synthesis method described in Example 1, were added to the microwell array. The 
oligonucleotide coupled bead comprises a magnetic bead with a plurality of oligonucleotides. Each oligonucleotide on the bead comprises a 
5'amine, universal sequence, cell label 1, linker 1, cell label 2, linker 2, cell label 3, molecular label, and oligodT. For each oligonucleotide on 
the same bead, the sequences of the oligonucleotides are identical except for the molecular label. For oligonucleotides on different beads, 
the cell label 1, 2, and 3 combinations are different. Approximately 5-6 beads were added per well of the microwell array. In some instances, 
for every 10 wells, 50 beads may be deposited on the array, with 0-2 beads falling into each well. The beads were allowed to settle into the 
wells and uncaptured beads were washed away in a PBS bath. A magnet was placed underneath the microwell array. Cells were lysed by 
the addition of cold lysis buffer. The array and magnet were placed on a cold aluminum block for 5 minutes. mRNAfrom the lysed cells were 
hybridized to the oligonucleotides coupled to the beads. The array was washed with excess lysis buffer to remove unbound mRNA. The 
beads were retrieved from the wells by placing a magnet on top of the microwell array. The retrieved beads were washed. cDNA synthesis 
was performed on the beads using Superscript III at 50 °C for 50 minutes on a rotor. Non-extended oligodT from the oligonucleotides on the 
beads were removed by Exol treatment conducted at 37 °C for 30 minutes on a rotor. Gene-specific PCR amplification was conducted on 
the cDNA. The genes selected for the gene-specific PCR were cell-type specific and are shown in Table 3. The PCR amplified products 
were sequenced. Sequencing statistics are shown in Table 4. Figures 12A-C show a histogram of the sequencing results for the K562-only 
sample, Ramos-only sample, and K562 + Ramos mixture sample, respectively. For FIG. 12A-C, the unique molecule per barcode plotted on 
the y-axis and the unique be combination index, sorted by read per be plotted on the x-axis.

[ Table 3

j Number ) Gene Cell-type
I 1 [ CD74 Ramos-specific
I 2 CD79a Ramos-specific
I3IIGJ

I 4 [ TCL1A
Ramos-specific

Ramos-specific
I 5 I SEPT9 Ramos-specific
j 6 j CD27 Ramos-specific
I 7 I CD41 K562-specific
[ 8 I GYPA

[ 9 I GATA1
K562-specific

K562-specific
I 10 I GATA2 K562-specific
j 11 I HBG1 K562-specific
| 12 [ C5APDH

Table 4

Sample 1: K562 
only

Sample 2: Ramos 
only

common

Sample 3: Ramos + K562 
mixture

[ Number of Ramos cells 0 5000 3750
I Number of K562 cells 

(Total number of reads

1000 0
™Π329189~™”

2500

I >=8 match in constant 1 657911 1201081 2026726
I >=8 match in constant 2 581581 1071364 1513466
[ >=8 match in constant 1 & 2 

[Perfect match in all 3 sub-barcodes 

[ Perfect match in gene (40bp)

581508

481564

1071153

862348

1513102

[ % useful reads 39.50% 43.31% 41.86%

[Total number of unique barcode combination 8501 29647 28783

[ Number of unique barcode combinations > 30 
[molecule

145 1072 768

[Capture efficiency 0.145 0.2144 0.12288

[0422] Single cell labeling was used to determine the copy number for the single-cell type samples (e.g., K562-only sample, Ramos-only
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sample). FIG. 12D-E shows a graph of the copy number for genes listed in Table 3 for the Ramos-only cell sample and K562-only cell 
sample, respectively. For FIG. 12D-E, the number of molecules per barcode (be) combination is plotted on the y-axis and the unique 
barcode combination, sorted by total number of molecules per be combination is plotted on the x-axis. The results shown in Figures 12D-E 
were based on sequencing data from beads with > 30 total number of unique molecules. These results demonstrate that the proportion of 
molecules per amplicon per bead matches expectations for the cell type. For the K562-only cell sample, the skew of the number of 
molecules is more severe and it appears that HBG1, which is highly abundant in this cell type, has a variable copy number. However, 
GAPDH copy number appears to be constant even though the total number of molecules per bead is skewed. The copy number for the 
individual genes are shown in FIG. 12F-I. For FIG. 12F-G, the copy number is represented as copy per bead or single cell for Ramos-only 
cells and K562-only cells, respectively. For FIG. 12H-I, the copy number is represented as relative abundance per bead or single cell for 
Ramos-only cells and K562-only cells, respectively.

[0423] Single cell labeling was used to determine the cell type of single cells in the K562+Ramos mixture sample. Sequencing results from 
100 unique barcode combinations with the most abundant molecules were analyzed to evaluate the efficacy of single cell labeling to 
determine the cell type of single cells in the K562+Ramos mixture sample. FIG. 12J-M show graphs of the number of unique molecules per 
gene (y-axis) for the beads with the 100 unique barcode combinations. The numbers on the x-axis refer to the gene (see Table 3). FIG. 
12J-M clearly depict general gene expression patterns for the K562 and Ramos cells. FIG. 12N-O show enlarged graphs of two beads that 
depict the general pattern of gene expression profiles for the two cell types. FIG. 12N shows the general pattern of gene expression profile 
for K562-like cells and FIG. 120 shows the general pattern of gene expression profile for Ramos-like cells. FIG. 12P shows a scatter plot of 
results based on principal component analysis of gene expression profile of 768 beads with > 30 molecules per bead from the K562+Ramos 
mixture sample. Component 1, which is plotted on the x-axis, separates the two cell types. Component 2, which is plotted on the y-axis, 
separates K562 cells with high and low HBG1 copy number. Each dot on the scatter plot represents one unique barcode combination, which 
is equivalent to one bead or one cell. Based on the principal component analysis, 409 beads corresponded to K562 cells and 347 beads 
corresponded to Ramos cells. The copy number of the genes from Table 3 was determined for the K562-like and Ramos-like cell types. 
FIG. 12Q-R show histograms of the copy number per amplicon per bead for the K562-like cells (beads on the left of the first principal 
component based on FIG. 12P) and Ramos-like cells (beads on the right of the first principal component based on FIG. 12P), respectively. 
For FIG. 12Q-R, number of per be combination is on the y-axis and unique barcode combination, sorted by total number of molecules per 
be combination is on the x-axis. FIG. 12S-T show the copy number per bead or single cell of the individual genes for the K562-like cells 
(beads on the left of the first principal component based on FIG. 12P) and Ramos-like cells (beads on the right of the first principal 
component based on FIG. 12P), respectively. Table 5 shows the mean copy number per bead for the single cell and mixture samples.

j Table 5

Single cell type samples j K562+Ramos mixture sample
I Gene I K562-only Ramos-only I K562-like Ramos-like
5 CD74 I 0.00 39.95 5 0.10 | 7.50

I CD79a j 0.02 30.97 I 0.84 j 18.88
5 IGJ I 0.03 42.43 5 0.81 j 27.76 I

TCL1A ] 0.01 31.78 0.71 j 19.44

1..... SEPT9 j 0.88 3.89
----1......

1.35 j 1-52

CD27 1 0.00 5.31 0.03 j 1-30

j CD41 1 0.61 0.00 j 0.47 j 0.01
5 GYPA I 1.92 0.00 5 0.73 j 0.02 j

GATA2 I 1-38 0.00 0.60 I 0.04

1 GATA1 I 0.94 0.00 1 1.04 j 0.04

HBG1 j 201.09 0.00 72.27 | 1.37

GAPDH I 51.77 39.13 44.94 j 13.53
5 GAPDH read redundancy ( 204 1.47 5 7.67 I 7.22

EXAMPLE 7. Evaluating cross-talk between beads

[0424] In this example, the cross-talk between beads was evaluated. Samples comprising mixtures of mouse EL4 cells and Ramos cells 
were prepared as follows:
I High density ....... 1....... Low density

§ Number of microwells -10000 -10000

j Number of mouse EL4 cells 2500 5 1500

j Number of Ramos cells 3750 § 1500

[0425] The cell suspension of the samples was added to the top of a microwell and cells were allowed to settle into the wells of the 
microwell array. Cells not captured by the microwell array were washed away in a phosphate buffered saline (PBS) bath. Oligonucleotide
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coupled beads, as prepared by the enzymatic split-pool synthesis method described in Example 1, were added to the microwell array. The 
oligonucleotide coupled bead comprises a magnetic bead with a plurality of oligonucleotides. Each oligonucleotide on the bead comprises a 
5'amine, universal sequence, cell label 1, linker 1, cell label 2, linker 2, cell label 3, molecular label, and oligodT. For each oligonucleotide on 
the same bead, the sequences of the oligonucleotides are identical except for the molecular label. For oligonucleotides on different beads, 
the cell label 1, 2, and 3 combinations are different. Approximately 5-6 beads were added per well of the microwell array. The beads were 
allowed to settle into the wells and uncaptured beads were washed away in a PBS bath. A magnet was placed underneath the microwell 
array. Cells were lysed by the addition of cold lysis buffer. The array and magnet were placed on a cold aluminum block for 5 minutes. 
mRNA from the lysed cells were hybridized to the oligonucleotides coupled to the beads. The array was washed with excess lysis buffer to 
remove unbound mRNA. The beads were retrieved from the wells by placing a magnet on top of the microwell array. The retrieved beads 
were washed. cDNA synthesis was performed on the beads using Superscript III at 50 °C for 50 minutes on a rotor. Non-extended oligodT 
from the oligonucleotides on the beads were removed by Exol treatment conducted at 37 °C for 30 minutes on a rotor. Gene-specific PCR 
amplification was conducted on the cDNA. The genes selected for the gene-specific PCR were cell-type specific and are shown in Table 6.
I Table 6

I Number Gene Cell-type
j 1

I 2
HS_CD74

HS CD79a

human

human
j 3 HS IGJ human
j 4 HS_TCL1A human
| 5 HS_SEPT9 human
I 6 HS_CD27

HS CD27

human

human
I 8 MM B2M mouse
I 9 MM ACTM mouse

I io MM_HPRT mouse
) 11 MM_SHDA mouse

[0426] The PCR amplified products were sequenced. Sequencing statistics are shown in Table 7.
I Table 7

I Number of Ramos cells
Low density

15000

High density 
™™™™3750~~~~~~Π

j Number of mouse cells 1500 2500

j Total number of reads 2391780 4038217

j >=8 match in constant 1 2162945 3651643

j >=8 match in constant 2 1981835 3356493

) >=8 match in constant 1 & 2 1981626 3355787

[Perfect match in all 3 sub-barcodes 1645994 2790879
I Perfect match in gene (40bp) 1083013 2171930
I % useful reads 45% 54% !
I Total number of unique barcode combination 16695 36595 !

I Number of unique barcode combinations > 30 molecule 80 281

j Capture efficiency 0.03 0.04

[0427] Gene expression profiles for 100 unique barcode combinations with the most abundant molecules were determined for the high 
density and low density samples. The gene expression profiles were generated based on the sequencing results. FIG. 13Ashows graphs of 
the gene expression profile for 35 of the 100 unique barcode combinations from the high density sample. For FIG. 13A, the number of 
unique molecules is on the y-axis and the gene reference number is on the x-axis (see Table 6 for genes corresponding to the gene 
reference number). FIG. 13A clearly depicts general gene expression patterns for the mouse and Ramos cells. FIG. 13B-C show scatter 
plots of results based on principal component analysis of gene expression profile of the high density sample and low density sample, 
respectively. Component 1, which is plotted on the x-axis, separates the two cell types. Component 2, which is plotted on the y-axis, 
indicates variability in gene expression within the Ramos cell population. Each dot on the scatter plot represents one unique barcode 
combination, which is equivalent to one bead or one cell. Based on the principal component analysis of the high density sample, 144 beads 
corresponded to the mouse cells and 132 beads corresponded to Ramos cells. Based on the principal component analysis of the low 
density sample, 52 beads corresponded to the mouse cells and 27 beads corresponded to Ramos cells.

[0428] Once the cell types were determined, cross-talk between the beads was assessed by detecting the genes from Table 6 in the 
different cell types. FIG. 13D-E depict graphs of the read per barcode (be) combination (y-axis) versus the unique barcode combination,
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sorted by the total number of molecules per be combination (x-axis) for Ramos-like cells and mouse-like cells from the high density sample, 
respectively. FIG. 13F-G depict graphs of the number of molecules per be combination (y-axis) versus the unique barcode combination, 
sorted by the total number of molecules per be combination (x-axis) for Ramos-like cells and mouse-like cells from the high density sample, 
respectively. FIG. 13H-I depict graphs of the read per barcode (be) combination (y-axis) versus the unique barcode combination, sorted by 
the total number of molecules per be combination (x-axis) for Ramos-like cells and mouse-like cells from the low density sample, 
respectively. FIG. 13J-K depict graphs of the number of molecules per be combination (y-axis) versus the unique barcode combination, 
sorted by the total number of molecules per be combination (x-axis) for Ramos-like cells and mouse-like cells from the low density sample,
respectively. Table 8 shows the average fold coverage or read redundancy per unique molecule for the low and high density samples.

I Table 8

Low density High density

j Gene Ramos-like cells Mouse-like cells Ramos-like cells Mouse-like cells
j HS CD74 29.75 3.17 23.75 2.15
I HS_CD79a 47.2 4.09 42.30 2.67

I HS TCL1A 45.74 2.26 39.00 4.13
j HS SEPT9 11.85 1.00 12.75 1.18
j HS_CD27

j HS_GAPDH 

j MM B2M

37.99

19.97

1.00

1.55

32.12

17.37

1.10

j MM ACTM 1.05 29.08 1.90 28.38
j MM HPRT 1.02 39.96 1.03 43.65
j MM_SHDA 1.00 39.60 1.02 29.60

[0429] The results in Table 8 show that average fold coverage per unique molecule was much higher for human genes than mouse genes 
in Ramos cells, and vice versa.

[0430] As a control, a mixture of mouse and human cells were lysed in a tube, converted to cDNA synthesis with the beads, and the cDNA 
was sequenced. FIG. 4XL shows a graphical representation of the sequencing results. As expected, a large number of unique barcode (be) 
combinations was observed, and most beads only had one to two copies total.

[0431] These results demonstrate that there was minimal cross-talk between beads and that the cross-talk may be identified 
bioinformatically.

EXAMPLE 8. Single cell nucleic acid library production

[0432] The oligonucleotide conjugated supports disclosed herein may be used to produce single cell nucleic acid libraries. In this example, 
single cell nucleic acid libraries are produced by adding a cell sample to a surface (e.g., grid) that has the oligonucleotide conjugated 
supports. An oligonucleotide conjugated support comprises a plurality of oligonucleotides conjugated to a bead. An oligonucleotide 
comprises (a) a cell label region comprising at least two distinct regions connected by a linker; and (b) a molecular label region. Two or 
more oligonucleotides on a bead comprise identical cell label regions. Two or more oligonucleotides on a bead comprise two or more 
different molecular label regions. Two or more oligonucleotides on two or more different beads comprise two or more different cell label 
regions. Thus, each cell associated with an oligonucleotide conjugated support has a different cell label region. The concentration of cells in 
the cell sample is sufficiently dilute to enable association of one or fewer cells to one oligonucleotide conjugated support on the surface. 
Cells are lysed using a lysis buffer. mRNAs from a cell are hybridized to the oligonucleotides of the oligonucleotide conjugated support. 
Thus, all mRNAs from a cell are labeled with oligonucleotides comprising identical cell label regions. Two or more mRNAs from a cell are 
labeled with two or more oligonucleotides comprising two or more different molecular label regions. A magnet is applied to the surface to 
purify the oligonucleotide conjugated solid supports from the surface. The oligonucleotide conjugated solid supports may be individually 
purified from the surface. The mRNAs hybridized to the oligonucleotides on the oligonucleotide conjugated solid support are reverse 
transcribed to produce labeled cDNA. The labeled cDNA comprise a reverse complement ofthe mRNAand a copy ofthe oligonucleotide 
that the mRNAwas hybridized to. The labeled cDNA are amplified by PCR to produce labeled amplicons. The labeled cDNA and/or labeled 
amplicons may be removed from the bead by restriction enzyme digestion. A library of nucleic acids from the single cell is produced from 
the labeled amplicons.

[0433] Alternatively, the oligonucleotide conjugated solid supports are purified together. Reverse transcription of the mRNA may be 
performed on the combined oligonucleotide conjugated solid supports. Because mRNAs from different cells are labeled with 
oligonucleotides comprising different cell label regions, the cell label regions may be used to determine which cell the labeled cDNA or 
labeled amplicons originated from. Thus, a library of nucleic acids from a plurality cells may be produced, wherein the identity of the cell 
from which the labeled amplicon originated from may be determined by the cell label region.
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[0434] Single cell nucleic acid libraries may also be produced by contacting the cells with an agent prior to lysing the cell. The agent may be 
an antigen, drug, cell, toxin, etc. Thus, specialized single cell nucleic libraries may be produced. Analysis of the nucleic acid libraries may be 
used to generate single cell drug expression profiles. Signal transduction pathways on a single cell level may also be determined from these 
nucleic acid libraries. The nucleic acid libraries may also be used to determine the effects of antigens on specific cell types.

EXAMPLE 9. Single cell expression profiling

[0435] The oligonucleotide conjugated supports disclosed herein may be used to determine the expression profile of single cells. In this 
example, a cell sample comprising a mixture of cells is contacted with a plurality of antibodies. A subset of the cells is purified using flow 
cytometry. The subset of cells is added to a microwell array. A plurality of oligonucleotide conjugated supports is added to the microwell 
array. An oligonucleotide conjugated support comprises a plurality of oligonucleotides coupled to a nanoparticle. An oligonucleotide 
comprises (a) a cell label region comprising three distinct sequences connected by two predetermined sequences; and (b) a molecular label 
region. Two or more oligonucleotides on a nanoparticle comprise identical cell label regions. Two or more oligonucleotides on a nanoparticle 
comprise two or more different molecular label regions. Two or more oligonucleotides on two or more different nanoparticles comprise two 
or more different cell label regions. Thus, each cell associated with an oligonucleotide conjugated support has a different cell label region.

[0436] A magnet is applied to the microwell array and the cells that are not associated with an oligonucleotide conjugated support are 
washed away. A sponge comprising a lysis buffer is placed on top of the microwell array, thereby lysing the cells.

[0437] mRNAs from the lysed cells hybridize to the oligonucleotides on the bead. The mRNAs are reverse transcribed to produce labeled 
cDNA. The labeled cDNA comprise a reverse complement of the mRNA and a copy of the oligonucleotide that the mRNA was hybridized to. 
The labeled cDNAare amplified by PCR to produce labeled amplicons. The labeled amplicons are sequenced. Because each mRNA from a 
cell is labeled with the same cell label and mRNAs from different cells are labeled with different cell labels, the sequence information of the 
labeled amplicons is used to generate single cell expression profiles. EXAMPLE 10: Immunophenotyping by single cell sequencing

[0438] A blood sample was collected from a subject and peripheral blood mononuclear cells (PMBCs) were isolated from the blood sample. 
PMBCs were cultured in RPMI1640 medium and placed in an incubator overnight. The PMBCs were washed multiple times in PBS to 
remove the serum. Approximately 7000 PMBCs were deposited onto a microwell array with 32,400 wells. Thus, most wells on the microwell 
array contained no cells and some wells on the cell contained only 1 cell. Oligonucleotide-conjugated beads were applied to the microwell 
array. Each oligonucleotide-conjugated bead contained approximately 1 billion oligonucleotides attached to a bead. Each oligonucleotide 
attached to the bead contained a 5' amine, universal sequence, three-part cellular label (e.g., three cell label sections connected by two 
linkers), molecular label, and oligodT. Each bead contained a unique three-part cellular label, which is a result of the unique combination of 
the three cell label sections. All of the oligonucleotides on a single bead contained the same three-part cellular label. Oligonucleotides from 
different beads contained different three-part cellular labels. Each well contained 1 or fewer oligonucleotide-conjugated bead. A cell lysis 
reagent was applied to the microwell array, resulting in lysis of the cells. Polyadenylated molecules (e.g., mRNA) from the cell hybridized to 
the oligodT sequence of the oligonucleotides from the oligonucleotide-conjugated beads. The polyadenylated molecules that were 
hybridized to the oligonucleotides from the oligonucleotide-conjugated bead were reverse transcribed with Superscript II at 42°C at 90 
minutes on a rotor. The oligonucleotide from the oligonucleotide-conjugated bead served as a primer for first strand cDNA synthesis. A 
SMART oligo was incorporated in the cDNA synthesis such that the superscript II may add the complement of the SMART oligo sequence to 
the 3' end of the cDNA when it reaches the end. The cDNA synthesis reaction produces a bead conjugated to unextended oligonucleotides 
(e.g., oligonucleotides that were not attached to the polyadenylated molecule from the cell) and the extended oligonucleotides (e.g., 
oligonucleotides that were attached to the polyadenylated molecule and comprise a polyadenylated molecule/cDNA hybrid).

[0439] The beads are combined and the oligonucleotides comprising the polyadenylated molecule/cDNA hybrid were amplified. Multiplex 
PCR was performed to amplify a panel of 98 genes (see Table 9) from the cDNA on the beads. Primers for the multiplexed PCR comprised 
a first gene specific primer that was designed to sit approximately 500 base pairs from the 3' end of the mRNA and a nested gene-specific 
primer that was designed to sit approximately 300 base pairs from the 3' end of the mRNA. Primers for the multiplex PCR were designed to 
require no significant complementarity in the last 6 bases of the primers in the panel. If complementarity was detected in the multiplex PCR 
primers, then the primers were manually replaced. The multiplex PCR reaction comprised the following steps: 1) 15 cycles of first gene 
specific PCR (ΚΑΡΑ multiplex mix, 50nM of each primer -first gene specific primer and universal primer that is complementary to the 
universal sequence of the oligonucleotide-conjugated bead), Ampure clean up (0.7x bead to template ratio), 15 cycles of nested gene 
specific PCR (ΚΑΡΑ multiplex mix, 50nM of each primer -nested gene-specific primer and universal primer that is complementary to the 
universal sequence of the oligonucleotide-conjugated bead), Ampure clean up (0.7x bead to template ratio), 8 cycles of final PCR to add full 
length lllumina adaptor (ΚΑΡΑ HiFi ReadyMix), and Ampure clean up (1x bead to template ratio).

[ Table 9. Gene Panel

[Cell type Gene Cell type Gene Cell type [Gene [Cell type Gene
I Beeil PAX5 monocytes JCD14 naive [CD62L(SELL) [Th17 |IL17A I
I CD19 classical [S100A12 [CD45RA [ |IL17F

CD20 monocytes [CCR2 Naive Th [THPOK/ZBTB7B [ |IL21
I BCMA/

TNFRSF17
SELL/CD62L
(L-selectin)

Naive Tc
^RUNX3 1 [IL22

5 BAFF nonclassical [CD16/FCGR3B memory [CD45RO/PTPRC[ [CCL20
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Table 9. Gene Panel

jCell type Gene Cell type Gene Cell type I Gene I Cell type Gene

TCL1A monocytes CX3CR1 jCD44 IL23R

TACI ITGAL Central |CCR7 RORa/RORA
j B naive IGHD

IGHM

conventional 
myeoloid DC

CD1b

FOXQ1

Memory
CD8+/CD4+

jTXK

|MBD2
j Follicular T 
j helper

RORgamat/RORC;

OX40L/TNFSF4/
CD252

IB memory
CD27

CD209/ DC- 
SIGN ^BCL6

J
CXCR5

I
CD38 CD1e

Effector
Memory
CD8+/CD4+ |BLIMP1 SLAM/SLAMF1

CD24 CCL17 Th1 jCXCR3 ICOS

AICDA DTNA jlFNGRI SAP/SH2D1A

I
CD95

plasmacytoid 
dendritic cell 
(rare)

CLEC4C/
CD303 ^IL12RB2

j Activated T

CD69

|b
I transitional

CD10

rare myeloid 
dendritic cell 
(0.02%) CD141/TM UFN gamma

j Activated T 
jand B

CD30

jBreg IL10 NKT Th2 ΐ IL33R/IL1RL1 I Toll-like TLR1

j plasma RASD1 PLZF/ZBTB16 llL4R preceptors TLR2
5 AMPD1 SLAMF1 jcCR4 TLR3

SDC1
(CD138)

Tcell
CD3(CD3D) |CRTH2/PTGDR2

]

TLR4
^NK OSBPL5 CD3(CD3E) j IL4 TLR5
I CD56/NCAM

1
Cytotoxic T

CD8 (CD8A) IIL5
J

TLR6

IGFBP7 CD8(CD8B) iTreg ICD25 TLR7
5 KIR2DS5 PRF1 (perforin) jFOXPI TLR8
5 KIR2DS2 EOMES jTGFbeta TLR9

RAB4B Helper T CD4 IIL10 TLR10

[0440] The amplified products were sequenced. The sequence reads with 150bp were aligned to entire mRNA sequences of the 98 genes 
listed in Table 9 using Bowtie2. The results of the sequence alignment (see Table 10) demonstrate that the multiplex PCR reaction resulted 
in highly specific products. FIG. 14 shows a graph depicting the genes on the X-axis and the Iog10 of the number of reads. 16 genes of the 
98 genes were not present. Absence of these genes may be due to the fact that some of the genes target rare cells that may not be present 
in this blood sample. Overall, approximately, 84% of the genes from the 98 gene panel were detected.

j Table 10
j total I 6357075

j aligned 0 times 703616

j aligned exactly 1 time 5584201

^aligned > 1 time 69258

§ % aligned exactly once 88%

[0441] Table 11 shows the results of the overall sequencing statistics. For Readl, the total readl match criteria required a perfect match to 
the three-part cellular label (e.g., cell barcode) and at most 1 mismatch to the linkers.
I Table 11

I total num read 63570751
jtotal readl match criteria 4384245

jread2 also align 3943667

j % read2 align 89.95%

j number of unique cell be 31129

iread count per unique be > 100 3228

iread count per unique be > 50 3721



DK/EP 3039158 T3

[0442] FIG. 15A shows a graph of the distribution of genes detected per three-part cell label (e.g., cell barcode). FIG. 15B shows a graph of 
the distribution of unique molecules detected per bead (expressing the gene panel).

[0443] Cell clustering analysis was performed to determine whether the sequencing results could be used to analyze cell populations based 
on the cell barcode. SPADE (a minimum spanning tree algorithm developed by the Nolan lab for CyTOF data) was used to cluster cells 
based on the presence/absence of 17 genes. For a gene to be considered present, the average sequencing redundancy for the gen has to 
be greater than 5 fold. After sequence filtering, there were approximately 500 unique cell barcodes (e.g., cell labels) associated with greater 
than 20 unique molecules. Each unique cell barcode corresponds to a single cell. Based on the genes that were associated with a unique 
cell barcode, cells were clustered into cell types. Table 12 shows a list of genes that may be used to definitively identify a cell type. Thus, cell 
barcodes that are associated with CD20, IGHM, TCLIAand CD24 were designated as B-cells, whereas cell barcodes that are associated 
with CD8A, CD3D, CD3E, CD4 and CD62L were designated as T-cells. The remaining genes from Table 9 were mapped to the cell clusters. 
FIG. 16 depicts the cell clusters based on the genes associated with a cell barcode. The size of the cluster is proportionate to the number of 
cells that were assigned to the cluster. The results shown in FIG. 16 demonstrate that the combination of cell and molecular barcoding may 
be used to uniquely label copies of molecules from a single cell, which may enable immunophenotyping by single cell sequencing. In 
addition to clustering PMBCs into the major cell types based on the genes listed in Table 12, the 98 gene panel may also be used to identify 
clusters of sub-types of the major cell types. Table 13 shows the frequency of each major cell type detected by single cell sequencing. As 
shown in Table 13, with the exception of CD8+ T cells, the percentage of each cell type corresponded to the normal cell percentage range. 
A slightly higher percentage of CD8+ T cells was observed in the PMBC sample. Using the cell clusters based on FIG. 16, expression 
profiles of additional genes from the 98 gene panel were used to further analyze the cell clusters.

[0444] FIG. 17A-D show the analysis of monocyte specific markers. FIG. 17E shows the cell cluster depicted in FIG. 16. FIG. 17Ashows the 
cell expression profile for CD14, which is a monocyte specific marker. "Hot colors" (e.g., red) represent high gene expression and "cool 
colors" (e.g., blue) represent low gene expression. As shown in FIG. 17A, CD14 is highly expressed in the monocyte population and had low 
to no expression in the other cell types. The cell expression profile for CD16 which is known to be present in both monocytes and NK is 
shown in FIG. 17B. As shown in FIG. 17B, the monocyte and NK cell clusters had high expression of CD16, whereas the other cell types 
had low to no expression. CCR2 and S100A12 are known to be highly expressed in monocytes. The CCR2 and S100A12 monocyte-specific 
expression was also demonstrated in the cell expression profiles shown in FIG. 17C and D, respectively. However, the expression of CCR2 
and S100A12 separated into two branches of monocyte cells. The other cell types exhibited low to no expression of CCR2 and S100A12.

[0445] FIG. 18A-B show the analysis of the T cell specific markers. FIG. 18C shows the cell cluster depicted in FIG. 16. FIG. 18Ashows the 
cell expression profile for CD3D which is a chain of the CD3 molecule. CD3 is a pan T cell marker. FIG. 18A shows that CD3D is highly 
expressed in two branches of CD8+ T cells and moderately expressed in a third branch of CD8+ T cells. However, CD3D is not highly 
expressed in CD4+ T cells. Also, the other cell types have low to no expression of CD3D. FIG. 18B shows the cell expression profile for 
CD3E which is a chain of the CD3 molecule. FIG. 18B shows that CD3D is highly expressed in CD4+ T cells. Different branches of CD8+ T 
cells exhibit high to moderate expression of CD3D. Little to no expression of CD3D is observed in the other cell types.

[0446] FIG. 19A-B show the analysis of the CD8+ T cell specific markers. FIG. 19C shows the cell cluster depicted in FIG. 16. FIG. 19A 
shows the cell expression profile for CD8A which is a chain of the CD8 molecule. As shown in FIG. 19A, different branches of CD8+ T cells 
have various levels of CD8A expression, with some branches having high expression, other branches having moderate expression and one
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branch exhibiting low to no expression of CD8A. High CD8A expression was observed in a branch of the CD16+ NK cells. It has been 
reported in the literature that up to 80% of NK cells express CD8. Little to no CD8A expression was observed in the other cell types. FIG. 
19B shows the cell expression profile for CD8B which is a chain of the CD8 model. As shown in FIG. 19B, different branches of CD8+ T cells 
have various levels of CD8B expression, with one branch having high expression, some branches having moderate expression and two 
branches exhibiting low to no expression of CD8B. High CD8B expression was also observed in a branch of the CD16+ NK cells. Little to no 
CD8B expression was observed in the other cell types.

[0447] FIG. 20A shows the analysis of CD4+ T cell specific markers. FIG. 20B shows the cell cluster depicted in FIG. 16. FIG. 20A shows 
the expression profile for CD4. Moderate expression of CD4 was observed in a subset of cells in the CD4+ T cell cluster and high 
expression of CD4 was observed in a branch of the monocyte cluster. It has previously been documented in the literature that monocytes 
also express CD4. Moderate to low expression of CD4 was observed in a branch of CD8+ T-cells and in NK cells. Low to no expression of 
CD4 was observed in the other cell types.

[0448] FIG. 21A-D show the analysis of Natural Killer (NK) cell specific markers. FIG. 20E shows the cell cluster depicted in FIG. 16. FIG. 
20A shows the expression profile for KIR2DS2. All of the cell types exhibited little to no KIR2DS2 expression. FIG. 20B shows the expression 
profile for KIR2DS5. Killer immunoglobulin receptors (KIRs) are known to be expressed in NK cells and a subset of T cells. High expression 
of KIR2DS5 was observed in 2 branches of NK cells and moderate to low expression of KIR2DS5 was observed in one branch of NK cells. 
Moderate to high expression of KIR2DS5 was observed in 2 branches of CD8+ T cells. Low to no expression of KIR2DS5 was observed in 
all other cell types. OSBPL5 and IGFBP7 are known to be highly expressed in NK cells. FIG. 20C shows the expression profile for OSBPL5. 
OSBPL5 was highly expressed in one branch of NK cells. Moderate to low expression of OSBPL5 was observed in a branch of B cells. Low 
to no expression of OSBPL5 was observed in all other cell types. FIG. 20D shows the expression profile for IGFPBP7. High expression of 
IGFPBP7 was observed in two branches of NK cells and one branch of monocytes. Moderate expression of IGFPBP7 was observed in one 
branch of B cells. Low to no expression of IGFPBP7 was observed in all other cell types.

[0449] FIG. 22A-E show the analysis of B cell specific markers. FIG. 22F shows the cell cluster depicted in FIG. 16. FIG. 22A shows the 
expression profile for IGHM CH4. IGHM CH4was highly expressed in one branch of B cells and moderately expressed in the second branch 
of B cells. Low to no expression of IGHM CH4 was observed in all other cell types. FIG. 22B shows the expression profile for PAX5. PAX5 
was highly expressed in one branch of B cells. Low to no expression of PAX5 was observed in all other cell types. FIG. 22C shows the 
expression profile for CD20. CD20 was highly expressed in one branch of B cells. Low to no expression of CD20 was observed in all other 
cell types. FIG. 22D shows the expression profile for TCL1 A. Low to no expression of TCL1A was observed in all other cell types. FIG. 22E 
shows the expression profile for IGHD CH2. IGHD CH2 was highly expressed in one branch of B cells. Low to no expression of IGHD CH2 
was observed in all other cell types.

[0450] FIG. 23A-F show the analysis of Toll-like receptors. Toll-like receptors are mainly expressed by monocytes and some B cells. FIG. 
23G shows the cell cluster depicted in FIG. 16. FIG. 23A shows the expression profile for TLR1. One branch of monocytes exhibited high 
expression of TLR1 and two branches of monocytes exhibited moderate expression of TLR1. Low to no expression of TLR1 was observed 
in all other cell types. FIG. 23B shows the expression profile for TLR4. One branch of monocytes exhibited high expression of TLR4. 
Moderate TLR4 expression was observed in two branches of monocytes and one branch of NK cells. Low to no expression of TLR4 was 
observed in all other cell types. FIG. 23C shows the expression profile for TLR7. High expression of TLR7 was observed in one branch of 
monocytes and moderate expression of TLR7 was observed in one branch of NK cells. Low to no expression of TLR7 was observed in all 
other cell types. FIG. 23D shows the expression profile for TLR2. High expression of TLR2 was observed in one branch of B cells. Low to no 
expression of TLR2 was observed in all other cell types. FIG. 23E shows the expression profile for TLR3. High expression of TLR3 was 
observed in one branch of B cells. Low to no expression of TLR3 was observed in all other cell types. FIG. 23F shows the expression profile 
for TLR8. High expression of TLR8 was observed in three branches of monocytes. Moderate to low expression of TLR8 was observed in 
two branches of monocytes and one branch of NK cells. Low to no expression of TLR8 was observed in all other cell types.

[0451] These results demonstrate that massively parallel single cell sequencing may successfully identify major cell types in PMBCs. The 
sequencing results also determined that some cell markers that are used in FACs for identifying cell types do not have high mRNA 
expression (e.g., CD56 for NK cells, CD19 for B cells). In addition, many of the genes in the gene panel were expressed across multiple cell 
types. These expression profiles may be used to subtype cells within a major cell type (e.g., activated cell versus resting cell, etc.). 
EXAMPLE 11: Identifying rare cells in a population

[0452] In this experiment, massively parallel single cell sequencing is used to identify cancer cells from a mixture of cancer and non-cancer 
cells. Ramos (Burkitt lymphoma) cells were spiked into a population of CD19+ B cells that were isolated from a healthy individual. The 
concentration of the Ramos cells in the mixed population was about 4-5%. Approximately 7000 normal B cells and 300 Ramos cells were 
deposited on a microwell array with 25,200 wells. Thus, most wells on the microwell array contained no cells and some wells on the cell 
contained only 1 cell. Oligonucleotide-conjugated beads were applied to the microwell array. Each oligonucleotide-conjugated bead 
contained approximately 1 billion oligonucleotides attached to a bead. Each oligonucleotide attached to the bead contained a 5' amine, 
universal sequence, three-part cellular label (e.g., three cell label sections connected by two linkers), molecular label, and oligodT. Each 
bead contained a unique three-part cellular label, which is a result of the unique combination of the three cell label sections. All of the 
oligonucleotides on a single bead contained the same three-part cellular label. Oligonucleotides from different beads contained different 
three-part cellular labels. Each well contained 1 or fewer oligonucleotide-conjugated bead. A cell lysis reagent was applied to the microwell 
array, resulting in lysis of the cells. Polyadenylated molecules (e.g., mRNA) from the cell hybridized to the oligodT sequence of the 
oligonucleotides from the oligonucleotide-conjugated beads. The polyadenylated molecules that were hybridized to the oligonucleotides 
from the oligonucleotide-conjugated bead were reverse transcribed with Superscript II at 42°C at 90 minutes on a rotor. The oligonucleotide
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from the oligonucleotide-conjugated bead served as a primer for first strand cDNA synthesis. A SMART oligo was incorporated in the cDNA 
synthesis such that the superscript II may add the complement of the SMART oligo sequence to the 3' end of the cDNA when it reaches the 
end. The cDNA synthesis reaction produces a bead conjugated to unextended oligonucleotides (e.g., oligonucleotides that were not 
attached to the polyadenylated molecule from the cell) and the extended oligonucleotides (e.g., oligonucleotides that were attached to the 
polyadenylated molecule and comprise a polyadenylated molecule/cDNA hybrid).

[0453] The beads are combined and the oligonucleotides comprising the polyadenylated molecule/cDNA hybrid were amplified. Multiplex 
PCR was performed to amplify a panel of 111 genes from the cDNA on the beads. The 111 genes represent markers for different subsets of 
B cells. Primers for the multiplexed PCR comprised a first gene specific primer that was designed to sit approximately 500 base pairs from 
the 3' end of the mRNA and a nested gene-specific primer that was designed to sit approximately 300 base pairs from the 3' end of the 
mRNA. Primers for the multiplex PCR were designed to require no significant complementarity in the last 6 bases of the primers in the 
panel. If complementarity was detected in the multiplex PCR primers, then the primers were manually replaced. The multiplex PCR reaction 
comprised the following steps: 1)15 cycles of first gene specific PCR (ΚΑΡΑ multiplex mix, 50nM of each primer -first gene specific primer 
and universal primer that is complementary to the universal sequence of the oligonucleotide-conjugated bead), Ampure clean up (0.7x bead 
to template ratio), 15 cycles of nested gene specific PCR (ΚΑΡΑ multiplex mix, 50nM of each primer -nested gene-specific primer and 
universal primer that is complementary to the universal sequence of the oligonucleotide-conjugated bead), Ampure clean up (0.7x bead to 
template ratio), 8 cycles of final PCR to add full length lllumina adaptor (ΚΑΡΑ HiFi ReadyMix), and Ampure clean up (1x bead to template 
ratio).

[0454] The amplified products were sequenced. The sequence reads comprising 150bp were aligned to entire mRNA sequences of the 111 
genes (Table 17) using Bowtie2. The results of the sequence alignment (see Table 14) demonstrate that the multiplex PCR reaction resulted 
in highly specific products. FIG. 24 depicts a graph of the genes versus the Iog10 of the number of reads. 24 of the 111 genes were not 
present. At least two of the genes, RAG1 and RAG2 which are involved in VDJ recombination and should be present only in pre-B cells,
should not be present. A few of the absent genes are specific for plasma cells, which are very rarely preserved in frozen cells.

|CD19 "^JÄÜrKB™™”~|ρδχρΓ™™" CCND3

Table 17.

FOXP3 CXCL12 GNAlT™™™:

jCD27 jCD81 |mcli IL12A ITLR2 LAG3 CCL3 RGS1
jCD138 jCD80 |lFNB1 IFNG jTLR3 CD73 CCL14 CD5
jCD38 jCD23a |blnk TNFA ItLR4 CD70 CCL20 CD22
^CD24 |CD44 |CD40LG IL2 ^TLR5 CCR7 CCL18 PIK3CD
|CD1O |lefi ]IGBP1 IL4 |TLR6 CD45RA TCL1A DOCK8
ICD95 ICXCR5 ||RF4 IL6 jTLR7 PDCD1 TACI CD11b
jCD21 jPRKCB |CD79a BAFF jTLR8 MYC AICDA FCGR2B
|CXCR3 ^PRKCD 1LTA IGHE jTLR9 CD25 FCRL4 CD72
jCD40 jCD20 |HDAC5 IGHD |TLR10 FCAMR BCL2 BCL11B

;CD69 iCD30 |ragi IGHM jGAPDH CCND2 FAS LG CD86
jCD1c jCD30L |RAG2 IGHA jCD9 MKI67 BCL6 TBX21
[lL10 jBAFFR |CD1d IGHG1 |CD11c IL21R IGHG2 PRDM1
jlL4R jCMRF-35H [TGFB1 IGHG4 jlL6R HLA-DRA IGHG3

Table 14

j total 5711013

j aligned 0 times 504775

j aligned exactly 1 time 5203308

^aligned > 1 time 2930

:% aligned exactly once 91.6%

[0455] Table 15 shows the results of the overall sequencing statistics. For Readl, the total readl match criteria required a perfect match to 
the three-part cellular label (e.gr., cell barcode) and at most 1 mismatch to the linkers.
j Table 15

j total num read 57110131
j total readl match criteria 37959151

jread2 also align 3495392

j % read2 align 92%

j number of unique cell be 40764

jread count per unique be > 100 3313

iread count per unique be > 50 4154

§ % useful reads 61%
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[0456] FIG. 25A-D shows graphs of the molecular barcode versus the number of reads or Iog10 of the number of reads for two genes. FIG. 
25A shows a graph of the molecular barcode (sorted by abundance) versus the number of reads for CD79. FIG. 25B shows a graph of the 
molecular barcode (sorted by abundance) versus the Iog10 of the number of reads for CD79. FIG. 25C shows a graph of the molecular 
barcode (sorted by abundance) versus the number of reads for GAPDH. FIG. 25D shows a graph of the molecular barcode (sorted by 
abundance) versus the log 10 of the number of reads for GAPDH.

[0457] 856 cells were retained for analysis. FIG. 26A shows a graph of the number of genes in the panel expressed per cell barcode versus 
the number of unique cell barcodes/single cell. FIG. 26B shows a histogram of the number of unique molecules detected per bead versus 
frequency of the number of cells per unique cell barcode carrying a given number of molecules. A small subset of cells showed distinctly 
higher number of mRNA molecules and number of genes expressed from the 111 gene panel (see circled sections in FIG. 26A-B). FIG. 26C 
shows a histogram of the number of unique GAPDH molecules detected per bead versus frequency of the number of cells/unique cell 
barcode carrying a given number of molecules.

[0458] Principal component analysis (PCA) was used to generate a scatterplot of cells. FIG. 27 shows a scatterplot of the 856 cells. PCA 
identified the small subset of cells with a different gene expression pattern than the majority of cells. The subset of cells contained 18 cells, 
which is approximately 2% of all of the cells analyzed. This percentage is similar to the percentage of Ramos cells that was spiked into the 
population.

[0459] Ramos cells are derived from follicular B cells and strongly express B cell differentiation markers CD20, CD22, CD19, CD10 and 
BCL6. Ramos cells also express IgM and overexpress c-myc. FIG. 28 shows a heat map of expression of the top 100 (in terms of the total 
number of molecules detected). The subset of cells (18 cells) that express much higher levels of mRNA also strongly express genes that 
are known markers for Ramos cells (e.g., CD10, Bcl-6, CD22, C-my, and IgM).

[0460] These results demonstrate that massively parallel single cell sequencing successfully identified small subsets (as low as 2%) of 
abnormal cell types in a cell suspension. Massively parallel single cell sequencing may be used in cancer diagnostics (e.g., 
biopsy/circulating tumor cells). Since cancer cells are larger in size and carry more mRNA, they may be easily differentiated from normal 
cells.

EXAMPLE 12: Massively parallel single cell whole genome and multiplex amplification of gDNA targets using RESOLVE

[0461] FIG. 29 shows a workflow for this example. As shown in FIG. 29, a cell suspension is applied to a microwell array (2901). The 
number of cells in the cell suspension is less than the number of wells in the microwell array, such that application of the cell suspension to 
the microwell array results in a well in the microwell array containing 1 or fewer cells. Oligonucleotide-conjugated beads (2905) are applied 
to the microwell array. An oligonucleotide-conjugated bead (2905) contains a bead (2910) attached to an oligonucleotide comprising a 5' 
amine (2915), universal primer sequence (2920), cell label (2925), molecular label (2930) and randomer (2935). The oligonucleotide- 
conjugated bead contains approximately 1 billion oligonucleotides. An oligonucleotide contains a 5' amine, universal primer sequence, cell 
label, molecular label, and randomer. Each oligonucleotide on a single bead contains the same cell label. However, two or more 
oligonucleotides on a single bead may contain two or more different molecular labels. A bead may contain multiple copies of 
oligonucleotides containing the same molecular label.

[0462] After the oligonucleotide-conjugated beads are added to the microwell array, a cell lysis buffer is applied to the array surface. As 
shown in FIG. 29, the genomic DNA (2945) from the cell hybridizes to the randomer sequence (2935) of the oligonucleotide-conjugated 
beads (2940). A neutralization buffer is added to the array surface. A DNA polymerase (e.g., Phi29) and dNTPs are added to the array 
surface. The randomer sequence (2935) acts as a primer for amplification of the genomic DNA, thereby produce a gDNA-conjugated bead 
(2555). The gDNA-conjugated bead (2955) contains an oligonucleotide comprising a 5' amine (2915), universal primer sequence (2920), 
cell label (2925), molecular label (2925), randomer (2935) and copy of the genomic DNA (2955). The original genomic DNA (2945) is 
hybridized to the randomer (2935) and the copy of the genomic DNA (2955). For a single bead, there are multiple different genomic DNA 
molecules attached to the oligonucleotides.

[0463] As shown in FIG. 29, the gDNA-conjugated beads (2950) from the wells are combined into an eppendorf tube (2960). The genomic 
DNA on the gDNA MDA mix containing randomers, dNTPs and a DNA polymerase (e.g., Phi29) is added to the eppendorf tube containing 
the combined gDNA-conjugated beads. The labeled genomic DNA is further amplified to yield labeled amplicons (2965) in solution. A 
labeled amplicon (2965) comprises a universal primer sequence (2920), cell label (2925), molecular label (2930), randomer (2935), and 
copy of the genomic DNA (2955). The labeled amplicons are sheared to smaller pieces of approximately 1 kb or less. Alternatively, the 
labeled amplicons may be fragmented by to Tagmentation (Nextera). Shearing or fragmenting the labeled amplicons results in labeled- 
fragments (2980) and unlabeled fragments (2985). The labeled fragment (2980) contains the universal primer sequence (2920), cell label 
(2925), molecular label (2930), randomer (2935), and fragment of the copy of the genomic DNA (2955). Adaptors (2970, 7975) are added 
to the fragments. The universal primer sequence may be used to select for labeled fragments (2980) via hybridization pulldown or PCR 
using the universal primer sequence and a primer against one of the adaptors (2970, 2975).
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[0464] The labeled fragments may be sequenced. Sequence reads comprising a sequence of the cell label, molecular label and genomic 
fragment may be used to identify cell populations from the cell suspension. Principal component analysis may be used to generate 
scatterplots of the cells based on known cell markers. Alternatively, or additionally, SPADE may be used to produce cell cluster plots. A 
computer software program may be used to generate a list comprising a cell label and the molecular labels and genomic fragments 
associated with the cell label.

EXAMPLE 13: Massively parallel sequencing to identify cells in a heterogeneous population

[0465] The experimental workflow for this example is shown in FIG. 30. As shown in FIG. 30, a mixed population of cells was stochastically 
dispersed onto a microwell array. In this example, the mixed population of cells comprises a mixture of Ramos cells and K562 cells. The cell 
suspension comprises a low concentration of cells such that each microwell in the array contains 1 or fewer cells. After the cells were 
applied to the microwell array, a plurality of oligonucleotide conjugated beads was stochastically dispersed onto the microwell array. The 
oligonucleotide bead contains a plurality of oligonucleotides comprising a 5' amine, universal primer sequence, cell label, molecular label, 
and oligodT. The cell labels of the plurality of oligonucleotides from a single bead are identical. A single bead may comprise multiple 
oligonucleotides comprising the same molecular label. In addition, a single bead may comprise multiple oligonucleotides comprising 
different molecular labels. A cell label of an oligonucleotide conjugated to a first bead is different from a cell label of an oligonucleotide 
conjugated to a second bead. Thus, the cell label may be used to differentiate two or more oligonucleotide conjugated beads. The cells 
were lysed and the RNA molecules from a single cell were attached to the oligonucleotide conjugated beads in the same well. FIG. 30 
shows the attachment of the polyA sequence of a RNA to the oligodT sequence of the oligonucleotide. After attachment of the RNA 
molecules from the individual cells to the oligonucleotide conjugated beads in the same well, the beads were combined into a single sample. 
A cDNA synthesis reaction was carried out on the beads in the single sample. FIG. 30 shows the product of the cDNA synthesis comprises a 
bead attached to an oligonucleotide, the oligonucleotide comprising the 5' amine, universal primer sequence, cell label, molecular label, 
oligodT and a copy of the RNA molecule. For simplicity, only one oligonucleotide is depicted in FIG. 30, however, in this example, each 
oligonucleotide conjugated bead comprises approximately 1 billion oligonucleotides. As shown in FIG. 30, multiplexed PCR was performed 
with the beads in the single sample using a universal primer that hybridized to the universal primer sequence and a gene-specific primer 
that hybridized to the copy of the RNA molecule. The gene-specific primers were designed to bind to Ramos-specific genes or K562-specific 
genes from the gene panel shown in Table 16. As a control, a GAPDH gene-specific primer was also used in the multiplexed PCR reaction. 
Lastly, next-generation sequencing was used to sequence the amplified products. The sequencing reads included information pertaining to 
the cell label, molecular label and the gene. Using principal component analysis, a scatter plot of the cells was constructed based on the 
sequencing information pertaining to the cell label, molecular label and the gene. Analogous to how FACs is used to sort cells and scatter 
plots based on the surface markers is used to group cells, the cell label is used to identify genes from a single cell and the molecular label is 
used to determine the quantity of the genes. This combined information is then used to relate the gene expression profile individual cells. As 
shown in FIG. 31A, massively parallel single cell sequencing with cell and molecular labels was able to successfully identify the two cell 
populations (K562 and Ramos cells) in the mixed cell population.
j Table 16

j Gene

I CD74

_______________ Cell_______________ I________ Gene________

Ramos specific CD41

Cell

K562 specific
j CD79a Ramos specific GYPA K562 specific
I IGJ Ramos specific GATA2 K562 specific
I TCL1A Ramos specific GATA1 K562 specific
I SEPT9

j CD27
Ramos specific HBG1

Ramos specific GAPDH

K562 specific

Common

EXAMPLE 14: Massively parallel single cell sequencing with principal component analysis

[0466] In this example, mRNA molecules from individual cells were stochastically labeled with oligonucleotide conjugated beads in parallel. 
PBMCs were isolated from blood and frozen at 80°C in RPMI1640 plus FBS and DMSO. The PMBCs were thawed and washed three times 
with PBS. A PBMC sample comprising a mixture of cell types (4000 total cells) was stochastically applied to an agarose microwell array. The 
agarose microwell array contained 37,500 cells. A mixture of 150,000 oligonucleotide conjugated beads was stochastically applied to the 
microwell array via a PDMS gasket that surrounded the microwell array. The oligonucleotide conjugated bead is depicted in FIG. 1. For 
simplicity, only one oligonucleotide is shown to be attached to the bead, however, the oligonucleotide conjugated beads contained 
approximately 1 billion oligonucleotides.

[0467] Cells were lysed by placing the microwell array on a cold block for 10 minutes and by applying lysis buffer to the array surface. Once 
the cells in the wells were lysed, the mRNA molecules from the single cells were attached to the oligonucleotide conjugated bead via the 
oligodT sequence. A magnet was applied to the array and the array was washed twice with wash buffer.

[0468] The beads with the attached mRNA molecules were combined into an eppendorf tube. The mRNA molecules attached to the beads 
were reverse transcribed to produce cDNA. The following cDNA synthesis mixture was prepared as follows:
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[0469] The cDNA synthesis mixture was added to the eppendorf tube containing the beads with the attached mRNA molecules. The 
eppendorf tube was incubated at 40°C for 90 minutes on a rotor. The cDNA synthesis reaction occurred on the beads. After 90 minutes, a 
magnet was applied to the tube and the cDNA mix was removed and replaced with the following Exol reaction mixture:
I Component Volume (uL)
j Exol buffer

j water

2 !

j Exol 1

[0470] The tubes were incubated at 37°C for 30 minutes on a rotor. The tubes were then transferred to a thermal cycler for 15 minutes at 
80°C. After incubating the tube at 80oC for 15 minutes, 70 microliters of TE+Tween20 was added to the tube. A magnet was applied to the 
tube and the buffer was removed. The beads were then resuspended in 50 microliters TE+Tween20.

[0471] The cDNA attached to the beads were amplified by real-time PCR using the following amplification mixture:

[0472] The labeled cDNA amplicons were sequenced to detect the cell label, molecular index, and gene. Sequencing reads were aligned to 
the cell label, then the gene, and lastly the molecular label. A cell label associated with 4 or more genes or associated with 10 or more 
unique transcript molecules, with each unique transcript molecule sequenced more than once, was designated a cell. Principal component 
analysis with all of genes from Table 9 detected was used to identify the set of genes that had the greatest contribution to the variation in 
data. 632 single cells were used in the principal component analysis. Based on the sequencing results, 81 out of the 98 genes were 
detected.

[0473] FIG. 32 shows a principal component analysis plot for GAPDH expression. As shown in FIG. 32, two cell clusters were observed 
based on the location of the principal component space.

[0474] FIG. 33A-F shows the principal component analysis (PCA) for monocyte associated genes. FIG. 33Ashows the PCAfor CD16. FIG. 
33B shows the PCAfor CCRvarA. FIG. 33C shows the PCAfor CD14. FIG. 33D shows the PCAfor S100A12. FIG. 33E shows the PCAfor 
CD209. FIG. 33F shows the PCAfor IFNGR1.

[0475] FIG. 34A-B shows the principal component analysis (PCA) for pan-T cell markers (CD3). FIG. 34Ashows the PCAfor CD3D and 
FIG. 34B shows the PCAfor CD3E.

[0476] FIG. 35A-E shows the principal component analysis (PCA) for CD8 T cell associated genes. FIG. 35Ashows the PCAfor CD8A. FIG. 
35B shows the PCAfor EOMES.

[0477] FIG. 35C shows the PCAfor CD8B. FIG. 35D shows the PCAfor PRF1. FIG. 35E shows the PCAfor RUNX3.

[0478] FIG. 36A-C shows the principal component analysis (PCA) for CD4 T cell associated genes. FIG. 36Ashows the PCAfor CD4. FIG.
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36B shows the PCA for CCR7. FIG. 36C shows the PCA for CD62L.

[0479] FIG. 37A-F shows the principal component analysis (PCA) for B cell associated genes. FIG. 37A shows the PCA for CD20. FIG. 37B 
shows the PCA for IGHD. FIG. 37C shows the PCA for PAX5. FIG. 37D shows the PCA for TCL1A. FIG. 37E shows the PCA for IGHM. FIG. 
37F shows the PCA for CD24.

[0480] FIG. 38A-C shows the principal component analysis (PCA) for Natural Killer cell associated genes. FIG. 38A shows the PCA for 
KIR2DS5. FIG. 38B shows the PCA for CD16. FIG. 38C shows the PCA for CD62L.

[0481] Based on the principal component analyses, monocytes and lymphocytes formed two distinct clusters on PC1. B, T, and NK cells 
formed another cluster that resided as a continuum in the cluster along PC2. FIG. 39 shows the PCA analysis of GAPDH expression with 
annotations for the cell types and cell subtypes. FIG. 40 depicts a heat map that shows the correlation in gene expression profile between 
cells. Along the diagonal starting with the left upper corner, the cells are monocytes, naive CD4 T cells, naive CD8 T cells, cytotoxic CD8 T 
cells, NK cells, and B cells. FIG. 41 shows another version of a heat map demonstrating the correlation between gene expression and cell 
type. FIG. 42 shows a heat map demonstrating the correlation in gene expression profile between genes.

EXAMPLE 15: Uncovering cellular heterogeneity by digital gene expression cytometry

[0482] An approach for gene expression cytometry is presented combining next-generation sequencing with stochastic barcoding of single 
cells. Thousands of cells were deposited randomly onto an array of approximately 150,000 microwells. A library of beads bearing cell- and 
transcript-barcoding capture probes was added so that each cell is partitioned alongside a bead with a unique cell barcode. Following cell 
lysis, mRNAs were hybridized to beads, and were pooled for reverse transcription, amplification, and sequencing. The digital gene 
expression profile for each cell was reconstructed when barcoded transcripts were counted and assigned to the cell of origin. We applied 
the technology to dissect the human hematopoietic system into cell sub-populations, and to characterize the heterogeneous response of 
immune cells to in vitro stimulation. Furthermore, the high sensitivity of the method was demonstrated by the detection of rare cells, such as 
antigen-specific T cells, and tumor cells in a high background of normal cells.

Introduction

[0483] Understanding cellular diversity and function in a large collection of cells requires the measurement of specific genes or proteins 
expressed by individual cells. Flow cytometry is well established for measuring protein expression of single cells, yet mRNA expression 
measurements are typically conducted in bulk samples, obscuring individual cell contributions. While single cell mRNA expression 
measurements using microtiter plates or commercial microfluidic chips have recently been reported (1-5), these approaches are extremely 
low-throughput and difficult to scale. Because of these limitations, most studies to date are restricted in both the number of cells 
interrogated and the number of conditions explored.

[0484] Here, we have developed a highly scalable approach that enables routine, digital gene expression profiling of thousands of single 
cells across an arbitrary number of genes. Microscale engineering and combinatorial chemistry were used to label all mRNA molecules in a 
cell with a unique cellular barcode in a massively parallel manner. In addition, each transcript copy within a cell was tagged with a molecular 
barcode, allowing absolute digital gene expression measurements (6). Tagged mRNA molecules from all cells were pooled, amplified, and 
sequenced. The digital gene expression profile of each cell was reconstructed using the cell and molecular barcodes on each sequence. 
This highly scalable technology enables gene expression cytometry, which we term CytoSeq. We have applied the technique to 
multiparameter genetic classification of the hematopoietic system and demonstrated its use for studying cellular heterogeneity and detecting 
rare cells in a population.

Results

CytoSeq

[0485] The procedure was outlined in FIG. 43A. A cell suspension was first loaded onto a microfabricated surface with up to 150,000 
microwells. Each 30 micron diameter microwell has a volume of ~20 picoliters. The number of cells was adjusted so that only ~1 out of 10 
or more wells receives a cell. The cells settled within the wells by gravity.

[0486] Magnetic beads were loaded onto the microwell array to saturation, such that a bead sat partially on top of, or adjacent to, each cell 
within a well. The dimension of the bead was chosen such that each microwell may hold only one bead. Each magnetic bead carried 
approximately one billion oligonucleotide templates with the structure outlined in FIG. 43B. Each oligonucleotide displayed a universal 
priming site, followed by a cell label, a molecular label, and a capture sequence of oligo(dT). All the oligonucleotides on each bead have the 
same cell label but contain a diversity of molecular labels. We have devised a combinatorial split-pool method to synthesize beads with a 

diversity of close to one million. The probability of having two single cells being tagged with the same cell label was low (on the order of 10"
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4) because only -10% of the wells were occupied by a single cell. Similarly, the diversity of the molecular labels on a single bead was on the 

order of 104, and the likelihood of two transcript molecules of the same gene in the same cell being tagged with the same molecular label 
was also low.

[0487] Lysis buffer was applied onto the surface of the microwell array and diffuses into the microwells. The poly(dA) tailed mRNA 
molecules released from a cell hybridize to the oligo(dT) on the 3' end of the oligonucleotides on the bead. Because the cell was adjacent to 
the bead, under the high salt conditions of the lysis buffer and high local concentration of mRNA (tens of nanomolar), mRNA molecules 
were captured on the bead.

[0488] After lysis and hybridization, all beads were collected from the microwell array into a tube using a magnet. From this point forward, 
all reactions were carried out in a single tube. cDNA synthesis was performed on the beads using conventional protocols (Methods). The 
cDNA molecules derived from each cell were covalently attached to their corresponding bead, each tagged on the 5'end with a cell label 
and a molecular label. Nested multiplex PCRs were carried out to amplify genes of interest (FIG. 55). Because the mRNA from each cell 
had been copied onto a bead as cDNA, the beads may be repeatedly amplified and analyzed, for example, for a different set of genes.

[0489] Sequencing of the amplicons revealed the cell label, the molecular label, and the gene identity (FIG. 55). Computational analysis 
grouped the reads based on the cell label, and collapsed the reads with the same molecular label and gene sequence into a single entry to 
suppress any amplification bias. The use of molecular label enabled us to measure the absolute number of molecules per gene per cell, 
and therefore allowed the direct comparison of cellular expression level across biological samples that may have undergone different 
depths of sequencing.

Identification of distinct cell types in controlled cell mixtures

[0490] In order to measure the ability of the method to separate two cell types, a -1:1 mixture of K562 and Ramos cells was loaded onto 
the microwell array with 10,000 wells. Approximately 6000 cells were used to capture -1000 cells. A panel of 12 genes was selected and 
amplified from the beads. The panel consists of 5 genes specific for K562 (myelogenous leukemia) cells, 6 genes specific for Ramos 
(follicular lymphoma) cells, and the housekeeping gene GAPDH (Table 18). With approximately 1000 cells captured on a 10,000-well array 
each with a single bead, only 10% of the beads should carry mRNA and one should in theory observe only a maximum of 1000 unique cell 
labels in the sequencing data. Indeed, we found 768 cell labels that were associated with significant number of reads after data filtering (see 
Methods for filtering criteria). As a comparison, we carried out bulk cell lysis and mRNA capture in a microcentrifuge tube with similar 
number of cells and beads, and observed a large number of cell labels with mostly only one read associated with each cell label. This 
demonstrates that the microwell array was effective in confining hybridization of mRNA from a single cell to the bead in the same well.

[0491] The gene expression profile of each of the 768 single cells was clustered using principal component analysis (PCA) (FIG. 31A). The 
first principal component (PC) clearly separated the single cells into two major clusters based on the cell type. The genes that contributed to 
the positive side of the first principal component were those that are specific to Ramos, while the genes that contributed to the negative side 
of the same principal component were those that are specific to K562. This successful clustering of cells into groups based on their specific 
expression showed that inter-well contamination, if any, was negligible. The second principal component highlighted the high degree of 
variability in fetal hemoglobin (HBG1) within the K562 cells, which had been observed previously (7).

Table 18

Gene
c"d4i"'"''

[Outer Primer

[CCCCTGGAAGAAGATGATGA

[Nested Primer with Common 5' Flanking Sequence

[ CAGACGTGTGCTCTTCCGATCTTTCTCCAACAAGTTGCCTCC

§ GAGGAAATGAAGCCAAACA
5

GYPD
§ GA

CAGACGTGTGCTCTTCCGATCTAATCGTGACCTTAAAGGCCC

GATA1 [ttagccacctcatgcctttc [CAGACGTGTGCTCTTCCGATCTCTACTGTGGTGGCTCCGCT

CAGACGTGTGCTCTTCCGATCTGTGTCCGCATAAGAAAAAGAA ΐ

GATA2 IGGAGGAGGATTGTGCTGATG I TC S

HBG1 IGCAAGAAGGTGCTGACTTCC [CAGACGTGTGCTCTTCCGATCTCTGCATGTGGATCCTGAGAA

CD27 [ CTGCAGTCCCATCCTCTTGT [CAGACGTGTGCTCTTCCGATCTGATGAGGTGGAGAGTGGGAA

§ CiGACATAACAGACTTGGAA I CAGACGTGTGCTCTTCCGATCTCAATCCATTTTGTAACTGAACC :

IGJ
GCA TT

TCL1A [aagcctctgggtcagtggt [CAGACGTGTGCTCTTCCGATCTTGGAAAAGGGATAGAGGTTGG

CD74 ITAGACAGATCCCCGTTCCTG [CAGACGTGTGCTCTTCCGATCTACAGGGAGAAGGGATAACCC

SEPT9 ICAGCATCCCAGCCTTGAG [CAGACGTGTGCTCTTCCGATCTCCTCAATGGCCTTTTGCTAC

ICD79a ICCTCTAAACTGCCCCACCTC [CAGACGTGTGCTCTTCCGATCTCCTTAATCGCTGCCTCTAGG
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j Table 18

jGene i Outer Primer ^Nested Primer with Common 5' Flanking Sequence

|gapd h

; CÄCÄtCOCCÜCCääöCMjÜ
I ΛΛ

ICAGACGTGTGCTCTTCCGATCTCAGCAAGAGCACAAGAGGAA

[0492] In another experiment, we spiked in Ramos (Burkitt lymphoma) cells at a few percentage into primary B cells from a healthy 
individual. A panel of 111 genes (Table 22) was designed to represent different states of B cells. 1198 single cells were analyzed. A small 
group of the population, constituting 18 single cells (-1.5% of the population), was found to have a distinct gene expression pattern as 
compared to the rest (FIG. 31B). The genes that were preferentially expressed by this group are known to be associated with Burkitt 
lymphoma, such as MYC and IgM, as well as B cell differentiation markers (CD10, CD20, CD22, BCL6) that are expressed specifically by 
follicular B cells, which are the subset of B cells that Burkitt lymphoma originates (FIG. 31C and 31D). In addition, this group of cells carried 
higher level of CCND3 and GAPDH, as well as an overall higher mRNA content, as determined by the total number of unique mRNA 
molecules detected based on analyzing the molecular indices (FIG. 31B). This finding was consistent with the fact that lymphoma cells are 
physically larger than the primary B cells in normal individuals, and that they are rapidly proliferating and producing larger amount of 
transcripts.

Simultaneous identification of multiple cell types in human PBMCs

[0493] While the controlled experiments involved artificial mixtures of two distinct types of cells, most naturally occurring biological samples 
contain diverse populations with numerous cell types and states with more subtle differences in gene expression profile. A prominent 
example is blood. We carried out an experiment in which we aimed to simultaneously identify all of the major cell types in human peripheral 
blood mononuclear cells (PBMCs), including monocytes, NK cells, and the different T and B cell subsets, by measuring the expression 
profile of a panel of 98 genes (Table 19) that are specific to each of the major cell type. Unlike traditional immunophenotyping that is limited 
mostly to surface protein markers, we included genes that encode cytokines, transcription factors, and intracellular proteins of various 
cellular functions in addition to surface proteins. We analyzed with PCA the digital gene expression profile of 632 single PBMCs using 81 
genes present (FIG. 32-39). The first principal component clearly separated monocytes and lymphocytes into two orthogonal clusters, as 
evidenced by the expression of CD16a, CD14, S100A12, and CCR2 in one cluster, and lymphocyte associated genes in the other. The 
different subtypes of lymphocytes lay in a continuum along the second principal component, with B cells (expressing IgM, IgD, TCL1A, 
CD20, CD24, PAX5) at one end, naive T cells (expressing CD4, CCR7, CD62L) in the middle, and cytotoxic T cells (expressing CD8A, 
CD8B, EOMES, PRF1) at the other end. Natural killer cells that express killer-like immunoglobulin receptor, CD16a, and perforin (PRF1) lay 
in the space between monocytes and cytotoxic T cells. We also observed that GAPDH, an indicator of cellular metabolism, was expressed 
at highest levels in monocytes and lowest in B cells, which are presumably mostly resting. Correlation analysis of gene expression profile 
across cells reiterated observations with PCA and revealed additional smaller subsets of cells within each major cell type (FIG. 40A-B). A 
replicate experiment of the same PBMC sample with 731 cells yielded largely similar segregation and cell type frequency (FIG. 41).

Table 22
I Gene Outer Primer Nested Primer with Common 5' Flanking Sequence
jCD19 GCAGGGTCCCAGTCCTATG CAGACGTGTGCTCTTCCGATCTCCAATCATGAGGAAGATGCA
jCD27

|CD138
TCCAGGAGGATTACCGAAAA

AATGGCAAAGGAAGGTGGAT

CAGACGTGTGCTCTTCCGATCTCCATCCAAGGGAGAGTGAGA
CAGACGTGTGCTCTTCCGATYTGGAGACACCrTGGACATGcT~~Y

{CD38 AGATCTGAGCCAGTCGCTGT CAGACGTGTGCTCTTCCGATCTTGGTGCAGAGCTGAAGATTTT j

jCD24 AAAAGTGGGCTTGATTCTGC CAGACGTGTGCTCTTCCGATCTTTTTGTTCGCATGGTCACAC
jCD10 ATATTCCTTTGGGCCTCTGC CAGACGTGTGCTCTTCCGATCTTCAAGTTTGGGTCTGTGCTG
jCD95

|CD21
CCCCCGAAAATGTTCAATAA

TAGCTTCCTCCTCTGGTGGT

CAGACGTGTGCTCTTCCGATCTTGCTCTTGTCATACCCCCA

CAGACGTGTGCTCTTCCGATCTTTTGCCTTTCCATAATCACTCA
|CXCR3 CTGGCTCTCCCCAATATCCT CAGACGTGTGCTCTTCCGATCTGCTCTGAGGACTGCACCATT
]CD40 GTGGTGTTGGGGTATGGTTT CAGACGTGTGCTCTTCCGATCTATACACAGATGCCCATTGCA
jCD69 AGACAGGTCCTTTTCGATGG CAGACGTGTGCTCTTCCGATCTTGTGCAATATGTGATGTGGC
jCD1c

[IL10
TTGAGACAGGCACATACAGCTT

CCCCAACCACTTCA TTCTTG

CAGACGTGTGCTCTTCCGATCTTTGCTTCCTCAATCTGTCCA
cagaccYFgctcttccga^

jlL4R TG CCTAGAGGTG CTCATTCA CAGACGTGTGCTCTTCCGATCTGTTGATGCTGGAGGCAGAAT
jlL21R AGCCTGGGTCACAGATCAAG CAGACGTGTGCTCTTCCGATCTAGGTAGGAGGGTGGATGGAG
jlL6R CCAGCACCAGGGAGTTTCTA CAGACGTGTGCTCTTCCGATCTAGGAAAGGATTGGAACAGCA
^CXCL12 GGGTTTCAGGTTCCAATCAG

GTGAGGAGTGGGTCCAGAAA

CAGACGTGTGCTCTTCCGATCTTTTGTAACTTTTTGCAAGGCA

CAGACGTGTGCTCTTCCGATCTAGTGGGGAGGAGCAGGAG
ICCL14 CCATTCCCTTCTTCCTCCTC CAGACGTGTGCTCTTCCGATCTTACCTACAAGATCCCGCGTC
ICCL20 TTGGACATAGCCCAAGAACA CAGACGTGTGCTCTTCCGATCTTGTGCCTCACTGGACTTGTC
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[Gene Outer Primer Nested Primer with Common 5' Flanking Sequence
[CCL18 jACCTGAAGCTGAATGCCTGA CAGACGTGTGCTCTTCCGATCTCTGGAGGCCACCTCTTCTAA
[TCL1A ] GGTAAACACGCCTGCAAAC CAGACGTGTGCTCTTCCGATCTCAGGACTCAGAAGCCTCTGG

CAGACGTGTGCTCTTCCGATCrTGTGTCÄGCTÄHTGGGGÄAÄr™™”

Iaicda tgagcagatccacaggaaaa CAGACGTGTGCTCTTCCGA TCTGAAA TGGAGTCTCAAAGCTTCA i
j FCRL4 j TCCCAACTACGCTGATTTGA CAGACGTGTGCTCTTCCGATCTGACCAAAAGGAATGTGTGGG
jBCL2 jTGCAAGAGTGACAGTGGATTG CAGACGTGTGCTCTTCCGATCTTCAACCAAGGTTTGCTTTTGT
[FASLGjAGAGGCTGAAAGAGGCCAAT CAGACGTGTGCTCTTCCGATCTAATATGGGTTGCATTTGGTCA

CAGACGTGTGCTCTTCCGATCTAGTrTTCAATGATGGGCGAG™"™™!

jAURKB jGCTCAAGGGAGAGCTGAAGA CAGACGTGTGCTCTTCCGATCTGACTACCTGCCCCCAGAGAT
[CD81 jGTGGCGTGTATGAGTGGAGA CAGACGTGTGCTCTTCCGATCTCACTCGCCCAGAGACTCAG
[cdso {gcacatctcatggcagctaa CAGACGTGTGCTCTTCCGATCTGCTTCACAAACCTTGCTCCT

CAGACGTGTGCTCTTCCGATCTAACAGCACCCTCTCCAGATG
jCD44 føcCTGGTAGAATTGGCTTTTC CAGACGTGTGCTCTTCCGATCTTTTTGTAGCCAACATTCATTCAA i
ILEF1 caattggcagccctatttca CAGACGTGTGCTCTTCCGATCTGTTCAGCAGACTGGTTTGCA
ICXCR5 ICCGTGAGGATGTCACTCAGA CAGACGTGTGCTCTTCCGATCTACGAGGAAGCCCTAAGACGT

[PRKCB |ttgagcctggggtgtaagac
pRKCD~~~|GAGCACCTCCTGGAAGArrG~~~™”

CAGACGTGTGCTCTTCCGATCTGTCTTCCAGGATTCACGGTG
CAGACGTGTGCTCTTCCGATCTTAAGCAGCAGTGGGACTGTG~~™1

[CD20 [TAGGAGCAGGCCTGAGAAAA CAGACGTGTGCTCTTCCGATCTGATTCCTCTCCAAACCCATG
[CD30 jTGTTTTGGGGAAAGTTGGAG CAGACGTGTGCTCTTCCGATCTCTGTTTGCCCAGTGTTTGTG
[CD30L jTGCAACCCAACTGTGTGTTA CAGACGTGTGCTCTTCCGATCTTTTCACCAACTGTTCTCTGAGC
IBAF F R JgCCCTGAGCAACAATAGCAG
[cMRF35H~jAGGAAAAGA^^

CAGACGTGTGCTCTTCCGATCTTTCAGCTCTTCACTCCAGCA

CAGACGTGTGCTCTTCCGATCTGGAGTTGGGGAGAACTGTCA
jPRDMI jTCGAATAATCCAGGGAAACC CAGACGTGTGCTCTTCCGATCTACCAAAGCATCACGTTGACA

[hla-dra ggctttacaaagctggcaat CAGACGTGTGCTCTTCCGATCTTATGCCTCTTCGATTGCTCC
[GNAI2 [CCTTGAGTGTGTCTGCGTGT CAGACGTGTGCTCTTCCGATCTCCACAGAATTGGGTTCCAAG

IrGSI jjAACTGGGAAGGCCAGGTAAC CAGACGTGTGCTCTTCCGATCTTGTTTTCAAATTGCCATTGC
cagacgtgtgctcttccc^^

jCD22 jGGGATCTGCTCGTCATCATT CAGACGTGTGCTCTTCCGATCTGTTTCTGCCTCTGAGGGAAA
jPIK3CD j GCGTGCGCGTTATTTATTTA CAGACGTGTGCTCTTCCGATCTTGTCTGGGGAAGGCAAGTTA
jdocks {gcagtcagccagaaatcaca CAGACGTGTGCTCTTCCGATCTTTTTCTCCTCTCTGGGACCA
|CDHb {tgaaaagtctccctttccaga

PcGR2B™™[GGAGAGGAGAGATGGGGAtF™™™
CAGACGTGTGCTCTTCCGATCTCCTTCAGACAGATTCCAGGC

CAGACGTGTGCTCTTCCGATCTGAGTGAGTGCCCCTTTTCTT
ICD72 CTCATGCCAACAAGAACCTG CAGACGTGTGCTCTTCCGATCTTGACCCACACCTGACACTTC
IBCL11B hCGTGGAACACAGGCAAAC CAGACGTGTGCTCTTCCGATCTTTGCATTTGTACTGGCAAGG
|CD86 hCAAGGCAACCAGAGGAAAC CAGACGTGTGCTCTTCCGATCTACTAAGGGATGGGGCAGTCT
j TBX21 j ACCTTTTCGTTGGCATGTGT
jFOXpT™™™^^

CAGACGTGTGCTCTTCCGATCTTCAGGGAAAGGACTCACCTG
CÄGÄCGTGTGCTCTTCCGÄTCTCTGTGÄGCÄTGGTG^

[MCL1 [gaggggagtggtgggtttat CAGACGTGTGCTCTTCCGATCTCAAAAGGGAAAGGGAGGATT
jlFNBI j AGGGGAAAACTCATGAGCAG CAGACGTGTGCTCTTCCGATCTTCACTGTGCCTGGACCATAG
[blnk {ttgggcagaaagaaaaatgg CAGACGTGTGCTCTTCCGATCTCAAAAGATTCCACCAGACTGAA
[CD40LG |CCTCCCCCAGTCTCTCTTCT

pGBm”“™|æCTGATC
CAGACGTGTGCTCTTCCGATCTGAGTCAGGCCGTTGCTAGTC
CAGACGTG^

j|RF4 ATTCCCGTGTTGCTTCAAAC CAGACGTGTGCTCTTCCGATCTAGAACTGCCAGCAGGTAGGA
ICD79a ICACTTCCCTGGGACATTCTC CAGACGTGTGCTCTTCCGATCTCTCACTCTTCTCCAGGCCAG
j LTA jjTGATGTCTGTCTGGCTGAGG
jhlDAC5~~~~jCCAGCCTGTAGGAAACCAAA™~~” 

IRAG1 j GGATGCAGGTGGTTTTTGAT

CAGACGTGTGCTCTTCCGATCTCCACACACAGAGGAAGAGCA
cagacgtgtgctcttccgatctctocttctZtctccagg^
CAGACGTGTGCTCTTCCGATCTCATTGTACCCATTTTACATTTTCTT

[RAG2 j CAAACCTTAAACACCCAGAAGC CAGACGTGTGCTCTTCCGATCTATAACAATTCGGCAGTTGGC
jCD1d jGAACCAGTTTCCTCCTGTGC CAGACGTGTGCTCTTCCGATCTAAGATGTGGAGGCTGTTGCT

ITGFB1 GACTGCGGATCTCTGTGTCA CAGACGTGTGCTCTTCCGATCTTCTGCACTATTCCTTTGCCC
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[ Table 22
[Gene Outer Primer Nested Primer with Common 5' Flanking Sequence
(CD9 : tcagtatgatcttgtgctgtgct CAGACGTGTGCTCTTCCGATCTTACCCATGAAGATTGGTGGG
[CDTIc I
p———

cacagcatgagaggctctgt
tcagg^

CAGACGTGTGCTCTTCCGATCTTCTCAGTTCCGATTTCCCAG
CAGACGTGTGC^

Ilag3 I agagctgtctagcccaggtg CAGACGTGTGCTCTTCCGATCTTGGTGTCCTTTCTCTGCTCC
|CD73 | cttaacgtgggagtggaacc CAGACGTGTGCTCTTCCGATCTGTGTGCAAATGGCAGCTAGA

[CD70 tctcagcttccaccaaggtt CAGACGTGTGCTCTTCCGATCTTCACTGGGACACTTTTGCCT

[CCR7

[CD45RA

caggggagagtgtggtgttt
Yg'c'aTa'g'tTCCCAt'g'tTAAATCC;™™

CAGACGTGTGCTCTTCCGATCTGACATGCACTCAGCTCTTGG
QXGACGTC^^

[PDCD1 ACATCCTACGGTCCCAAGGT CAGACGTGTGCTCTTCCGATCTGCAGAAGTGCAGGCACCTA

[myc TGCATGATCAAATGCAACCT CAGACGTGTGCTCTTCCGATCTTTGGACTTTGGGCATAAAAGA
[CD25

[fcamr I
[CCND2 |

AAATCACGGCAGTTTTCAGC

GTGGGAAGAGAAGCTGATGC
TGTGATGCCATATC^

CAGACGTGTGCTCTTCCGATCTCTCATCTGTGCACTCTCCCC
CAGACGTGTGCT^^

CAGACGTGTGCTCTTCCGATCTTCAGTGTATGCGAAAAGGTTTTT I
IMKI67 I AGCCTCTCTTGGGCTTTCTT CAGACGTGTGCTCTTCCGATCTGTTTTCCCTGCCTGGAACTT
ICCND3 ΐ CTTTGCTGCTGAAGGCTCAT CAGACGTGTGCTCTTCCGATCTACAAGTGGTGGTAACCCTGG

[IL12A

[IFNG
TG CTTCCTAAAAAG CG AG GT

GCAG CCAACCTAAG CAAGAT

CAGACGTGTGCTCTTCCGATCTGAACTAGGGAGGGGGAAAGA
CAGACGTGTGCTCTTCCGATCTATCCAGTTACTGC^

[tnfa GAATG CTG CAGG ACTTG AG A CAGACGTGTGCTCTTCCGATCTACTTCCTTGAGACACGGAGC
hL2 ACCCAGGGACTTAATCAGCA CAGACGTGTGCTCTTCCGATCTGCTGATGAGACAGCAACCATT
|ll_4 GACATCTTTGCTGCCTCCA CAGACGTGTGCTCTTCCGATCTATGAGAAGGACACTCGCTGC
||L6

[baff I

TTAAGGAGTTCCTGCAGTCCA

TCCTTCGCTTTGCTTGTCTT

CAGACGTGTGCTCTTCCGATCTTCCACTGGGCACAGAACTTA

CAGACGTGTGCTCTTCCGATCTAGGTGGAAAAATAGATGCCAGTC
|lGHE CCCGGAAGTCTATGCGTTT CAGACGTGTGCTCTTCCGATCTAGGACATCTCGGTGCAGTG
IlGHD I TGTGTGAGGTGTCTGGCTTC CAGACGTGTGCTCTTCCGATCTAGGAGCACCACGTTCTGG
IlGHM I CCCGGAGAAGTATGTGACCA CAGACGTGTGCTCTTCCGATCTGTACTTCGCCCACAGCATC
[iGHA

[IGHG1

CTGAACGAGCTGGTGACG

CAAGGGCCCATCGGTCTT

CAGACGTGTGCTCTTCCGATCTAGTACCTGACTTGGGCATCC
CAGACGTGTGCTCTT^^

[lGHG4 CAAGGGCCCA TCGGTCTT CAGACGTGTGCTCTTCCGA TCTCAAA TA TGGTCCCCCA TGC
[lGHG2 CAAGGGCCCATCGGTCTT CAGACGTGTGCTCTTCCGATCTGCAAATGTTGTGTCGAGTGC
[lGHG3 CAAGGGCCCATCGGTCTT CAGACGTGTGCTCTTCCGATCTACCCCACTTGGTGACACAAC

|tlri I CCATTCCGCAGTACTCCATT

TTGGTTGACTTCATGGATGC

CAGACGTGTGCTCTTCCGATCTAAGGAAAAGAGCAAACGTGG

CAGACGTGTGCTCTTCCGATCTGGAAACAGCACAAATGAACTTAA

Itlr3 I CATCATG CAGTTCAACAAG C CAGACGTGTGCTCTTCCGATCTATGCACTCTGTTTGCGAAGA
ITER4 : GGGTGTGTTTCCATGTCTCA CAGACGTGTGCTCTTCCGATCTTTGAAAGTGTGTGTGTCCGC
[TLR5 TCAGGCTGTTGCATGAAGAA CAGACGTGTGCTCTTCCGATCTGTATGCCCTTGCTGGACCTA

[TLR6

[TLR7

ATGCGCAGTAAAAACTCGTG
GCCTGTACTTTCAGCTGGGT4™~~”

CAGACGTGTGCTCTTCCGATCTTACAGTTCCACGCTGAGCTG
CÄGÄCGTGTGCTCTTCCGÄTCTÄÄGGTGTTTGTGCCÄ^^

[TLR8 GGTG AG CTCTG ATTG CTTCA CAGACGTGTGCTCTTCCGATCTTATCAGGAGGCAGGGATCAC

[TLR9 GACCGGGTCAGTGGTCTCT CAGACGTGTGCTCTTCCGATCTGGTGATCCTGAGCCCTGAC

[tLR10 TGCAGTGAGCTGAGATCGAG CAGACGTGTGCTCTTCCGATCTATGGAAAACATCCTCATGGC

[gapdh I

[Gene

CACATGGCCUCCAAGGAGUAA

Outer Primer

CAGACGTGTGCTCTTCCGATCTCAGCAAGAGCACAAGAGGAA

Table 19
Nested Primer with Common 5' Flanking Sequence

[CD19

[CD20

[baff

Itaci

GCAGGGTCCCAGTCCTATG

TAGGAGCAGGCCTGAGAAAA

TCCTTCGCTTTGCTTGTCTT
g'gtaaac'a'cgcctc

CAACAAAGCACAGTGTTAAATGAA

CAGACGTGTGCTCTTCCGATCTCCAATCATGAGGAAGATGCA

CAGACGTGTGCTCTTCCGATCTGATTCCTCTCCAAACCCATG

CAGACGTGTGCTCTTCCGATCTAGGTGGAAAAATAGATGCCAGTC
CÄGÄCGTGTGCTCTTCCGÄTCTCÄGGÄCTCÄGÄÄGCCTCTG^^

CAGACGTGTGCTCTTCCGATCTTGTGTCAGCTACTGCGGAAA
[IGHD
IlGHM

TGTGTGAGGTGTCTGGCTTC

CCCGGAGAAGTATGTGACCA

CAGACGTGTGCTCTTCCGATCTAGGAGCACCACGTTCTGG

CAGACGTGTGCTCTTCCGATCTGTACTTCGCCCACAGCATC
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[ Table 19
[Gene Outer Primer Nested Primer with Common 5' Flanking Sequence
[CD27 TCCAGGAGGATTACCGAAAA CAGACGTGTGCTCTTCCGATCTCCATCCAAGGGAGAGTGAGA
[CD38 AGATCTGAGCCAGTCGCTGT CAGACGTGTGCTCTTCCGATCTTGGTGCAGAGCTGAAGATTTT

[CD24 AAAAGTGGGCTTGATTCTGC CAGACGTGTGCTCTTCCGATCTTTTTGTTCGCATGGTCACAC

AI CDA TGAGCAGA TCCACAGGAAAA CAGACGTGTGCTCTTCCGA TCTGAAA
TGGAGTCTCAAAGCTTCA

[CD95 CCCCCGAAAATGTTCAATAA CAGACGTGTGCTCTTCCGATCTTGCTCTTGTCATACCCCCA
ί CD 10 ATATTCCTTTGGGCCTCTGC CAGACGTGTGCTCTTCCGATCTTCAAGTTTGGGTCTGTGCTG [
[lL10 CCCCAACCACTTCA TTCTTG CAGACGTGTGCTCTTCCGA TCTTTCAA TTCCTCTGGGAA TGTT
[CD138 AATGGCAAAGGAAGGTGGAT CAGACGTGTGCTCTTCCGATCTGCAGACACCTTGGACATCCT
[CD45RA TGCATAGTTCCCATGTTAAATCC CAGACGTGTGCTCTTCCGATCTTACCAGGAATGGATGTCGCT
IBCL6 AAATCTGCAGAAGGAAAAATGTG CAGACGTGTGCTCTTCCGATCTAGTTTTCAATGATGGGCGAG
^PRDM1 TCGAATAATCCAGGGAAACC CAGACGTGTGCTCTTCCGATCTACCAAAGCATCACGTTGACA
[CXCR3 CTGGCTCTCCCCAATATCCT CAGACGTGTGCTCTTCCGATCTGCTCTGAGGACTGCACCATT
jlFNG GCAGCCAACCTAAGCAAGAT CAGACGTGTGCTCTTCCGATCTATCCAGTTACTGCCGGTTTG
|lL4R TGCCTAGAGGTGCTCATTCA CAGACGTGTGCTCTTCCGATCTGTTGATGCTGGAGGCAGAAT
[lL4 GACATCTTTGCTGCCTCCA CAGACGTGTGCTCTTCCGATCTATGAGAAGGACACTCGCTGC
[CCL20 TTGGACATAGCCCAAGAACA CAGACGTGTGCTCTTCCGATCTTGTGCCTCACTGGACTTGTC
[CD25 AAATCACGGCAGTTTTCAGC CAGACGTGTGCTCTTCCGATCTCTCATCTGTGCACTCTCCCC
[FOXP1 ATGCTGAAGGCATTTCTTGG CAGACGTGTGCTCTTCCGATCTCTGTGAGCATGGTGCTTCAT
[TGFB1 GACTGCGGATCTCTGTGTCA CAGACGTGTGCTCTTCCGATCTTCTGCACTATTCCTTTGCCC
|CXCR5 CCGTGAGGATGTCACTCAGA CAGACGTGTGCTCTTCCGATCTACGAGGAAGCCCTAAGACGT
[CD69 AGACAGGTCCTTTTCGATGG CAGACGTGTGCTCTTCCGATCTTGTGCAATATGTGATGTGGC
[CD30 TGTTTTGGGGAAAGTTGGAG CAGACGTGTGCTCTTCCGATCTCTGTTTGCCCAGTGTTTGTG
^PDCD1 ACATCCTACGGTCCCAAGGT CAGACGTGTGCTCTTCCGATCTGCAGAAGTGCAGGCACCTA
[LAG 3 AGAGCTGTCTAGCCCAGGTG CAGACGTGTGCTCTTCCGATCTTGGTGTCCTTTCTCTGCTCC

[PAX5 TGACGTGTGTTGCTTTTGTG CAGACGTGTGCTCTTCCGATCTACTTGGGAGAAAACAGGGGT
[TNFRSF17 GCTTTCCACTCCCAGCTATG CAGACGTGTGCTCTTCCGATCTTGCTTTGAGTGCTACGGAGA
[RASD1 GGGGGAGGGA TGTGAAGTT A CAGACGTGTGCTCTTCCGA TCTA TCTTGTCTGTGA TTCCGGG
[AMPD1 ACAGATGACCCAATGCAATTC CAGACGTGTGCTCTTCCGATCTGAGCACCTGTGATATGTGCG
[OSBPL5 AGACCGATGCACAGTCTTCC CAGACGTGTGCTCTTCCGATCTCTTCACGTCTGGCCTCAGTC

[CD56 GGAGCACTCAAGTGTGACGA CAGACGTGTGCTCTTCCGATCTTTTTCTATGGAGCCTTCCGA
[IGFBP7 CATCCAATTCCCAAGGACAG CAGACGTGTGCTCTTCCGATCTGGTGAAGGTGCCGAGCTATA
[KIR2DS5 GCTCTTCCTCAAACCACGAA CAGACGTGTGCTCTTCCGATCTCACACTCCTTTGCTTAGCCC
[KIR2DS2 TCCTCACACCACGAATCTGA CAGACGTGTGCTCTTCCGATCTCACTCCTTTGCTTAGCCCAC
[RAB4B CCAGCTCACCTGTTCTCCAG CAGACGTGTGCTCTTCCGATCTGAATCCCGTACCTGCTGCT

[CD14 CTAAAGGACTGCCAGCCAAG CAGACGTGTGCTCTTCCGATCTATAACCTGACACTGGACGGG
[S100A12 CACATTCCTGTGCATTGAGG CAGACGTGTGCTCTTCCGATCTATACTCAGTTCGGAAGGGGC

[CCR2variantB GAAGGAGGGAGACATGAGCA CAGACGTGTGCTCTTCCGATCTACTGGTCCTTAGCCCCATCT
[CD62L TCAGTTGGCTGACTTCCACA CAGACGTGTGCTCTTCCGATCTTTAGTTTGGGGGTTTTGCTG
|CD16 TCTTGGCCAGGGTAGTAAGAA CAGACGTGTGCTCTTCCGATCTGTCAGTTCCAATGAGGTGGG

[CX3CR1 CGTCCAGACCTTGTTCACAC CAGACGTGTG CTCTT CCGATCTCCACAAATAGTG CTCG CTT TC
|CD1b TAGAGGGCCAGGACATCATC CAGACGTGTGCTCTTCCGATCTTTGCTCCTTTTGCTATGCCT
[FOXQ1 TGCTATTGACCGATGCTTCA CAGACGTGTGCTCTTCCGATCTGCAACGGGCTACAGCTTTAT
[CD209 GCTCTTGTTCTTGCCGTTTT CAGACGTGTGCTCTTCCGATCTGAGTCCCTCAGTGGAGCAAG
[CD1e CACAAG CAC ATTC ATCTCTTCC CAGACGTGTGCTCTTCCGATCTATTCAGGGCCAGCTTCATAA
[CCL17 TACTTCAAGGGAGCCATTCC CAGACGTGTGCTCTTCCGATCTTTTGTAACTGTGCAGGGCAG

[dtna AGCAACGTGGAGTCAGTCTGT CAGACGTGTGCTCTTCCGATCTCTCACCTTCTCTTGCCTTGG
[CLEC4C TTATTTTCTGGGGCTGTCAGA CAGACGTGTGCTCTTCCGATCTCATTCTGGCACTCAGGTGAA
[ZBTB16 TGATCAAGCACCTGAGAACG CAGACGTGTGCTCTTCCGATCTTACCAGTGCACCATCTGCAC
|SLAMF1 TGCAAAACCCAGAAGCTAAAA CAGACGTGTGCTCTTCCGATCTGTTCTGTGCAAATGGCATTC
^CD3D AGAGCTGTGTGGAGCTGGAT CAGACGTGTGCTCTTCCGATCTGGAGTCTTCTGCTTTGCTGG
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I Gene Outer Primer Nested Primer with Common 5' Flanking Sequence
ICD3E GCCCTCTTGCCAGGATATTT CAGACGTGTGCTCTTCCGATCTGCATGTAAGTTGTCCCCCAT
(CD8A

|CD8B

CTGGCCTCTGCTCAACTAGC

CAGCCTCAAGGGGAAGGTAT

CAGACGTGTGCTCTTCCGATCTATGGTACAAGCAATGCCTGC
οαοαοοτοτοοτοττοοοατοττοοττααοοοατοοαΪόοτο”™”^

^PRF1 CCCTGCAGTCACAGCTACAC CAGACGTGTGCTCTTCCGATCTTCAGGGCTGGTCTTTTAGGA
^EOMES TGGGATAATGTAAAACTGGTGCT CAGACGTGTGCTCTTCCGATCTCATCCCCATGATATTTGGGA
)CD4 AGCTAGCCTGAGAGGGAACC CAGACGTGTGCTCTTCCGATCTTCCTCCAGACCATTCAGGAC

)thpok
[rUNxT™™”

GGCTCTGCCTTGCACTATTT

TAAGGCCCAAAGTGGGTACA

CAGACGTGTGCTCTTCCGATCTCTCTTCCTCCCTTCCATGC

CAGACGTGTGCTCTTCCGATCTTAGGAAGCACGAGGAAAGGA
ICD45RO ACCCTCTCTCCCTCCCTTTC CAGACGTGTGCTCTTCCGATCTTAGTTGGCTATGCTGGCATG
|CD44 GCCTGGTAGAATTGGCTTTTC CAGACGTGTGCTCTTCCGATCTTTTTGTAGCCAACATTCATTCAA I
|CCR7 CAGGGGAGAGTGTGGTGTTT CAGACGTGTGCTCTTCCGATCTACTCAGCTCTTGGCTCCACT
[txk

;MBD2

ACATCAAGCTCCATTGTTTCG
^CTOGcScoFi^GC^r^

CAGACGTGTGCTCTTCCGATCTTTTGCCTGCACTCTTTGTAGG
’cagacgtgtgct^^^

^IFNGRI GAGGATGTGTGGCATTTTCA CAGACGTGTGCTCTTCCGATCTGGTTCCTAGGTGAGCAGGTG
^IL12RB2 AGCAGGCTGTACACAGCAGA CAGACGTGTGCTCTTCCGATCTGACACTAGGCACATTGGCTG
)lL33R ACTGTGCCCTCATCCAGAAC CAGACGTGTGCTCTTCCGATCTAACGACGCCAAGGTGATACT
føCR4

|CRTH2
TG GTGAAATG CAGAGTCAATG 
TGAATTTTGCTTGGTGGATG™"™™™

CAGACGTGTGCTCTTCCGATCTTCAGGAGGAAGGCTTACACC
CAGACGTGTGCTCTrCCGATCTTGTCAGTGGAAGAAGCAGATG™™”

jlL5 CAGTGAGAATGAGGGCCAAG CAGACGTGTGCTCTTCCGATCTGAATGAGGGCCAAGAAAGAG
[IL17A AAAATGAAACCCTCCCCAAA CAGACGTGTGCTCTTCCGATCTTCCTTTGGAGATTAAGGCCC
j IL17F

||L21

|IL22

CTGCA TCAA TGCTCAAGGAA

AAA TCAAGCTCCCAAGGTCA

ATGCCCCAAAGCGATTTTT

CAGACGTGTGCTCTTCCGA TCTCCAAGGCTGCTCTGTTTCTT
3agacgtgtgctcttccga^cttgtgaa^gacttggtccctg~™1
cagTcStgtgctcttScgat^^^

^IL23R TCCCTCATTGAAAGATGCAA CAGACGTGTGCTCTTCCGATCTTAGAATCATTAGGCCAGGCG
^RORA TGCAAGCCATTTATGGGAAT CAGACGTGTGCTCTTCCGATCTCCTTGGGTTTTCTTTTCAATTC

)rorc
10X40 L

ATTTCCATGGTGCTCCAGTC

CTGCTGGCCCTGTACCTG

CAGACGTGTGCTCTTCCGATCTAGAGAAGCAGAAGTCGCTCG

CAGACGTGTGCTCTTCCGATCTCTCCACCCTGGCCAAGAT

pcos f TCAG CTGACTTGGACAACCT CAGACGTGTGCTCTTCCGATCTGGACAACCTGACTGGCTTTG
ISH2D1A GGGTGTTGGTGAACTTGGTT CAGACGTGTGCTCTTCCGATCTTTTAATATGGATGCCGTGGG
ICCR2variantA GTTGCCCAGTGTGTTTCTGA CAGACGTGTGCTCTTCCGATCTAACCAGGCAACTTGGGAACT
[TLR1

ITLR2

CCATTCCGCAGTACTCCATT

TTGGTTGACTTCATGGATGC

CAGACGTGTGCTCTTCCGATCTAAGGAAAAGAGCAAACGTGG
CAGACGTGTGCTCTTCCGATCTGGAAACAGCACAAATG^

^TLR3 CATCATG CAGTTCAACAAG C CAGACGTGTGCTCTTCCGATCTATGCACTCTGTTTGCGAAGA
^TLR4 GGGTGTGTTTCCATGTCTCA CAGACGTGTGCTCTTCCGATCTTTGAAAGTGTGTGTGTCCGC
)TLR5 TCAGGCTGTTGCATGAAGAA CAGACGTGTGCTCTTCCGATCTGTATGCCCTTGCTGGACCTA
)TLR6

|TLR7
ATGCGCAGTAAAAACTCGTG

GCCTGTACTTTCAGCTGGGTA

CAGACGTGTGCTCTTCCGATCTTACAGTTCCACGCTGAGCTG

CAGACGTGTGCTCTTCCGATCTAAGGTGTTTGTGCCATTTGG
ITLR8 GGTGAGCTCTGATTGCTTCA CAGACGTGTGCTCTTCCGATCTTATCAGGAGGCAGGGATCAC
ITLR9 GACCGGGTCAGTGGTCTCT CAGACGTGTGCTCTTCCGATCTGGTGATCCTGAGCCCTGAC
(TLR10 TGCAGTGAGCTGAGATCGAG CAGACGTGTGCTCTTCCGATCTATGGAAAACATCCTCATGGC

äGAPDH CACATGGCCUCCAAGGAGUAA CAGACGTGTGCTCTTCCGATCTCAGCAAGAGCACAAGAGGAA

Studying diversity of response of human T cells to in vitro stimulus

[0494] When examining the gene expression pattern of a bulk sample, the observed pattern was contributed by both the sample's cell 
composition and the expression level of each gene in each cell type or subtype. These two effects cannot be deconvoluted by bulk analysis 
but only with large-scale single cell analysis. To illustrate, we utilized our platform to study the variability of response of human T cells to an 
in vitro stimulus.

[0495] We purified CD3+ T cells by negative selection from a blood donor and stimulated them with anti-CD28/anti-CD3 beads for 6 hours,
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and performed experiments with the stimulated and a separate aliquot of unstimulated cells. We designed a panel of 93 genes (Table 20) 
that encompassed surface proteins, cytokines, chemokines, and effector molecules expressed by the different T cell subsets. A total of 
3517 and 1478 single cells were analyzed for the stimulated and unstimulated samples, respectively.

(Gene Outer Primer
Table 20

Nested Primer with Common 5' Flanking Sequence
(GAPDH GACTTCAACAGCGACACCCA CAGACGTGTGCTCTTCCGATCTGCCCTCAACGACCACTTTGT

(CD3D GAAAACGCATCCTGGACCCA CAGACGTGTGCTCTTCCGATCTTGATGTCATTGCCACTCTGCT

(CD3E AAGTTGTCCCCCATCCCAAA CAGACGTGTGCTCTTCCGATCTCTGGGGATGGACTGGGTAAAT

(CD8A ACTGCTGTCCCAAACATGCA
[CD8B CCACCATCTTTGCAGGTTGC

CAGACGTGTGCTCTTCCGATCTATGCCTGCCCATTGGAGAGAA

CAGACGTGTGCTCTTCCGATCTGCTGTCCAGTTCCCAGAAGG

(CD4 CTGGGAGAGGGGGTAGCTAG CAGACGTGTGCTCTTCCGATCTACCACTTCCCTCAGTCCCAA

(FOXP3 ACAGAAGCAGCGTCAGTACC CAGACGTGTGCTCTTCCGATCTGGGTCTCTTGAGTCCCGTG

1CCR7 GGGGAGAGTGTGGTGTTTCC CAGACGTGTGCTCTTCCGATCTCTCTTGGCTCCACTGGGATG

ATCAATGGTCCAAGCCGCAT

CTTTCCAGTCCTACGGAGCC

CAGACGTGTGCTCTTCCGATCTAGGTCACAGATCTTCCCCCG

CAGACGTGTGCTCTTCCGATCTTGCTCTGAACCCCAATCCTC

(CD28 ACCATCACAGGCATGTTCCT CAGACGTGTGCTCTTCCGATCTTGTAGATGACCTGGCTTGCC

(SELL GCATCTCATGAGTGCCAAGC CAGACGTGTGCTCTTCCGATCTCCTGCCCCCAGACCTTTTATC

(CD27 TGCAGAGCCTTGTCGTTACA CAGACGTGTGCTCTTCCGATCTCGTGACAGAGTGCCTTTTCG

[GZMB AGGTGAAGATGACAGTGCAGG 
ΓθΖΜΑ™™Ί æAACCATGTGCCAAGTTGC™

CAGACGTGTGCTCTTCCGATCTAGGCCCTCTTGTGTGTAACA
I^AGACGTGTGCTCTTCCGATCTCCTTrGTTGTGCGAGGGTGT

(GZMH AGTGTTGCTGACAGTGCAGA

(GZMK TTGCCACAAAGCCTGGAATC
[PRF1 GGAGTCCAGCGAATGACGTC

j N KG2 D i HÄÄCACCCAGGGGATCAGTg”
(LAG 3 AGCTGTÄCCÄGGGGGÄgÄG™

CAGACGTGTGCTCTTCCGATCTCCAAAGAAGACACAGACCGGT 

CAGACGTGTGCTCTTCCGATCTAAAGCAACCTTGTCCCGCCT 

CAGACGTGTGCTCTTCCGATCTCATGGCCACGTTGTCATTGT 
^c^ÄcgtgtgctcttccgÄtctgcÄccctccÄc^gÄÄÄttg’
'cagac'gtgtg'ctctt'c'c'g'atctcttt'g'gaga'agacagtg'gc'ga

(CD160 GGAAGACAGCCAGATCCAGTG CAGACGTGTGCTCTTCCGATCTTTGTGCAGACCAAGAGCACC

(CD244 GGGCTGAGAATGAGGCAGTT CAGACGTGTGCTCTTCCGATCTGGAAAGCGACAAGGGTGAAC

(EOMES ACTTAACAGCTGCAGGGGC 

(TBX21 TTATAACCATCAGCCCGCCA 
(PRDM1 ^ACCÄ^ÄGGÄtcÄCGTTGÄCAT

CAGACGTGTGCTCTTCCGATCTACTAACTTGAACCGTGTTTAAGG 

CAGACGTGTGCTCTTCCGATCTAGAAAAGGGGCTGGAAAGGG 
CAGACGTgYgcYctT^

(IRF4 CTCTTCAGCATCCCCCGTAC CAGACGTGTGCTCTTCCGATCTGCCCCCAAATGAAAGCTTGA

(ZNF683 GGAGAGCGTCCATTCCAGTG CAGACGTGTGCTCTTCCGATCTATCCACCTGAAGCTGCACC

(ZBED2 AATGTACCAGCCAGTCAGCG 
(CD30 TTTACTCATCGGGCAGCCAC

CAGACGTGTGCTCTTCCGATCTGGTTTTGGTGGAGCTGACGA

CAGACGTGTGCTCTTCCGATCTTGTTTGCCCAGTGTTTGTGC

(CD69 GCTGTAGACAGGTCCTTTTCG
CAGACGTGTGCTCTTCCGA TCTAGTGTTGGAAAA TGTGCAA TA 
TGTG

(HLA-DRA GGGTCTGGTGGGCATCATTA 
ICD38 t AGGTCAATGCCAGAGACGGA

CAGACGTGTGCTCTTCCGATCTGCCTCTTCGATTGCTCCGTA 

CAGACGTGTGCTCTTCCGATCTATCAGCATACCTTTATTGTGATCTATC

(TNFRSF9 TGGCATGTGAGTCATTGCTC CAGACGTGTGCTCTTCCGATCTTTTTGATGTGAGGGGCGGAT

(MKI67 TACTTTTTCGCCTCCCAGGG CAGACGTGTGCTCTTCCGATCTTCCTGCCCCACCAAGATCAT

(BIRC5 TGCCACGGCCTTTCCTTAAA CAGACGTGTGCTCTTCCGATCTTTGTCTAAGTGCAACCGCCT

(FOSL1 CTCCTGACAGAAGGTGCCAC 

(MCL1 GACTGGCTACGTAGTTCGGG

CAGACGTGTGCTCTTCCGATCTGGTGATTGGACCAGGCCATT

CAGACGTGTGCTCTTCCGATCTTTTGCTTAGAAGGATGGCGC

(MYC AGCTACGGAACTCTTGTGCG CAGACGTGTGCTCTTCCGATCTCAACCTTGGCTGAGTCTTGA

(TYMS TCAGTCTTTAGGGGTTGGGC CAGACGTGTGCTCTTCCGATCTATGTGCATTTCAATCCCACGTAC

(CDCA7 CCAGTCTAGTTTCTGGGCAGG CAGACGTGTGCTCTTCCGATCTATGTAAACCATTGCTGTGCCATT

[UHRF1 CCAGTTCTTCCTGACACCGG 
fs a p~3o """""""" ä3cääccägägcäggäctta”

CAGACGTGTGCTCTTCCGATCTCCAAAGTTTGCAGCCTATACC

cagacgtgtgct^^
(CX3CR1 

(BCL2 
(BCL6

CACCCGTCCAGACCTTGTT CAGACGTGTGCTCTTCCGATCTTGTTTTCCTCTTAACGTTAGACCAC

TGCAAGAGTGACAGTGGATTG CAGACGTGTGCTCTTCCGATCTGCTGATATTCTGCAACACTGTACA

TGTCCTCACGGTGCCTTTT 
CCTCÄÄGGGGGÄCTGTCTTTC

attgctggiTgagaccccca"

CAGACGTGTGCTCTTCCGATCTGTAGGCAGACACAGGGACTT
^c^ÄcgtgtgctcttccgÄtctgcÄtÄtcctgagccÄtcggt'
HÄgÄcgtgtgctcttccgatctccccca^^
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[Gene Outer Primer
|'CCL4.............CCCÄGCCÄGCTGTGGTATTC

j IF N G CIAGGCÄGCCAÄCCTAÄGCa'
[TNF ;Α0Τ00Α00ΤΤΑ0000πΌσΓ

Nested Primer with Common 5' Flanking Sequence
CÄGÄCGTGTGCTCTTCCGÄTCTTGGÄÄCTGÄÄCTGiÄG CTG CT 

(CAGACCTGTæTCTTCæ^CTCCTGCA^CTGAGCCAGTCc”

(cÄGÄccrfcrrGCT^
TCACTTAAGACCCAGGGACTT CAGACGTGTGCTCTTCCGATCTAAGCATCATCTCAACACTGACTT

ACCATGAGAAGGACACTCGC 

CGGCAAATGTAGCATGGGC 
TggcÄtcctccÄcÄÄtÄgcÄga

cttaÄagcccgcctgÄHÄga~

CAGACGTGTGCTCTTCCGATCTCGGGCTTGAATTCCTGTCCT

CAGACGTGTGCTCTTCCGATCTGGAAAGTGGCTATGCAGTTTG
(G^ÄCGTGTGCTCTTCCGÄTCTGCÄrrnGGTCCÄÄGTTGTCc”

HÄgÄcgtgtgctcttccgatctÄHÄttc^
[IL3 ACAGACGACTTTGAGCCTCG CAGACGTGTGCTCTTCCGATCTATTTCACCTTTTCCTGCGGC

[IL13 GGAGCCAAGGGTTCAGAGAC CAGACGTGTGCTCTTCCGATCTTGCTACCTCACTGGGGTCCT

[IL26

[LTA

[IL5

IIL22

[IL17 A

[IL17F

GGCCATCTCTTCCTTTCGGA 

CTCACCCCA TCA TCCCTTTCC

TACTGACGGCATGTTAGGTG

AGGCAGGGAGGGGACTATTT

GCAGTGAGAATGAGGGCCA

AGCCAGTCCAGGAGTGAGAC 

CCCAAGGTCAAGA TCGCCAC

CAGACGTGTGCTCTTCCGATCTGTGTGGGAACTCTGCCGTG 

CAGACGTGTGCTCTTCCGA TCTGCCCAGTGAGACTGTGTTGT

CAGACGTGTGCTCTTCCGATCTTGTGTGTGGAGTGGGATGTG

CAGACGTGTGCTCTTCCGATCTGGAGAAACAGAGACAGGCCC

CAGACGTGTGCTCTTCCGATCTAGGCATACTGACACTTTGCC

CAGACGTGTGCTCTTCCGATCTGGCCACACTGACCCTGATAC 

CAGACGTGTGCTCTTCCGA TCTCTGCCAGCTCCAGAAGA TGT

TGGGAAGCCAAACTCCATCAT CAGACGTGTGCTCTTCCGATCTGGAAACCAATGCCACTTTTGT

GCCTTCAAGACTGAACACCGA CAGACGTGTGCTCTTCCGA TCTGCCCCTCAGAGA TCAACAGAC

TTGGAGAAGGTGCTGGTGAC CAGACGTGTGCTCTTCCGATCTCTTACCCAGTGCTCTGCAAC

[TGFB1 TATTCCTTTGCCCGGCATCA

[ CCL20 ACTTGCACA TCA TGGAGGGT

CAGACGTGTGCTCTTCCGATCTACCTTGGGCACTGTTGAAGT

CAGACGTGTGCTCTTCCGA TCTTCCA TAAGCTA 
TTTTGGTTTAGTGC

[IL12A GGTCCCTCCAAACCGTTGTC CAGACGTGTGCTCTTCCGATCTGAACTAGGGAGGGGGAAAGAAG

[ CXCL12 TGGGAGTTGA TCGCCTTTCC 

(CCL3 TGGACTGGTTGTTGCCAAAC

CAGACGTGTGCTCTTCCGA TCTCTCA TTCTGAAGGAGCCCCA T 

CAGACGTGTGCTCTTCCGATCTCTCTGAGAGTTCCCCTGTCC

(CCL14 TTCCTCCTCATCACCATCGC CAGACGTGTGCTCTTCCGATCTCTTACCACCCCTCAGAGTGC

[CCL18 GAAGCTGAATGCCTGAGGGG CAGACGTGTGCTCTTCCGATCTGTCCCATCTGCTATGCCCA

[CCL17 GAGTGCTGCCTGGAGTACTT CAGACGTGTGCTCTTCCGATCTCTCACCCCAGACTCCTGACT

|IL12B GCT A TGGTGAGCCGTGA TTG 
icxcR3™T GÄCCTCÄGAGGCCTCCTÄCT™

CAGACGTGTGCTCTTCCGA TCTTCCTCACCCCCACCTCTCT A
(^agacgtgtgctcttccgatctccamatcctcgctcccgg"

[IL33R
J“““““““““"
|IL4R
ICCR4

TTCAGGACTCCCTCCAGCAT

TGAACTTCAGGGAGGGTGGT

CAGACGTGTGCTCTTCCGATCTAGGTACCAAATGCCTGTGCC

CAGACGTGTGCTCTTCCGATCTTCCTCGTATGCATGGAACCC

CCAAAGGGAAGAGTGCAGGG CAGACGTGTGCTCTTCCGATCTATTCTGTATAACACTCATATCTTTGCC

AGAATCATTAGGCCAGGCGTG

atttgaggct

CAGACGTGTGCTCTTCCGATCTCTGGCCAATATGCTGAAACCC
HÄgÄcgtgtgctcttccgatctagaHÄ^

[CXCR5 CCTCCCCAGCCTTTGATCAG CAGACGTGTGCTCTTCCGATCTTCCTCGCAAGCTGGGTAATC

[IL6R CCAGCACCAGGGAGTTTCTA CAGACGTGTGCTCTTCCGATCTACAGCATGTCACAAGGCTGT

)CXCL13 AGGCAGATGGAACTTGAGCC 
j LI F t TCCCCATCGTCCTCCTTGTC

CAGACGTGTGCTCTTCCGATCTGCATTCGAAGATCCCCAGACTT 

CAGACGTGTGCTCTTCCGATCTTTGCCGGCTCTCCAGAGTA

[PTPRCvl
^(CD45RA)

IPTPRCv2 
j(CD45RO) 
IIL10

)CD40LG

GTTCCCATGTTAAATCCCATTCAT CAGACGTGTGCTCTTCCGATCTTACCAGGAATGGATGTCGCTAATCA

ACCCTCTCTCCCTCCCTTTC 

CCCCAACCACTTCA TTCTTG 
jCCTCCCCCAGTCTCTCTTCT”

CAGACGTGTGCTCTTCCGATCTTAGTTGGCTATGCTGGCATG 

CAGACGTGTGCTCTTCCGA TCTTTCAA TTCCTCTGGGAA TGTT 
(CAGACGTGTGCTCnOCGATCTGAÆTCAGGCCGTTCCTAGTc”

[0496] In the unstimulated sample, PCA analysis revealed two major subsets of cells. A closer look at the genes enriched in each subset 
showed that one subset represented CD8+ cells with expression of CD8A, CD8B, NKG2D, GZMA, GZMH, GZMK, and EOMES, and the 
other subset represented CD4+ cells with expression of CD4, CCR7 and SELL (FIG. 44A and FIG. 45).

[0497] In the stimulated sample, two branches of cells were immediately clear on the PCA plot (FIG. 44B and FIG. 46A-D). The first
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principal component represented the degree of response of individual cells to stimulant in terms of varying level of expression of IFNG, TNF, 
CD69, and GAPDH. Expression of CCL3, CCL4, and GZMB, which are cytokines and effector molecules associated with cytotoxic T cells, 
and LAG3, a marker associated with exhausted cells, was localized to cells in the upper branch. Expression of IL2, LTA, CD40LG, and 
CCL20, which are cytokines associated with helper T cells, was localized to the lower branch. Other genes that have been known to be 
upregulated in activated T cells, including ZBED2, IL4R, PRDM1, TBX21, MYC, FOSL1, CSF2, TNFRSF9, BCL2 and FASLG, were 
expressed in various degrees in a smaller number of cells (FIG. 46A-D). Most of these cytokines, effector molecules, and transcription 
factors were not expressed or were expressed at very low levels by cells in the unstimulated sample. While most of the cells that responded 
within this short period of stimulation were presumably memory cells, we observed a small population of cells that produced lower level of 
IL2 and not other cytokines nor effector molecules, and may represent naive cells (FIG. 44B, arrow).

[0498] To fully appreciate the heterogeneity in response, we clustered the cells based on a pair-wise correlation coefficient. While the two 
main groups of CD4 and CD8 cells were obvious, there was considerable diversity within each set in terms of the combination and level of 
activated genes expressed (FIG. 47 and FIG. 48).

[0499] We observed that there were a few cytokines, namely IL4, IL5, IL13, IL17F, IL22, LIF, IL3, and IL21, that were upregulated by a few 
hundred or more folds in the stimulated sample as a whole as compared to the unstimulated one, but were contributed only by a few cells in 
the sample (FIG. 44C). Subsets of these cytokines were expressed by the same cells (FIG. 49A-C). For instance, the same single cell 
contributed to most of the counts of IL17F and IL22, which were signatures for Th17 cells. Another 7 cells expressed various combinations 
of IL4, IL5, IL13, which were signatures of Th2 cells, and expressed various combinations of them. Such observation highlights the 
importance of large-scale single cell analysis, especially when the contribution to overall expression changes was derived from a rare 
subpopulation.

[0500] We repeated the same stimulation experiment with T cells from a second blood donor and analyzed the profile of 669 and 595 single 
cells in the stimulated and unstimulated sample, respectively. While the overall level of activation was lower (smaller magnitude in terms of 
change in expression) in this individual (possibly indicating inter-individual variability to stimulation), we observed the same trends in PCA 
analysis, as well as heterogeneity in individual cell's response to stimulus (FIG. 48).

Identification of rare antigen specific T cells

[0501] We demonstrated the utility of our platform to identify rare cells using the model of antigen specific cells in CD8+ T cell population. 
We exposed fresh blood of the same two blood donors who were seropositive for cytomegalovirus (CMV) to CMV pp65 peptide pool. A 
separate untreated blood aliquot of each donor served as negative control. We subsequently isolated CD8+ T cells and analyzed the 
response of stimulated and unstimulated cells on our platform. We obtained data from 2274, 2337, 581, and 253 cells in donor 2's CMV 
stimulated and unstimulated, and donor Ts CMV stimulated and unstimulated samples, respectively.

[0502] Except for donor Ts negative control that yielded relatively small number of cells to form obvious clusters in clustering analysis, all 
the rest of the samples showed two main groups of cells (FIG. 50A, 51 and 52). Cells in one group expressed naive cell and central 
memory associated markers SELL, CCR7, and CD27, while cells in the other group expressed effector memory cell (CCL4, CX3CR1, 
CXCR3) and effector cell associated genes (EOMES, GZMA, GZMB, GZMH, TBX21, ZNF683). There was a distinct small subset of cells 
that occupy space in between the two branches and express granzyme K (GZMK), as well as another subset of HLA-DRA expressing cells. 
The differential expression of the different types of granzymes has previously been reported (8). Our results recapitulated those observed in 
previous CyTOF experiments with CD8+ T cells (9).

[0503] While a considerable proportion of cells seemed to respond to the exposure to the antigen via expression CD69 and MYC (FIG. 52), 
we found only a few cells that expressed IFNG, a signature cytokine for activated antigen specific cell. Most of the IFNG expressing cells 
were also among those cells carried the most total detected transcript molecules in the gene panel, an indication of active cell state, and 
belong to the effector memory/effector cell cluster (FIG. 50B and 53). We identified 5 out of 581 (0.86%) and 2 out of 2274 (0.09%) cells in 
donors 1 and 2 respectively that were likely to be CMV specific based on IFNG expression and overall transcription level. Among those 
cells, there was substantial amount of heterogeneity in terms of combinations and levels of effector molecules (e.g., granzymes) and 
cytokines (e.g., IFNG, IL2, CCL3, CCL4, TNF, CSF2, IL4) expressed (FIG. 54). Interesting, the single cell that expressed most transcripts in 
donor 2 expressed both IL6 and IL1B but not IFNG.

Discussion

[0504] In this example, we presented highly scalable mRNA cytometry that used a recursive Poisson strategy to isolate single cells, to 
uniquely barcode cellular content, and to barcode individual molecules for quantitative analysis. We have shown that we may simultaneously 
identify and count transcript molecules belonging to each cell in a sample containing a few thousands cells. Further, we have demonstrated 
to use of this technique to characterize individual cells based on their expression profiles in naturally occurring heterogeneous systems, and 
detection of rare cells in a large background population.

[0505] The throughput and simplicity of CytoSeq presents a major advance over existing approaches involving microtiter plates or 
microfluidic chips for sequencing based measurement of gene expression of single cells. Because the experimental procedure is simple and
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reagent consumption per cell is low (in the nanoliter range), it enables one to readily carry out single cell analysis for large number of cells 
across multiple conditions. In this study alone, we performed gene expression profiling of a total of -14,600 single cell across 12 
experiments, which would be costly and time-consuming if carried out by existing approaches. The number of cells measured by CytoSeq 
may be further scaled up simply by increasing the size of the microwell array and the library size of the barcoded beads, which is readily 
achieved by combinatorial synthesis. In addition, there is no restriction on the uniformity of cell sizes, thus allowing direct analysis of 
complex samples containing cells with a variety of cell sizes and shapes, such as PBMCs shown in this example, without any pre-sorting.

[0506] CytoSeq data resembled those of flow cyometry (FC), but with important differences. First, CytoSeq offers more versatility in terms 
of the number and type of gene products studied. Unlike flow cytometry that is confined mostly to a handful of surface proteins and requires 
optimally binding antibodies, CytoSeq allowed measurement of any transcribed mRNAs via nucleic acid amplification techniques. Optimal 
primer design and assay conditions enable us to routinely achieve -88% mapped rate via multiplex PCR for an arbitrarily chosen panel of 
100 or more genes (Table 21). Additionally, the entire transcriptome of each single cell in the sample may also be measured via universal 
amplification of the bead bound cDNA, although one has to be mindful with the relatively low efficiency of commonly used universal 
amplification techniques (7) and the high sequencing depth required for measuring the whole transcriptome across thousands of cells.

[0507] Second, in contrast to flow cytometry that relies on the kinetics of antibody binding, CytoSeq provides digital, absolute readout of 
gene expression level through molecular indexing. It has higher sensitivity and specificity to a single rare cell event because the detection 
was achieved by the co-expression of large number of genes specific to the rare cells. It therefore consumes much smaller amount of 
sample as compared to flow cytometry that requires certain number of events in order to form reliable clusters for gating.

[0508] Our data illustrates the importance of single cell versus bulk analysis. For instance, we showed scenarios where the most highly 
expressed genes in a sample of thousands of cells as whole were contributed by only one or a few cells. Most importantly, our experiments 
illustrate the importance of examining both large number of cells and large number of genes in single cell gene expression studies, an ability 
that is extremely limiting in prior approaches. The availability of such a tool for the routine measurement of expression across thousands of 
single cells in a biological sample may help accelerate the understanding of complex biological systems and drive novel applications in 
clinical diagnostics, such as circulating tumor cell analysis and immune responses monitoring. We envision that our massive parallel single 
cell barcoding regime may also be adopted to measure the genome, as well as the genome and the transcriptome simultaneously, for
studying single cell genome instability in areas such as cancer biology and neuroscience.

Table 21
Experiment j total 

j number of 
j reads

number of 
reads with 
exactly 1 
match to
gene in 
panel

% reads j 
aligned to j 
one gene j 

in the j 
panel j

number of 
reads with 

exact match 
to a cell 

barcode and 
alignment to 

one gene

j % read after 
j gene and 
j barcode 
j alignment

number of 
unique cell 
barcodes 

that satisfy
filtering
criteria

j number of 
j reads
j associated ; 
j with those 
j cell barcodes i

5 K562 + Ramos j 2399025 2154454 90% j 1175715 j 49% 768 j 859470
5 Primary B+ Ramos j 5711013 5203308 91% j 3495392 j 61% 1198 j 2868577
5 PBMC j 1270214 1105687 87% j 803151 j 63% 632 j 670576

j PBMC replicate j 3927672 3468538 88% j 2459367 j 63% 731 j 1920956

j
Donor 1

antiCD3/antiCD28
stimulated j 3529898 3249998 92% j 2122416 j 60% 3517 j 1466000

j
Donor 1

antiCD3/antiCD28 
negative control j 1557996 1292211 83% j 939094 j 60% 1478 j 719351

j
Donor 2

antiCD3/antiCD28
stimulated j 606865 552877 91% j 403943 j 67% 669 j 246234

Donor 2
antiCD3/antiCD28 
negative control j 332951 283723 85% j 205762 j 62% 595 I 86866

Donor 1 CMV 
stimulated j 1064648 958410 90% j 697057 j 65% 581 j 401629

5 Donor 1 CMV 
negative control j 619957 547259 88% j 406801 j 66% 253 j 192605

Donor 2 CMV 
stimulated j 1902977 1692734 89% j 1229667 j 65% 2274 I 688296

Donor 2 CMV 
negative control j 1671419 1346637 81% j 977344 j 58% 2337 j 715453

Synthesis of bead library



DK/EP 3039158 T3

[0509] Beads were manufactured by Cellular Research, Inc. using a split-pool combinatorial approach. Briefly, twenty-micron magnetic 
beads functionalized with carboxyl groups were distributed into a 96 tubes containing oligos with 5' amine, followed by a universal 
sequence, first part of the cell label that is different for different tubes, and a linker sequence. The oligos were covalently coupled onto the 
beads by carbodiimide chemistry. Beads were pooled and split into a second set of 96 tubes containing oligos with a second linker 
sequence on the 5' end, followed by the second part of the cell label that is different for different tubes, and complementary sequence to the 
first linker. Oligos on the beads were extended by DNA polymerase upon hybridization to oligos in solution via the first linker. Beads were 
pooled and split into a third set of 96 tubes containing oligos with oligo(dA) on the 5' end, followed by a randomer sequence that serves as 
the molecular label, the third part of the cell label, and a complementary sequence to the second linker. Oligos on the beads were extended 
by DNA polymerase upon hybridization to oligos in solution via the second linker. The final bead library has a size of 96x96x96 (884,736) 
cell labels.

Fabrication of microwell array

[0510] Microwell arrays were fabricated using standard photolithography. Arrays of pillars were patterned on photoresist on silicon wafer. 
PDMS was poured onto the wafer to create arrays of microwells. Replicas of the wafer were made with NOA63 optical adhesive using 
PDMS microwell array as template. Agarose (5%, type IX-A, Sigma) microwell arrays were casted from the NOA63 replica before each 
experiment.

Sample preparation

[0511] K562 and Ramos cells were cultured in RPMI-1640 with 10% FBS and 1x antibiotic-antimycotic. Primary B cells from a healthy donor 
were purchased from Sanguine Biosciences. PBMCs from a healthy donor were isolated from fresh whole blood in sodium heparin tube 
acquired from the Stanford Blood Center using Lymphoprep solution (StemCell).

T cell stimulation

[0512] Heparinized whole blood of two CMV seropositive blood donors was obtained from the Stanford Blood Center. For CMV stimulation, 
1ml of whole blood was stimulated with CMV pp65 peptide pool diluted in PBS (Miltenyi Biotec) at a final concentration of 
1.81 pg/ml for 6 hours at 37C. A separate aliquot of whole blood of each donor was incubated with PBS as negative controls. CD8+ T cells 
were isolated using RosetteSep cocktail (StemCell) and subsequently deposited onto microwell arrays. For anti-CD3/anti-CD28 stimulation, 
T cells from the same two donors were isolated from whole blood using RosetteSep T cell enrichment cocktail and resusupended in RPMI- 
1640 with 10% FBS and 1x antibiotic-antimycotic. One aliquot of cells from each donor was incubated with Dynabeads Human T-Activator 
CD3/CD28 (Life Technologies) at ~1:1 bead to cell ratio at 37C for 6 hours. A separate aliquot of cells from each donor were placed in 
incubator with no stimulation and served as negative control.

Single cell capture

[0513] Single cell suspension was pipetted on to the microwell array at a density of ~1 cell per 10 microwells. After washing to remove 
uncaptured cells, magnetic beads were loaded at a density of ~5 beads per well to saturate the microwell array. After washing to remove 
excess beads, cold lysis buffer (0.1M Tris-HCI pH 7.5, 0.5M LiCI, 1% LiSDS, 10mM EDTA, 5mM DTT) was pipetted over the surface of the 
microwell array. After 10 minutes of incubation on a slide magnet, beads were retrieved from the microwell array. Beads were collected in a 
microcentrifuge tube, and washed twice with wash A buffer (0.1 M Tris-HCI, 0.5M LiCI, 1mM EDTA) and once with wash B buffer (20mM Tris- 
HCI pH 7.5, 50mM KCI, 3mM MgCI2). From this point forward, all reactions were carried out in a single tube.

cDNA synthesis

[0514] Washed beads were resupsended in 40pL RT mix (1x First Strand buffer, 1pL SuperRase Inhibitor, 1pL Superscript II or Superscript 
III, 3mM additional MgCI2, 1mM dNTP, 0.2ug/pL BSA) in a microcentrifuge tube placed on a rotor in a hybridization oven at temperatures 
50C for 50 minutes (when using Superscript III for the early experiment with K562 and Ramos cells) or 42C for 90 minutes (when using 
Superscript II for the rest of the experiments). Beads were treated with 1 pL of Exol (NEB) in 20 pL of 1x Exol buffer at 37 °C for 30 minutes, 
and 80 °C for 15 minutes.

Multiplex PCR and sequencing

[0515] Each gene panel contained two sets of gene specific primers designed by Primer3. A custom MATLAB script was written to select 
PCR primers such that there was minimal 3' end complementarity across the primers within the set. Primers in each panel are listed in
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Table 21. The amplification scheme is shown in FIG. 55. PCR were performed with the beads with ΚΑΡΑ Fast Multiplex Kit, with 50nM of 
each gene specific primer in the first primer set and 400nM universal primer, in a volume of 100pL or 200pL, with the following cycling 
protocol: 3min at 95C; 15 cycles of 15s at 95C, 60s at 60C, 90s at 72C; 5min at 72C. Magnetic beads were recovered and PCR products 
were purified with 0.7x Ampure XP. Half of the purified products were used for the next round of nested PCR with the second primer set 

using the same ΚΑΡΑ kit and cycling protocol. After clean up with 0.7x Ampure XP, 1/10 th of the product was input into a final PCR reaction 
whereby the full-length lllumina adaptors were appended (1x ΚΑΡΑ HiFi Ready Mix, 200nM of P5, 200nM of P7. 95C 5min; 8 cycles of 98C 
15s, 60C 30s, 72C 30s; 72C 5min).

Data analysis

[0516] Sequencing of library was performed on lllumina MiSeq instrument with 150x2 bp chemistry at a median depth of 1.6 million reads 
per sample. Sequencing revealed the cell label, the molecular label, and the gene of each read (FIG. 55). The assignment of gene of each 
read was done with the alignment software 'bowtie' (ref). The cell and molecular labels of each read were analyzed using custom MATLAB 
scripts. Reads were grouped first by cell label, then by gene and molecular label. To calculate the number of unique molecules per gene per 
cell, the molecular labels of reads with the same cell label and gene assignment were clustered. Edit distance greater than 1 base was 
considered as a unique cluster, and thus a unique transcript molecule. A table containing digital gene expression information of each cell 
was constructed for each sample - each row in the table represented a unique cell label, each column represented a gene, and each entry 
in the table represented the count of unique molecules within a gene per cell label. The table was filtered such that unique molecules that 
were sequenced only once (i.e. redundancy =1) were removed. Subsequently, cells with a sum of unique molecules less than 10 or with co
expression of 4 or less genes in the panel were removed. The filtered table was then used for clustering analysis. Principal component 
analysis and hierarchical clustering was performed on log-transformed transcript count (with pseudocount of 1 added) with built-in functions 
in MATLAB.

[0517] References cited in Example 15, all of which are incorporated by reference in their entireties:

1. 1. A. K. Shalek et al., Single-cell transcriptomics reveals bimodality in expression and splicing in immune cells. Nature 498, 236 (Jun 
13, 2013).

2. 2. S. C. Bendall et al., Single-cell mass cytometry of differential immune and drug responses across a human hematopoietic 
continuum. Science 332, 687 (May 6, 2011).

3. 3. A. R. Wu et al., Quantitative assessment of single-cell RNA-sequencing methods. Nature methods 11,41 (Jan, 2014).
4. 4. B. Treutlein et al., Reconstructing lineage hierarchies of the distal lung epithelium using single-cell RNA-seq. Nature 509, 371 (May 

15, 2014).
5. 5. S. Islam et al., Characterization of the single-cell transcriptional landscape by highly multiplex RNA-seq. Genome research 21, 

1160 (Jul, 2011).
6. 6. G. K. Fu, J. Hu, P. H. Wang, S. P. Fodor, Counting individual DNA molecules by the stochastic attachment of diverse labels. 

Proceedings of the National Academy of Sciences of the United States of America 108, 9026 (May 31, 2011).
7. 7. G. K. Fu, J. Wilhelmy, D. Stern, H. C. Fan, S. P. Fodor, Digital encoding of cellular mRNAs enabling precise and absolute gene 

expression measurement by single-molecule counting. Analytical chemistry 86, 2867 (Mar 18, 2014).
8. 8. K. Bratke, M. Kuepper, B. Bade, J. C. Virchow, Jr., W. Luttmann, Differential expression of human granzymes A, B, and K in natural 

killer cells and during CD8+ T cell differentiation in peripheral blood. European journal of immunology 35, 2608 (Sep, 2005).
9. 9. E. W. Newell, N. Sigal, S. C. Bendall, G. P. Nolan, Μ. M. Davis, Cytometry by time-of-flight shows combinatorial cytokine expression 

and virus-specific cell niches within a continuum of CD8+ T cell phenotypes. Immunity 36, 142 (Jan 27, 2012). EXAMPLE 16: 
Development of Single Cell Quantification Protocol

[0518] FIG. 56 depicts a general workflow for the quantification of RNA molecules in a sample. In this example, the total number of RNA 
molecules in the sample was equivalent to the total number of RNA molecules in a single cell. As shown in Step 1 of FIG. 56, RNA 
molecules (110) were reverse transcribed to produce cDNA molecules (105) by the stochastic hybridization of a set of molecular identifier 
labels (115) to the polyA tail region of the RNA molecules. The molecular identifier labels (115) comprised an oligodT region (120), label 
region (125), and universal PCR region (130). The set of molecular identifier labels contained 960 different types of label regions.

Part I. Reverse Transcription and Labeling of RNA molecules

[0519] An RNA sample was prepared by mixing the following:

Genes number of RNA molecules
j Lys (spike-in control) 456
1 Phe (spike-in control) 912
5 Thr (spike-in control) 1824

j Dap (spike-in control) 6840

j Kan (spike-in control) 7352



DK/EP 3039158 T3

[ Genes number of RNA molecules
[ Lymphocyte cell line RNA 10 pg (1 cell equivalent)

[ MS2 carrier (no polyA) 6x1011

[0520] RNA molecules were labeled by preparing in an eppendorf tube a labeling mix as follows:
I Amount (pL)

[RNA sample 2
[ms2 RNA 1 pg/pL 1
|l0mM dNTP 1
[960 dT oligos pool (set#4) 10pM 0.4 i

[water 9.1 !

[0521] Note: dT oligos pool (set #4) refers to the set of molecular identifier labels.

[0522] The molecular identifier labels were hybridized to the RNA molecules by incubation at 65°C for 5 minutes. The labeling mix was 
stored on ice for at least 1 minute.

[0523] The labeled RNA molecules were reverse transcribed by the addition of the reverse transcription mix as described below:

[0524] Once the reverse transcription mix was added to the eppendorf tube containing labeling mix reaction, the reverse transcription 
reaction was conducted by incubating the sample at 37°C for 5 minutes, followed by incubation at 50°C for 30 minutes, and lastly incubation 
at 75°C for 15 minutes. Reverse transcription of the labeled RNA molecules produced labeled cDNA molecules (170).

[0525] Once the RNA molecules were reverse transcribed and labeled, excess oligos were removed from the sample by Ampure bead 
purification (Step 2 of FIG. 1). Ampure bead purification was performed by adding 20 pL of ampure beads to the eppendorf tube containing 
the reverse transcribed and labeled RNA molecules and incubating the tube at room temperature for 5 minutes, The beads were washed 
twice with 70% ethanol to remove the excess oligos. Once the excess oligos were removed by the ethanol washes, 20 pL of 10mM Tris was 
added to the tube containing the bead-bound labeled cDNA molecules.

[0526] As shown in Step 3 of FIG. 56, the labeled cDNA molecules (170) were amplified by multiplex PCR. Custom amplification of the 
labeled cDNA molecules was performed by using a custom forward primer (F1, 135 in FIG. 1) and a universal PCR primer (140). Table 23 
lists the 96 different custom forward primers that were used to amplify 96 different genes to produce labeled amplicons (180) in a single 
reaction volume.

[0527] In order to optimize multiplex PCR reactions, 3 multiplex PCR reactions mixtures were prepared. Multiplex PCR reaction 1 was 
prepared as follows:

[ 10X titanium

Reaction 1

Amount (pL)

jlOmM dNTP 1.5

[water 35.5

[1pMeachF1 primer pool 5
[PCR004 10pM 1

I purified cDNA 1

[Titanium polymerase 1 I

[0528] The reaction condition for Multiplex PCR reaction was 1 cycle at 94°C for 2min, followed by 25 cycles of 94°C for 30 sec, 57°C for 60 
sec, and 68°C for 1 min, then 1 cycle of 68°C for 7 min and 1 hold cycle at 4°C.

[0529] Multiplex PCR reactions 2 and 3 were prepared as follows:
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[ [ Reaction 2 Reaction 3

[ Amount (pL) Amount (pL)

[2X Qiagen Multiplex mix [ 25 25

[1pMeachF1 primer pool | 5 5
|PCR004 10pM I 1 1

:Q solution § 5 i
[water [ 18 13 I
[purified cDNA I 1 1 [

[0530] The multiplex PCR reaction condition for Reactions 2 and 3 was 1 cycle at 95°C for 15min, followed by 25 cycles of 94°C for 30 sec, 
57°C for 90 sec, and 72°C for 1 min, then 1 cycle of 68°C for 7 min and 1 hold cycle at 4°C.

[0531] The F1 primer pools contained the following primers:

[ F1 PCR Primers Sequence
[ 100611 KanF2 CTG CCTC GGTGAGTTTTCTC
I Lys L 269 CTTCCCGTTACGGTTTTGAC
[ phe L 177 AAAACCGGATTAGGCCATTA
I thr L 332 TCTCGTCATGACCGAAAAAG
[ dap_L_276 CAACGCCTACAAAAGCCAGT

[0532] Kan, Phe and Dap control genes were selectively amplified by nested PCR. Nested PCR amplification reactions were prepared as
follows:
[ Multiplex PCR Rxn # -> 1 I 2 3 1 2 3 1 2 3 i

[ PCR Rxn 1 2 3 4 5 6 7 8 9 i
5 pL pL PL PL PL PL PL PL PL i

[1 Ox Taq 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
jlOmM dNTP 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

[water 22.25 22.25 22.25 22.25 22.25 22.25 22.25 22.25 22.25
[Cy3 PCR004 10pM 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
[KanF3_5P 5pM 

|Phe L 215 5pM
1 1 1

““““

[Dap L 290 5pM 1 1 1 ί
[Multiplex PCR Rxn 0.5 ..1.. 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 I
[USB taq 0.25 -vjL-vt 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 [

[0533] Note: The multiplex PCR reaction used for PCR reactions 1, 4, and 7 was multiplex PCR reaction # 1. The multiplex PCR reaction 
used for PCR reactions 2, 5 and 8 was multiplex PCR reaction # 2. The multiplex PCR reaction used for PCR reactions 3, 6 and 9 was 
multiplex PCR reaction # 3.

[0534] The primers used for nested PCR are disclosed as follows:

( Nested PCR primer Sequence

1........ Phe L 215 TGAGAAAGCGTTTGATGATGTA

1-------- Dap_L_290 GCCAGTTTATCCCGTCAAAG

[0535] The PCR amplification reaction condition for Reactions 1-9 was 1 cycle of 94 °C for 2 min, 30 cycles of 94 °C for 20 sec, 55 °C for 20 
sec, and 72 °C for 20 sec, then 1 cycle at 72 °C for 4 min and 1 hold cycle at 4 °C.

[0536] The 4 pL of PCR products of PCR amplification reactions 1-9 were run on an agarose gel. As shown in FIG. 58A, Reactions 1-3 
showed the presence of the Kan control gene, Reactions 4-6 showed the presence of the Phe control gene, and Reactions 7-9 showed the 
presence of the Dap control gene.

[0537] The PCR products from PCR reactions 1-9 were prepared for hybridization to an Applied Microarray Inc. (AMI) array. Hybridization
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mixtures were prepared as follows:

pL
I PCR product 20
jWash A (6X SSPE+0.01% Triton X-100) 55

jCy3 Oligo (760pM) 1

[0538] The hybridization mixtures 1-9, corresponding to the mixtures containing PCR products from PCR reactions 1-9, respectively, were 
denatured at 95°C for 5 minutes and then placed at 4°C. The hybridization mixtures were transferred to an AMI array slide and incubated 
overnight at 37°C.

[0539] After the overnight hybridization, the AMI array slide was washed and then scanned. Theoretical and actual measurements and
percent accuracy are depicted below:

§ Hybridization mixtures 1 2 3 I 4 5 6 7 8 9

j Multiplex PCR Titanium Qiagen Qiagen +Q § Titanium Qiagen Qiagen +Q Titanium Qiagen Qiagen +Q I
I condition (Rxn #) (1) (2) (3) j (1) (2) (3) (1) (2) (3) !
j Theoretical I
j measurement 3676 (bioanalyzer) § 912 6840

j Actual measurement 1826 1740 2116 I 299 235 251 1165 1077 172

§ % detection 49.7 47.3 57.6 32.8 25.8 27.5 17 15.7 2.5

j Note: The theoretical measurement is based on detection of 100% ofthe Kan, Phe and Dap control genes.

[0540] PCR products from Reaction 2 were purified by Ampure purification. Ampure purification was performed as follows:

§F1 PCR products from X01 sample 2 

lAmpure beads

pL

30
"3Ö"

[0541] Ampure purification reactions were incubated at room temperature for 5 min and then washed in 70% ethanol. Purified PCR 
products were eluted from the beads in 30 pL of water. The concentration of the PCR products was 6 ng/ pL as determined by a Nanodrop 
spectrometer.

Part II: Library Preparation Protocol

[0542] PCR products purified from the X01 sample 2 (see Example 1) were used to prepare a DNA library. An F2 primer pool was created
from mixing the following primers:
j F2 PCR Primers Sequence
I Lys L 269 CTTCCCGTTACGGTTTTGAC
I phe L 177 AAAACCGGATTAGGCCATTA
I thr L 332 TCTCGTCATGACCGAAAAAG
j dap_L_276 CAACGCCTACAAAAGCCAGT

[0543] An F2 primer mix was prepared by mixing the following

IF2 primer mix pL
I water 750

iF2 primer pool 1uM each/100uM total 100

[0544] The F2 primer mix was incubated at 95°C for 3 min and then stored on ice. The following ligation mix was added to the F2 primer 
mix to produce an F2 primer ligation mix:

j Ligation mix PL
j 10X DNA ligase buffer NEB 100

IT4 PNK USB 50
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[0545] The F2 primer ligation mix was incubated at 37°C for 1 hour, followed by an incubation at 65°C for 20 min. The F2 PCR primers 
were ethanol precipitated and the concentration of the primer pool was determined by a Nanodrop spectrophotometer. The F2 primer pool 
was resuspended to produce a final concentration of 1uM each/100uM total.

[0546] As shown in Step 4 of FIG. 56, the labeled amplicons (180) were amplified by multiplex PCR. 96 different custom forward primers 
(F2, 145 in FIG. 1) and a universal PCR primer (140) were used to amplify the labeled amplicons (X01 sample 2 from Example 1) in a single 
reaction volume. Table 24 lists the 96 different custom forward primers.

[0547] The multiplex PCR reaction was prepared as follows:

[Multiplex PCR mix pL
[2X Qiagen Multiplex mix 25
[ 1 pM each F2 primer pool kinase 5

[PCR004 5'P 10pM 1

[water 18
[purified first PCR X01 sample 2 1

[0548] The multiplex PCR condition was 1 cycle at 95°C for 15min, followed by 18 cycles of 94°C for 30 sec, 57°C for 90 sec, and 72°C for 
1 min, then 1 cycle of 68°C for 7 min and 1 hold cycle at 4°C. The multiplexed amplicons were purified by Ampure purification and eluted 
with 50 pL of water. The concentration of the amplicons was determined to be 30 ng/ pL by a Nanodrop spectrophotometer. 5 pL of the 
amplicons was run on an agarose gel (FIG. 58B).
As shown in Step 5 of FIG. 56, adaptors (150, 155) were ligated to the labeled amplicons (180) to produce adaptor labeled amplicons (190). 
Adaptor labeled amplicons were produced as follows:

(Adaptor mix I ML

[lOXT4 ligase USB | To
[water [ 60 I
[ purified nested PCR product [ 10 I

[annealed, pooled 96 ABC adaptors 50pM ( 10
[T4 DNA ligase (3pl neb he, 7 pi usb) J'" 10

[0549] The adaptor mix was incubated at 16°C for 4 hours. The adaptor labeled amplicons were purified by Ampure purification and eluted 
in 20 pL of 10mM Tris.

[0550] The purified adaptor labeled amplicons were gap-repaired and PCR amplified as follows:

[Fill-in and PCR mix pL
[ 10x thermoPol buffer 5
|l0mM dNTP 1.5

(water 32
[CR P1 10pM 3
[CR IDX D1 10pM 3 (
[purified adaptor labeled amplicons 5 (
[Vent exo- 2u/pL 0.5 [

[0551] The PCR condition was 1 cycle of 72°C for 2 min, followed by 94°C for 1 min, 12 cycles of 94°C for 15 sec, 60°C for 15 sec and 
72°C for 30 sec, 1 cycle of 72°C for 4 min and 1 hold cycle at 4°C. The PCR products were purified by Ampure purification and eluted in 30 
pL of TE. The concentration of the purified PCR product was 22ng/ pL (83nM) as determined by Nanodrop spectroscopy. 5 pL of the PCR 
purified products were run on a 1% agarose gel (FIG. 58B)

Part III. Sequencing of the adaptor labeled amplicon library

[0552] The adaptor labeled amplicon library was sequenced using a MiSeq Sequencer.

[0553] A sequence mapping summary is shown below:
I Require Perfect Match Allow 1bp mismatch

[ Total Read Pairs 7,724,955

[ # of RNA with universal primer and polyA match 2,499,444 (32%) 4,716,378 (61%)
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# of RNA mapped to targets (96 genes)

[0554] As shown in the sequence mapping summary above, many reads were lost due to the stringent polyA matching criteria. FIG. 59 
shows the reads and counts across all detected genes.

[0555] Sequencing reads were also used to quantify specific genes. FIG. 61-62 depict a plot of the reads observed per label detected 
(RPLD) for various genes. Conventional rpkm values are also shown in the plots depicted in FIG. 61-62. FIG. 59 summarizes a comparison 
of RPLD and RPKM for various genes.

[0556] FIG. 63 depicts a plot of total reads (labels) versus rpld for various genes.

[0557] The data represented in FIGS. 4,7 and 8 are also shown in numerical form in Table 25.

[0558] FIG. 64 depicts a plot of RPKM for undetected genes.

[0559] The quantity of the spike-in controls in the adaptor labeled amplicon library was determined by MiSeq sequencing. Results from 
MiSeq sequencing of the spike-in controls are shown in the table below.
I Spike-in Control input N (mfg) Reads [ Labels (K)
I Dap 6840 1,920,503 893
I Phe 912 470,738 I 859

Thr 1824 410,664 847

Lys 456 282,174 847

Kan 7352 24 A----------- 23 I

[0560] In the table above, input N refers to the original number of the spike-in control; Reads refers to the total number of read pairs; and 
Labels (K) refers to the number of different labels detected by sequencing. FIG. 60A-D depicts a plot of the reads observed per label 
detected (RPLD) for Lys, Phe, Thr, and Dap spike-in controls, respectively. FIG. 60E depicts a plot of Reads versus Input.

Table 23
[Name Sequence
[NM 144646.3F1 TTGACTTTGCCTTGGAGAGC

[nR 015342.1F1 TTTTTCTTACAGTGTCTTGGCATA
[ NM_000193.2F1 CGTGACCCTAAGCGAGGAG

[NM 001777.3F1 t^tgcÄgtgÄtttgÄagÄccä
[ NM 000600.3F1 GGCATTCCTTCTTCTGGTCA

[nM 021127.2F1 CTGGGCTATATACAGTCCTCAAA
I NM_004318.3F1 GGGGTGATTATGACCAGTTGA
I NM 002467.4F1 TGCATGATCAAATGCAACCT
[NM 001773.2F1 TCTTCCGAAAAATCCTCTTCC
[NM 001770.5F1 CTGGGGTCCCAGTCCTATG
[NM 001718.4F1 TGTACTGGGAAGGCAATTTCA
[ NR_023920.1 F1 GAGCCGCTGGGGTTACTC
[ NM 000267.3F1 CAGTTAGTTGCTG CACATG GA
I NM 000633.2F1 TTGCATTTCTTTTGGGGAAG
j NM 000314.4F1 GTCATGCATGCAGATGGAAG
|NM 021151.3F1 GCTGCAGTGAGCTGTGATGT

[nM_002415.1F1 GTTCCTCTCCGAGCTCACC
I NM 004985.3F1 TCCGAAAGTTTCCAATTCCA
I NM 005375.2F1 TTGTTTGGGAGACTCTGCATT

[nm 000555.3F1 GACCCCACTTGGACTGGTAG

[nM 001668.3F1 GTGATCTTG ATTG CGG CTTT
[ NM_025237.2F1 GGGGGAAAAACTACAAGTGC
[NM 021117.3F1 TGATTCCTTTTCCTGCCTGT
I NM 016316.2F1 AAAAACCTCCAGGCCAGACT
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Table 23
[Name Sequence
[ NM 021975.3F1 AATCAAAATAACGCCCCAGA
I NM_004333.4F1 TTGCTAAAAATTGGCAGAGC

[NM 001621.4F1 TTGTTAAGTGCCAAACAAAGGA
[NM 005239.5F1 AAGCTGGGAAGAGCAAAGC
[NM 000485.2F1 AGGACAGAGGGTGGTCGTC
[ NM 004048.2F1 TGAGTGCTGTCTCCATGTTTG
[ NM_001657.2F1 CCTCACAGCTGTTGCTGTTATT

[NM 012238.4F1 AAAACACCCAGCTAGGACCA
j NM 002055.4F1 AACTGAGGCACGAGCAAAGT
j NM 002392.4F1 GCTTTATGGGTGGATGCTGA
j NM_001625.3F1 ATAATATCGCCAGCCTCAGC
|nM 002110.3F1 TCCAGAGTGTGCTGGATGAC

[NM 002943.3F1 TGCAAGCCATTTATGGGAAT
[NM 000059.3F1 TGGAATGAGGTCTCTTAGTACAGTT
[NM 018136.4F1 TCCCAGAAACACCTGTAAGGA
j NM_003467.2F1 TGTCTAGGCAGGACCTGTGG
[ NM 004958.3F1 AGTGATGCTGCGACTCACAC

[nM 006139.3F1 GGCTCAGAAAGTCTCTCTTTCC
j NM 002693.2F1 CTCCCAAACTCAGGCTTTCA
j NM 001080432.2F1 AAAGCGCTGGGATTACAGG
j NM_005954.2F1 CGTCCAGTTGCTTGGAGAAG
j NM 024865.2F1 AATAACCTTGGCTGCCGTCT
I NM 001905.2F1 GGGAATTCTCAGTGCCAACT

[nm 002046.4F1 GCATCCTGGGCTACACTGAG
[ NM 002253.2F1 TG CTG GGAACAATGACTATAAGA
I NM_002356.5F1 GCCTAAAACACTTTGGGTGGT

[ NM 000189.4F1 GGGTGCCCACAAAATAGAGA
j NM 000546.5F1 GAGACTGGGTCTCGCTTTGT
j NM 152860.1F1 TGGGGAAGGCTTTCTCTAGG
|NM 016231.4F1 TTCAACTTGAGTGATCTGAGCTG
I NM_000518.4F1 TATGGGCAACCCTAAGGTGA
j NM 000905.3F1 CGCTGCGACACTACATCAAC
[NM 005038.2F1 TGGAGTCTTGCTCTGTCACC
[NM 000041.2F1 ACGAGGTGAAGGAGCAGGT
[ NM 005957.4F1 CG ATG CCTTTG GGTAG AG AG
[ NR_002785.2F1 ACTGATCGTCCAAGGACTGG

[NM 000321.2F1 AAAAAGAAATCTGGTCTTGTTAGAAAA
[ NM 152756.3F1 TTGAAAAGTGGTAAGGAATTGTGA
j NM 000610.3F1 CACCAAGAATTGATTTTGTAGCC
j NR 033314.1 F1 AAAAATGGGGGAAAATGGTG

|nM_017460.5F1 CATGGTTGAAACCCCATCTC
jNRJ)02196.1F1 TTCAAAGCCTCCACGACTCT

[nm 000591.3F1 GCTGGAACAGGTGCCTAAAG
[NM 000106.5F1 CCCTAAGGGAACGACACTCA
[ NM_138712.3F1 ACCTGCTACAAGCCCTGGA
[ NM 004304.4F1 GGATCCCTAAGACCGTGGAG

[NM 000754.3F1 CCACCTCAGAGGCTCCAA [
j NM 000492.3F1 TGCTGTATTTTAAAAGAATGATTATGA
j NM 000444.4F1 GTAGCTGGGACGCTGGTTTA
j NM_002463.1 F1 ATTCCCTTCCCCCTACAAGA
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[Name Sequence
[ NM 000552.3F1 CCTGAGTGCAACGACATCAC
I NM_005430.3F1 GGGGGAACCAGCAGAAAT
[NM 003150.3F1 GACCTAGGGCGAGGGTTC
[NM 000388.3F1 AATTCCTGAAGCCAGATCCA
[NM 007294.3F1 AAAATGTTTATTGTTGTAGCTCTGG
[ NM 005933.3F1 TTTCAAGAGCTCAACAGATGACA
[ NM_002343.3F1 GACTGCCCGGACAAGTTTT

[ NM 000376.2F1 GAGAAGGTGCCCCAAAATG
[ NM 002462.3F1 AGCCACTGGACTGACGACTT
I NM 021005.3F1 GGAGGACTAGTGAGGGAGGTG
I NM_012343.3F1 GGCAAGTGATGTGGCAATTA
|nM_001741.2F1 GTTGGAGCACCTGGAAAGAA
[NM 0l4417.4F1 ÄtgcctgcctcÄccttcÄt

[NM 014009.3F1 ACAGGGGCACTGTCAACAC
[NM 006908.4F1 AAAAATCATGTGTTGCAGCTTT
[ NM_005228.3F1 TGCTTTCACAACATTTG CAG
[NM 013994.2F1 AATGTTTCCTTGTGCCTGCT
I NM 000639.1 F1 ATATCCTGAGCCATCGGTGA
[NM 002701.4F1 TTTTGGTACCCCAGGCTATG
I NM 000268.3F1 ACCCCGTGGCATTACATAAC
I NM_003140.1 F1 CTTCCAG GAGG CACAGAAAT
|nM_000551.3F1 CTAACCTGGGCGACAGAGTG

[Name Sequence
I NM 144646.3F2 ATATTTGGACATAACAGACTTGGAA

[nR_015342.1F2 TGCTGACTTTTAAAATAAGTGATTCG
I NM 000193.2F2 GCGGCAGAGTAGCCCTAAC
[NM 001777.3F2 TGGGCTATTTCTATTGCTGCT
[NM 000600.3F2 AATGGAAAGTGGCTATGCAG
[NM 021127.2F2 GGTTGTAGTCACTTTAGATGGAAAA
[ NM_004318.3F2 TTTGTTTGACTTTGAGCACCA
[ NM 002467.4F2 AATGTTTCTCTGTAAATATTGCCATT

[nM 001773.2F2 CACCCCCATATGGTCATAGC

[nM 001770.5F2 AGCACCAGGTGATCCTCAG

[nM 001718.4F2 TGTTTTGCTGTAACATTGAAGGA
I NR_023920.1 F2 TAATGCCACAGTGGGGATG
I NM 000267.3F2 GGGCCTAAACTTTGGCAGTT
[NM 000633.2F2 TTTTACCTTCCATGGCTCTTTT
[NM 000314.4F2 GCCTTACTCTGATTCAGCCTCTT
[NM 021151.3F2 CGTAACAAAATTCATTGTGGTGT

[nM_002415.1F2 AGAACCGCTCCTACAGCAAG

[ NM 004985.3F2 GTGCTTTCTTTTGTGGGACA
I NM 005375.2F2 G GGAGTTCTG CATTTG ATCC
I NM 000555.3F2 TGGGTCAGAGGACTTCAAGG
I NM 001668.3F2 AGG GTTCTGATCACATTG CAC
I NM_025237.2F2 CTGCAGGACTGGTCGTTTTT
[NM 021117.3F2 AGGGCAGGGTAGAGAGGGTA
[NM 016316.2F2 TTCTTCCATGCGGAGAAATC
[NM 021975.3F2 CATGGCTGAAGGAAACCAGT
[ NM 004333.4F2 TTGCCAGCTATCACATGTCC
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Table 24
jName Sequence
|NM 001621.4F2 TCTTTTCCTGTACCAGGTTTTTC
j NM_005239.5F2 TGACTG GGAACATCTTG CTG

]NM 000485.2F2 TGGCACCTGTACCCTTCTTC
INM 004048.2F2 TTCAATCTCTTGCACTCAAAGC
|NM 001657.2F2 TGGAGTCACTGCCAAGTCAT
I NM 012238.4F2 TTTGCATGATGTTTGTGTGC
j NM_002055.4F2 GCACCCACTCTGCTTTGACT

j NM 002392.4F2 ÄCCÄTGfÄGCCAGCTTÄCAA

j NM 001625.3F2 GCAACTGGGCATGAGTACCT
jNM 002110.3F2 CCACACCCCCTTCCTACTC
j NM_002943.3F2 AGTCTG CTTATTTCCAG CTGTTT
|nM_000059.3F2 TCCTGTTCAAAAGTCAGGATGA
[nM 018136.4F2 AAATCACAAATCCCCTGCAA i

|NM 003467.2F2 CTGAACATTCCAGAGCGTGT
|NM 004958.3F2 CAGTGGGACCACCCTCACT

)nM_006139.3F2 TCTGTAGATGACCTGGCTTGC
j NM 002693.2F2 TCAGAACCAAGATGCCAACA
j NM 001080432.2F2 CATGACCCAGCCTATGGTTT
j NM 005954.2F2 ACCTCCTG CAAGAAGAG CTG
j NM 024865.2F2 TTGGGAGGCTTTGCTTATTTT
j NM_001905.2F2 CTGGGAAACACTCCTTGCAT
j NM 002046.4F2 CAACGAATTTGGCTACAGCA
j NM 002253.2F2 CAAAGGTCATAATGCTTTCAGC

InM 002356.5F2 TTTGACGTATCTTTTCATCCAA
I NM 000189.4 F2 TGTTGTTGGTTTCCAAAAAGG
j NM_000546.5F2 GCCAACTTTTGCATGTTTTG

jNM 152860.1F2 CCCAAGCTGATCTGGTGGT
|NM 016231.4F2 TGCTGTGAAAGAAACAAACATTG
j NM 000518.4F2 GCACGTGGATCCTGAGAACT
j NM 000905.3F2 CCAGCCCAGAGACACTGATT
j NM_005038.2F2 CACGCCCAGCTAATTTTTGT
j NM 000041.2F2 CCTGGTGGAAGACATGCAG
INM 005957.4F2 TCACACCTGTAATCCCAGCA
I NR 002785.2F2 CAG AG CTCCG CCTCATTAGT

InM 000321.2F2 TCCATTTCATCATTGTTTCTGC
j NM_152756.3F2 TGGTGTTTGTAGGTCACTGAACA

iNM000610.3F2 AACATGGTCCATTCACCTTTATG
j NR 033314.1 F2 AGAGCGAGACTCCGTCTCAA
jNM 017460.5F2 AGTGAGCTGAGATTGCACCA
j NR 002196.1 F2 AGACGGCCTTGAGTCTCAGT
|NM_000591.3F2 GGGAATCCCTTCCTGGTC
j NM 000106.5 F2 CTÄCCTGCCTTTCTCAGCÄG

INM 138712.3F2 TGCAGGTGATCAAGAAGACG
|NM 004304.4F2 GGTTTTGAGCATGGGTTCAT
j NM_000754.3F2 CCAGCCCACTCCTATGGAT
j NM 000492.3F2 AAACTGGGACAGGGGAGAAC

iNM 000444.4F2 TTTGGGTAGGTGACCTGCTT j

j NM 002463.1 F2 TCACTGAACGAATGAGTGCTG
j NM 000552.3F2 ACGATGTGCAGGACCAGTG
j NM_005430.3F2 AATTTGCACTGAAACGTGGA
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[Name Sequence
[NM 003150.3F2 CTGTTGTGGCCCATTAAAGAA
j NM_000388.3F2 TTCCCTCCAGCAGTGGTATT

CÄCCÄÖgÄÄ^^
§NM 005933.3F2 TTTCCTTGTGTTCTTCCAAGC
§NM 002343.3F2 TCGCAGGCATTACTAATCTGAA
[ NM 000376.2F2 CTCTGGCTGGCTAACTGGAA
[ NM_002462.3F2 

[ NM 021005.3F2

AGAGCCCCACCCTCAGAT
KÜOG/V3AGTTCTCC4^^

j NM 012343.3F2 TGCCTGTTACAAATATCAAGGAA

[nM 001741.2F2 TTTCCCTTCTTGCATCCTTC

[nM_014417.4F2
I NM 014009.3F2

TGTGACCACTGGCATTCATT

CTCACACACACGGCCTGTTA

[NM 006908.4F2 CACTTGACCAATACTGACCCTCT
§NM 005228.3F2 GTGTGTGCCCTGTAACCTGA
§NM 013994.2F2 CCACTTCCCACTTGCAGTCT
[NM_000639.1F2

[NM 002701.4F2
TGTGTGTGTGTGTGTGTGTGT
kFcCCATOC/FtoSÜ^^

[ NM 000268.3F2 TCTAAGTGTTCCTCACTGACAGG
j NM 003140.1 F2 TACTCTGCAGCGAAGTGCAA

|nM 000551.3F2 CCAAGATCACACCATTGCAC

[NM 144646.3F2 ATATTTGGACATAACAGACTTGGAA

Table 25
§Gene [Number of reads Number of labels breads per kb/million (RPKM)

[APOE

|aprt

[areg

[aspm

[1585

[11280

408

[103.4

[B2M I209362 698 [3891.7

[BBC3
|bCL2

[BDNF

§CD19

[3627

[0.0

[33.2

[CD44[6789

[COMT
[CTPS1

|CXCR4

[CYP3A4

[2828 

13998 
j10547 

§80982

[8.1 
110.7

125.4

[DCXi—uu——
[ETS2
tFASLG

24

[HCK

|hK2

[LTF 

[MARCKS

[3182 
^8877
1227129

[294 

[593 
§119449

[126
Fl563

565

[0.0

[0.0

10.2 
j------
[11.3 

§3870.8

454

[2.4 
112.7

I438.9

§0.0

[36.9

[17775 89 [760.4
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[ Table 25

[Gene [ Number of reads Number of labels [reads per kb/million (RPKM)
§MLL ^72 9 |2.6 ;

[MTHFR [4854 282 [3.9 ;

[MX1 1100701 285 [119.0 !

[MX2 [2145 13 I45.2

[MYB [18361 100

coC
\j

[MYC [6859 27 [130.5 :

|nfi I4 1 [3.7

[NNT [ 15673 78 [14.1
[PMAIPI 150604 244 [126.9

[POLG [5163 46 [7.4

[POU5F1 11924 12 [1.0
[PPID [27354 303 [39.0

[PTEN [20884 109 [51.6 [

|raci [ 12454 67 [44.8

Irbi [ 1420 14 [46.1

[RELA [3893 26 [-I7.9

[RICTOR [δ98 5 [5.2

[RORA 1954 7 |o.i

|sost h 1 [O.O

[SP7 Η 1 [O.O

[STAT3 1706 28 [16.9
[tP53 [900 34 [l4.6

[VHL [11576 106 [0.0 I

[0561] While preferred embodiments of the present invention have been shown and described herein, it will be obvious to those skilled in 
the art that such embodiments are provided by way of example only. Numerous variations, changes, and substitutions will now occur to 
those skilled in the art without departing from the invention. It should be understood that various alternatives to the embodiments of the 
invention described herein may be employed in practicing the invention.

[0562] The publications discussed herein are provided solely for their disclosure prior to the filing date of the present application. Nothing 
herein is to be construed as an admission that the present invention is not entitled to antedate such publication by virtue of prior invention. 
Further, the dates of publication provided may be different from the actual publication dates which may need to be independently confirmed.

EMBODIMENTS

[0563] Disclosed herein are methods for analyzing molecules in two or more samples. The method may comprise: a) producing a plurality 
of sample-tagged nucleic acids by: i) contacting a first sample comprising a plurality of nucleic acids with a plurality of first sample tags to 
produce a plurality of first sample-tagged nucleic acids; and ii) contacting a second sample comprising a plurality of nucleic acids with a 
plurality of second sample tags to produce a plurality of second sample-tagged nucleic acids, wherein the plurality of second sample tags 
are different from the first sample tags; b) contacting the plurality of sample-tagged nucleic acids with a plurality of molecular identifier labels 
to produce a plurality of labeled nucleic acids; and c) detecting at least one of the labeled nucleic acids, thereby determining a count of a 
plurality of nucleic acids in a plurality of samples. One or more of the plurality of samples may comprise a single cell or cell lysate. One or 
more of the plurality of samples may consist of a single cell. The sample tag may comprise a cellular label that identifies the cell from which 
the labeled nucleic acids originated from. The plurality of samples consisting of a single cell may be from one or more sources. The sample 
tag may comprise a sample index region that identifies the source of the single cell. The molecular identifier labels may be referred to as a 
molecular label. One or more of the plurality of samples may comprise fewer than 1,000,000 cells. One or more of the plurality of samples 
may comprise fewer than 100,000 cells. One or more of the plurality of samples may comprise fewer than 10,000 cells. One or more of the 
plurality of samples may comprise fewer than 1,000 cells. One or more of the plurality of the samples may comprise fewer than 100 cells. 
One or more of the plurality of samples may comprise a cell lysate.

[0564] Alternatively, the method for analyzing molecules in a plurality of samples may comprise: a) producing a plurality of labeled nucleic 
acids comprising: i) contacting a first sample with a first plurality of sample tags, wherein the first plurality of sample tags comprise identical 
nucleic acid sequences; ii) contacting the first sample with a first plurality of molecular identifier labels comprising different nucleic acid 
sequences, thereby producing a plurality of first-labeled nucleic acids; iii) contacting a second sample with a second plurality of sample tags, 
wherein the second plurality of sample tags comprise identical nucleic acid sequences; iv) contacting the second sample with a second
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plurality of molecular identifier labels comprising different nucleic acid sequences, thereby producing a plurality of second-labeled nucleic 
acids, wherein the plurality of labeled nucleic acids comprises the plurality of first-labeled nucleic acids and the second-labeled nucleic 
acids; and b) determining a number of different labeled nucleic acids, thereby determining a count of a plurality of nucleic acids in a plurality 
of samples. The sample tag may comprise a cellular label that identifies the cell from which the labeled nucleic acids originated from. The 
sample tag may comprise a sample index region that identifies the source of the single cell. The molecular identifier labels may be referred 
to as a molecular label.

[0565] Alternatively, the method for analyzing molecules in a plurality of samples may comprise: a) contacting a plurality of samples 
comprising two or more different nucleic acids with a plurality of sample tags and a plurality of molecular identifier labels to produce a 
plurality of labeled nucleic acids, wherein: i) the plurality of labeled nucleic acids comprise two or more nucleic acids attached to two or more 
sample tags and two or more molecular identifier labels; ii) the sample tags attached to nucleic acids from a first sample of the plurality of 
samples are different from the sample tags attached to nucleic acid molecules from a second sample of the plurality of samples; and iii) two 
or more identical nucleic acids in the same sample are attached to two or more different molecular identifier labels; and b) detecting at least 
a portion of the labeled nucleic acids, thereby determining a count of two or more different nucleic acids in the plurality of samples. The 
sample tag may comprise a cellular label that identifies the cell from which the labeled nucleic acids originated from. The sample tag may 
comprise a sample index region that identifies the source of the single cell. The molecular identifier labels may be referred to as a molecular 
label.

[0566] Further disclosed herein are methods for analyzing molecules in a plurality of samples comprising: a) contacting a first plurality of 
molecules from a first sample of a plurality of samples with a first set of molecular barcodes to produce a first plurality of labeled molecules, 
wherein a molecular barcode of the first plurality of molecular barcodes comprises a label region and a sample index region; b) contacting a 
second plurality of molecules from a second sample of the plurality of samples with a second set of molecular barcodes to produce a 
second plurality of labeled molecules, wherein a molecular barcodes of the second plurality of molecular barcodes comprises a label region 
and a sample index region, and wherein the first plurality of molecular barcodes and the second plurality of molecular barcodes differ at 
least by the sample index region of the molecular barcodes; and c) detecting at least a portion of two or more molecules of the first plurality 
of labeled molecules and at least a portion of two or more molecules of the second plurality of labeled molecules, thereby determining a 
count of the two or more molecules in the plurality of samples. The first plurality of molecules may comprise nucleic acid molecules. The 
second plurality of molecules may comprise nucleic acid molecules. The label region may be referred to as a molecular label. The molecular 
barcode may further comprise a cellular label. In instances in which a sample of the plurality of samples consists of a single cell, the sample 
index region may refer to the cellular label.

[0567] Disclosed herein is a method of selecting a custom primer, comprising: a) a first pass, wherein primers chosen comprise: i) no more 
than three sequential guanines, no more than three sequential cytosines, no more than four sequential adenines, and no more than four 
sequential thymines; ii) at least 3, 4, 5, or 6 nucleotides that are guanines or cytosines; and iii) a sequence that does not easily form a 
hairpin structure; b) a second pass, comprising: i) a first round of choosing a plurality of sequences that have high coverage of all 
transcripts; and ii) one or more subsequent rounds, selecting a sequence that has the highest coverage of remaining transcripts and a 
complementary score with other chosen sequences of no more than 4; and c) adding sequences to a picked set until a coverage saturates 
or a total number of customer primers is less than or equal to about 96.

[0568] Further disclosed herein is a method for producing a labeled molecule library comprising: a) producing a plurality of sample-tagged 
nucleic acids by: i) contacting a first sample comprising a plurality of nucleic acids with a plurality of first sample tags to produce a plurality of 
first sample-tagged nucleic acids; and ii) contacting a second sample comprising a plurality of nucleic acids with a plurality of second sample 
tags to produce a plurality of second sample-tagged nucleic acids, wherein the plurality of first sample tags are different from the second 
sample tags; and b) contacting the plurality of sample-tagged nucleic acids with a plurality of molecular identifier labels to produce a plurality 
of labeled nucleic acids, thereby producing a labeled nucleic acid library.

[0569] Disclosed herein are kits for use in analyzing molecules in a plurality of samples. The kit may comprise: a) two or more sets of 
molecular barcodes, wherein a molecular barcode of the set of one or more molecular barcodes comprise a sample index region and a 
label region, wherein (i) the sample index regions of the molecular barcodes of a set of molecular barcodes is the same; and (ii) the sample 
index regions of a first set of molecular barcodes are different from the sample index regions of a second set of molecular barcodes; and b) 
a plurality of beads. The two or more sets of molecular barcodes may be attached to the plurality of beads. The two or more sets of 
molecular barcodes may be conjugated to the bead. The label region may be referred to as a molecular label. The molecular barcode may 
further comprise a cellular label. In instances in which a sample of the plurality of samples consists of a single cell, the sample index region 
may refer to a cellular label.

[0570] The kit for analyzing molecules in a plurality of samples may comprise: a) a first container comprising a first plurality of molecular 
barcodes, wherein: (i) a molecular barcode comprises a sample index region and a label region; (ii) the sample index regions of at least 
about 80% of the total number of molecular barcodes of the first plurality of molecular barcodes are identical; and (iii) the label regions of 
two or more barcodes of the first plurality of molecular barcodes are different; and (b) a second container comprising a second plurality of 
molecular barcodes, wherein: (i) a molecular barcode comprises a sample index region and a label region; (ii) the sample index regions of 
at least about 80% of the total number of molecular barcodes of the first plurality of molecular barcodes are identical; and (iii) the label 
regions of two or more barcodes of the first plurality of molecular barcodes are different; wherein the sample index regions of the first 
plurality of molecular barcodes is different from the sample index regions of the second plurality of molecular barcodes.. The label region 
may be referred to as a molecular label. The molecular barcode may further comprise a cellular label. In instances in which a sample of the 
plurality of samples consists of a single cell, the sample index region may refer to a cellular label.
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[0571] Alternatively, the kit for analyzing molecules in a plurality of samples comprises: a) a first container comprising a first plurality of 
sample tags, wherein the plurality of sample tags comprises the same nucleic acid sequence; and b) a second container comprising a first 
plurality of molecular identifier labels, wherein the plurality of molecular identifier labels comprises two or more different nucleic acid 
sequences. The label region may be referred to as a molecular label. In instances in which a sample of the plurality of samples consists of a 
single cell, the sample tag may refer to a cellular label. The kit may further comprise a third container comprising a first plurality of cellular 
labels, wherein the plurality of cellular labels comprises two or more different nucleic acid sequences.

[0572] The kits and methods disclosed herein may comprise one or more sets of molecular barcodes. The kits and methods disclosed 
herein may comprise one or more molecular barcodes. The molecular barcodes may comprise a sample index region, molecular label 
region, cellular label region, or a combination thereof. At least two molecular barcodes of a set of molecular barcodes may comprise two or 
more different label regions. Label regions of two or more molecular barcodes of two or more sets of molecular barcodes may be identical. 
Two or more sets of molecular barcodes may comprise molecular barcodes comprising the same label region. In instances in which a 
sample of the plurality of samples consists of a single cell, the sample tag may refer to a cellular label.

[0573] The molecular barcodes disclosed herein may comprise a sample index region. The sample index region of molecular barcodes of 
two or more sets of molecular barcodes may be different. The sample index region may comprise one or more nucleotides. Two or more 
sequences of sample index regions of two or more different sets of molecular barcodes may be less than about 90%, 85%, 80%, 75%, 70%, 
65%, 60%, 55%, 50%, 45%, 40%, 35%, 30%, 25%, 20%, 15%, 10%, or 5% homologous. Two or more sequences of sample index regions of 
two or more different sets of molecular barcodes may be less than about 80% homologous. Two or more sequences of sample index 
regions of two or more different sets of molecular barcodes may be less than about 60% homologous. Two or more sequences of sample 
index regions of two or more different sets of molecular barcodes may be less than about 40% homologous. Two or more sequences of 
sample index regions of two or more different sets of molecular barcodes may be less than about 20% homologous.

[0574] The molecular barcodes disclosed herein may comprise a cellular label. The cellular label of molecular barcodes of two or more sets 
of molecular barcodes may be different. The cellular label may comprise one or more nucleotides. Two or more sequences of cellular labels 
of two or more different sets of molecular barcodes may be less than about 90%, 85%, 80%, 75%, 70%, 65%, 60%, 55%, 50%, 45%, 40%, 
35%, 30%, 25%, 20%, 15%, 10%, or 5% homologous. Two or more sequences of cellular labels of two or more different sets of molecular
barcodes may be less than about 80% homologous. Two or more sequences of cellular labels of two or more different sets of molecular
barcodes may be less than about 60% homologous. Two or more sequences of cellular labels of two or more different sets of molecular
barcodes may be less than about 40% homologous. Two or more sequences of cellular labels of two or more different sets of molecular
barcodes may be less than about 20% homologous.

[0575] The molecular barcode disclosed herein may further comprise a universal PCR region. The molecular barcode may further comprise 
a target-specific region. The molecular barcode may comprise one or more nucleotides. The label region may comprise one or more 
nucleotides. The sample index region may comprise one or more nucleotides. The universal PCR region may comprise one or more 
nucleotides. The target-specific region may comprise one or more nucleotides.

[0576] The kits and methods disclosed herein may comprise one or more sets of sample tags. The kits and methods disclosed herein may 
comprise one or more sample tags. The sample tags may comprise a sample index region. The sample index region of the sample tags of 
a first set of sample tags may be different from the sample index region of the sample tags of a second set of sample tags. The sample 
index region may comprise one or more nucleotides. Two or more sequences of sample index regions of two or more different sets of 
sample tags may be less than about 90%, 85%, 80%, 75%, 70%, 65%, 60%, 55%, 50%, 45%, 40%, 35%, 30%, 25%, 20%, 15%, 10%, or 5% 
homologous. Two or more sequences of sample index regions of two or more different sets of sample tags may be less than about 80%
homologous. Two or more sequences of sample index regions of two or more different sets of sample tags may be less than about 60%
homologous. Two or more sequences of sample index regions of two or more different sets of sample tags may be less than about 40%
homologous. Two or more sequences of sample index regions of two or more different sets of sample tags may be less than about 20%
homologous.

[0577] The kits and methods disclosed herein may comprise one or more sets of molecular identifier labels. The kits and methods disclosed 
herein may comprise one or more molecular identifier labels. The molecular identifier labels may comprise a label region. The label regions 
of two or more molecular identifier labels of a set of molecular identifier labels may be different. The label region may comprise one or more 
nucleotides. A sequence of label regions of two or more molecular identifier labels of a set of molecular identifier labels may be less than 
about 90%, 85%, 80%, 75%, 70%, 65%, 60%, 55%, 50%, 45%, 40%, 35%, 30%, 25%, 20%, 15%, 10%, or 5% homologous. A sequence of 
label regions of two or more molecular identifier labels of a set of molecular identifier labels may be less than about 80% homologous. A 
sequence of label regions of two or more molecular identifier labels of a set of molecular identifier labels may be less than about 60% 
homologous. A sequence of label regions of two or more molecular identifier labels of a set of molecular identifier labels may be less than 
about 40% homologous. A sequence of label regions of two or more molecular identifier labels of a set of molecular identifier labels may be 
less than about 20% homologous. A label region may be referred to as a cellular label region.

[0578] The kits and methods disclosed herein may further comprise one or more primers. The one or more primers may comprise a 
sequence that is at least partially complementary to the universal PCR region. The one or more primers may comprise a sequence that is at 
least about 50% complementary to the universal PCR region. The one or more primers may comprise a sequence that is at least about 80% 
complementary to the universal PCR region.
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[0579] The kits and methods disclosed herein may further comprise one or more amplification agents. The amplification agents may 
comprise a fixed panel of primers. The amplification agents may comprise one or more custom primers. The amplification agents may 
comprise one or more control primers. The amplification agents may comprise one or more housekeeping gene primers. The amplification 
agents may comprise one or more PCR reagents. The one or more PCR reagents may comprise polymerases, deoxyribonucleotide 
triphosphates (dNTPs), buffers, or a combination thereof.

[0580] The kits and methods disclosed herein may further comprise one or more beads. The molecular barcodes may be attached to the 
one or more beads. The sample tags may be attached to the one or more beads. The molecular identifier labels may be attached to the 
one or more beads.

[0581] Further disclosed herein are methods for generating one or more sets of beads. The method may comprise: a) depositing a plurality 
of first nucleic acids into a plurality of wells, wherein two or more different wells of the plurality of wells may comprise two or more different 
nucleic acids of the plurality of nucleic acids; b) contacting one or more wells of the plurality of wells with one or fewer beads to produce a 
plurality of single label beads, wherein a single label bead of the plurality of first labeled beads comprises a bead attached to a nucleic acid 
of the plurality of first nucleic acids; c) pooling the plurality of first labeled beads from the plurality of wells to produce a pool of first labeled 
beads; d) distributing the pool of first labeled beads to a subsequent plurality of wells, wherein two or more wells of the subsequent plurality 
of wells comprise two or more different nucleic acids of a plurality of subsequent nucleic acids; and e) attaching one or more nucleic acids of 
the plurality of subsequent nucleic acids to one or more first labeled beads to produce a plurality of uniquely labeled beads.

[0582] The methods and kits disclosed herein may be used to analyze a plurality of nucleic acids. The methods and kits disclosed herein 
may be used to analyze less than about 100,000,000 nucleic acids. The methods and kits disclosed herein may be used to analyze less 
than about 10,000,000 nucleic acids. The methods and kits disclosed herein may be used to analyze less than about 1,000,000 nucleic 
acids. Further disclosed herein are methods of analyzing a plurality of proteins. The method may comprise: a) producing a plurality of 
sample-tagged polypeptides by: i) contacting a first sample comprising a plurality of polypeptides with a plurality of first sample tags to 
produce a plurality of first sample-tagged polypeptides; and ii) contacting a second sample comprising a plurality of polypeptides with a 
plurality of second sample tags to produce a plurality of second sample-tagged polypeptides, wherein the plurality of first sample tags are 
different from the plurality of second sample tags; b) contacting the plurality of sample-tagged polypeptides with a plurality of molecular 
identifier labels to produce a plurality of labeled polypeptides; and c) detecting at least a portion of the labeled polypeptides, thereby 
determining a count of the plurality of polypeptides in the plurality of samples.

[0583] The methods of analyzing polypeptides in a plurality of samples may further comprise determining the identity of one or more 
labeled polypeptides. Determining the identity of the one or more labeled polypeptides may comprise mass spectrometry. The method may 
further comprise combining the labeled polypeptides of the first sample with the labeled polypeptides of the second sample. The labeled 
polypeptides may be combined prior to determining the number of different labeled polypeptides. The method may further comprise 
combining the first sample-tagged polypeptides and the second sample-tagged polypeptides. The first sample-tagged polypeptides and the 
second sample-tagged polypeptides may be combined prior to contact with the plurality of molecular identifier labels. Determining the 
number of different labeled polypeptides may comprise detecting at least a portion of the tagged labeled polypeptide. Detecting at least a 
portion of the tagged labeled polypeptide may comprise detecting at least a portion of the sample tag, molecule-specific tag, polypeptide, or 
a combination thereof.

[0584] The methods disclosed herein may comprise contacting a plurality of samples with a plurality of sample tags and a plurality of 
molecular identifier labels. Contacting the plurality of samples with the plurality of sample tags and the plurality of molecular identifier labels 
may occur simultaneously. Contacting the plurality of samples with the plurality of sample tags and the plurality of molecular identifier labels 
may occur concurrently. Contacting the plurality of samples with the plurality of sample tags and the plurality of molecular identifier labels 
may occur sequentially. Contacting the plurality of samples with the plurality of sample tags may occur prior to contacting the plurality of 
samples with the plurality of molecular identifier labels. Contacting the plurality of samples with the plurality of sample tags may occur after 
contacting the plurality of samples with the plurality of molecular identifier labels.

[0585] The methods disclosed herein may comprise contacting a first sample with a first plurality of sample tags and a first plurality of 
molecular identifier labels. Contacting the first sample with the first plurality of sample tags and the first plurality of molecular identifier labels 
may occur simultaneously. Contacting the first sample with the first plurality of sample tags and the first plurality of molecular identifier labels 
may occur concurrently. Contacting the first sample with the first plurality of sample tags and the first plurality of molecular identifier labels 
may occur sequentially. Contacting the first sample with the first plurality of sample tags may occur prior to contacting the first sample with 
the first plurality of molecular identifier labels. Contacting the first sample with the first plurality of sample tags may occur after contacting the 
first sample with the first plurality of molecular identifier labels.

[0586] The methods disclosed herein may comprise contacting a second sample with a second plurality of sample tags and a second 
plurality of molecular identifier labels. Contacting the second sample with the second plurality of sample tags and the second plurality of 
molecular identifier labels may occur simultaneously. Contacting the second sample with the second plurality of sample tags and the second 
plurality of molecular identifier labels may occur concurrently. Contacting the second sample with the second plurality of sample tags and 
the second plurality of molecular identifier labels may occur sequentially. Contacting the second sample with the second plurality of sample 
tags may occur prior to contacting the second sample with the second plurality of molecular identifier labels. Contacting the second sample 
with the second plurality of sample tags may occur after contacting the second sample with the second plurality of molecular identifier 
labels.
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[0587] The methods and kits disclosed herein may further comprise combining two or more samples. The methods and kits disclosed 
herein may further comprise combining the first sample and the second sample. The first and second samples may be combined prior to 
contact with the plurality of molecular identifier labels. The first and second samples may be combined prior to detecting the labeled nucleic 
acids. The two or more samples may be combined prior to stochastically labeling two or more molecules in the two or more samples. The 
two or more samples may be combined after stochastically labeling two or more molecules in the two or more samples. The two or more 
samples may be combined prior to detecting two or more molecules in the two or more samples. The two or more samples may be 
combined after detecting two or more molecules in the two or more samples. The two or more samples may be combined prior to analyzing 
two or more molecules in the two or more samples. The two or more samples may be combined after analyzing two or more molecules in 
the two or more samples. The two or more samples may be combined prior to conducting one or more assays on two or more molecules in 
the two or more samples. The two or more samples may be combined after conducting one or more assays on two or more molecules in 
the two or more samples.

[0588] The methods and kits disclosed herein may comprise conducting one or more assays on two or more molecules in a sample. The 
one or more assays may comprise one or more amplification reactions. The methods and kits disclosed herein may further comprise 
conducting one or more amplification reactions to produce labeled nucleic acid amplicons. The labeled nucleic acids may be amplified prior 
to detecting the labeled nucleic acids. The method may further comprise combining the first and second samples prior to conducting the 
one or more amplification reactions.

[0589] The amplification reactions may comprise amplifying at least a portion of the sample tag. The amplification reactions may comprise 
amplifying at least a portion of the label. The amplification reactions may comprise amplifying at least a portion of the sample tag, label, 
nucleic acid, or a combination thereof. The amplification reactions may comprise amplifying at least about 1%, 5%, 10%, 15%, 20%, 25%, 
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% of the total number of nucleic acids of the plurality 
of nucleic acids. The amplification reactions may comprise amplifying at least about 1 % of the total number of nucleic acids of the plurality of 
nucleic acids. The amplification reactions may comprise amplifying at least about 5% of the total number of nucleic acids of the plurality of 
nucleic acids. The amplification reactions may comprise amplifying at least about 1%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% of the total number of labeled nucleic acids of the plurality of labeled 
nucleic acids. The amplification reactions may comprise amplifying at least about 1% of the total number of labeled nucleic acids of the 
plurality of labeled nucleic acids. The amplification reactions may comprise amplifying at least about 5% of the total number of labeled 
nucleic acids of the plurality of labeled nucleic acids. The amplification reactions may comprise amplifying at least about 10% of the total 
number of labeled nucleic acids of the plurality of labeled nucleic acids. The amplification reactions may comprise amplifying less than about 
95%, 90%, 80%, 70%, 60% or 50% of the total number of nucleic acids of the plurality of nucleic acids. The amplification reactions may 
comprise amplifying less than about 50% of the total number of nucleic acids of the plurality of nucleic acids. The amplification reactions 
may comprise amplifying less than about 20% of the total number of nucleic acids of the plurality of nucleic acids. The amplification 
reactions may comprise amplifying less than about 10% of the total number of nucleic acids of the plurality of nucleic acids. The 
amplification reactions may comprise amplifying less than about 95%, 90%, 80%, 70%, 60% or 50% of the total number of labeled nucleic 
acids of the plurality of labeled nucleic acids. The amplification reactions may comprise amplifying less than about 40% of the total number 
of labeled nucleic acids of the plurality of labeled nucleic acids. The amplification reactions may comprise amplifying less than about 25% of 
the total number of labeled nucleic acids of the plurality of labeled nucleic acids. The amplification reactions may comprise amplifying less 
than about 10% of the total number of labeled nucleic acids of the plurality of labeled nucleic acids.

[0590] The one or more amplification reactions may result in amplification of about 1, 2, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 
75, 80, 85, 90, 95, 100, 200, 300, 400, 500, 600, 700, 800, 900 or 1000 targeted nucleic acids in a sample. The one or more amplification 
reactions may result in amplification of about 2000 targeted nucleic acids in a sample. The one or more amplification reactions may result in 
amplification of about 1000 targeted nucleic acids in a sample. The one or more amplification reactions may result in amplification of about 
2000 targeted molecules. The one or more amplification reactions may result in amplification of about 100 targeted nucleic acids in a 
sample.

[0591] The amplification reactions may comprise one or more polymerase chain reactions (PCRs). The one or more polymerase chain 
reactions may comprise multiplex PCR, nested PCR, absolute PCR, HD-PCR, Next Gen PCR, digital RTA, or any combination thereof. The 
one or more polymerase chain reactions may comprise multiplex PCR. The one or more polymerase chain reactions may comprise nested 
PCR.

[0592] Conducting the one or more amplification reactions may comprise the use of one or more primers. The one or more primers may 
comprise one or more oligonucleotides. The one or more oligonucleotides may comprise at least about 7-9 nucleotides. The one or more 
oligonucleotides may comprise less than 12-15 nucleotides. The one or more primers may anneal to at least a portion of the plurality of 
labeled nucleic acids. The one or more primers may anneal to the 3' end and/or 5' end of the plurality of labeled nucleic acids. The one or 
more primers may anneal to an internal region of the plurality of labeled nucleic acids. The internal region may be at least about 50, 100, 
150, 200, 220, 230, 240, 250, 260, 270, 280, 290, 300, 310, 320, 330, 340, 350, 360, 370, 380, 390, 400, 410, 420, 430, 440, 450, 460, 
470, 480, 490, 500, 510, 520, 530, 540, 550, 560, 570, 580, 590, 600, 650, 700, 750, 800, 850, 900 or 1000 nucleotides from the 3' ends 
the plurality of labeled nucleic acids. The internal region may be at least about 2000 nucleotides from the 3' ends the plurality of labeled 
nucleic acids. The one or more primers may comprise a fixed panel of primers. The one or more primers may comprise at least one or 
more custom primers. The one or more primers may comprise at least one or more control primers. The one or more primers may 
comprise at least one or more housekeeping gene primers. The one or more oligonucleotides may comprise a sequence selected from a 
group consisting of sequences in Table 1. The one or more primers may comprise a universal primer. The universal primer may anneal to a 
universal primer binding site. The universal primer may anneal to a universal PCR region. The one or more custom primers may anneal to
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at least a portion of a sample tag. The one or more custom primers may anneal to at least a portion of a molecular identifier label. The one 
or more custom primers may anneal to at least a portion of a molecular barcode. The one or more custom primers may anneal to the first 
sample tag, the second sample tag, the molecular identifier label, the nucleic acid or a product thereof. The one or more primers may 
comprise a universal primer and a custom primer. The one or more primers may comprise at least about 96 or more custom primers. The 
one or more primers may comprise at least about 960 or more custom primers. The one or more primers may comprise at least about 9600 
or more custom primers. The one or more custom primers may anneal to two or more different labeled nucleic acids. The two or more 
different labeled nucleic acids may correspond to one or more genes.

[0593] Multiplex PCR reactions may comprise a nested PCR reaction. The nested PCR reaction may comprise a pair of primers comprising 
a first primer and a second primer. The first primer may anneal to a region of one or more nucleic acids of the plurality of nucleic acids. The 
region of the one or more nucleic acids may be at least about 300 to 400 nucleotides from the 3' end of the one or more nucleic acids. The 
second primer may anneal to a region of one or more nucleic acids of the plurality of nucleic acids. The region of the one or more nucleic 
acids may be at least 200 to 300 nucleotides from the 3' end of the one or more nucleic acids.

[0594] The methods and kits disclosed herein may further comprise conducting one or more cDNA synthesis reactions to produce one or 
more cDNA copies of the molecules or derivatives thereof (e.g., labeled molecules). The one or more cDNA synthesis reactions may 
comprise one or more reverse transcription reactions.

[0595] The methods and kits disclosed herein may comprise one or more samples. The methods and kits disclosed herein may comprise a 
plurality of samples. The plurality of samples may comprise at least about 2, 3, 4, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90 or 100 or more 
samples. The plurality of samples may comprise at least about 100, 200, 300, 400, 500, 600, 700, 800, 900 or 1000 or more samples. The 
plurality of samples may comprise at least about 1000, 2000, 3000, 4000, 5000, 6000, 7000, 8000 samples, 9000, or 10,000 samples, or 
100,000 samples, or 1,000,000 or more samples. The plurality of samples may comprise at least about 10,000 samples. The plurality of 
samples may comprise at least about 2 samples. The plurality of samples may comprise at least about 5 samples. The plurality of samples 
may comprise at least about 10 samples. The plurality of samples may comprise at least about 50 samples. The plurality of samples may 
comprise at least about 100 samples.

[0596] The methods and kits disclosed herein may comprise one or more samples comprising one or more cells. The methods and kits 
disclosed herein may comprise two or more samples comprising one or more cells. A first sample may comprise one or more cells. A 
second sample may comprise one or more cells. The one or more cells of the first sample may be of the same cell type as the one or more 
cells of the second sample.

[0597] The methods and kits disclosed herein may comprise a plurality of samples. The plurality of samples may be from one or more 
subjects. The plurality of samples may be from two or more subjects. The plurality of samples may be from the same subject. The two or 
more subjects may be from the same species. The two or more subjects may be from different species. The plurality of samples may be 
from one or more sources. The plurality of samples may be from two or more sources. The plurality of samples may be from the same 
subject. The two or more sources may be from the same species. The two or more sources may be from different species.

[0598] The plurality of samples may be obtained concurrently. The plurality of samples may be obtained sequentially. The plurality of 
samples may be obtained over two or more time periods. The two or more time periods may be one or more hours apart. The two or more 
time periods may be one or more days apart. The two or more time periods may be one or more weeks apart. The two or more time 
periods may be one or more months apart. The two or more time periods may be one or more years apart.

[0599] The plurality of samples may be from one or more bodily fluids, tissues, cells, organs, or muscles. The plurality of samples may 
comprise one or more blood samples.

[0600] The methods and kits disclosed herein may comprise one or more samples comprising one or more nucleic acids. Two or more 
samples may comprise one or more nucleic acids. Two or more samples may comprise two or more nucleic acids. The one or more nucleic 
acids of a first sample may be different from one or more nucleic acids of a second sample. The nucleic acids in a first sample may be at 
least about 50% identical to the nucleic acids in a second sample. The nucleic acids in a first sample may be at least about 70% identical to 
the nucleic acids in a second sample. The nucleic acids in a first sample may be at least about 80% identical to the nucleic acids in a second 
sample.

[0601] The plurality of nucleic acids in the one or more samples may comprise two or more identical sequences. At least about 5%, 10 %, 
15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 100% of the total nucleic acids in the one 
or more samples may comprise the same sequence. The plurality of nucleic acids in one or more samples may comprise at least two 
different sequences. At least about 5%, 10 %, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 
95%, 100% of the total nucleic acids in the one or more samples may comprise different sequences.

[0602] The plurality of nucleic acids may comprise RNA, DNA, cDNA, mRNA, genomic DNA, small RNA, non-coding RNA, or other nucleic 
acid contents of a cell. The plurality of nucleic acids may comprise mRNA. The plurality of nucleic acids may comprise RNA. The plurality of 
nucleic acids may comprise mRNA. The plurality of nucleic acids may comprise DNA.

[0603] The methods and kits disclosed herein may comprise one or more sample tags. The methods and kits disclosed herein may 
comprise one or more pluralities of sample tags. The sample tags may comprise a sample index region. The sample index region of a first
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plurality of sample tags may be different from the sample index region of a second plurality of sample tags. The sample tags may comprise 
one or more nucleotides.

[0604] The sample tags may comprise at least about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95 or 100 
nucleotides. The sample tags may comprise at least about 5 or more nucleotides. The sample tags may comprise at least about 10 or more 
nucleotides. The sample tags may comprise less than about 200 nucleotides. The sample tags may comprise less than about 100 
nucleotides. The sample tags may comprise less than about 60 nucleotides.

[0605] The sample tags may further comprise a universal primer binding site. The sample tags may further comprise a universal PCR 
region. The sample tags may further comprise one or more adaptor regions. The sample tags may further comprise one or more target- 
specific regions.

[0606] The methods and kits disclosed herein may comprise one or more molecular identifier labels. The methods and kits disclosed herein 
may comprise one or more pluralities of molecular identifier labels. The one or more pluralities of molecular identifier labels may comprise 
two or more different molecular identifier labels. The one or more pluralities of molecular identifier labels may comprise 50 or more different 
molecular identifier labels. The one or more pluralities of molecular identifier labels may comprise 90 or more different molecular identifier 
labels. The one or more pluralities of molecular identifier labels may comprise 100 or more different molecular identifier labels. The one or 
more pluralities of molecular identifier labels may comprise 300 or more different molecular identifier labels. The one or more pluralities of 
molecular identifier labels may comprise 500 or more different molecular identifier labels. The one or more pluralities of molecular identifier 
labels may comprise 960 or more different molecular identifier labels. The one or more pluralities of molecular identifier labels may 
comprise multiple copies of one or more molecular identifier labels. Two or more pluralities of molecular identifier labels may comprise one 
or more identical molecular identifier labels. Two or more pluralities of molecular identifier labels may comprise 10 or more identical 
molecular identifier labels. The molecular identifier labels of a first plurality of molecular identifier labels may be at least about 30% identical 
to the molecular identifier labels of a second plurality of molecular identifier labels. The molecular identifier labels of a first plurality of 
molecular identifier labels may be at least about 50% identical to the molecular identifier labels of a second plurality of molecular identifier 
labels. The molecular identifier labels of a first plurality of molecular identifier labels may be at least about 80% identical to the molecular 
identifier labels of a second plurality of molecular identifier labels.

[0607] The molecular identifier labels may comprise a label region (e.g., molecular label region, molecular index region). The label region of 
two or more molecular identifier labels of a first plurality of molecular identifier labels may be different. One or more pluralities of molecular 
identifier labels may comprise at least about 20 different label regions. One or more pluralities of molecular identifier labels may comprise at 
least about 50 different label regions. One or more pluralities of molecular identifier labels may comprise at least about 96 different label 
regions. One or more pluralities of molecular identifier labels may comprise at least about 200 different label regions. One or more 
pluralities of molecular identifier labels may comprise at least about 500 different label regions. One or more pluralities of molecular 
identifier labels may comprise at least about 960 different label regions.

[0608] The molecular identifier labels may comprise at least about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more nucleotides. The molecular identifier 
labels may comprise at least about 20, 30, 40, 50 or more nucleotides. The molecular identifier labels may comprise at least about 21 
nucleotides.

[0609] The molecular identifier labels may further comprise a target-specific region. The target-specific region may comprise an oligodT 
sequence.

[0610] The molecular identifier labels may further comprise one or more dye labels. The molecular identifier labels may further comprise a 
Cy3 dye. The molecular identifier labels may further comprise a Tye563 dye.

[0611] The methods and kits disclosed herein may comprise one or more labeled molecules. The one or more labeled molecules may be 
produced by contacting a plurality of molecules with a plurality of sample tags. The one or more labeled molecules may be produced by 
contacting a plurality of nucleic acids with a plurality of sample tags. Contacting the plurality of nucleic acids with the plurality of sample tags 
may comprise ligating one or more sample tags to one or more nucleic acids. Contacting the plurality of nucleic acids with the plurality of 
sample tag may comprise hybridizing one or more sample tags to one or more nucleic acids. Contacting the plurality of nucleic acids with 
the plurality of sample tag may comprise performing one or more nucleic acid extension reactions. The one or more nucleic acid extension 
reactions may comprise reverse transcription.

[0612] The methods and kits disclosed herein may further comprise attaching one or more oligonucleotide linkers to the plurality of nucleic 
acids. The method and kits may further comprise attaching one or more oligonucleotide linkers to the sample tagged nucleic acids. The 
methods and kits may further comprise attaching one or more oligonucleotide linkers to the labeled nucleic acids. The one or more linkers 
may comprise at least about 10 nucleotides.

[0613] The methods and kits disclosed herein may further comprise attaching one or more labeled nucleic acids to a support. The support 
may comprise a solid support. The support may comprise a bead. The support may comprise an array. The support may comprise a glass 
slide.

[0614] Attachment of the labeled nucleic acids to the support may comprise amine-thiol crosslinking, maleimide crosslinking, N- 
hydroxysuccinimide or N-hydroxysulfosuccinimide, Zenon, SiteClick, or a combination thereof. Attaching the labeled nucleic acids to the
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support may comprise attaching biotin to the one or more labeled nucleic acids.

[0615] The support may comprise one or more beads. The one or more beads may be a coated bead. The coated bead may be coated 
with streptavadin.

[0616] The support may comprise an array. The array may comprise one or more probes. The labeled nucleic acids may be attached to the 
one or more probes. The one or more probes may comprise one or more oligonucleotides. The one or more probes may be attached to at 
least a portion of the labeled nucleic acids. The portion of the labeled nucleic acids attached to the one or more probes may comprise at 
least a portion of the sample tag, molecular identifier label, molecular barcode, nucleic acid, or a combination thereof.

[0617] The support may comprise a glass slide. The glass slide may comprise one or more wells. The one or more wells may be etched on 
the glass slide. The one or more wells may comprise at least 960 wells. The glass slide may comprise one or more probes. The one or 
more probes may be printed onto the glass slide. The one or more wells may further comprise one or more probes. The one or more 
probes may be printed within the one or more wells. The one or more probes may comprise 960 nucleic acids. The nucleic acids may be 
different. The nucleic acids may be the same.

[0618] The methods and kits disclosed herein may be used to determine a count of one or more molecules in one or more samples. 
Determining the count of one or more molecules may comprise determining the number of different labeled nucleic acids. Determining the 
number of different labeled nucleic acids may comprise detecting at least a portion of the labeled nucleic acid. Detecting at least a portion of 
the labeled nucleic acid may comprise detecting at least a portion of the sample tag, molecular identifier label, molecular barcode, nucleic 
acid, or a combination thereof.

[0619] Determining the number of different labeled nucleic acids may comprise sequencing. Sequencing may comprise MiSeq sequencing. 
Sequencing may comprise HiSeq sequencing. Determining the number of different labeled nucleic acids may comprise an array. 
Determining the number of different labeled nucleic acids may comprise contacting the labeled nucleic acids with the one or more probes.

[0620] Determining the number of different labeled nucleic acids may comprise contacting the labeled nucleic acids with an array. The array 
may comprise a plurality of probes. Determining the number of different labeled nucleic acids may comprise contacting the labeled nucleic 
acids with a glass slide of a plurality of probes.

[0621] Determining the number of different labeled nucleic acids may comprise labeled probe hybridization, target-specific amplification, 
target-specific sequencing, sequencing with labeled nucleotides specific for target small nucleotide polymorphism, sequencing with labeled 
nucleotides specific for restriction enzyme digest patterns, sequencing with labeled nucleotides specific for mutations, or a combination 
thereof.

[0622] Determining the number of different labeled nucleic acids may comprise flow cytometry sorting of a sequence-specific label. 
Determining the number of different labeled nucleic acids may comprise detection of the labeled nucleic acids attached to the beads. 
Detection of the labeled nucleic acids attached to the beads may comprise fluorescence detection.

[0623] Determining the number of different labeled nucleic acids may comprise counting the plurality of labeled nucleic acids by 
fluorescence resonance energy transfer (FRET), between a target-specific probe and a labeled nucleic acid or a target-specific labeled 
probe. Determining the number of different labeled nucleic acids may comprise attaching the labeled nucleic acid to the support.

[0624] The methods and kits disclosed herein may further comprise immunoprecipitation of a target sequence with a nucleic-acid binding 
protein.

[0625] The methods and kits disclosed herein may further comprise distributing the plurality of samples into a plurality of wells of a 
microwell plate. One or more of the plurality of samples may comprise a plurality of cells. One or more of the plurality of samples may 
comprise a plurality of nucleic acids. The methods and kits disclosed herein may further comprise distributing one or fewer cells to the 
plurality of wells. The plurality of cells may be lysed in the microwell plate. The methods and kits disclosed herein may further comprise 
synthesizing cDNA in the microwell plate. Synthesizing cDNA may comprise reverse transcription of mRNA.

[0626] The methods and kits disclosed herein may further comprise distributing the plurality of first sample tags, the plurality of second 
sample tags, the plurality of molecular identifier labels, or any combination thereof into a microwell plate.

[0627] The methods and kits disclosed herein may further comprise distributing one or more beads in the microwell plate. The microwell 
plate may comprise a microwell plate fabricated on PDMS by soft lithography, etched on a silicon wafer, etched on a glass slide, patterned 
photoresist on a glass slide, or a combination thereof. The microwell may comprise a hole on a micro capillary plate. The microwell plate 
may comprise a water-in-oil emulsion. The microwell plate may comprise at least one or more wells. The microwell plate may comprise at 
least about 6 wells, 12 wells, 48 wells, 96 wells, 384 wells, 960 wells or 1000 wells.

[0628] The methods and kits disclosed herein may further comprise a chip. The microwell plate may be attached to the chip. The chip may 
comprise at least about 6 wells, 12 wells, 48 wells, 96 wells, 384 wells, 960 wells, 1000 wells, 2000 wells, 3000 wells, 4000 wells, 5000 wells, 
6000 wells, 7000 wells, 8000 wells, 9000 wells, 10,000 wells, 20,000 wells, 30,000 wells, 40,000 wells, 50,000 wells, 60,000 wells, 70,000 
wells, 80,000 wells, 90,000 wells, 100,000 wells, 200,000 wells, 500,000 wells, or a million wells. The wells may comprise an area of at least
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about 300 microns2, 400 microns2, 500 microns2, 600 microns2, 700 microns2, 800 microns2, 900 microns2, 1000 microns2, 1100 microns2, 

1200 microns2, 1300 microns2, 1400 microns2, 1500 microns2. The methods and kits disclosed herein may further comprise distributing 
between about 10,000 and 30,000 samples on the chip.

[0629] The methods and kits disclosed herein may further comprise diagnosing a condition, disease, or disorder in a subject in need 
thereof.

[0630] The methods and kits disclosed herein may further comprise prognosing a condition, disease, or disorder in a subject in need 
thereof. The methods and kits disclosed herein may further comprise determining a treatment for a condition, disease, or disorder in a 
subject in need thereof.

[0631] The plurality of samples may comprise one or more samples from a subject suffering from a disease or condition. The plurality of 
samples may comprise one or more samples from a healthy subject.

[0632] Further disclosed herein is a method of forensic analysis comprising: a) stochastically labeling two or more molecules in two or more 
samples to produce two or more labeled molecules; and b) detecting the two or more labeled molecules.

[0633] The method of selecting the custom primer may further comprise selecting the custom primer based on one or more nucleic acids. 
The one or more nucleic acids may comprise mRNA transcripts, non-coding transcripts including structural RNAs, transcribed pseudogenes, 
model mRNA provided by a genome annotation process, sequences corresponding to a genomic contig, or any combination thereof. The 
one or more nucleic acids may be RNA. The one or more nucleic acids may be mRNA. The one or more nucleic acids may comprise one or 
more exons. The method of selecting the custom primer may further comprise enriching for one or more subsets of nucleic acids. The one 
or more subsets comprise low abundance mRNAs. The method of selecting the custom primer may further comprise a computational 
algorithm.

[0634] The methods and kits disclosed herein may comprise the use of one or more controls. The one or more controls may be spiked in 
controls. The one or more controls may comprise nucleic acids. The one or more samples comprising a plurality of nucleic acids may be 
spiked with one or more control nucleic acids. The one or more control nucleic acids may be used to measure an efficiency of producing the 
labeled nucleic acid library.

[0635] The methods and kits disclosed herein may be used in the production of one or more nucleic acid libraries. The one or more nucleic 
acid libraries may comprise a plurality of labeled nucleic acids or derivatives thereof (e.g., labeled amplicons). The method of producing the 
labeled nucleic acid library may comprise stochastically labeling two or more nucleic acids in two or more samples with two or more sets of 
molecular barcodes to produce a plurality of labeled nucleic acids. The method of producing a labeled nucleic acid library may comprise 
contacting two or more samples with a plurality of sample tags and a plurality of molecule specific labels to produce a plurality of labeled 
nucleic acids. The labeled nucleic acids may comprise a sample index region, a label region and a nucleic acid region. The sample index 
region may be used to confer a sample or sub-sample identity to the nucleic acid. The sample index region may be used to determine the 
source of the nucleic acid. The label region may be used to confer a unique identity to the nucleic acid, thereby enabling differentiation of 
two or more identical nucleic acids in the same sample or sub-sample.

[0636] The method of producing a nucleic acid library may further comprise amplifying one or more labeled nucleic acids to produce one or 
more enriched labeled nucleic acids. The method may further comprise conducting one or more pull-down assays of the one or more 
enriched labeled nucleic acids. The method may further comprise purifying the one or more enriched labeled nucleic acids.

[0637] The kits disclosed herein may comprise a plurality of beads, a primer and/or amplification agents. One or more kits may be used in 
the analysis of at least about 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100 or more samples or sub-samples. One or more kits may be used in 
the analysis of at least about 96 samples. One or more kits may be used in the analysis of at least about 384 samples. The kit may further 
comprise instructions for primer design and optimization.

[0638] The kit may further comprise one or more microwell plates. The one or more microwell plates may be used for the distribution of one 
or more beads. The one or more microwell plates may be used for the distribution of one or more molecules or derivatives thereof (e.g., 
labeled molecules, labeled amplicons) from one or more samples.

[0639] The kit may further comprise one or more additional containers. The one or more additional containers may comprise one or more 
additional pluralities of sample tags. The one or more additional pluralities of sample tags in the one or more additional containers may be 
different from the first plurality of sample tags in the first container. The one or more additional containers may comprise one or more 
additional pluralities of molecular identifier labels. The one or more additional pluralities of molecular identifier labels of the one or more 
additional containers may be at least about 50% identical to the one or more additional molecular identifier labels of the second container. 
The one or more additional pluralities of molecular identifier labels of the one or more additional containers may be at least about 80% 
identical to the one or more additional molecular identifier labels of the second container. The one or more additional pluralities of molecular 
identifier labels of the one or more additional containers may be at least about 90% identical to the one or more additional molecular 
identifier labels of the second container.

[0640] Further disclosed herein are methods of producing one or more sets of labeled beads. The method of producing the one or more 
sets of labeled beads may comprise attaching one or more nucleic acids to one or more beads, thereby producing one or more sets of
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labeled beads. The one or more nucleic acids may comprise one or more molecular barcodes. The one or more nucleic acids may 
comprise one or more sample tags. The one or more nucleic acids may comprise one or more molecular identifier labels. The one or more 
nucleic acids may comprise a) a primer region; b) a sample index region; and c) a linker or adaptor region. The one or more nucleic acids 
may comprise a) a primer region; b) a label region; and c) a linker or adaptor region. The one or more nucleic acids may comprise a) a 
sample index region; and b) a label region. The one or more nucleic acids may further comprise a primer region. The one or more nucleic 
acids may further comprise a target specific region. The one or more nucleic acids may further comprise a linker region. The one or more 
nucleic acids may further comprise an adaptor region. The one or more nucleic acids may further comprise a sample index region. The one 
or more nucleic acids may further comprise a label region.

[0641] The primer region of the nucleic acids for a set of labeled beads may be at least about 70% identical. The primer region of the 
nucleic acids for a set of labeled beads may be at least about 90% identical. The primer region of the nucleic acids for a set of labeled 
beads may be the same.

[0642] The sample index region of the nucleic acids for a set of labeled beads may be at least about 70% identical. The sample index 
region of the nucleic acids for a set of labeled beads may be at least about 90% identical. The sample index region of the nucleic acids for a 
set of labeled beads may be the same. The sample index region of the nucleic acids for two or more sets of sample indexed beads may be 
less than about 40% identical. The sample index region of the nucleic acids for two or more sets of sample indexed beads may be less than 
about 50% identical. The sample index region of the nucleic acids for two or more sets of sample indexed beads may be less than about 
60% identical. The sample index region of nucleic acids for two or more sets of sample indexed beads may be different.

[0643] The label region of the nucleic acids for two or more sets of labeled beads may be at least about 70% identical. The label region of 
the nucleic acids for two or more sets of labeled beads may be at least about 90% identical. The label region of the nucleic acids for two or 
more sets of labeled beads may be the same. The label region of the nucleic acids for a set of labeled beads may be less than about 40% 
identical. The label region of the nucleic acids for a set of labeled beads may be less than about 50% identical. The label region of the 
nucleic acids for a set of labeled beads may be less than about 60% identical. The label region of two or more nucleic acids for a set of 
labeled beads may be different.

[0644] The linker or adaptor region of the nucleic acids for a set of labeled beads may be at least about 70% identical. The linker or adaptor 
region of the nucleic acids for a set of labeled beads may be at least about 90% identical. The linker or adaptor region of the nucleic acids 
for a set of labeled beads may be the same.

[0645] The target specific region of the nucleic acids for two or more sets of target specified beads may be at least about 70% identical. The 
target specific region of the nucleic acids for two or more sets of target specified beads may be at least about 90% identical. The target 
specific region of the nucleic acids for two or more sets of target specified beads may be the same. The target specific region of the nucleic 
acids for a set of target specified beads may be less than about 40% identical. The target specific region of the nucleic acids for a set of 
target specified beads may be less than about 50% identical. The target specific region of the nucleic acids for a set of target specified 
beads may be less than about 60% identical. The target specific region of two or more nucleic acids for a set of target specified beads may 
be different.

[0646] The one or more sets of labeled beads may comprise one million or more labeled beads. The one or more sets of labeled beads 
may comprise ten million or more labeled beads.

[0647] Attaching the one or more nucleic acids to the beads may comprise covalent attachment. Attaching the one or more nucleic acids to 
the beads may comprise conjugation. Attaching the one or more nucleic acids to the beads may comprise ionic interactions.

[0648] The beads may be coated beads. The nucleic acids may be attached to one or more tags. The beads may be coated with 
streptavidin. The nucleic acids may be attached to biotin. The beads may also be coated with antibodies or nucleic acids, and the nucleic 
acids may be attached to the beads indirectly via such surface coated materials.

[0649] In one aspect, the disclosure provides for a composition comprising: a solid support, wherein said solid support comprises a plurality 
of oligonucleotides, wherein at least two of said plurality of oligonucleotides comprises a cellular label and a molecular label, wherein said 
cellular labels of said at least two of said plurality of oligonucleotides are the same, and wherein said molecular labels of said at least two of 
said plurality of oligonucleotides are different. In some embodiments, the plurality of oligonucleotide further comprises a sample label. In 
some embodiments, the plurality of oligonucleotides further comprises a target binding region. In some embodiments, the target binding 
region comprises a sequence is adapted to hybridize to a target nucleic acid. In some embodiments, the target binding region comprises a 
sequence selected from the group consisting of: a random multimer e.g., a random dimer, trimer, quatramer, pentamer, hexamer, septamer, 
octamer, nonamer, decamer, or higher multimer sequence of any length; a gene-specific primer; and oligo dT; or any combination thereof. 
In some embodiments, the plurality of oligonucleotides comprises a universal label. In some embodiments, the universal label comprises a 
binding site for a sequencing primer. In some embodiments, the plurality of oligonucleotides comprises a linker. In some embodiments, the 
linker comprises a functional group. In some embodiments, the linker is located 5' to said oligonucleotide. In some embodiments, the linker 
is selected from the group consisting of: C6, biotin, streptavidin, primary amines, aldehydes, and ketones, or any combination thereof. In 
some embodiments, the solid support is comprised of polystyrene. In some embodiments, the in solid support is magnetic. In some 
embodiments, the solid support is selected from the group consisting of: a PDMS solid support, a glass solid support, a polypropylene solid 
support, an agarose solid support, a gelatin solid support, a magnetic solid support, and a pluronic solid support, or any combination 
thereof. In some embodiments, the solid support comprises a bead. In some embodiments, the solid support comprises a diameter of about
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20 microns. In some embodiments, the solid support comprises a diameter from about 5 microns to about 40 microns. In some 
embodiments, the solid support comprises a functional group. In some embodiments, the functional group is selected from the group 
consisting of: C6, biotin, streptavidin, primary amines, aldehydes, and ketones, or any combination thereof. In some embodiments, the 
cellular label comprises a plurality of cellular labels. In some embodiments, the plurality of cellular labels are interspersed with a plurality of 
linker label sequences. In some embodiments, the plurality of oligonucleotides comprises from 10,000 to 1 billion oligonucleotides.

[0650] In one aspect the disclosure provides for a solid support comprising: a first oligonucleotide comprising: a first cellular label 
comprising a first random sequence, a second random sequence, and a first linker label sequence, wherein said first linker label sequence 
connects said first random sequence and said second random sequence; and a first molecular label comprising a random sequence; and a 
second oligonucleotide comprising: a second cellular label comprising a third random sequence, a fourth random sequence, and a second 
linker label sequence, wherein said second linker label sequence connects said third random sequence and said fourth random sequence; 
and a second molecular label comprising a random sequence, wherein said first cellular label and said second cellular label are the same 
and said first molecular label and said second molecular label are different. In some embodiments, the first and second oligonucleotides 
further comprise identical sample index regions. In some embodiments, the sample index region comprises a random sequence. In some 
embodiments, the sample index region is 4-12 nucleotides in length. In some embodiments, the cellular label is directly attached to said 
molecular label. In some embodiments, the cellular label and said molecular label are attached through a linker label sequence. In some 
embodiments, the random sequence of said cellular label is from 4-12 nucleotides in length. In some embodiments, the constant sequence 
of said cellular label is at least 4 nucleotides in length. In some embodiments, the cellular label has a total length of at least 12 nucleotides. 
In some embodiments, the cellular label further comprises one or more additional random sequences. In some embodiments, the cellular 
label further comprises one or more additional linker label sequences. In some embodiments, the one or more additional linker label 
sequences connect the one or more additional random sequences. In some embodiments, the random sequence of the molecular label is 
4-12 nucleotides in length.

[0651] In one aspect the disclosure provides for a composition comprising: a solid support, wherein said solid support comprises a plurality 
of oligonucleotides, wherein at least two of said plurality of oligonucleotides comprises: a cellular label, a molecular label; and a target 
binding region; and a plurality of a target nucleic acids, wherein said cellular labels of said at least two of said plurality of oligonucleotides 
are the same, and wherein said molecular labels of said at least two of said plurality of oligonucleotides are different. In some embodiments, 
the target binding region comprises a sequence that is adapted to hybridize to at least one of said plurality of target nucleic acids. In some 
embodiments, the target binding region comprises a sequence selected from the group consisting of: a random a random multimer e.g., a 
random dimer, trimer, quatramer, pentamer, hexamer, septamer, octamer, nonamer, decamer, or higher multimer sequence of any length; a 
gene-specific primer; and oligo dT; or any combination thereof. In some embodiments, the plurality of oligonucleotides comprises from 
10,000 to 1 billion oligonucleotides. In some embodiments, the plurality of oligonucleotides comprises a number of oligonucleotides greater 
than the number of target nucleic acids of said plurality of target nucleic acids. In some embodiments, the plurality of target nucleic acids 
comprises multiple copies of a same target nucleic acid. In some embodiments, the plurality of target nucleic acids comprises multiple 
copies of different target nucleic acids. In some embodiments, the plurality of target nucleic acids are bound to said plurality of 
oligonucleotides. In some embodiments, the oligonucleotide further comprises a sample label. In some embodiments, the plurality of 
oligonucleotides comprises a universal label. In some embodiments, the universal label comprises a binding site for a sequencing primer. In 
some embodiments, the plurality of oligonucleotides comprises a linker. In some embodiments, the linker comprises a functional group. In 
some embodiments, the linker is located 5' to said oligonucleotide. In some embodiments, the functional group comprises an amino group. 
In some embodiments, the linker is selected from the group consisting of: C6, biotin, streptavidin, primary amines, aldehydes, and ketones, 
or any combination thereof. In some embodiments, the solid support is comprised of polystyrene. In some embodiments, the solid support is 
magnetic. In some embodiments, the solid support is selected from the group consisting of: a PDMS solid support, a glass solid support, a 
polypropylene solid support, an agarose solid support, a gelatin solid support, a magnetic solid support, and a pluronic solid support, or any 
combination thereof. In some embodiments, the solid support comprises a bead. In some embodiments, the solid support comprises a 
diameter of about 20 microns. In some embodiments, the solid support comprises a diameter from about 5 microns to about 40 microns. In 
some embodiments, the solid support comprises a functional group. In some embodiments, the functional group comprises a carboxy 
group. In some embodiments, the functional group is selected from the group consisting of: C6, biotin, streptavidin, primary amines, 
aldehydes, and ketones, or any combination thereof. In some embodiments, the cellular label comprises a plurality of cellular labels. In 
some embodiments, the plurality of cellular labels is interspersed with a plurality of linker label sequences.

[0652] In one aspect the disclosure provides for a kit comprising: a first solid support, wherein said first solid support comprises a first 
plurality of oligonucleotides, wherein said first plurality of oligonucleotides comprises the same first cellular label, a second solid support, 
wherein said second solid support comprises a second plurality of oligonucleotides, wherein said second plurality of oligonucleotides 
comprises the same second cellular label, instructions for use, wherein said first cellular label and said second cellular label are different. In 
some embodiments, oligonucleotides form said first plurality of oligonucleotides and said second plurality of oligonucleotides comprises a 
molecular label. In some embodiments, the molecular labels of said oligonucleotides are different. In some embodiments, the molecular 
labels of said oligonucleotides are the same. In some embodiments, the molecular label of some of said oligonucleotides are different and 
some are the same. In some embodiments, the oligonucleotides from said first plurality of oligonucleotides and said second plurality of 
oligonucleotides comprise a target binding region. In some embodiments, the kit further comprises: a microwell array. In some 
embodiments, the kit further comprises: a buffer. In some embodiments, the buffer is selected from the group consisting of: a reconstitution 
buffer, a dilution buffer, and a stabilization buffer, or any combination thereof.

[0653] In one aspect the disclosure provides for a method for determining an amount of a target nucleic acid comprising: contacting a 
sample with a solid support, wherein said solid support comprises a plurality of oligonucleotides, wherein at least two of said plurality of 
oligonucleotides comprises a cellular label and a molecular label, wherein said cellular labels of said at least two of said plurality of
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oligonucleotides are the same, and wherein said molecular labels of said at least two of said plurality of oligonucleotides are different; and 
hybridizing said target nucleic acid from said sample to an oligonucleotide of said plurality of oligonucleotides. In some embodiments, the 
sample comprises cells. In some embodiments, the sample is lysed prior to said hybridizing. In some embodiments, the hybridizing 
comprising hybridizing multiple copies of a same target nucleic acid to said plurality of oligonucleotides. In some embodiments, the method 
further comprises: amplifying said target nucleic acid. In some embodiments, the amplifying comprises reverse transcribing said target 
nucleic acid. In some embodiments, the amplifying comprises amplification using a method selected from the group consisting of: PCR, 
quantitative PCR, real-time PCR, and digital PCR, or any combination thereof. In some embodiments, the amplifying is performed directly on 
said solid support. In some embodiments, the amplifying is performed on a template transcribed from said solid support. In some 
embodiments, the method further comprises: sequencing said target nucleic acid. In some embodiments, the sequencing comprises 
sequencing said target nucleic acid and said molecular label. In some embodiments, the method further comprises: determining an amount 
of said target nucleic acid. In some embodiments, the determining comprises quantifying levels of said target nucleic acid. In some 
embodiments, the determining comprises counting the number of sequenced molecular labels for said target nucleic acid. In some 
embodiments, the contacting occurs in a microwell. In some embodiments, the microwell is made from a material selected from the group 
consisting of: hydrophilic plastic, plastic, elastomer, and hydrogel, or any combination thereof. In some embodiments, the microwell 
comprises agarose. In some embodiments, the microwell is one microwell of a microwell array. In some embodiments, the microwell array 
comprises at least 90 microwells. In some embodiments, the microwell array comprises at least 150,000 microwells. In some embodiments, 
the microwell comprises at least one solid support per well. In some embodiments, the microwell comprises at most two solid supports per 
well. In some embodiments, the microwell is of a size that accommodates at most two of said solid support. In some embodiments, the 
microwell is of a size that accommodates at most one solid support. In some embodiments, the microwell is at least 25 microns deep. In 
some embodiments, the microwell is at least 25 microns in diameter.

[0654] In one aspect the disclosure provides for a method to reduce amplification bias of a target nucleic acid comprising: contacting a 
sample to a solid support, wherein said solid support comprises a plurality of oligonucleotides, wherein at least two of said plurality of 
oligonucleotides comprises a cellular label and a molecular label, wherein said cellular labels of said at least two of said plurality of 
oligonucleotides are the same, and wherein said molecular labels of said at least two of said plurality of oligonucleotides are different; and 
hybridizing a target nucleic acid from said sample to said plurality of oligonucleotides; amplifying said target nucleic acidl; sequencing said 
target nucleic acid, wherein said sequencing sequences said target nucleic acid and said molecular label of said oligonucleotide to which 
said target nucleic acid is bound; and determining an amount of said target nucleic acid. In some embodiments, the hybridizing comprising 
hybridizing multiple copies of a same target nucleic acid to said plurality of oligonucleotides. In some embodiments, the determining 
comprises counting a number of sequenced molecular labels for a same target nucleic acid. In some embodiments, the counting counts the 
number of copies of said same target nucleic acid. In some embodiments, the sample comprises cells. In some embodiments, the 
amplifying comprises reverse transcribing said target nucleic acid. In some embodiments, the amplifying comprises amplification using a 
method selected from the group consisting of: PCR, quantitative PCR, real-time PCR, and digital PCR, or any combination thereof. In some 
embodiments, the amplifying is performed directly on said solid support. In some embodiments, the amplifying is performed on a template 
transcribed from said solid support.

[0655] In one aspect the disclosure provides for a composition comprising: a microwell; a cell; and a solid support, wherein said solid 
support comprises a plurality of oligonucleotides, wherein at least two of said plurality of oligonucleotides comprises a cellular label and a 
molecular label, wherein said cellular labels of said at least two of said plurality of oligonucleotides are the same, and wherein said 
molecular labels of said at least two of said plurality of oligonucleotides are different. In some embodiments, the at least two of said plurality 
of oligonucleotides further comprises a sample label. In some embodiments, the at least two of said plurality of oligonucleotides further 
comprises a target binding region. In some embodiments, the target binding region comprises a sequence selected from the group 
consisting of: a random multimer e.g., a random dimer, trimer, quatramer, pentamer, hexamer, septamer, octamer, nonamer, decamer, or 
higher multimer sequence of any length; a gene-specific primer; and oligo dT; or any combination thereof. In some embodiments, the 
plurality of oligonucleotides comprises a universal label. In some embodiments, the universal label comprises a binding site for a 
sequencing primer. In some embodiments, the solid support is comprised of polystyrene. In some embodiments, the solid support is 
magnetic. In some embodiments, the solid support is selected from the group consisting of: a PDMS solid support, a glass solid support, a 
polypropylene solid support, an agarose solid support, a gelatin solid support, a magnetic solid support, and a pluronic solid support, or any 
combination thereof. In some embodiments, the solid support comprises a bead. In some embodiments, the solid support has a diameter of 
about 20 microns. In some embodiments, the solid support has a diameter from about 5 microns to about 40 microns. In some 
embodiments, the cellular label comprises a plurality of cellular labels. In some embodiments, the plurality of cellular labels is interspersed 
with a plurality of linker sequences. In some embodiments, the microwell is made from a material selected from the group consisting of: 
hydrophilic plastic, plastic, elastomer, and hydrogel, or any combination thereof. In some embodiments, the microwell comprises agarose. In 
some embodiments, the microwell is a microwell of a microwell array. In some embodiments, the microwell comprises at least one solid 
support per well. In some embodiments, the microwell comprises at most two solid supports per well. In some embodiments, the microwell 
is of a size that accommodates at least one of said solid support and at least one of said cell. In some embodiments, the microwell is of a 
size that accommodates at most one of said solid support and at least one of said cell. In some embodiments, the microwell is at least 25 
microns deep. In some embodiments, the microwell is at least 25 microns in diameter. In some embodiments, the microwell is flat.

[0656] In one aspect the disclosure provides for a device comprising: a first substrate comprising a first microwell array; wherein said first 
microwell array comprises a plurality of first microwells in a first pre-determined spatial arrangement configured to perform multiplexed, 
single cell stochastic labeling and molecular indexing assays.

[0657] In some embodiments, the device comprises a first substrate comprising at least a second microwell array, wherein said at least 
second microwell array comprises a plurality of at least second microwells in an at least second pre-determined spatial arrangement. In
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some embodiments, the first microwells and the at least second microwells are the same. In some embodiments, the first microwells and 
the at least second microwells are different. In some embodiments, the first pre-determined spatial arrangement and the at least second 
pre-determined spatial arrangement are the same. In some embodiments, the first pre-determined spatial arrangement and the at least 
second pre-determined spatial arrangement are different. In some embodiments, a pre-determined spatial arrangement comprises a one 
dimensional or two dimensional array pattern. In some embodiments, the two dimensional array pattern comprises a square grid, a 
rectangular grid, or a hexagonal grid. In some embodiments, the microwells comprise a cylindrical geometry, a conical geometry, a 
hemispherical geometry, a rectangular geometry, a polyhedral geometry, or a combination thereof. In some embodiments, a diameter of the 
microwells is between about 5 microns and about 50 microns. In some embodiments, a depth of the microwells is between about 10 
microns and about 60 microns. In some embodiments, a center-to-center spacing between two adjacent microwells is between about 15 
microns and about 75 microns. In some embodiments, a total number of microwells in a first or at least second microwell array is between 
about 96 and about 5,000,000. In some embodiments, the first substrate comprises silicon, fused-silica, glass, a polymer, a metal, or a 
combination thereof. In some embodiments, the first substrate further comprises agarose or a hydrogel. In some embodiments, a microwell 
array further comprises at least one surface feature, wherein said surface feature surrounds one or more individual microwells or straddles 
a surface between individual microwells, and wherein said surface feature is domed, ridged, or peaked.

[0658] In one aspect the disclosure provides for a device comprising: a first substrate comprising at least a first microwell array; and a 
mechanical fixture comprising a top plate, a bottom plate, and a gasket; wherein when the first substrate and mechanical fixture are in 
assembled form, the first substrate is positioned between the gasket and the bottom plate, the gasket forms a leak-proof seal with the first 
substrate, and the top plate and gasket form at least a first chamber encompassing said at least first microwell array such that a cell sample 
and a bead-based oligonucleotide label may be dispensed into said at least first chamber to perform multiplexed, single cell stochastic 
labeling and a molecular indexing assays.

[0659] In some embodiments, the at least first microwell array is any described herein. In some embodiments, the gasket is fabricated from 
polydimethylsiloxane (PDMS) or a similar elastomeric material. In some embodiments, the top and bottom plates are fabricated from 
aluminum, anodized aluminum, stainless steel, teflon, polymethylmethacrylate, polycarbonate, or a similar rigid polymer material.

[0660] In one aspect the disclosure provides for a device comprising: at least one substrate further comprising at least one microwell array; 
and a flow cell; wherein the flow cell encloses or is attached to said at least one substrate, and includes at least one inlet port and at least 
one outlet port for the purpose of delivering fluids to said microwell arrays; and wherein the device is configured to perform multiplexed, 
single cell stochastic labeling and molecular indexing assays.

[0661] In some embodiments, said at least one substrate comprise at least one microwell array as described herein. In some embodiments, 
the flow cell further comprises a plurality of microarray chambers that interface with a plurality of microwell arrays such that one or more 
samples may be processed in parallel. In some embodiments, the flow cell further comprises a porous barrier or flow diffuser to provide 
more uniform delivery of cells and beads to the at least one microwell array. In some embodiments, the flow cell further comprises dividers 
that divide each chamber containing a microwell array into subsections that collectively cover the same total array area and provide for 
more uniform delivery of cells and beads to the at least one microwell array. In some embodiments, the width of fluid channels incorporated 
into the device is between about 50 microns and 20 mm. In some embodiments, the depth of fluid channels incorporated into the device is 
between about 50 microns and about 2 mm. In some embodiments, the flow cell is fabricated from a material selected from the group 
consisting of silicon, fused-silica, glass, polydimethylsiloxane (PDMS; elastomer), polymethylmethacrylate (PMMA), polycarbonate (PC), 
polypropylene (PP), polyethylene (PE), high density polyethylene (HDPE), polyimide, cyclic olefin polymers (COP), cyclic olefin copolymers 
(COC), polyethylene terephthalate (PET), epoxy resin, metal, or a combination of these materials. In some embodiments, the device 
comprises a fixed component of an instrument system configured to perform automated multiplexed, single cell stochastic labeling and 
molecular indexing assays. In some embodiments, the device comprises a removable component of an instrument system configured to 
perform automated multiplexed, single cell stochastic labeling and molecular indexing assays.

[0662] In one aspect the disclosure provides for a cartridge comprising: at least a first substrate further comprising at least a first microwell 
array; at least a first flow cell or microwell array chamber; one or more sample or reagent reservoirs; and wherein the cartridge further 
comprises at least one inlet port and at least one outlet port for the purpose of delivering fluids to said at least first microwell array; and 
wherein the cartridge is configured to perform multiplexed, single cell stochastic labeling and molecular indexing assays.

[0663] In some embodiments, said at least first substrate comprises at least a first microwell array as described herein. In some 
embodiments, the cartridge comprises a plurality of microwell arrays and is configured to process one or more samples in parallel. In some 
embodiments, the at least first flow cell or microwell array chamber further comprises a porous barrier or flow diffuser to provide more 
uniform delivery of cells and beads to the at least first microwell arrays. In some embodiments, the at least first flow cell or microwell array 
chamber further comprises dividers that divide the at least first flow cell or microwell array chamber into subsections that collectively cover 
the same total array area and provide for more uniform delivery of cells and beads to the microwell arrays. In some embodiments, the width 
of fluid channels incorporated into the cartridge is between about 50 microns and 200 microns. In some embodiments, the width of the fluid 
channels incorporated into the cartridge is between about 200 microns and 2 mm. In some embodiments, the width of the fluid channels 
incorporated into the cartridge is between about 2 mm and 10 mm. In some embodiments, the width of the fluid channels incorporated into 
the cartridge is between about 10 mm and 20 mm. In some embodiments, the depth of fluid channels incorporated into the cartridge is 
between about 50 microns and about 2 mm. In some embodiments, the depth of fluid channels incorporated into the cartridge is between 
about 500 microns and 1 mm. In some embodiments, the depth of fluid channels incorporated into the cartridge is between about 1 mm and 
about 2 mm. In some embodiments, the one or more flow cells or microwell array chambers are fabricated from a material selected from 
the group consisting of silicon, fused-silica, glass, polydimethylsiloxane (PDMS; elastomer), polymethylmethacrylate (PMMA), polycarbonate
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(PC), polypropylene (PP), polyethylene (PE), high density polyethylene (HDPE), polyimide, cyclic olefin polymers (COP), cyclic olefin 
copolymers (COC), polyethylene terephthalate (PET), epoxy resin, metal, or a combination of these materials. In some embodiments, the 
device comprises a removable, consumable component of an instrument system configured to perform automated multiplexed, single cell 
stochastic labeling and molecular indexing assays. In some embodiments, the cartridge further comprises bypass channels or other design 
features for providing self-metering of cell samples or bead suspensions dispensed or injected into the cartridge. In some embodiments, the 
cartridge further comprises integrated miniature pumps for controlling fluid flow through the device. In some embodiments, the cartridge 
further comprises integrated miniature valves for compartmentalizing pre-loaded reagents and for controlling fluid flow through the device. 
In some embodiments, the cartridge further comprises vents for providing an escape path for trapped air. In some embodiments, the 
cartridge further comprises design elements for creating physical or chemical barriers that effectively increase pathlength and prevent or 
minimize diffusion of molecules between microwells, wherein the design elements are selected from the group consisting of: a pattern of 
serpentine channels for delivery of cells and beads to the at least first microwell array, a retractable platen or deformable membrane that is 
pressed into contact with the surface of the at least first microwell array, or the release of an immiscible, hydrophobic fluid from a reservoir 
within the cartridge. In some embodiments, the cartridge further comprises integrated temperature control components or an integrated 
thermal interface for providing good thermal contact with an external instrument system. In some embodiments, the cartridge further 
comprises an optical interface or window for optical imaging of the at least first microwell array. In some embodiments, the cartridge further 
comprises one or more removable sample collection chambers that are configured to interface with stand-alone PCR thermal cyclers and/or 
sequencing instruments. In some embodiments, the cartridge itself is configured to interface directly with stand-alone PCR thermal cyclers 
and/or sequencing instruments.

[0664] In one aspect the disclosure provides for an instrument system comprising: at least a first flow cell or cartridge further comprising at 
least a first microwell array; and a flow controller; wherein the flow controller controls the delivery of cell samples, bead-based 
oligonucleotide labeling reagents, and other assay reagents to the at least first microwell array, and the instrument system is configured to 
perform multiplexed, single cell stochastic labeling and molecular indexing assays.

[0665] In some embodiments, the at least first microwell array as described herein. In some embodiments, the at least first flow cell is a 
fixed component of the system. In some embodiments, the at least first flow cell is a removable, consumable component of the system. In 
some embodiments, the at least first cartridge is a removable, consumable component of the system. In some embodiments, cell samples 
and bead-based oligonucleotide reagents are dispensed or injected directly into the cartridge by the user. In some embodiments, assay 
reagents other than cell samples are preloaded in the cartridge. In some embodiments, the instrument system further comprises an imaging 
system for imaging the at least first microwell array. In some embodiments, the instrument system further comprises a cell or bead 
distribution system for facilitating uniform distribution of cells and beads across the at least first microwell array, wherein the mechanism 
underlying said distribution system is selected from the group consisting of rocking, shaking, swirling, recirculating flow, low frequency 
agitation, or high frequency agitation. In some embodiments, the instrument system further comprises a cell lysis system wherein the 
system uses a high frequency piezoelectric transducer for sonicating the cells. In some embodiments, the instrument system further 
comprises a temperature controller for maintaining a user-specified temperature, or for ramping temperature between two or more specified 
temperatures over two or more specified time intervals. In some embodiments, the instrument system further comprises a magnetic field 
controller for use in eluting beads from microwells. In some embodiments, the instrument system further comprises a computer or 
processor programmed to provide a user interface and control of system functions. In some embodiments, the instrument system further 
comprises program code for providing real-time image analysis capability. In some embodiments, the real-time image analysis and 
instrument control functions are coupled, so that cell and bead sample loading steps can be prolonged or repeated until optimal cell/bead 
distributions are achieved. In some embodiments, the instrument system further comprises an integrated PCR thermal cycler for 
amplification of oligonucleotide labels. In some embodiments, the instrument system further comprises an integrated sequencer for 
sequencing of oligonucleotide libraries, thereby providing sample-to-answer capability. In some embodiments, the cell samples comprise 
patient samples and the results of the multiplexed, single cell stochastic labeling and molecular indexing assay are used for clinical 
diagnostic applications. In some embodiments, the cell samples comprise patient samples and the results of the multiplexed, single cell 
stochastic labeling and molecular indexing assay are used by a healthcare provider to make informed healthcare treatment decisions.

[0666] In one aspect the disclosure provides for software residing in a computer readable medium programmed to perform one or more of 
the following sequence data analysis functions: determining the number of reads per gene per cell, and the number of unique transcript 
molecules per gene per cell; principal component analysis or other statistical analysis to predict confidence intervals for determinations of 
the number of transcript molecules per gene per cell; alignment of gene sequence data with known reference sequences; 
decoding/demultiplexing of sample barcodes, cell barcodes, and molecular barcodes; and automated clustering of molecular labels to 
compensate for amplification or sequencing errors; wherein the sequence data is generated by performing multiplexed, single cell 
stochastic labeling and molecular indexing assays.

[0667] In one aspect the disclosure provides for a composition comprising: a solid support, wherein the solid support comprises a plurality 
of oligonucleotides, wherein at least two of the plurality of oligonucleotides comprises a cellular label and a molecular label, wherein the 
cellular labels of the at least two of the plurality of oligonucleotides are the same, and wherein the molecular labels of the at least two of the 
plurality of oligonucleotides are different.

[0668] In some embodiments, the plurality of oligonucleotide further comprises a sample label. In some embodiments, the plurality of 
oligonucleotides further comprises a target binding region. In some embodiments, the target binding region comprises a sequence is 
adapted to hybridize to a target nucleic acid. In some embodiments, the target nucleic acid comprises a plurality of target nucleic acids 
comprising at least 0.01%, 0.02%, 0.05%, 0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 
14%, 15%, 16%, 17%, 18%, 19%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 60%, 70%, 80%, 90%, or 100% of the transcripts of a
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transcriptome of an organism. In some embodiments, the target nucleic acid is DNA. In some embodiments, the target nucleic acid is RNA. 
In some embodiments, the target nucleic acid is mRNA. In some embodiments, the DNA is genomic DNA. In some embodiments, the 
genomic DNA is sheared. In some embodiments, the sheared genomic DNA comprises at least 0.01%, 0.02%, 0.05%, 0.1%, 0.2%, 0.3%, 
0.4%, 0.5%, 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%, 25%, 30%, 35%, 40%, 
45%, 50%, 60%, 70%, 80%, 90%, or 100% of the genes of a genome of an organism. In some embodiments, the target binding region 
comprises a sequence selected from the group consisting of: a random multimer e.g., a random dimer, trimer, quatramer, pentamer, 
hexamer, septamer, octamer, nonamer, decamer, or higher multimer sequence of any length; a gene-specific primer; and oligo dT; or any 
combination thereof. In some embodiments, the plurality of oligonucleotides comprises a universal label. In some embodiments, the 
universal label comprises a binding site for a sequencing primer. In some embodiments, the plurality of oligonucleotides comprises a linker. 
In some embodiments, the linker comprises a functional group. In some embodiments, the linker is located 5' to the oligonucleotide. In 
some embodiments, the linker is selected from the group consisting of: C6, biotin, streptavidin, primary amines, aldehydes, and ketones, or 
any combination thereof. In some embodiments, the solid support is comprised of polystyrene. In some embodiments, in solid support is 
magnetic. In some embodiments, the solid support is selected from the group consisting of: a PDMS solid support, a glass solid support, a 
polypropylene solid support, an agarose solid support, a gelatin solid support, a magnetic solid support, and a pluronic solid support, or any 
combination thereofln some embodiments, the solid support comprises a bead. In some embodiments, the solid support comprises a 
diameter of about 20 microns. In some embodiments, the solid support comprises a diameter from about 5 microns to about 40 microns. In 
some embodiments, the solid support comprises a functional group. In some embodiments, the functional group is selected from the group 
consisting of: C6, biotin, streptavidin, primary amines, aldehydes, and ketones, or any combination thereof. In some embodiments, the 
cellular label comprises a plurality of cellular labels. In some embodiments, the plurality of cellular labels is interspersed with a plurality of 
linker label sequences. In some embodiments, the plurality of oligonucleotides comprises from 10,000 to 1 billion oligonucleotides. In some 
embodiments, the plurality of oligonucleotides comprises from 10,000 to 1 billion target binding regions. In some embodiments, the plurality 
of oligonucleotides comprises from 10,000 to 1 billion different target binding regions. In some embodiments, the plurality of 
oligonucleotides comprises from 10,000 to 1 billion same target binding regions. In some embodiments, the different target binding regions 
can hybridize to at least 0.01%, 0.02%, 0.05%, 0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 
13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 60%, 70%, 80%, 90%, or 100% of the transcripts of a 
transcriptome of an organism. In some embodiments, the different target binding regions can hybridize to at least 0.01%, 0.02%, 0.05%, 
0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%, 25%, 
30%, 35%, 40%, 45%, 50%, 60%, 70%, 80%, 90%, or 100% of the transcripts of a transcriptome of an organism.

[0669] In one aspect the disclosure provides for a composition comprising: a solid support, wherein the solid support comprises a plurality 
of oligonucleotides, wherein at least two of the plurality of oligonucleotides comprises a cellular label and a molecular label, wherein the 
cellular labels of the at least two of the plurality of oligonucleotides are the same, and wherein the molecular labels of the at least two of the 
plurality of oligonucleotides are different.

[0670] In some embodiments, the plurality of oligonucleotide further comprises a sample label. In some embodiments, the plurality of 
oligonucleotides further comprises a target binding region. In some embodiments, the target binding region comprises a sequence is 
adapted to hybridize to a target nucleic acid. In some embodiments, the target nucleic acid comprises a plurality of target nucleic acids 
comprising at least 0.01%, 0.02%, 0.05%, 0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 
14%, 15%, 16%, 17%, 18%, 19%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 60%, 70%, 80%, 90%, or 100% of the transcripts of a 
transcriptome of an organism. In some embodiments, the target nucleic acid comprises sheared genomic DNA wherein the wherein the 
sheared genomic DNA comprises at least 0.01%, 0.02%, 0.05%, 0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 
10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 60%, 70%, 80%, 90%, or 100% of the 
genes of a genome of an organism. In some embodiments, the target binding region comprises an oligo dT. In some embodiments, the at 
least two of the plurality of oligonucleotides comprises a first oligonucleotide and a second oligonucleotide, wherein the first oligonucleotide 
comprises a first cellular label and a first molecular label, wherein the first cellular label comprises a first random sequence, a second 
random sequence, and a first linker label sequence, wherein the first linker label sequence connects the first random sequence and the 
second random sequence; and the first molecular label comprises a random sequence; and the second oligonucleotide comprises a second 
cellular label and a second molecular label, wherein the second cellular label comprises a third random sequence, a fourth random 
sequence, and a second linker label sequence, wherein the second linker label sequence connects the third random sequence and the 
fourth random sequence; and the second molecular label comprising a random sequence, and wherein the first cellular label and the 
second cellular label are the same and the first molecular label and the second molecular label are different.

[0671] In one aspect the disclosure provides for a kit comprising any composition described herein and instructions for use.

[0672] In one aspect the disclosure provides for a method, comprising: contacting a sample with a solid support, wherein the solid support 
comprises a plurality of oligonucleotides, wherein at least two of the plurality of oligonucleotides comprises a cellular label and a molecular 
label, wherein the cellular labels of the at least two of the plurality of oligonucleotides are the same, and wherein the molecular labels of the 
at least two of the plurality of oligonucleotides are different; and hybridizing the target nucleic acid from the sample to an oligonucleotide of 
the plurality of oligonucleotides.

[0673] In some embodiments, the sample comprises cells. In some embodiments, the sample is lysed prior to the hybridizing. In some 
embodiments, the hybridizing comprising hybridizing multiple copies of a same target nucleic acid to the plurality of oligonucleotides. In 
some embodiments, the method further comprises reverse transcribing the target nucleic acid. In some embodiments, the method further 
comprises performing an oligonucletide amplification. In some embodiments, the amplifying comprises amplification using a method 
selected from the group consisting of: PCR, quantitative PCR, real-time PCR, and digital PCR, or any combination thereof.
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[0674] In one aspect the disclosure provides for a A solid support comprising: a first oligonucleotide comprising: a first cellular label 
comprising a first random sequence, a second random sequence, and a first linker label sequence, wherein the first linker label sequence 
connects the first random sequence and the second random sequence; and a first molecular label comprising a random sequence; and a 
second oligonucleotide comprising: a second cellular label comprising a third random sequence, a fourth random sequence, and a second 
linker label sequence, wherein the second linker label sequence connects the third random sequence and the fourth random sequence; and 
a second molecular label comprising a random sequence, wherein the first cellular label and the second cellular label are the same and the 
first molecular label and the second molecular label are different. In some embodiments, the first and second oligonucleotides further 
comprise identical sample index regions. In some embodiments, the sample index region comprises a random sequence. In some 
embodiments, the sample index region is 4-12 nucleotides in length. In some embodiments, the cellular label is directly attached to the 
molecular label. In some embodiments, the cellular label and the molecular label are attached through a linker label sequence. In some 
embodiments, the random sequence of the cellular label is from 4-12 nucleotides in length. In some embodiments, the constant sequence 
of the cellular label is at least 4 nucleotides in length. In some embodiments, the cellular label has a total length of at least 12 nucleotides. In 
some embodiments, the cellular label further comprises one or more additional random sequences. In some embodiments, the cellular label 
further comprises one or more additional linker label sequences. In some embodiments, the one or more additional linker label sequences 
connect the one or more additional random sequences. In some embodiments, the random sequence of the molecular label is 4-12 
nucleotides in length.

[0675] In one aspect the disclosure provides for a composition comprising: a solid support, wherein the solid support comprises a plurality 
of oligonucleotides, wherein at least two of the plurality of oligonucleotides comprises: a cellular label, a molecular label; and a target 
binding region; and a plurality of a target nucleic acids, wherein the cellular labels of the at least two of the plurality of oligonucleotides are 
the same, and wherein the molecular labels of the at least two of the plurality of oligonucleotides are different.

[0676] In some embodiments, the target binding region comprises a sequence that is adapted to hybridize to at least one of the plurality of 
target nucleic acids. In some embodiments, the target binding region comprises a sequence selected from the group consisting of: a 
random multimer e.g., a random dimer, trimer, quatramer, pentamer, hexamer, septamer, octamer, nonamer, decamer, or higher multimer 
sequence of any length; a gene-specific primer; and oligo dT; or any combination thereof. In some embodiments, the plurality of 
oligonucleotides comprises from 10,000 to 1 billion oligonucleotides. In some embodiments, the plurality of oligonucleotides comprises a 
number of oligonucleotides greater than the number of target nucleic acids of the plurality of target nucleic acids. In some embodiments, the 
plurality of target nucleic acids comprises multiple copies of a same target nucleic acid. In some embodiments, the plurality of target nucleic 
acids comprises multiple copies of different target nucleic acids. In some embodiments, the plurality of target nucleic acids are bound to the 
plurality of oligonucleotides. In some embodiments, the oligonucleotide further comprises a sample label. In some embodiments, the 
plurality of oligonucleotides comprises a universal label. In some embodiments, the universal label comprises a binding site for a 
sequencing primer. In some embodiments, the plurality of oligonucleotides comprises a linker. In some embodiments, the linker comprises a 
functional group. In some embodiments, the linker is located 5' to the oligonucleotide. In some embodiments, the functional group 
comprises an amino group. In some embodiments, the linker is selected from the group consisting of: C6, biotin, streptavidin, primary 
amines, aldehydes, and ketones, or any combination thereof. In some embodiments, the solid support is comprised of polystyrene. In some 
embodiments, in solid support is magnetic. In some embodiments, the solid support is selected from the group consisting of: a PDMS solid 
support, a glass solid support, a polypropylene solid support, an agarose solid support, a gelatin solid support, a magnetic solid support, 
and a pluronic solid support, or any combination thereofln some embodiments, the solid support comprises a bead. In some embodiments, 
the solid support comprises a diameter of about 20 microns. In some embodiments, the solid support comprises a diameter from about 5 
microns to about 40 microns. In some embodiments, the solid support comprises a functional group. In some embodiments, the functional 
group comprises a carboxy group. In some embodiments, the functional group is selected from the group consisting of: C6, biotin, 
streptavidin, primary amines, aldehydes, and ketones, or any combination thereof. In some embodiments, the cellular label comprises a 
plurality of cellular labels. In some embodiments, the plurality of cellular labels is interspersed with a plurality of linker label sequences.

[0677] In one aspect the disclosure provides for a kit comprising:a first solid support, wherein the first solid support comprises a first plurality 
of oligonucleotides, wherein the first plurality of oligonucleotides comprises a same first cellular label, a second solid support, wherein the 
second solid support comprises a second plurality of oligonucleotides, wherein the second plurality of oligonucleotides comprises a same 
second cellular label, and instructions for use, wherein the first cellular label and the second cellular label are different.

[0678] In some embodiments, oligonucleotides from the first plurality of oligonucleotides and the second plurality of oligonucleotides 
comprises a molecular label. In some embodiments, the molecular label of the oligonucleotides are different. In some embodiments, the 
molecular label of the oligonucleotides are the same. In some embodiments, the molecular label of some of the oligonucleotides are 
different and some are the same. In some embodiments, oligonucleotides from the first plurality of oligonucleotides and the second plurality 
of oligonucleotides comprise a target binding region. In some embodiments, the kit further comprises a microwell array. In some 
embodiments, the kit further comprises a buffer. In some embodiments, the buffer is selected from the group consisting of: a reconstitution 
buffer, a dilution buffer, and a stabilization buffer, or any combination thereof.

[0679] In one aspect the disclosure provides for a method for determining an amount of a target nucleic acid comprising: contacting a 
sample with a solid support, wherein the solid support comprises a plurality of oligonucleotides, wherein at least two of the plurality of 
oligonucleotides comprises a cellular label and a molecular label, wherein the cellular labels of the at least two of the plurality of 
oligonucleotides are the same, and wherein the molecular labels of the at least two of the plurality of oligonucleotides are different; and 
hybridizing the target nucleic acid from the sample to an oligonucleotide of the plurality of oligonucleotides.
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[0680] In some embodiments, the sample comprises cells. In some embodiments, the sample is lysed prior to the hybridizing. In some 
embodiments, the hybridizing comprising hybridizing multiple copies of a same target nucleic acid to the plurality of oligonucleotides. In 
some embodiments, the method further comprises amplifying the target nucleic acid. In some embodiments, the amplifying comprises 
reverse transcribing the target nucleic acid. In some embodiments, the amplifying comprises amplification using a method selected from the 
group consisting of: PCR, quantitative PCR, real-time PCR, and digital PCR, or any combination thereof. In some embodiments, the 
amplifying is performed directly on the solid support. In some embodiments, the amplifying is performed on a template transcribed from the 
solid support. In some embodiments, the method further comprises sequencing the target nucleic acid. In some embodiments, the 
sequencing comprises sequencing the target nucleic acid and the molecular label. In some embodiments, the method further comprises 
determining an amount of the target nucleic acid. In some embodiments, the determining comprises quantifying levels of the target nucleic 
acid. In some embodiments, the determining comprises counting the number of sequenced molecular labels for the target nucleic acid. In 
some embodiments, the contacting occurs in a microwell. In some embodiments, the microwell is made from a material selected from the 
group consisting of: hydrophilic plastic, plastic, elastomer, and hydrogel, or any combination thereof. In some embodiments, the microwell 
comprises agarose. In some embodiments, the microwell is one microwell of a microwell array. In some embodiments, the microwell array 
comprises at least 90 microwells. In some embodiments, the microwell array comprises at least 150,000 microwells. In some embodiments, 
the microwell comprises at least one solid support per well. In some embodiments, the microwell comprises at most two solid supports per 
well. In some embodiments, the microwell is of a size that accommodates at most two of the solid support. In some embodiments, the 
microwell is of a size that accommodates at most one solid support. In some embodiments, the microwell is at least 25 microns deep. In 
some embodiments, the microwell is at least 25 microns in diameter.

[0681] In one aspect the disclosure provides for a method to reduce amplification bias of a target nucleic acid comprising: contacting a 
sample to a solid support, wherein the solid support comprises a plurality of oligonucleotides, wherein at least two of the plurality of 
oligonucleotides comprises a cellular label and a molecular label, wherein the cellular labels of the at least two of the plurality of 
oligonucleotides are the same, and wherein the molecular labels of the at least two of the plurality of oligonucleotides are different; and 
hybridizing a target nucleic acid from the sample to the plurality of oligonucleotides; amplifying the target nucleic acid or compliment thereof, 
sequencing the target nucleic acid or compliment thereof, wherein the sequencing sequences the target nucleic acid or compliment thereof 
and the molecular label of the oligonucleotide to which the target nucleic acid or compliment thereof is bound, determining an amount of the 
target nucleic acid.

[0682] In some embodiments, the hybridizing comprising hybridizing multiple copies of a same target nucleic acid to the plurality of 
oligonucleotides. In some embodiments, the determining comprises counting a number of sequenced molecular labels for a same target 
nucleic acid. In some embodiments, the counting counts the number of copies of the same target nucleic acid. In some embodiments, the 
sample comprises cells. In some embodiments, the amplifying comprises reverse transcribing the target nucleic acid. In some 
embodiments, the amplifying comprises amplification using a method selected from the group consisting of: PCR, quantitative PCR, real
time PCR, and digital PCR, or any combination thereof. In some embodiments, the amplifying is performed directly on the solid support. In 
some embodiments, the amplifying is performed on a template transcribed from the solid support.

[0683] In one aspect the disclosure provides for a composition comprising a microwell; a cell; and a solid support, wherein the solid support 
comprises a plurality of oligonucleotides, wherein at least two of the plurality of oligonucleotides comprises a cellular label and a molecular 
label, wherein the cellular labels of the at least two of the plurality of oligonucleotides are the same, and wherein the molecular labels of the 
at least two of the plurality of oligonucleotides are different.

[0684] In some embodiments, the at least two of the plurality of oligonucleotides further comprises a sample label. In some embodiments, 
the at least two of the plurality of oligonucleotides further comprises a target binding region. In some embodiments, the target binding region 
comprises a sequence selected from the group consisting of: a random multimer e.g., a random dimer, trimer, quatramer, pentamer, 
hexamer, septamer, octamer, nonamer, decamer, or higher multimer sequence of any length; a gene-specific primer; and oligo dT; or any 
combination thereof. In some embodiments, the plurality of oligonucleotides comprises a universal label. In some embodiments, the 
universal label comprises a binding site for a sequencing prumer. In some embodiments, the solid support is comprised of polystyrene. In 
some embodiments, in solid support is magnetic. In some embodiments, the solid support is selected from the group consisting of: a PDMS 
solid support, a glass solid support, a polypropylene solid support, an agarose solid support, a gelatin solid support, a magnetic solid 
support, and a pluronic solid support, or any combination thereofln some embodiments, the solid support comprises a bead. In some 
embodiments, the solid support has a diameter of about 20 microns. In some embodiments, the solid support has a diameter from about 5 
microns to about 40 microns. In some embodiments, the cellular label comprises a plurality of cellular labels. In some embodiments, the 
plurality of cellular labels is interspersed with a plurality of linker sequences. In some embodiments, the microwell is made from a material 
selected from the group consisting of: hydrophilic plastic, plastic, elastomer, and hydrogel, or any combination thereof. In some 
embodiments, the microwell comprises agarose. In some embodiments, the microwell is a microwell of a microwell array. In some 
embodiments, the microwell comprises at least one solid support per well. In some embodiments, the microwell comprises at most two solid 
supports per well. In some embodiments, the microwell is of a size that accommodates at least one of the solid support and at least one of 
the cell. In some embodiments, the microwell is of a size that accommodates at most one of the solid support and at least one of the cell. In 
some embodiments, the microwell is at least 25 microns deep. In some embodiments, the microwell is at least 25 microns in diameter. In 
some embodiments, the microwell is flat

[0685] In one aspect the disclosure provides for a device, comprising a plurality of microwells, wherein the plurality of microwells comprises 

at least two microwells; and wherein each microwell of the plurality of microwells has a volume ranging from about 1,000 pm3 to about 

120,000 pm3. In some embodiments, each microwell of the plurality of microwells has a volume of about 20,000 pm3. In some
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embodiments, the plurality of microwells comprises from about 1,000 to about 5,000,000 microwells. In some embodiments, the plurality of 
microwells comprises about 100,000 to about 200,000 microwells. In some embodiments, the microwells are comprised in a single layer of 
a material. In some embodiments, at least about 10 % of the microwells further comprise a cell. In some embodiments, at least about 10% 
of the microwells further comprise a solid support which comprises a plurality of oligonucleotides, wherein at least two of the plurality of 
oligonucleotides comprise a cellular label and a molecular label, wherein the cellular labels of the at least two of the plurality of 
oligonucleotides are the same, and wherein the molecular labels of the at least two of the plurality of oligonucleotides are different. In some 
embodiments, the solid supports are magnetized.

[0686] In one aspect the disclosure provides for an apparatus comprising any device described herein, and a liquid handler.

[0687] In some embodiments, the liquid handler delivers liquid to the plurality of microwells in about 1 second. In some embodiments, the 
apparatus delivers liquid to the plurality of microwells from a single input port. In some embodiments, the apparatus further comprises a 
magnet. In some embodiments, the apparatus further comprises at least one of: an inlet port, an outlet port, a pump, a valve, a vent, a 
reservoir, a sample collection chamber, a temperature control apparatus, or any combination thereof. In some mebodiments, the apparatus 
comprises the sample collection chamber, wherein the sample collection chamber is removable from the apparatus. In some embodiments, 
the apparatus further comprises an optical imager. In some embodiments, the optical imager produces an output signal which is used to 
control the liquid handler. In some embodiments, the apparatus further comprises a thermal cycling mechanism configured to perform 
polymerase chain reaction (PCR) amplification of oligonucleotides.

[0688] In one aspect the disclosure provides for a method of producing a clinical diagnostic test result, comprising producing the clinical 
diagnostic test result with any device or apparatus described herein. In some embodiments, the clinical diagnostic test result is transmitted 
via a communication medium.

[0689] In one aspect the disclosure provides for a device comprising: one or more substrates further comprising one or more microwell 
arrays; wherein the microwell arrays are used to perform multiplexed, single cell stochastic labeling and molecular indexing assays.

[0690] In some embodiments, the microwell arrays of the substrates comprise microwells arranged in a one dimensional or two dimensional 
array pattern. In some embodiments, the two dimensional array pattern of microwells is selected from the group including a square grid, a 
rectangular grid, or a hexagonal grid.

[0691] In some embodiments, the microwells of the microwell arrays are fabricated using a well geometry selected from the group including 
cylindrical, conical, hemispherical, rectangular, or polyhedral. In some embodiments, the microwells of the microwell arrays are fabricated 
using a overall geometry that comprises two or more component geometries selected from the group including cylindrical, conical, 
hemispherical, rectangular, or polyhedral. In some embodiments, the diameter of the microwells in the microwell arrays is between about 5 
microns and about 50 microns. In some embodiments, the depth of the microwells in the microwell arrays is between about 10 microns and 
about 60 microns. In some embodiments, the center-to-center spacing between microwells in the microwell arrays is between about 15 
microns an about 75 microns. In some embodiments, the total number of microwells in each of the microwell arrays is between about 96 
and about 5,000,000. In some embodiments, the one or more substrates are fabricated from a material selected from the group including 
silicon, fused-silica, glass, a polymer, or a metal. In some embodiments, the one or more substrates are fabricated from agarose or a 
hydrogel. In some embodiments, the microwell arrays further comprise surface features between microwells that surround the microwells or 
straddle the surface between microwells, and are selected from the group including domed, ridged, or peaked surface features.

[0692] In one aspect the disclosure provides for a device comprising: a substrate further comprising one or more microwell arrays; and a 
mechanical fixture comprising a top plate, a bottom plate, and a gasket; wherein when assembled the substrate is positioned between the 
gasket and the bottom plate, the gasket forms a leak-proof seal with the substrate, and the top plate and gasket form one or more 
chambers encompassing the microwell arrays such that one or more cell samples and bead-based oligonucleotide labels may be dispensed 
into the chambers for the purpose of performing multiplexed, single cell stochastic labeling and molecular indexing assays.

[0693] In some embodiments, the substrate comprises any one or more microwell arrays as described herein. In some embodiments, the 
gasket is fabricated from polydimethylsiloxane (PDMS) or a similar elastomeric material. In some embodiments, the top and bottom plates 
are fabricated from aluminum, anodized aluminum, stainless steel, teflon, polymethylmethacrylate, polycarbonate, or a similar rigid polymer 
material.

[0694] In one aspect the disclosure provides for a device comprising: one or more substrates further comprising one or more microwell 
arrays; and one or more flow cells; wherein the one or more flow cells enclose or are attached to the one or more substrates, and include at 
least one inlet port and at least one outlet port for the purpose of delivering fluids to the microwell arrays; and wherein the device is used to 
perform multiplexed, single cell stochastic labeling and molecular indexing assays.

[0695] In some embodiments, the one or more substrates comprise any one or more microwell arrays as described herein. In some 
embodiments, each of the one or more flow cells further comprise a plurality of microarray chambers that interface with a plurality of 
microwell arrays such that one or more samples may be processed in parallel. In some embodiments, the one or more flow cells further 
comprise a porous barrier or flow diffuser to provide more uniform delivery of cells and beads to the microwell arrays. In some 
embodiments, the one or more flow cells further comprise dividers that divide chambers containing microwell arrays into subsections that 
collectively cover the same total array area and provide for more uniform delivery of cells and beads to the microwell arrays. In some 
embodiments, the width of fluid channels incorporated into the device is between about 50 microns and 20 mm. In some embodiments, the
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depth of fluid channels incorporated into the device is between about 50 microns and about 2 mm. In some embodiments, the one or more 
flow cells are fabricated from a material selected from the group consisting of silicon, fused-silica, glass, polydimethylsiloxane (PDMS; 
elastomer), polymethylmethacrylate (PMMA), polycarbonate (PC), polypropylene (PP), polyethylene (PE), high density polyethylene 
(HDPE), polyimide, cyclic olefin polymers (COP), cyclic olefin copolymers (COC), polyethylene terephthalate (PET), epoxy resin, metal, or a 
combination of these materials. In some embodiments, the device comprises a fixed component of an instrument system for performing 
automated multiplexed, single cell stochastic labeling and molecular indexing assays. In some embodiments, the device comprises a 
removable component of an instrument system for performing automated multiplexed, single cell stochastic labeling and molecular indexing 
assays.

[0696] In one aspect the disclosure provides for a cartridge comprising: one or more substrates further comprising one or more microwell 
arrays; one or more flow cells or microwell array chambers; one or more sample or reagent reservoirs; and wherein the cartridge further 
comprises at least one inlet port and at least one outlet port for the purpose of delivering fluids to the microwell arrays; and wherein the 
cartridge is used to perform multiplexed, single cell stochastic labeling and molecular indexing assays.

[0697] In some embodiments, the one or more substrates comprise any one or more microwell arrays as described herein. In some 
embodiments, the one or more flow cells or microwell array chambers interface with a plurality of microwell arrays such that one or more 
samples may be processed in parallel. In some embodiments, the one or more flow cells or microwell array chambers further comprise a 
porous barrier or flow diffuser to provide more uniform delivery of cells and beads to the microwell arrays. In some embodiments, the one or 
more flow cells or microwell array chambers further comprise dividers that divide the flow cells or chambers into subsections that collectively 
cover the same total array area and provide for more uniform delivery of cells and beads to the microwell arrays. In some embodiments, the 
width of fluid channels incorporated into the cartridge is between about 50 microns and 200 microns. In some embodiments, the width of the 
fluid channels incorporated into the cartridge is between about 200 microns and 2 mm. In some embodiments, the width of the fluid 
channels incorporated into the cartridge is between about 2 mm and 10 mm. In some embodiments, the width of the fluid channels 
incorporated into the cartridge is between about 10 mm and 20 mm. In some embodiments, the depth of fluid channels incorporated into 
the cartridge is between about 50 microns and about 10 mm. In some embodiments, the depth of fluid channels incorporated into the 
cartridge is between about 500 microns and 1 mm. In some embodiments, the depth of fluid channels incorporated into the cartridge is 
between about 1 mm and about 2 mm. In some embodiments, the one or more flow cells or microwell array chambers are fabricated from a 
material selected from the group consisting of silicon, fused-silica, glass, polydimethylsiloxane (PDMS; elastomer), polymethylmethacrylate 
(PMMA), polycarbonate (PC), polypropylene (PP), polyethylene (PE), high density polyethylene (HDPE), polyimide, cyclic olefin polymers 
(COP), cyclic olefin copolymers (COC), polyethylene terephthalate (PET), epoxy resin, metal, or a combination of these materials. In some 
embodiments, the device comprises a removable, consumable component of an instrument system for performing automated multiplexed, 
single cell stochastic labeling and molecular indexing assays. In some embodiments, the cartridge further comprises bypass channels or 
other design features for providing self-metering of cell samples or bead suspensions dispensed or injected into the cartridge. In some 
embodiments, the cartridge further comprises integrated miniature pumps for controlling fluid flow through the device. In some 
embodiments, the cartridge further comprises integrated miniature valves for compartmentalizing pre-loaded reagents and for controlling 
fluid flow through the device. In some embodiments, the cartridge further comprises vents for providing an escape path for trapped air. In 
some embodiments, the cartridge further comprises comprise design elements for creating physical or chemical barriers that effectively 
increase pathlength and prevent or minimize diffusion of molecules between microwells, wherein the design elements are selected from the 
group consisting of: a pattern of serpentine channels for delivery of cells and beads to the microwell array, a retractable platen or 
deformable membrane that is pressed into contact with the surface of the microwell array, or the release of an immiscible, hydrophobic fluid 
from a reservoir within the cartridge. In some embodiments, the cartridge further comprises integrated temperature control components or 
an integrated thermal interface for providing good thermal contact with an external instrument system. In some embodiments, the cartridge 
further comprises an optical interface or window for optical imaging of the one or more microwell arrays. In some embodiments, the 
cartridge further comprises one or more removable sample collection chambers that are configured to interface with stand-alone PCR 
thermal cyclers and/or sequencing instruments. In some embodiments, the cartridge itself is configured to interface directly with stand-alone 
PCR thermal cyclers and/or sequencing instruments.

[0698] In one aspect the disclosure provides for an instrument system comprising: one or more flow cells or cartridges further comprising 
one or more microwell arrays; and a flow controller; wherein the flow controller controls the delivery of cell samples, bead-based 
oligonucleotide labeling reagents, and other assay reagents to the microwell arrays, and the instrument system is used to perform 
multiplexed, single cell stochastic labeling and molecular indexing assays.

[0699] In some embodiments, the one or more microwell arrays are any described herein. In some embodiments, the one or more flow 
cells are a fixed component of the system. In some embodiments, the one or more flow cells are a removable, consumable component of 
the system. In some embodiments, the one or more cartridges are removable, consumable components of the system. In some 
embodiments, cell samples and bead-based oligonucleotide reagents are dispensed or injected directly into the cartridge by the user. In 
some embodiments, assay reagents other than cell samples are preloaded in the cartridge. In some embodiments, the ainstrument system 
further comprises an imaging system for imaging the the microwell arrays. In some embodiments, the ainstrument system further comprises 
a cell or bead distribution system for facilitating uniform distribution of cells and beads across the microwell arrays, wherein the mechanism 
underlying the distribution system is selected from the group consisting of rocking, shaking, swirling, recirculating flow, low frequency 
agitation, or high frequency agitation. In some embodiments, the ainstrument system further comprises a cell lysis system wherein the 
system uses a high frequency piezoelectric transducer for somicating the cells. In some embodiments, the ainstrument system further 
comprises a temperature controller for maintaining a user-specified temperature, or for ramping temperature between two or more specified 
temperatures over two or more specified time intervals. In some embodiments, the ainstrument system further comprises a magnetic field 
controller for use in eluting beads from microwells. In some embodiments, the ainstrument system further comprises a computer or



DK/EP 3039158 T3

processor programmed to provide a user interface and control of system functions. In some embodiments, the ainstrument system further 
comprises program code for providing real-time image analysis capability. In some embodiments, the real-time image analysis and 
instrument control functions are coupled, so that cell and bead sample loading steps can be prolonged or repeated until optimal cell/bead 
distributions are achieved. In some embodiments, the ainstrument system further comprises an integrated PCR thermal cycler for 
amplification of oligonucleotide labels. In some embodiments, the ainstrument system further comprises an integrated sequencer for 
sequencing of oligonucleotide libraries, thereby providing sample-to-answer capability. In some embodiments, the cell samples comprise 
patient samples and the results of the multiplexed, single cell stochastic labeling and molecular indexing assay are used for clinical 
diagnostic applications. In some embodiments, the cell samples comprise patient samples and the results of the multiplexed, single cell 
stochastic labeling and molecular indexing assay are used by a healthcare provider to make informed healthcare treatment decisions.

[0700] In one aspect the disclosure provides for software residing in a computer readable medium programmed to perform one or more of 
the following sequence data analysis: determining the number of reads per gene per cell, and the number of unique transcript molecules 
per gene per cell; principal component analysis or other statistical analysis to predict confidence intervals for determinations of the number 
of transcript molecules per gene per cell; alignment of gene sequence data with known reference sequences; decoding/demultiplexing of 
sample barcodes, cell barcodes, and molecular barcodes; and automated clustering of molecular labels to compensate for amplification or 
sequencing errors; wherein the sequence data is generated by performing multiplexed, single cell stochastic labeling and molecular 
indexing assays.
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Patentkrav

1. Fremgangsmåde, som omfatter:

(a) fordeling af en prøve, som omfatter en flerhed af celler, i et array af 

mikrobrønde;

(b) etablering af kontakt mellem en enkelt celle i en enkelt mikrobrønd og 

en enkelt fast bærer, hvor den faste bærer er en perle, der omfatter en 

flerhed af oligonukleotider, hvor hvert oligonukleotid omfatter et 

cellemærke, et molekylmærke og en målbindende region;

(c) hybridisering eller ligering af en målnukleinsyre fra enkeltcellen til den 

målbindende region af et oligonukleotid fra flerheden af oligonukleotider for 

at frembringe en mærket målnukleinsyre;

(d) eventuelt amplifikation af den mærkede målnukleinsyre eller 

komplementet deraf; og

(e) bestemmelse af en mængde af målnukleinsyren eller komplementet 

deraf ved at påvise og/eller sekventere den mærkede målnukleinsyre, 

amplikonet eller komplementet deraf og tælle antallet af molekylmærker 

for målnukleinsyren,

hvor cellemærket omfatter en nukleinsyresekvens, som tilvejebringer information 

om, hvilken celle oligonukleotidet bringes i kontakt med, og hvor cellemærket i 

hvert af flerheden af oligonukleotider på en perle er ens, og hvor cellemærkerne i 

oligonukleotiderne på en første perle er forskellige fra cellemærkerne i 

oligonukleotiderne på en anden perle,

hvor molekylmærket omfatter en nukleinsyresekvens, som tilvejebringer 

identificerende information om den mærkede målnukleinsyre, og hvor hvert 

molekylmærke i hvert af flerheden af oligonukleotider på en perle er forskelligt, og 

hvor den målbindende region omfatter en nukleinsyresekvens, der kan binde sig 

til målnukleinsyren.

2. Fremgangsmåde ifølge krav 1, hvor arrayet af mikrobrønde omfatter mindst 

1.000 mikrobrønde, eventuelt hvor hver af mindst ca. 10 % af de mindst 1.000 

mikrobrønde indeholder en enkelt celle.
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3. Fremgangsmåde ifølge krav 1 eller krav 2, hvor fordelingen omfatter etablering 

af kontakt mellem en eller flere mikrobrønde og en fortyndet opløsning af celler, 

som er fortyndet således, at der højst fordeles én celle til mikrobrønden eller 

mikrobrøndene.

4. Fremgangsmåde ifølge et hvilket som helst af kravene 1-3, som endvidere 

omfatter:

fordeling af højst én perle pr. mikrobrønd; og/eller 

måling af transskriptomet for enkeltcellen i prøven, eventuelt hvor perlen 

efter hybridisering eller ligering omfatter fra ca. 0,501 % til ca. 100 % 

transskripter af en organismes transskriptom eller komplementer deraf.

5. Fremgangsmåde ifølge et hvilket som helst af kravene 1-4, hvor celleprøven

omfatter en celle valgt fra gruppen bestående af: en sjælden celle, en celle 

fra en tumor, en celle fra et menneske, en celle fra et flercellet væv og en 

celle, som omfatter et virus, og en hvilken som helst kombination deraf, 

og/eller

omfatter en flerhed af forskellige celletyper.

6. Fremgangsmåde ifølge et hvilket som helst af kravene 1-5, hvor cellerne i 

mikrobrøndene lyseres, eventuelt hvor cellerne lyseres inden hybridiseringen eller 

ligeringen.

7. Fremgangsmåde ifølge et hvilket som helst af kravene 1-6, som endvidere 

omfatter genvinding af perlen fra mikrobrønden, hvor genvindingen eventuelt 

udføres ved anvendelse af en magnet.

8. Fremgangsmåde ifølge et hvilket som helst af kravene 1-7, hvor den 

målbindende region omfatter en sekvens valgt fra gruppen bestående af: en 

oligo-dT-sekvens, en genspecifik sekvens og en tilfældig multimersekvens.

9. Fremgangsmåde ifølge et hvilket som helst af kravene 1-8, som endvidere 

omfatter amplifikation af målnukleinsyren eller komplementet deraf, eventuelt 

hvor amplifikationen udføres direkte på perlen, på en template, der er 

transskriberet fra perlen, eller en kombination deraf.
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10. Fremgangsmåde ifølge krav 9, hvor amplifikationen omfatter revers 

transskription af målnukleinsyren, eventuelt for at fremstille mærkede cDNA- 

molekyler.

5

11. Fremgangsmåde ifølge krav 10, som endvidere omfatter udførelse af 

andenstrengssyntese på de mærkede mål-cDNA'er for derved at frembringe 

dobbeltstrengede mærkede målpolynukleotider.

10 12. Fremgangsmåde ifølge et hvilket som helst af kravene 9-11, hvor der ved 

amplifikationen anvendes en fremgangsmåde valgt fra gruppen bestående af:

PCR, nested PCR, kvantitativ PCR, realtids-PCR, digital PCR og en hvilken som 

helst kombination deraf.

15 13. Fremgangsmåde ifølge et hvilket som helst af kravene 1-12, hvor hvert af 

flerheden af oligonukleotider endvidere omfatter et universalmærke, eventuelt 

hvor universalmærket omfatter et primerbindingssted.

14. Fremgangsmåde ifølge et hvilket som helst af kravene 1-13, hvor flerheden af

20 oligonukleotider omfatter fra 10.000 til 1 milliard oligonukleotider.

15. Fremgangsmåde ifølge et hvilket som helst af kravene 1-14, hvor 

målnukleinsyren er et mRNA.
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FIG. 6C

well volume 2.12E-14
bead volume 4.19ΕΊ5 m3
well volume-bead volume 1.7GE-14 m3
well volume-bead volume 1.7ÖE-11 !!l!lll|l|i(|i
#mRNA per cell 2.5GE+Ö5 molecules
concentration of mRNA 1.47E+16 molecules per L
concentration of mRNA 2.44E-08 moles per L
concentration of mRNA 24.40 nM

FIG. 7
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