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SINGLE AMPLICON ACTIVATED EXCLUSION PCR

CROSS-REFERENCE

[0001] This application claims priority to U.S. Provisional Application No. 62/232,300, filed September

24, 2015; which is incorporated herein by reference in its entirety.

BACKGROUND

[0002] The use of water-in-oil emulsion droplets to allow single-cell genetic analysis at very high

throughput. Single cells are isolated in individual emulsion droplets before attaching droplet-specific

barcodes to nucleic acid targets associated with each cell. Once barcodes have been attached, the material

is recovered from the emulsion droplets and sequenced on a high throughput sequencing instrument.

Using the barcode sequences all sequences derived from nucleic acids in the same original emulsion

droplets can be clustered together, allowing analysis of multiple targets at a single cell level. Since

emulsion droplets are tens to hundreds of thousands of times smaller than the typical volumes used for

reactions in plastic plates, throughput is greatly enhanced allowing thousands to millions of cells to be

analyzed in a single experiment.

[0003] Attaching droplet-specific barcodes to nucleic acid targets associated with each of many droplet

isolated single cells fundamentally requires each droplet to contain many (typically millions) of

barcoding DNA molecules of the same sequence. Further the barcoded DNA molecules of a single vessel

must be distinct from the barcoded sequence carried by corresponding barcoding molecules in any other

droplet. One known method of generating such a situation is to seed the initial emulsion with very low

quantities of an oligonucleotide (e.g., a barcoding template) that carries a degenerate sequence, to act as a

barcode, flanked by common sequences, to allow amplification within the droplet by PCR. In this

situation each droplet at the start of the emulsion reaction contains only a single, zero or very few

barcoding templates, which are then amplified by PCR to create many (typically millions) of identical

copies of themselves within the droplets. If there is some complementary sequence overlap designed

between the common sequence portions of the barcoding templates and the target nucleic acids, an

"assembly-by-overlap" step can occur during the PCR in which copies of the barcoding template become

physically attached to the target nucleic acids, resulting in droplet-specific barcoding of many targets per

single cell.

[0004] However, these previously described droplet barcoding by PCR methods are majorly limited by

random Poisson dispersal of barcode templates into the droplets. By diluting the initial barcoding

templates into the aqueous solution to be entered into emulsion, an accurate average number of barcoding

templates per droplet can be reached, as long as the emulsion is monodisperse (droplets are all the same

size). However, the exact number of barcoding templates entering each emulsion droplet is controlled by

Poisson statistics and cannot be controlled with high precision. Unlike cells or beads, the small size of

DNA barcode template molecules prevents coordination of their entry into droplets on a one-by-one basis



based on physical exclusion properties. Droplets prepared to contain an average density of barcoding

templates per droplet of exactly 1, leads to, for example, only -36% of droplets containing a single

barcoding template, while -36% will have zero templates (empty droplets) and -36% will have more

than one template (multiple-barcode droplets). Droplets with no barcoding templates are undesirable

since cells within those droplets cannot be barcoded and are therefore lost from analysis. Droplets with

multiple barcodes are also undesirable since cells within those droplets may be "counted twice" or more

times, and downstream analysis may be unable to distinguish two genuinely similar cells barcoded in

different droplets from one cell counted twice by two droplet barcodes in the same droplet.

[0005] The methods and compositions described herein provide a solution to the limitation of Poisson

dispersal of barcoding templates into emulsion droplets.

SUMMARY

[0006] Described herein are methods and compositions for nucleic acid amplification. Described herein

are methods and compositions for reliable PCR amplification. In some embodiments a single DNA

template molecule is amplified in over 90% of droplets in a water-in-oil emulsion, thereby overcoming

limitations of Poisson statistics, with particular utility in high throughput single-cell barcoding and DNA

sequencing methods.

[0007] In one aspect, provided herein is a method of producing amplicons comprising amplifying a

template barcoded polynucleotide molecule in each of a plurality of vessels comprising a plurality of

template barcoded polynucleotide molecules, wherein the amplicons in each vessel of the plurality of

vessels comprise a barcode amplified from a single template barcoded polynucleotide molecule, wherein

the plurality of vessels comprises 50 vessels.

[0008] In one aspect, provided herein is a method of barcoding target polynucleotides comprising

amplifying a template barcoded polynucleotide molecule in each of a plurality of vessels comprising a

plurality of template barcoded polynucleotide molecules, wherein a target polynucleotide in each vessel

of the plurality of vessels comprises a barcode amplified from a single template barcoded polynucleotide

molecule, wherein the plurality of vessels comprises 50 vessels.

[0009] In one aspect, provided herein is a method of barcoding target polynucleotides comprising;

amplifying a template barcoded polynucleotide in each vessel of a plurality of vessels comprising from 2-

1000 template barcoded polynucleotides with a different barcode per vessel, and uniquely barcoding a

target polynucleotide in each vessel of the plurality of vessels.

[0010] In one aspect, provided herein is a method comprising amplifying a template barcoded

polynucleotide with a first primer and a second primer in each vessel, each vessel of the plurality of

vessels comprising a plurality of template barcoded polynucleotides with different barcodes; wherein the

first primer has an affinity to each of the plurality of template barcoded polynucleotides that is about the



same and that is as least 5-fold less than the affinity of the second primer to an extension product of the

first primer; uniquely barcoding a target polynucleotide in each vessel of the plurality of vessels.

[0011] In one aspect, provided herein is a method of barcoding target polynucleotides comprising

amplifying a template barcoded polynucleotide molecule in each vessel of a plurality of vessels

comprising a plurality of template barcoded polynucleotide molecules, wherein the amplifying comprises

amplifying with a primer pair comprising a first primer and a second primer, wherein the first primer a

melting temperature to the template barcoded polynucleotide molecule that is lower than the melting

temperature of a second primer to an extension product of the first primer; and uniquely barcoding a

target polynucleotide in each vessel of the plurality of vessels.

[0012] In one aspect, provided herein is a method of barcoding target polynucleotides comprising

performing an amplification reaction in each vessel of a plurality of vessels comprising a plurality of

template barcoded polynucleotides, the amplification reaction comprising: a first cycle comprising: a first

extension reaction, on a template barcoded polynucleotide of the plurality of template barcoded

polynucleotides to form a first extension molecule, wherein the extension efficiency of the first extension

reaction is once per 2 cycles, performing a second extension reaction on the first extension molecule to

form a second extension molecule wherein the extension efficiency of the second extension reaction is at

least about 2-fold higher than the extension efficiency of the first extension reaction; and a plurality of

further cycles comprising amplifying the first and second extension molecules; wherein a target

polynucleotide is uniquely barcoded in each vessel of the plurality of vessels.

[0013] In one aspect, provided herein is a method of barcoding target polynucleotides comprising

performing an amplification reaction in each vessel of a plurality of vessels comprising plurality of

template barcoded polynucleotides, the amplification reaction comprising a plurality of cycles, a first

cycle of the plurality of cycles comprising: a first extension reaction with a first primer, on a template

barcoded polynucleotide of the plurality of template barcoded polynucleotides to form a first extension

molecule, wherein the extension efficiency of the first extension reaction is from about 0.0005% to 20%;

performing a second extension reaction with a second primer comprising 100% complementarity to a

region of the first extension molecule that is more than 8 bases to form a second extension molecule;

amplifying the first and second extension molecules; and uniquely barcoding a target polynucleotide in

each vessel of the plurality of vessels.

[0014] In one aspect, provided herein is a method of barcoding target polynucleotides comprising

performing a first extension reaction comprising extending a first extension primer comprising an

activating sequence annealed to an exclusion sequence of a template barcoded polynucleotide, thereby

forming an activated barcoded polynucleotide; performing a second extension reaction comprising

extending a second extension primer annealed to the activated template barcoded polynucleotide to form

a nonexclusionary template barcoded polynucleotide; and amplifying the activated template barcoded



polynucleotide and the nonexclusionary template barcoded polynucleotide, thereby barcoding a target

polynucleotide in a vessel of a plurality of vessels.

[0015] In some embodiments, the method further comprises forming the plurality of vessels before

performing a first extension reaction.

[0016] In one aspect, provided herein is a method of barcoding target polynucleotides comprising

forming a plurality of vessels from a pool of template barcoded polynucleotides comprising different

barcodes, wherein the plurality of vessels comprises an average of 2 or more of the template barcoded

polynucleotides per vessel; performing an amplification reaction in each vessel of the plurality of vessels,

and uniquely barcoding a target polynucleotide in 80% to100% of the vessels of the plurality of vessels.

[0017] In one aspect, provided herein is a method of barcoding target polynucleotides comprising:

forming a plurality of vessels, wherein at least 50% of the vessels of the plurality of vessels comprise a

plurality of template barcoded polynucleotide molecules; performing an amplification reaction in each

vessel of the plurality of vessels; and uniquely barcoding a target polynucleotide in in 80% to100% of the

vessels of the plurality of vessels.

[0018] In some embodiments, the method further comprises sequencing amplicons of the amplifying.

[0019] In some embodiments, the first and the second extension reactions are a first PCR cycle.

[0020] In some embodiments, the amplifying comprises one or more PCR cycles. In some embodiments,

the amplifying comprises a plurality of PCR cycles. In some embodiments, the amplifying comprises at

least 20, 30, 40, 50, 60, 70, 80, 90, or 100 PCR cycles. In some embodiments, the amplifying comprises

from 20-200, 20-150, 20-100, 40-200, 40-150, 40-100, 60-200, 60-150, 60-100, 80-200, 80-150, or 80-

100 PCR cycles.

[0021] In some embodiments, the activated barcoded polynucleotide in a vessel is formed at least one

PCR cycle before a second activated barcode is formed in the same vessel. In some embodiments, the

activated barcoded polynucleotide in a vessel is formed at least 2, 3, 4, 5, 6, 7, 8, 9, or 10 PCR cycles

before a second activated barcode is formed in the same vessel. In some embodiments, the activated

barcoded polynucleotide in a vessel is formed at most 10 PCR cycles before an activated barcoded

polynucleotide is formed in any other vessel. In some embodiments, each activated template barcoded

polynucleotide formed in a vessel comprises the same barcode sequence.

[0022] In some embodiments, at least 70%, 80%, 90%, 95%, 98%, 99%, or 100% of products of the

amplifying in a vessel comprise a same barcode sequence. In some embodiments, less than 10%, 5%, 4%,

3%, 2%, 1%, or 0 .1% of products of the amplifying in a vessel comprise a different barcode sequence. In

some embodiments, at least 70%, 80%, 90%, 95%, 98%, 99%, or 100% of the barcoded target

polynucleotides or amplified products thereof in a vessel comprise the same barcode sequence. In some

embodiments, at least 70%, 80%, 90%, 95%, 98%, 99%, or 100% of the vessels of the plurality of vessels

comprises an amount of products of the amplifying that have the same barcode that is at least 70%, 80%,



90%, 95%, 98%, 99%, or 100% of a total amount of barcoded target polynucleotides or amplified

products.

[0023] In some embodiments, a single activated template barcoded polynucleotide is formed in a vessel

of the plurality of vessels. In some embodiments, a single activated template barcoded polynucleotide is

formed in at least 50%, 60%, 70%, 80%, 90% or 100% of the vessels of the plurality of vessels. In some

embodiments, a single activated template barcoded polynucleotide is formed in each vessel of the

plurality of vessels. In some embodiments, the plurality of vessels comprises at least 10, 50, 100, 1,000,

10,000, 100,000, 1,000,000, 10,000,000, or more vessels.

[0024] In some embodiments, the vessel is a well, an emulsion, or a droplet.

[0025] In some embodiments, the extension efficiency of the first extension reaction is less than once per

PCR cycle. In some embodiments, the extension efficiency of the first extension reaction is less than once

per 2 PCR cycles. In some embodiments, the extension efficiency of the first extension reaction is less

than once per 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, or 15 PCR cycles. In some embodiments, the extension

efficiency of the first extension reaction is about once per 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, or 15 PCR

cycles. In some embodiments, the extension efficiency of the first extension reaction is less than 80%. In

some embodiments, the extension efficiency of the first extension reaction is less than 70%, 60%, 50%,

10%, 1%., 0.1%, or 0.01%. In some embodiments, the extension efficiency of the first extension reaction

is from about 0.0005% to 20%. In some embodiments, the extension efficiency of the first extension

reaction is from about 0.005% to 5%. In some embodiments, the extension efficiency of the first

extension reaction is from about 0.05% to 0.5%. In some embodiments, the extension efficiency of the

second extension reaction is at least 80%, 90%, or 100%. In some embodiments, the extension efficiency

of the first extension reaction is at least about 2-fold, 5-fold, 10-fold, 25-fold, 50-fold, 100-fold, or 1000-

fold lower than the extension efficiency of the second extension reaction. In some embodiments, the

extension efficiency of the first extension reaction is at least about 2-fold, 5-fold, 10-fold, 25-fold, 50-

fold, 100-fold, or 1000-fold lower than the extension efficiency of an extension reaction of the

amplifying. In some embodiments, the amplifying comprises a third extension reaction comprising

extending a first extension primer annealed to the nonexclusionary template barcoded polynucleotide. In

some embodiments, the extension efficiency of the third extension reaction is at least 80%, 90%, or

100%. In some embodiments, the extension efficiency of the first extension reaction is at least about 2-

fold, 5-fold, 10-fold, 25-fold, 50-fold, 100-fold, or 1000-fold lower than the extension efficiency of the

third extension reaction. In some embodiments, the extension efficiency of the second extension reaction

is about the extension efficiency of an extension reaction of the amplifying. In some embodiments, the

extension efficiency of the second extension reaction is about the extension efficiency of the third

extension reaction.



[0026] In some embodiments, the plurality of vessels comprises an average of at least one template

barcoded polynucleotide molecule per vessel. In some embodiments, the plurality of vessels comprises an

average of from 1-2000, 1-1000, 1-500, 1-250, 1-100, 1-50, 1-25, 1-10, 1-6, 2-2000, 2-1000, 2-500, 2-

250, 2-100, 2-50, 2-25, 2-10, 2-6, 3-2000, 3-1000, 3-500, 3-250, 3-100, 3-50, 3-25, 3-10, or 3-6 template

barcoded polynucleotide molecules per vessel. In some embodiments, the plurality of vessels comprises

an average of at least 3, 4, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 150, 200, 250, 300, 400, 500, 750, or

1000 template barcoded polynucleotide molecules per vessel. In some embodiments, at least 50%, 60%,

70%, 80%, 90% or 100% of the vessels of the plurality of vessels comprise at least one template

barcoded polynucleotide molecule. In some embodiments, at least 50%, 60%, 70%, 80%, 90% or 100%

of the vessels of the plurality of vessels comprise from 1-2000, 1-1000, 1-500, 1-250, 1-100, 1-50, 1-25,

1-10, or 1-6 template barcoded polynucleotide molecules. In some embodiments, at least 50%, 60%,

70%, 80%, or 90% of the vessels of the plurality of vessels comprise a plurality of template barcoded

polynucleotide molecules. In some embodiments, at least 50%, 60%, 70%, 80%, 90% or 100% of the

vessels of the plurality of vessels comprise from 2-2000, 2-1000, 2-500, 2-250, 2-100, 2-50, 2-25, 2-10,

or 2-6 template barcoded polynucleotide molecules. In some embodiments, each vessel of the plurality of

vessels comprises at least 3, 4, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 150, 200, 250, 300, 400, 500,

750, or 1000 template barcoded polynucleotide molecules. In some embodiments, at least 50%, 60%,

70%, 80%, 90% or 100% of the vessels of the plurality of vessels comprise from 3-2000, 3-1000, 3-500,

3-250, 3-100, 3-50, 3-25, 3-10, or 3-6 template barcoded polynucleotide molecules.

[0027] In some embodiments, a plurality of template barcode polynucleotides is distributed within the

plurality of vessels in a Poisson distribution. In some embodiments, a plurality of the first extension

primer are distributed within the plurality of vessels in a Poisson distribution.

[0028] In some embodiments, the second extension primer in a vessel has 95-100% sequence

complementary to the activated template barcoded polynucleotide in the vessel. In some embodiments,

the second extension primer in a vessel has 95-100% sequence complementary to the activated template

barcoded polynucleotide in different vessel. In some embodiments, the second extension primer in each

vessel of the plurality of vessels has 95-100% sequence complementary to the activated template

barcoded polynucleotide in different vessel. In some embodiments, the activated template barcoded

polynucleotide in a vessel has 95-100% sequence complementary to the second extension primer in the

vessel. In some embodiments, the activated template barcoded polynucleotide in a vessel has 95-100%

sequence complementary to the second extension primer in a different vessel. In some embodiments, the

activated template barcoded polynucleotide in each vessel of the plurality of vessels has 95-100%

sequence complementary to the second extension primer in a different vessel. In some embodiments, the

activation sequence of a first extension primer in a vessel has less than 95%, 90%, 85%, 80%, 75%, 70%,

65%, 60%, 55%, or 50% sequence complementarity to the exclusion sequence of one or more or each



template barcoded polynucleotide in the vessel. In some embodiments, the activation sequence of a first

extension primer in a vessel has less than 95%, 90%, 85%, 80%, 75%, 70%, 65%, 60%, 55%, or 50%

sequence complementarity to the exclusion sequence of one or more or each template barcoded

polynucleotide in a different vessel. In some embodiments, the activation sequence of a first extension

primer in each vessel has less than 95%, 90%, 85%, 80%, 75%, 70%, 65%, 60%, 55%, or 50% sequence

complementarity to the exclusion sequence of one or more or each template barcoded polynucleotide in a

different vessel. In some embodiments, the first extension primer has 100% sequence complementary to

less than 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, or 4 bases or less of the activated template barcoded

polynucleotide. In some embodiments, the exclusion sequence of the template barcoded polynucleotides

in a vessel have 90-100% sequence identity. In some embodiments, the exclusion sequence of a template

barcoded polynucleotide in a vessel has 90-100% sequence identity to an exclusion sequence of a

template barcoded polynucleotide in a different vessel. In some embodiments, the exclusion sequence of

a template barcoded polynucleotide in a vessel has 90-100% sequence identity to an exclusion sequence

of a template barcoded polynucleotide in each vessel of the plurality of vessels.

[0029] In some embodiments, two or more of template barcoded polynucleotide molecules in one vessel

comprise a different barcode sequence. In some embodiments, each template barcoded polynucleotide

molecule in one vessel comprises a different vessel barcode. In some embodiments, a barcode of a

template barcoded polynucleotide in a vessel is unique to a barcode of a template barcoded

polynucleotide in a different vessel. In some embodiments, a barcode of a template barcoded

polynucleotide in each vessel is unique to a barcode of a template barcoded polynucleotide in a different

vessel.

[0030] In some embodiments, the amplifying inhibits amplification of another template barcoded

polynucleotide in a same vessel.

[0031] In some embodiments, a vessel comprises a cell. In some embodiments, a vessel comprises a

single cell. In some embodiments, the target polynucleotide is from the cell.

[0032] In some embodiments, at least 70%, 80%, 90%, 95%, 98%, 99%, or 100% of the vessels of the

plurality of vessels comprise a barcoded target polynucleotide. In some embodiments, 2 or more target

polynucleotides in a vessel are barcoded. In some embodiments, at least 70%, 80%, 90%, 95%, 98%,

99%, or 100% of the vessels of the plurality of vessels comprise 2 or more barcoded target

polynucleotides. In some embodiments, the barcoded target polynucleotides in a vessel comprise the

same barcode. In some embodiments, the barcoded target polynucleotides in a vessel comprise a different

barcode than the barcode of the barcoded target polynucleotides in a different vessel. In some

embodiments, the barcoded target polynucleotides in a vessel comprise a different barcode than each of

the barcodes of the barcoded target polynucleotides in a different vessel. In some embodiments, each

vessel of the plurality of vessels comprises the cell. In some embodiments, each vessel of the plurality of



vessels comprises a plurality of primers comprising the first extension primer, the second extension

primer, a first amplification primer comprising the activating sequence of the first extension primer, and a

second amplification primer complementary to a sequence of the activated barcoded polynucleotide.

[0033] In some embodiments, the vessels comprise a polymerase. In some embodiments, the polymerase

is a DNA polymerase. In some embodiments, the polymerase is a thermostable polymerase. In some

embodiments, a PCR cycle is performed at an annealing temperature of less than 60 °C, 59 °C, 58 °C, 57

°C, 56 °C, 55 °C, 54 °C, 53 °C, 52 °C, 5 1 °C, 50 °C, 49 °C, 48 °C, 47 °C, 46 °C, or 45 °C. In some

embodiments, the first extension primer has melting temperature to a template barcoded polynucleotide

that is lower than an annealing temperature of a PCR cycle. In some embodiments, the first extension

primer has melting temperature to a template barcoded polynucleotide is lower than an annealing

temperature of a PCR cycle by at least 1 °C. In some embodiments, the first extension primer has melting

temperature to a template barcoded polynucleotide is lower than an annealing temperature of a PCR cycle

by at least 2 °C, 3 °C, 4 °C, 5 °C, 6 °C, 7 °C, 8 °C, 9 °C, 10 °C, 11 °C, 12 °C, 13 °C, 14 °C, or 15 °C.

[0034] In some embodiments, the activation sequence comprises a mismatch to the exclusion sequence.

In some embodiments, the activation sequence comprises at least 2, 3, 4, 5, 6, 7, 8, 9, or 10 mismatches to

the exclusion sequence.

[0035] In some embodiments, the target polynucleotide is DNA. In some embodiments, the target

nucleic acid is RNA. In some embodiments, the RNA is mRNA.

[0036] In some embodiments, the method further comprises an extension primer blocking

oligonucleotide. In some embodiments, a reverse transcription reaction comprises reverse transcribing the

target polynucleotide (e.g., transcribing RNA into a corresponding sequence of DNA). In some

embodiments, the plurality of vessels comprises an extension primer blocking oligonucleotide. In some

embodiments, the extension primer blocking oligonucleotide prevents transcription of the target

polynucleotide from the extension primer or amplification primer before PCR. In some embodiments, the

extension primer blocking oligonucleotide prevents extension of the extension primer or amplification

primerbefore PCR.

[0037] In some embodiments, the reverse transcription reaction occurs before the amplifying or the

amplification reaction. In some embodiments, the reverse transcription reaction is before the barcoding. In

some embodiments, the reverse transcription reaction is before the first extension reaction. In some

embodiments, the reverse transcription reaction is before the second extension reaction. In some

embodiments, the reverse transcription reaction is after the forming of a plurality of vessels.

[0038] In some embodiments, the extension primer blocking oligonucleotide has a melting temperature to

a template barcoded polynucleotide of the plurality of template barcoded polynucleotides that is higher

than the melting temperature of an extension primer or amplification primer to the template barcoded

polynucleotide of the plurality of template barcoded polynucleotides. In some embodiments, the extension



primer blocking oligonucleotide has a melting temperature to a template barcoded polynucleotide of the

plurality of template barcoded polynucleotides that is at least 1 °C, 2 °C, 3 °C, 4 °C, 5 °C, 6 °C, 7 °C, 8

°C, 9 °C, 10 °C, 1 1 °C, 12 °C, 13 °C, 14 °C, 15 °C, 16 °C, 17 °C, 18 °C, 19 °C, 20 °C, 2 1 °C, 22 °C, 23

°C, 24 °C, 25 °C, 26 °C, 27 °C, 28 °C, 29 °C, or 30 °C higher than the melting temperature of an

extension primer or amplification primer to the template barcoded polynucleotide of the plurality of

template barcoded polynucleotides. In some embodiments, the extension primer blocking oligonucleotide

has a melting temperature to the plurality of template barcoded polynucleotides that is higher than the

melting temperature of an extension primer or amplification primer to the plurality of template barcoded

polynucleotides.

[0039] In some embodiments, the extension primer blocking oligonucleotide is annealed to the template

barcoded polynucleotides during the reverse transcription reaction. In some embodiments, the extension

primer blocking oligonucleotide is not annealed to the template barcoded polynucleotides during the

amplifying or the amplification reaction, such as PCR.

[0040] In some embodiments, the extension primer or amplification primer hybridizes to a region of the

template barcoded polynucleotides that hybridizes to the extension primer blocking oligonucleotide. In

some embodiments, the region of the template barcoded polynucleotides that hybridizes to the extension

primer or amplification primer is shorter than a region of the template barcoded polynucleotide to which

the extension primer blocking oligonucleotide hybridizes. In some embodiments, the extension primer or

amplification primer hybridizes to a first region of the template barcoded polynucleotides and the

extension primer blocking oligonucleotide hybridizes to a second region of the template barcoded

polynucleotides, wherein the first region and the second region overlap.

[0041] In some embodiments, the extension primer blocking oligonucleotide is longer than the first

extension primer. In some embodiments, the extension primer blocking oligonucleotide hybridizes to a

region of the plurality of template barcoded polynucleotides comprising the exclusionary sequence. In

some embodiments, the region of the plurality of template barcoded polynucleotides comprising the

exclusionary sequence to which the extension primer blocking oligonucleotide hybridizes is longer than

the exclusionary sequence.

[0042] In one aspect, provided herein is a kit, wherein the kit comprises a plurality of template barcoded

polynucleotides comprising an exclusionary sequence, a first extension primer comprising an activating

sequence with complementarity to an exclusionary sequence, and a second extension primer

complementary to the activated barcoded polynucleotide. In some embodiments, the kit further comprises

a first amplification primer with complementarity to the exclusion sequence and a second amplification

primer complementary to the activated barcoded polynucleotide.

[0043] In one aspect, provided herein is a kit comprising a plurality of template barcoded

polynucleotides comprising an exclusionary sequence; and a plurality of primers comprising a first



extension primer comprising an activating sequence with complementarity to an exclusionary sequence,

and a second extension primer complementary to the activated barcoded polynucleotide.

[0044] In some embodiments, the kit further comprises a first amplification primer with complementarity

to the exclusion sequence and a second amplification primer complementary to the activated barcoded

polynucleotide.

[0045] In some embodiments, the kit further comprises an extension primer blocking oligonucleotide.

[0046] In some embodiments, the extension primer blocking oligonucleotide has a melting temperature

to a template barcoded polynucleotide of the plurality of template barcoded polynucleotides that is higher

than the melting temperature of the first extension primer to the template barcoded polynucleotide of the

plurality of template barcoded polynucleotides.

[0047] In some embodiments, the extension primer blocking oligonucleotide has a melting temperature

to a template barcoded polynucleotide of the plurality of template barcoded polynucleotides that is at

least 1 °C, 2 °C, 3 °C, 4 °C, 5 °C, 6 °C, 7 °C, 8 °C, 9 °C, 10 °C, 1 1 °C, 12 °C, 13 °C, 14 °C, 15 °C, 16

°C, 17 °C, 18 °C, 19 °C, 20 °C, 2 1 °C, 22 °C, 23 °C, 24 °C, 25 °C, 26 °C, 27 °C, 28 °C, 29 °C, or 30 °C

higher than the melting temperature of the first extension primer to the template barcoded polynucleotide

of the plurality of template barcoded polynucleotides.

[0048] In some embodiments, the extension primer blocking oligonucleotide has a melting temperature

to the plurality of template barcoded polynucleotides that is higher than the melting temperature of the

first extension primer to the plurality of template barcoded polynucleotides.

[0049] In some embodiments, the extension primer blocking oligonucleotide is longer than the first

extension primer.

[0050] In some embodiments, the extension primer blocking oligonucleotide hybridizes to a region of

the plurality of template barcoded polynucleotides comprising the exclusionary sequence.

[0051] In some embodiments, the region of the plurality of template barcoded polynucleotides

comprising the exclusionary sequence to which the extension primer blocking oligonucleotide hybridizes

is longer than the exclusionary sequence.

[0052] In one aspect, provided herein is a composition comprising a plurality of vessels, each vessel of

the plurality comprising a plurality of template barcoded polynucleotide molecules and a target

polynucleotide comprising a barcode amplified from a single template barcoded polynucleotide molecule

of the plurality of template barcoded polynucleotide molecules.

[0053] In one aspect, provided herein is a composition, the composition comprising a plurality of

vessels, each vessel of the plurality comprising a plurality of template barcoded polynucleotides each

with a different barcode, and a target polynucleotide comprising a unique barcode amplified from a

template barcoded polynucleotide of the plurality of template barcoded polynucleotides.



[0054] In one aspect, provided herein is a composition comprising a plurality of vessels, each vessel of

the plurality comprising a plurality of template barcoded polynucleotides, a first primer with an affinity to

each template barcoded polynucleotide that is about the same, a second primer with an affinity to an

extension product of the first primer that is as least 5-fold more than the affinity of the first primer to each

of the template barcoded polynucleotides, and a target polynucleotide comprising a unique barcode

amplified from a template barcoded polynucleotide a of the plurality of template barcoded

polynucleotides.

[0055] In some embodiments, the plurality of vessels comprises at least 50 vessels. In some

embodiments, each vessel of the plurality comprises an extension primer blocking oligonucleotide. In

some embodiments, each vessel of the plurality comprises a polymerase. In some embodiments, each

vessel of the plurality comprises a reverse transcriptase.

INCORPORATION BY REFERENCE

[0056] All publications, patents, and patent applications mentioned in this specification are herein

incorporated by reference in their entirety for all purposes, to the same extent as if each individual

publication, patent, or patent application was specifically and individually indicated to be incorporated by

reference.

BRIEF DESCRIPTION OF THE DRAWINGS

[0057] The novel features described herein are set forth with particularity in the appended claims. A

better understanding of the features and advantages of the features described herein will be obtained by

reference to the following detailed description that sets forth illustrative examples, in which the principles

of the features described herein are utilized, and the accompanying drawings of which:

[0058] FIG. 1 depicts an exemplary 3-color PCR-probe assay demonstrating proof-of-principle for

SASA-PCR. Single amplicon droplets can be created (right) at much higher frequencies than predicted by

Poisson statistics.

[0059] FIG. 2 depicts an exemplary standard barcoding simulation. Under standard conditions, the

Poisson loading of an average of one droplet barcode (DB) template per droplet and high efficiency

activation probability (breakout) is expected to yield many droplets (>60%) with either zero or multiple

DBs. Breakout DBs are defined as the number of DBs which begin amplification within five PCR

amplification cycles of the first DB beginning amplification and includes the initial activated DB.

Histograms of the cycle of the first DB breakout, total DB templates per droplet distribution and number

of breakout DBs per droplet are shown.

[0060] FIG. 3 depicts an exemplary amplification barcoding simulation. Under improved conditions, the

Poisson loading of an average of 10 droplet barcode (DB) templates per droplet and low efficiency

activation probability (breakout) is expected to yield a high proportion (78.5%) of single DB droplets and

few zero or multiple DB droplets. Breakout DBs are defined as the number of DBs which begin



amplification within five PCR amplification cycles of the first DB beginning amplification and includes

the initial activated DB. Histograms of the cycle of the first DB breakout, total DB templates per droplet

distribution and number of breakout DBs per droplet are shown.

[0061] FIG. 4A depicts an exemplary design of a primer for use in the described methods.

[0062] FIG. 4B depicts an exemplary design of a primer for use in the described methods.

[0063] FIG. 5 depicts an exemplary schematic of the described methods.

[0064] FIG. 6 depicts an exemplary schematic of a method for preventing extension of an extension

primer during reverse transcription (RT) before PCR for RT-PCR applications such as emulsion

barcoding.

[0065] FIG. 6A depicts a schematic of an exemplary extension reaction. The extension primer is designed to

overlap with the template such that the extension primer is extended at a known low frequency in PCR

conditions with PCR polymerase.

[0066] FIG. 6B depicts a schematic of an exemplary reverse transcription reaction without an extension

primer blocking oligonucleotide. Because reverse transcription occurs at a lower temperature than PCR

and with a different enzyme, there is a high potential for extension before the first PCR cycle.

[0067] FIG. 6C depicts a schematic of an exemplary reverse transcription reaction with an extension

primer blocking oligonucleotide. The extension primer blocking oligonucleotide is designed to have a

higher T than the T of the extension primer. Annealing the extension primer blocking oligonucleotide

to the template prevents access of the extension primer to the template during reverse transcription, and

prevents extension of the extension primer before PCR.

[0068] FIG. 7 depicts an exemplary graph of relative fluorescent units (RFU) vs. number of PCR cycles for

the method depicted in FIG. 6C. Real-time PCR was carried out to amplify l x 107 templates in the

presence of (1) a low-efficiency extension primer and a PCR polymerase, (2) a PCR polymerase and a

reverse transcriptase, or (3) a PCR polymerase, a reverse transcriptase, and an extension primer blocking

oligonucleotide pre-annealed to the templates.

DETAILED DESCRIPTION

[0069] Several aspects are described below with reference to example applications for illustration. It

should be understood that numerous specific details, relationships, and methods are set forth to provide a

full understanding of the features described herein. One having ordinary skill in the relevant art, however,

will readily recognize that the features described herein can be practiced without one or more of the

specific details or with other methods. The features described herein are not limited by the illustrated

ordering of acts or events, as some acts can occur in different orders and/or concurrently with other acts

or events. Furthermore, not all illustrated acts or events are required to implement a methodology in

accordance with the features described herein.



[0070] The terminology used herein is for the purpose of describing particular cases only and is not

intended to be limiting. As used herein, the singular forms "a", "an" and "the" are intended to include the

plural forms as well, unless the context clearly indicates otherwise. Furthermore, to the extent that the

terms "including", "includes", "having", "has", "with", or variants thereof are used in either the detailed

description and/or the claims, such terms are intended to be inclusive in a manner similar to the term

"comprising".

[0071] The term "about" or "approximately" can mean within an acceptable error range for the particular

value as determined by one of ordinary skill in the art, which will depend in part on how the value is

measured or determined, i.e., the limitations of the measurement system. For example, "about" can mean

within 1 or more than 1 standard deviation, per the practice in the art. Alternatively, "about" can mean a

range of up to 20%, up to 10%, up to 5%, or up to 1% of a given value. Alternatively, particularly with

respect to biological systems or processes, the term can mean within an order of magnitude, within 5-

fold, and more preferably within 2-fold, of a value. Where particular values are described in the

application and claims, unless otherwise stated the term "about" meaning within an acceptable error

range for the particular value should be assumed.

[0072] Compared to other methods of droplet barcoding PCR, the methods and compositions described

herein greatly increases (e.g., >90%) the proportion of all droplets in which one single droplet barcode

sequence is successfully amplified in each droplet. Further, compared to other methods of droplet

barcoding PCR, the methods and compositions described herein greatly reduce the total number and

proportions of empty droplets and droplets containing multiple-barcodes that are amplified. The

stochastic activation-exclusion methods and compositions of this disclosure can be used to overcome the

limitations of Poisson distribution of barcoded templates in a novel and previously undescribed way.

[0073] The experiments of the inventors have demonstrated that primer design according to the

description above can, for example, be used create a situation where each template barcoded

polynucleotide has about a 0.01% chance per PCR cycle to be extended on by the activating primer. At

such a level, a droplet containing 200 template barcoded polynucleotides has about a -2% chance at each

amplification (i.e. PCR) cycle of any of its template barcoded polynucleotides being extended. This leads

to the result where the first "activated" barcoding template in a droplet is likely to be activated several

PCR cycles before the second activated barcoding template. Once any single activating primer has been

successfully extended on a template barcoded polynucleotide, the product of this extension (i.e. the

activated template) will contain the sequence of the activating primer that was extended.

[0074] Simulations show that 100 standard PCR cycles provide good results. However, a large number

of PCR cycles may inhibit and deactivate thermostable polymerases over time under standard PCR

cycling conditions. A solution to this issue provided by the described methods and compositions. In some

embodiments, a method comprises the use of lower than standard denaturation temperatures in the PCR,



which are still sufficient for amplification of the droplet barcodes but milder on the polymerase allowing

it to perform for longer periods and more cycles than is common. In some embodiments, a method

comprises performing a number of PCR cycles at a lower denaturation temperature than standard

saturation temperatures in the PCR. In some embodiments, a method comprises performing a number of

PCR cycles at a lower denaturation temperature than standard saturation temperatures in the PCR,

wherein the lower denaturation temperature is sufficient for amplification of template barcode

polynucleotides. In some embodiments, a method comprises performing a number of PCR cycles at a

lower denaturation temperature than standard saturation temperatures in the PCR.

[0075] In one aspect, polynucleotides template molecules comprising a barcode sequence can be isolated

into individual droplets at a relatively high density of several templates per droplet. In some

embodiments, a plurality of droplets can be created or obtained, wherein the number of individual

barcode template molecules in each vessel is tightly controlled. In some embodiments, a plurality of

droplets can be created or obtained, wherein the number of individual barcode template molecules in each

vessel is from 3 per droplet to 1000 per droplet. The methods described herein can comprise performing a

first strand extension reaction. In some embodiments, a first extension reaction extends a primer (e.g., a

PCR primer) attached to a template barcoded polynucleotide. In some embodiments, the first extension

reaction primer has a relatively low affinity to the template barcoded polynucleotide. In some

embodiments, the first extension reaction has a rate of initiation of the extension of a primer on a

template barcoded polynucleotide that is low. In some embodiments, a primer of the first extension

reaction (i.e. an "activating" primer) has a relatively low affinity to a template barcoded polynucleotide,

is an efficient PCR primer on a template containing its fully complementary sequence.

[0076] In some embodiments, a method comprises a first extension reaction with one or more activating

primers, wherein one or more or each of the one or more activating primers has a rate of extension

initiation of less than 1% per amplification cycle. In some embodiments, a method comprises a first

extension reaction with one or more activating primers, wherein one or more or each of the one or more

activating primers has a rate of extension initiation of less than 0.1% per amplification cycle. In some

embodiments, a method comprises a first extension reaction with one or more activating primers, wherein

one or more or each of the one or more activating primers has a rate of extension initiation of less than

0.01% per amplification cycle. In some embodiments, a method comprises a first extension reaction with

one or more activating primers, wherein one or more or each of the one or more activating primers has a

rate of extension initiation of less than 0.001% per amplification cycle. For example, a method can

comprise a first extension reaction with a primer that has a rate of extension initiation of less than 1% per

amplification cycle. For example, a method can comprise a first extension reaction with a primer that has

a rate of extension initiation of less than 0.1% per amplification cycle. For example, a method can

comprise a first extension reaction with a primer that has a rate of extension initiation of less than 0.01%



per amplification cycle. In some embodiments, the first extension reaction can be performed in the

presence of two or more primers that each has a rate of extension initiation on a template barcoded

polynucleotide that is low. For example, a method can comprise a first extension reaction with two or

more primers that each has a rate of extension initiation of less than 1% per amplification cycle. For

example, a method can comprise a first extension reaction with two or more primers that each has a rate

of extension initiation of less than 0.1% per amplification cycle. For example, a method can comprise a

first extension reaction with two or more primers that each has a rate of extension initiation of less than

0.01% per amplification cycle. For example, a method can comprise a first extension reaction with 3

tolOOO, 3 to 500, 3 to 250, 3 to 100, 3 to 50, 3 to 25, 3 to 10, or 3 to 6 activating primers, wherein one or

more or each of the activating primers has a rate of extension initiation of 0.001%-1% per amplification

cycle.

[0077] In one aspect, provided herein is a method of producing amplicons comprising amplifying a

template barcoded polynucleotide molecule in each of a plurality of vessels comprising a plurality of

template barcoded polynucleotide molecules, wherein the amplicons in each vessel of the plurality of

vessels comprise a barcode amplified from a single template barcoded polynucleotide molecule, wherein

the plurality of vessels comprises 50 vessels.

[0078] In one aspect, provided herein is a method of barcoding target polynucleotides comprising

amplifying a template barcoded polynucleotide molecule in each of a plurality of vessels comprising a

plurality of template barcoded polynucleotide molecules, wherein a target polynucleotide in each vessel

of the plurality of vessels comprises a barcode amplified from a single template barcoded polynucleotide

molecule, wherein the plurality of vessels comprises 50 vessels.

[0079] In one aspect, provided herein is a method of barcoding target polynucleotides comprising;

amplifying a template barcoded polynucleotide in each vessel of a plurality of vessels comprising from 2-

1000 template barcoded polynucleotides with a different barcode per vessel, and uniquely barcoding a

target polynucleotide in each vessel of the plurality of vessels.

[0080] In one aspect, provided herein is a method comprising amplifying a template barcoded

polynucleotide with a first primer and a second primer in each vessel, each vessel of the plurality of

vessels comprising a plurality of template barcoded polynucleotides with different barcodes; wherein the

first primer has an affinity to each of the plurality of template barcoded polynucleotides that is about the

same and that is as least 5-fold less than the affinity of the second primer to an extension product of the

first primer; uniquely barcoding a target polynucleotide in each vessel of the plurality of vessels.

[0081] In one aspect, provided herein is a method of barcoding target polynucleotides comprising

amplifying a template barcoded polynucleotide molecule in each vessel of a plurality of vessels

comprising a plurality of template barcoded polynucleotide molecules, wherein the amplifying comprises

amplifying with a primer pair comprising a first primer and a second primer, wherein the first primer a



melting temperature to the template barcoded polynucleotide molecule that is lower than the melting

temperature of a second primer to an extension product of the first primer; and uniquely barcoding a

target polynucleotide in each vessel of the plurality of vessels.

[0082] In one aspect, provided herein is a method of barcoding target polynucleotides comprising

performing an amplification reaction in each vessel of a plurality of vessels comprising a plurality of

template barcoded polynucleotides, the amplification reaction comprising: a first cycle comprising: a first

extension reaction, on a template barcoded polynucleotide of the plurality of template barcoded

polynucleotides to form a first extension molecule, wherein the extension efficiency of the first extension

reaction is once per 2 cycles, performing a second extension reaction on the first extension molecule to

form a second extension molecule wherein the extension efficiency of the second extension reaction is at

least about 2-fold higher than the extension efficiency of the first extension reaction; and a plurality of

further cycles comprising amplifying the first and second extension molecules; wherein a target

polynucleotide is uniquely barcoded in each vessel of the plurality of vessels.

[0083] In one aspect, provided herein is a method of barcoding target polynucleotides comprising

performing an amplification reaction in each vessel of a plurality of vessels comprising plurality of

template barcoded polynucleotides, the amplification reaction comprising a plurality of cycles, a first

cycle of the plurality of cycles comprising: a first extension reaction with a first primer, on a template

barcoded polynucleotide of the plurality of template barcoded polynucleotides to form a first extension

molecule, wherein the extension efficiency of the first extension reaction is from about 0.0005% to 20%;

performing a second extension reaction with a second primer comprising 100% complementarity to a

region of the first extension molecule that is more than 8 bases to form a second extension molecule;

amplifying the first and second extension molecules; and uniquely barcoding a target polynucleotide in

each vessel of the plurality of vessels.

[0084] In one aspect, provided herein is a method of barcoding target polynucleotides comprising

performing a first extension reaction comprising extending a first extension primer comprising an

activating sequence annealed to an exclusion sequence of a template barcoded polynucleotide, thereby

forming an activated barcoded polynucleotide; performing a second extension reaction comprising

extending a second extension primer annealed to the activated template barcoded polynucleotide to form

a nonexclusionary template barcoded polynucleotide; and amplifying the activated template barcoded

polynucleotide and the nonexclusionary template barcoded polynucleotide, thereby barcoding a target

polynucleotide in a vessel of a plurality of vessels.

[0085] In some embodiments, the method further comprises forming the plurality of vessels before

performing a first extension reaction.

[0086] In one aspect, provided herein is a method of barcoding target polynucleotides comprising

forming a plurality of vessels from a pool of template barcoded polynucleotides comprising different



barcodes, wherein the plurality of vessels comprises an average of 2 or more of the template barcoded

polynucleotides per vessel; performing an amplification reaction in each vessel of the plurality of vessels,

and uniquely barcoding a target polynucleotide in 80% to100% of the vessels of the plurality of vessels.

[0087] In one aspect, provided herein is a method of barcoding target polynucleotides comprising:

forming a plurality of vessels, wherein at least 50% of the vessels of the plurality of vessels comprise a

plurality of template barcoded polynucleotide molecules; performing an amplification reaction in each

vessel of the plurality of vessels; and uniquely barcoding a target polynucleotide in in 80% to100% of the

vessels of the plurality of vessels.

[0088] In some embodiments, the method further comprises sequencing amplicons of the amplifying. In

some embodiments, the first and the second extension reactions are a first PCR cycle. In some

embodiments, the amplifying comprises one or more PCR cycles. In some embodiments, the amplifying

comprises a plurality of PCR cycles. In some embodiments, the amplifying comprises at least 20, 30, 40,

50, 60, 70, 80, 90, or 100 PCR cycles. In some embodiments, the amplifying comprises from 20-200, 20-

150, 20-100, 40-200, 40-150, 40-100, 60-200, 60-150, 60-100, 80-200, 80-150, or 80-100 PCR cycles. In

some embodiments, the activated barcoded polynucleotide in a vessel is formed at least one PCR cycle

before a second activated barcode is formed in the same vessel. In some embodiments, the activated

barcoded polynucleotide in a vessel is formed at least 2, 3, 4, 5, 6, 7, 8, 9, or 10 PCR cycles before a

second activated barcode is formed in the same vessel. In some embodiments, the activated barcoded

polynucleotide in a vessel is formed at most 10 PCR cycles before an activated barcoded polynucleotide

is formed in any other vessel.

[0089] In some embodiments, each activated template barcoded polynucleotide formed in a vessel

comprises the same barcode sequence. In some embodiments, at least 70%, 80%, 90%, 95%, 98%, 99%,

or 100% of products of the amplifying in a vessel comprise a same barcode sequence. In some

embodiments, less than 10%, 5%, 4%, 3%, 2%, 1%, or 0.1% of products of the amplifying in a vessel

comprise a different barcode sequence. In some embodiments, at least 70%, 80%, 90%, 95%, 98%, 99%,

or 100% of the barcoded target polynucleotides or amplified products thereof in a vessel comprise the

same barcode sequence. The method of claim of any one of claims 1-24, wherein at least 70%, 80%,

90%, 95%, 98%, 99%, or 100% of the vessels of the plurality of vessels comprises an amount of products

of the amplifying that have the same barcode that is at least 70%, 80%, 90%, 95%, 98%, 99%, or 100%

of a total amount of barcoded target polynucleotides or amplified products. In some embodiments, a

single activated template barcoded polynucleotide is formed in a vessel of the plurality of vessels. In

some embodiments, a single activated template barcoded polynucleotide is formed in at least 50%, 60%,

70%, 80%, 90% or 100% of the vessels of the plurality of vessels. In some embodiments, a single

activated template barcoded polynucleotide is formed in each vessel of the plurality of vessels.



[0090] In some embodiments, the plurality of vessels comprises at least 10, 50, 100, 1,000, 10,000,

100,000, 1,000,000, 10,000,000, or more vessels. In some embodiments, the vessel is a well, an

emulsion, or a droplet.

[0091] In some embodiments, the extension efficiency of the first extension reaction is less than once per

PCR cycle. In some embodiments, the extension efficiency of the first extension reaction is less than once

per 2 PCR cycles. In some embodiments, the extension efficiency of the first extension reaction is less

than once per 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, or 15 PCR cycles. In some embodiments, the extension

efficiency of the first extension reaction is about once per 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, or 15 PCR

cycles.

[0092] In some embodiments, the extension efficiency of the first extension reaction is less than 80%. In

some embodiments, the extension efficiency of the first extension reaction is less than 70%, 60%, 50%,

10%, 1%., 0.1%, or 0.01%. In some embodiments, the extension efficiency of the first extension reaction

is from about 0.0005% to 20%. In some embodiments, the extension efficiency of the first extension

reaction is from about 0.005% to 5%. In some embodiments, the extension efficiency of the first

extension reaction is from about 0.05% to 0.5%. In some embodiments, the extension efficiency of the

second extension reaction is at least 80%, 90%, or 100%. In some embodiments, the extension efficiency

of the first extension reaction is at least about 2-fold, 5-fold, 10-fold, 25-fold, 50-fold, 100-fold, or 1000-

fold lower than the extension efficiency of the second extension reaction. In some embodiments, the

extension efficiency of the first extension reaction is at least about 2-fold, 5-fold, 10-fold, 25-fold, 50-

fold, 100-fold, or 1000-fold lower than the extension efficiency of an extension reaction of the

amplifying. In some embodiments, the amplifying comprises a third extension reaction comprising

extending a first extension primer annealed to the nonexclusionary template barcoded polynucleotide. In

some embodiments, the extension efficiency of the third extension reaction is at least 80%, 90%, or

100%. In some embodiments, the extension efficiency of the first extension reaction is at least about 2-

fold, 5-fold, 10-fold, 25-fold, 50-fold, 100-fold, or 1000-fold lower than the extension efficiency of the

third extension reaction. In some embodiments, the extension efficiency of the second extension reaction

is about the extension efficiency of an extension reaction of the amplifying. In some embodiments, the

extension efficiency of the second extension reaction is about the extension efficiency of the third

extension reaction. In some embodiments, the plurality of vessels comprises an average of at least one

template barcoded polynucleotide molecule per vessel. In some embodiments, the plurality of vessels

comprises an average of from 1-2000, 1-1000, 1-500, 1-250, 1-100, 1-50, 1-25, 1-10, 1-6, 2-2000, 2-

1000, 2-500, 2-250, 2-100, 2-50, 2-25, 2-10, 2-6, 3-2000, 3-1000, 3-500, 3-250, 3-100, 3-50, 3-25, 3-10,

or 3-6 template barcoded polynucleotide molecules per vessel. In some embodiments, the plurality of

vessels comprises an average of at least 3, 4, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 150, 200, 250, 300,

400, 500, 750, or 1000 template barcoded polynucleotide molecules per vessel. In some embodiments, at



least 50%, 60%, 70%, 80%, 90% or 100% of the vessels of the plurality of vessels comprise at least one

template barcoded polynucleotide molecule. In some embodiments, at least 50%, 60%, 70%, 80%, 90%

or 100% of the vessels of the plurality of vessels comprise from 1-2000, 1-1000, 1-500, 1-250, 1-100, 1-

50, 1-25, 1-10, or 1-6 template barcoded polynucleotide molecules. In some embodiments, at least 50%,

60%, 70%, 80%, or 90% of the vessels of the plurality of vessels comprise a plurality of template

barcoded polynucleotide molecules. In some embodiments, at least 50%, 60%, 70%, 80%, 90% or 100%

of the vessels of the plurality of vessels comprise from 2-2000, 2-1000, 2-500, 2-250, 2-100, 2-50, 2-25,

2-10, or 2-6 template barcoded polynucleotide molecules. In some embodiments, each vessel of the

plurality of vessels comprises at least 3, 4, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 150, 200, 250, 300,

400, 500, 750, or 1000 template barcoded polynucleotide molecules. In some embodiments, at least 50%,

60%, 70%, 80%, 90% or 100% of the vessels of the plurality of vessels comprise from 3-2000, 3-1000, 3-

500, 3-250, 3-100, 3-50, 3-25, 3-10, or 3-6 template barcoded polynucleotide molecules.

[0093] In some embodiments, a plurality of template barcode polynucleotides is distributed within the

plurality of vessels in a Poisson distribution. In some embodiments, a plurality of the first extension

primer is distributed within the plurality of vessels in a Poisson distribution. In some embodiments, the

second extension primer in a vessel has 95-100% sequence complementary to the activated template

barcoded polynucleotide in the vessel.

[0094] In some embodiments, the second extension primer in a vessel has 95-100% sequence

complementary to the activated template barcoded polynucleotide in different vessel. In some

embodiments, the second extension primer in each vessel of the plurality of vessels has 95-100%

sequence complementary to the activated template barcoded polynucleotide in different vessel. In some

embodiments, the activated template barcoded polynucleotide in a vessel has 95-100% sequence

complementary to the second extension primer in the vessel. In some embodiments, the activated

template barcoded polynucleotide in a vessel has 95-100% sequence complementary to the second

extension primer in a different vessel. In some embodiments, the activated template barcoded

polynucleotide in each vessel of the plurality of vessels has 95-100% sequence complementary to the

second extension primer in a different vessel. In some embodiments, the activation sequence of a first

extension primer in a vessel has less than 95%, 90%, 85%, 80%, 75%, 70%, 65%, 60%, 55%, or 50%

sequence complementarity to the exclusion sequence of one or more or each template barcoded

polynucleotide in the vessel. In some embodiments, the activation sequence of a first extension primer in

a vessel has less than 95%, 90%, 85%, 80%, 75%, 70%, 65%, 60%, 55%, or 50% sequence

complementarity to the exclusion sequence of one or more or each template barcoded polynucleotide in a

different vessel. In some embodiments, the activation sequence of a first extension primer in each vessel

has less than 95%, 90%, 85%, 80%, 75%, 70%, 65%, 60%, 55%, or 50% sequence complementarity to

the exclusion sequence of one or more or each template barcoded polynucleotide in a different vessel. In



some embodiments, the first extension primer has 100% sequence complementary to less than 15, 14, 13,

12, 11, 10, 9, 8, 7, 6, 5, or 4 bases or less of the activated template barcoded polynucleotide. The method

of claim of any one of claims 1-68, wherein the exclusion sequence of the template barcoded

polynucleotides in a vessel have 90-100% sequence identity. The method of claim of any one of claims 1-

69, wherein the exclusion sequence of a template barcoded polynucleotide in a vessel has 90-100%

sequence identity to an exclusion sequence of a template barcoded polynucleotide in a different vessel.

The method of claim of any one of claims 1-70, wherein the exclusion sequence of a template barcoded

polynucleotide in a vessel has 90-100% sequence identity to an exclusion sequence of a template

barcoded polynucleotide in each vessel of the plurality of vessels. In some embodiments, two or more of

template barcoded polynucleotide molecules in one vessel comprise a different barcode sequence.

[0095] In some embodiments, each template barcoded polynucleotide molecule in one vessel comprises

a different vessel barcode. The method of claim of any one of claims 1-73, wherein a barcode of a

template barcoded polynucleotide in a vessel is unique to a barcode of a template barcoded

polynucleotide in a different vessel. The method of claim of any one of claims 1-74, wherein a barcode of

a template barcoded polynucleotide in each vessel is unique to a barcode of a template barcoded

polynucleotide in a different vessel. In some embodiments, the amplifying inhibits amplification of

another template barcoded polynucleotide in a same vessel.

[0096] In some embodiments, a vessel comprises a cell.

[0097] In some embodiments, a vessel comprises a single cell. In some embodiments, the target

polynucleotide is from the cell.

[0098] In some embodiments, at least 70%, 80%, 90%, 95%, 98%, 99%, or 100% of the vessels of the

plurality of vessels comprise a barcoded target polynucleotide. In some embodiments, 2 or more target

polynucleotides in a vessel are barcoded. In some embodiments, at least 70%, 80%, 90%, 95%, 98%,

99%, or 100% of the vessels of the plurality of vessels comprise 2 or more barcoded target

polynucleotides. The method of claim of any one of claims 1-82, wherein the barcoded target

polynucleotides in a vessel comprise the same barcode. The method of claim of any one of claims 1-83,

wherein the barcoded target polynucleotides in a vessel comprise a different barcode than the barcode of

the barcoded target polynucleotides in a different vessel. The method of claim of any one of claims 1-84,

wherein the barcoded target polynucleotides in a vessel comprise a different barcode than each of the

barcodes of the barcoded target polynucleotides in a different vessel. In some embodiments, each vessel

of the plurality of vessels comprises the cell.

[0099] In some embodiments, each vessel of the plurality of vessels comprises a plurality of primers

comprising the first extension primer, the second extension primer, a first amplification primer

comprising the activating sequence of the first extension primer, and a second amplification primer

complementary to a sequence of the activated barcoded polynucleotide.



[00100] In some embodiments, the vessels comprise a polymerase. In some embodiments, the

polymerase is a DNA polymerase. In some embodiments, the polymerase is a thermostable polymerase.

[00101] In some embodiments, a PCR cycle is performed at an annealing temperature of less than 60 °C,

59 °C, 58 °C, 57 °C, 56 °C, 55 °C, 54 °C, 53 °C, 52 °C, 5 1 °C, 50 °C, 49 °C, 48 °C, 47 °C, 46 °C, or 45

°C. In some embodiments, the first extension primer has melting temperature to a template barcoded

polynucleotide that is lower than an annealing temperature of a PCR cycle. In some embodiments, the

first extension primer has melting temperature to a template barcoded polynucleotide is lower than an

annealing temperature of a PCR cycle by at least 1 °C. In some embodiments, the first extension primer

has melting temperature to a template barcoded polynucleotide is lower than an annealing temperature of

a PCR cycle by at least 2 °C, 3 °C, 4 °C, 5 °C, 6 °C, 7 °C, 8 °C, 9 °C, 10 °C, 11 °C, 12 °C, 13 °C, 14 °C,

or 15 °C. In some embodiments, the activation sequence comprises a mismatch to the exclusion

sequence. In some embodiments, the activation sequence comprises at least 2, 3, 4, 5, 6, 7, 8, 9, or 10

mismatches to the exclusion sequence.

[00102] In some embodiments, the target polynucleotide is DNA. In some embodiments, the target

nucleic acid is RNA. In some embodiments, the RNA is mRNA.

[00103] In some embodiments, the melting temperature of a complementary region between one or more

or each activating primer of the first extension reaction and a region of a template barcoded

polynucleotide is lower than the annealing temperature used during the first extension reaction. For

example, the melting temperature of a complementary region between one or more or each activating

primer of the first extension reaction and a region of a template barcoded polynucleotide can be from 1-

30, 2-30, 3-30, 4-30, 5-30, 6-30, 7-30, 8-30, 9-30, 10-30, 11-30, 12-30, 13-30, 14-30, 15-30, 16-30, 17-

30, 18-30, 19-30, 20-30, 21-30, 22-30, 23-30, 24-30, 25-30, 26-30, 27-30, or 28-30 degrees lower than

the annealing temperature used during the first extension reaction. For example, the melting temperature

of a complementary region between one or more or each activating primer of the first extension reaction

and a region of a template barcoded polynucleotide of from 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-

12, 1-13, 1-14, 1-15, 1-16, 1-17, 1-18, 1-19, 1-20, 1-21, 1-22, 1-23, 1-24, 1-25, 1-26, 1-27, 1-28, 1-29, or

1-30 degrees lower than the annealing temperature used during the first extension reaction. For example,

the melting temperature of a complementary region between one or more or each activating primer of the

first extension reaction and a region of a template barcoded polynucleotide can be from 1-20, 2-20, 3-20,

4-20, 5-20, 6-20, 7-20, 8-20, 9-20, 10-20, 11-20, 12-20, 13-20, 14-20, 15-20, 16-20, 17-20, or 18-20

degrees lower than the annealing temperature used during the first extension reaction. For example, the

melting temperature of a complementary region between one or more or each activating primer of the

first extension reaction and a region of a template barcoded polynucleotide can be from 10-12, 10-13, 10-

14, 10-15, 10-16, 10-17, 10-18, 10-19, 10-20, 10-21, 10-22, 10-23, 10-24, 10-25, 10-26, 10-27, 10-28,

10-29, or 10-30 degrees lower than the annealing temperature used during the first extension reaction.



For example, the melting temperature of a complementary region between one or more or each activating

primer of the first extension reaction and a region of a template barcoded polynucleotide can be at least

about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or

30 degrees lower than the annealing temperature used during the first extension reaction.

[00104] In some aspects, one or more or each activating primer of the first extension reaction comprises

a short sequence overlap between the activating primer and the template. For example, one or more or

each activating primer of the first extension reaction comprises a 3-10 base overlap between the

activating primer and the template. For example, one or more or each activating primer of the first

extension reaction comprises a 3, 4, 5, 6, 7, 8, 9, or 10 base overlap between the activating primer and the

template. In some embodiments, one or more or each activating primer of the first extension reaction

comprises a 3, 4, 5, 6, 7, 8, 9, or 10 base overlap between the activating primer and the template and the

melting temperature of a complementary region between one or more or each activating primer of the

first extension reaction and a region of a template barcoded polynucleotide of from 1-30, 2-30, 3-30, 4-

30, 5-30, 6-30, 7-30, 8-30, 9-30, 10-30, 11-30, 12-30, 13-30, 14-30, 15-30, 16-30, 17-30, 18-30, 19-30,

20-30, 21-30, 22-30, 23-30, 24-30, 25-30, 26-30, 27-30, or 28-30 degrees lower than the annealing

temperature used during the first extension reaction.

[00105] In some embodiments, one or more or each activating primer of the first extension reaction

comprises a 3, 4, 5, 6, 7, 8, 9, or 10 base overlap between the activating primer and the melting

temperature of a complementary region between one or more or each activating primer of the first

extension reaction and a region of a template barcoded polynucleotide of from 1-3, 1-4, 1-5, 1-6, 1-7, 1-8,

1-9, 1-10, 1-11, 1-12, 1-13, 1-14, 1-15, 1-16, 1-17, 1-18, 1-19, 1-20, 1-21, 1-22, 1-23, 1-24, 1-25, 1-26, 1-

27, 1-28, 1-29, or 1-30 degrees lower than the annealing temperature used during the first extension

reaction. In some embodiments, one or more or each activating primer of the first extension reaction

comprises a 3, 4, 5, 6, 7, 8, 9, or 10 base overlap between the activating primer and the melting

temperature of a complementary region between one or more or each activating primer of the first

extension reaction and a region of a template barcoded polynucleotide of from 1-20, 2-20, 3-20, 4-20, 5-

20, 6-20, 7-20, 8-20, 9-20, 10-20, 11-20, 12-20, 13-20, 14-20, 15-20, 16-20, 17-20, or 18-20 degrees

lower than the annealing temperature used during the first extension reaction. In some embodiments, one

or more or each activating primer of the first extension reaction comprises a 3, 4, 5, 6, 7, 8, 9, or 10 base

overlap between the activating primer and the melting temperature of a complementary region between

one or more or each activating primer of the first extension reaction and a region of a template barcoded

polynucleotide at least about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,

24, 25, 26, 27, 28, 29, or 30 degrees lower than the annealing temperature used during the first extension

reaction.



[00106] In some aspects, one or more or each activating primer of the first extension reaction comprises

an activating region comprising a sequence that is from 5-30, 6-30, 7-30, 8-30, 9-30, 10-30, 11-30, 12-30,

13-30, 14-30, 15-30, 16-30, 17-30, 18-30, 19-30, 20-30, 21-30, 22-30, 23-30, 24-30, 25-30, 26-30, 27-30,

or 28-30 bases in length and that has at least one mismatch between an exclusionary region of a template

barcoded polynucleotide comprising a sequence that is the same number of bases as the activating region.

In some embodiments, one or more or each activating primer of the first extension reaction comprises an

activating region comprising a sequence that is from 5-30, 6-30, 7-30, 8-30, 9-30, 10-30, 11-30, 12-30,

13-30, 14-30, 15-30, 16-30, 17-30, 18-30, 19-30, 20-30, 21-30, 22-30, 23-30, 24-30, 25-30, 26-30, 27-30,

or 28-30 bases in length and that has 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, or 15 base mismatches to

an exclusionary region of a template barcoded polynucleotide comprising a sequence that is the same

number of bases as the activating region. In some embodiments, one or more or each activating primer of

the first extension reaction comprises an activating region comprising a sequence that is from 5-30, 6-30,

7-30, 8-30, 9-30, 10-30, 11-30, 12-30, 13-30, 14-30, 15-30, 16-30, 17-30, 18-30, 19-30, 20-30, 21-30, 22-

30, 23-30, 24-30, 25-30, 26-30, 27-30, or 28-30 bases in length and that has a melting temperature this is

at least about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,

28, 29, or 30 degrees lower than the annealing temperature used during the first extension reaction. In

some embodiments, one or more or each activating primer of the first extension reaction comprises an

activating region comprising a sequence that is from 5-30, 6-30, 7-30, 8-30, 9-30, 10-30, 11-30, 12-30,

13-30, 14-30, 15-30, 16-30, 17-30, 18-30, 19-30, 20-30, 21-30, 22-30, 23-30, 24-30, 25-30, 26-30, 27-30,

or 28-30 bases in length and that has a melting temperature to an exclusionary region of a template

barcoded polynucleotide comprising a sequence that is the same number of bases as the activating region

that is at least about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,

26, 27, 28, 29, or 30 degrees lower than the annealing temperature used during the first extension

reaction. In some embodiments, one or more or each activating primer of the first extension reaction

comprises an activating region comprising a sequence that is from 5-30, 6-30, 7-30, 8-30, 9-30, 10-30,

11-30, 12-30, 13-30, 14-30, 15-30, 16-30, 17-30, 18-30, 19-30, 20-30, 21-30, 22-30, 23-30, 24-30, 25-30,

26-30, 27-30, or 28-30 bases in length, a melting temperature to an exclusionary region of a template

barcoded polynucleotide comprising a sequence that is the same number of bases as the activating region

that is at least about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,

26, 27, 28, 29, or 30 degrees lower than the annealing temperature used during the first extension

reaction, and 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, or 15 base mismatches to the exclusionary region

of the template barcoded polynucleotide.

[00107] In some aspects, a method comprises extending a second primer on the activated barcoded

polynucleotide produced from the first extension reaction. In some aspects, a method comprises



performing a second extension reaction comprising extending a second primer on the activated barcoded

polynucleotide produced from the first extension reaction.

[00108] In some embodiments, the second primer has a difference from the melting temperature to an

activated barcoded polynucleotide to the annealing temperature used during the second extension reaction

that is less than a difference value from the melting temperature of the activating primer to the template

barcoded polynucleotide of the first reaction. In some embodiments, the second primer has a difference

from the melting temperature to an activated barcoded polynucleotide to the annealing temperature used

during the second extension reaction that is less than a difference value from the melting temperature of

the activating primer to an exclusionary region of a template barcoded polynucleotide.

[00109] In some embodiments, the second primer is an efficient extension primer. For example, the

second primer can have a 80%- 100% rate of extension initiation in the second extension reaction. In

some embodiments, the second primer is an efficient amplification primer. For example, the second

primer can have a 80%- 100% rate of extension initiation in the first extension reaction. Where the second

PCR primer is designed to work efficiently on the activated template, an activated template will be

exponentially amplified in subsequent PCR cycles with efficiency close to 100%, i.e. doubling in number

each cycle. In this situation, a 7-cycle difference between activation of the first and second barcoding

templates within a droplet will mean that the products of the first activated barcode will outnumber

products of the second barcode by -100 to 1, meaning that >~99% of products will contain the sequence

of the first activated barcoding template. PCR amplification eventually plateaus and stops due to the

phenomenon of product-reannealing, in which amplified product strands anneal to each other rather than

to the primers. In embodiments where the template barcoded polynucleotides contain the same primer

sequences, plateau-phase product reannealing of the first activated barcoded polynucleotide produced in a

vessel can prevent or inhibit extension on or amplification of one or more or all other barcodes from all

other template barcoded polynucleotides within the droplet. For example, were another primer to extend a

second template barcoded polynucleotide after (e.g. , in a later amplification cycle) the formation of the

first activated barcoded polynucleotide; the later activated barcodes will not be substantially copied or

amplified (i.e. will never be able to "catch up" with copies of the first activated barcode). Thus, in some

embodiments, the methods and compositions described herein can be used to exclude later activated

barcodes from downstream sequence analysis and prevent their use when barcoding target

polynucleotides (e.g., cell polynucleotides such as RNA or DNA in a vessel). In other words, through use

of the methods and compositions described herein, the vast majority of DNA molecules capable of

barcoding target polynucleotides from a cell within a droplet will be of a single sequence type.

[00110] In some aspects, a method comprises performing amplification after the first extension reaction.

In some aspects, a method comprises performing amplification after the second extension reaction. In

some aspects, a method comprises performing at least 2 PCR cycles. In some aspects, a method



comprises performing at least 2 PCR cycles after a first extension reaction takes place. In some aspects, a

method comprises performing at least 2 PCR cycles after a second extension reaction takes place. In

some embodiments, a method comprises performing from 2-200 PCR cycles. In some embodiments, a

method comprises performing from 2-100, 2-75, 2-60, 2-50, 2-40, 2-30, or 2-20 PCR cycles.

[00111] In some embodiments, a method comprises performing 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,

15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90,

95, or 100 or more PCR cycles. In some embodiments, a first extension reaction has not occurred in one

or more or each droplet of a plurality of droplets after one or more PCR cycles. In some embodiments, a

first extension reaction has not occurred in one or more or each droplet of a plurality of droplets after 1,

2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40,

45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, or 100 or more PCR cycles.

DROPLET GENERATION

[00112] Splitting a sample of a plurality of cells into small reaction volumes, coupled vessel barcoding of

polynucleotides from, or derived from, an individual cell from the plurality of cells can enable high

throughput sequencing of a repertoire of sequences, such as biomarker sequences.

[00113] Splitting a sample of a plurality of cells into small reaction volumes, coupled with vessel

barcoding of polynucleotides from, or derived from, an individual cell from the plurality of cells can

enable high throughput sequencing of a repertoire of sequences, such as sequences representing a

percentage of the transcriptome of an organism. For example, a repertoire of sequences can comprise a

plurality of sequences representing at least about 0.00001%, 0.00005%, 0.00010%, 0.00050%, 0.001%,

0.005%, 0.01%, 0.05%, 0.1%, 0.5%, 1%, 2%, 2.5%, 3%, 3.5%, 4%, 4.5%, 5%, 6%, 7%, 8%, 9%, 10%,

15%, 20%, 30%, 35%, 40%, 45, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, 99%, or

100% of the transcriptome of an organism.

[00114] Splitting a sample of immune cells into small reaction volumes, coupled with vessel barcoding

of polynucleotides from, or derived from, an individual immune cell from the plurality of immune cells

can enable high throughput sequencing of a repertoire of heavy and light chain sequences. These methods

can also allow for pairing of the heavy and light chains after sequencing based on the barcoded

sequences. Splitting a sample into small reaction volumes as described herein can also enable the use of

reduced amounts of reagents, thereby lowering the material cost of the analysis.

[00115] In some cases, an extension or amplification reaction (e.g., PCR) are carried out in droplets, such

as in droplet digital PCR. In certain aspects, the invention provides fluidic compartments to contain all or

a portion of a target material. In some embodiments, a compartment is droplet. While reference is made

to "droplets" throughout the specification, that term is used interchangeably with fluid compartment and

fluid partition unless otherwise indicated. Except where indicated otherwise, "droplet" is used for

convenience and any fluid partition or compartment may be used. The droplets used herein can include



emulsion compositions (or mixtures of two or more immiscible fluids), such as described in US Patent

No. 7,622,280. The droplets can be generated by devices described in WO/2010/036352. 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. The droplets provided herein are designed to prevent mixing between compartments, with

each compartment protecting its contents from evaporation and coalescing with the contents of other

compartments.

[00116] The mixtures or emulsions described herein can be stable or unstable. The emulsions can be

relatively stable and have minimal coalescence. Coalescence occurs when small droplets combine to form

progressively larger ones. In some cases, less than 0.00001%, 0.00005%, 0.00010%, 0.00050%, 0.001%,

0.005%, 0.01%, 0.05%, 0.1%, 0.5%, 1%, 2%, 2.5%, 3%, 3.5%, 4%, 4.5%, 5%, 6%, 7%, 8%, 9%, or 10%

of droplets generated from a droplet generator coalesce with other droplets. The emulsions can also have

limited flocculation, a process by which the dispersed phase comes out of suspension in flakes.

[00117] Droplets can be generated having an average diameter of about, less than about, or more than

about, or at least 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. Microfluidic methods of producing emulsion droplets using microchannel

cross-flow focusing or physical agitation are known to produce either monodisperse or polydisperse

emulsions. The droplets can be monodisperse droplets. The droplets can be generated such that the size of

the droplets does not vary by more than plus or minus 5% of the average size of the droplets. In some

cases, the droplets are generated such that the size of the droplets does not vary by more than plus or

minus 2% of the average size of the droplets. A droplet generator can generate a population of droplets

from a single sample, wherein none of the droplets vary in size by more than plus or minus about 0 .1%,

0.5%, 1%, 1.5%, 2%, 2.5%, 3%, 3.5%, 4%, 4.5%, 5%, 5.5%, 6%, 6.5%, 7%, 7.5%, 8%, 8.5%, 9%, 9.5%,

or 10% of the average size of the total population of droplets.

[00118] Higher mechanical stability can be useful for microfluidic manipulations and higher-shear

fluidic processing (e.g. , in microfluidic capillaries or through 90 degree turns, such as valves, in fluidic

path). Pre- and post-thermally treated droplets or capsules can be mechanically stable to standard pipet

manipulations and centrifugation.

[00119] A droplet can be formed by flowing an oil phase through an aqueous sample. The aqueous

phase can comprise a buffered solution and reagents for performing an amplification reaction, including

cells, nucleotides, nucleotide analogues, molecular barcoded polynucleotides, vessel barcoded



polynucleotides primers, template nucleic acids, and enzymes, such as a DNA polymerase, RNA

polymerase, and/or reverse transcriptase.

[00120] The aqueous phase can comprise a buffered solution and reagents for performing an extension

or amplification reaction with or without a solid surface, such as a bead. The buffered solution can

comprise about, more than about, or less than about 1, 5, 10, 15, 20, 30, 50, 100, or 200 mM Tris. In

some cases, the concentration of potassium chloride can be about, more than about, or less than about 10,

20, 30, 40, 50, 60, 80, 100, 200 mM. The buffered solution can comprise about 15 mM Tris and 50 mM

KCl. The nucleotides can comprise deoxyribonucleotide triphosphate molecules, including dATP, dCTP,

dGTP, and dTTP, in concentrations of about, more than about, or less than about 50, 100, 200, 300, 400,

500, 600, or 700 µι ι each. In some cases dUTP is added within the aqueous phase to a concentration of

about, more than about, or less than about 50, 100, 200, 300, 400, 500, 600, or 700, 800, 900, or 1000

µι ι. In some cases, magnesium chloride or magnesium acetate (MgCl 2) is added to the aqueous phase at a

concentration of about, more than about, or less than about 1.0, 2.0, 3.0, 4.0, or 5.0 mM. The

concentration of MgC^ can be about 3.2 mM. In some cases, magnesium acetate or magnesium is used.

In some cases, magnesium sulfate is used.

[00121] A non-specific blocking agent such as BSA or gelatin from bovine skin can be used, wherein

the gelatin or BSA is present in a concentration range of approximately 0.1-0.9% w/v. Other possible

blocking agents can include betalactoglobulin, casein, dry milk, or other common blocking agents. In

some cases, preferred concentrations of BSA and gelatin are about 0.1% w/v.

[00122] Primers for extension or amplification within the aqueous phase can have a concentration of

about, more than about, or less than about 0.05, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.2, 1.5, 1.7,

or 2.0 µη . Primer concentration within the aqueous phase can be about 0.05 to about 2, about 0.1 to

about 1.0, about 0.2 to about 1.0, about 0.3 to about 1.0, about 0.4 to about 1.0, or about 0.5 to about

Ι .Οµηι . The concentration of primers can be about 0.5 µιη . Amenable ranges for target nucleic acid

concentrations in PCR include, but are not limited to between about 1 pg and about 500 ng.

[00123] In some cases, the aqueous phase can also comprise additives including, but not limited to, non

specific background/blocking nucleic acids (e.g., salmon sperm DNA), biopreservatives (e.g. sodium

azide), PCR enhancers (e.g. Betaine, Trehalose, etc.), and inhibitors (e.g. RNAse inhibitors). Other

additives can include, e.g., dimethyl sulfoxide (DMSO), glycerol, betaine (mono)hydrate (Ν ,Ν ,Ν -

trimethylglycine = [caroxy-methyl] trimethylammonium), trehalose, 7-Deaza-2'-deoxyguanosine

triphosphate (dC7GTP or 7-deaza-2'-dGTP), BSA (bovine serum albumin), formamide (methanamide),

tetramethyl ammonium chloride (TMAC), other tetraalkylammonium derivatives (e.g. ,

tetraethyammonium chloride (TEA-C1) and tetrapropylammonium chloride (TPrA-Cl), non-ionic

detergent (e.g., Triton X-100, Tween 20, Nomdet P-40 (NP-40)), or PREXCEL-Q. In some cases, the



aqueous phase can comprise 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 different additives. In other cases, the

aqueous phase can comprise at least 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 different additives.

[00124] In some cases, a non-ionic Ethylene Oxide/Propylene Oxide block copolymer can be added to

the aqueous phase in a concentration of about 0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 0.6%, 0.7%, 0.8%, 0.9%,

or 1.0%. Common biosurfactants include non-ionic surfactants such as Pluronic F-68, Tetronics, and

Zonyl FSN. Pluronic F-68 can be present at a concentration of about 0.5% w/v.

[00125] In some cases magnesium sulfate can be substituted for magnesium chloride, at similar

concentrations. A wide range of common, commercial PCR buffers from varied vendors can be

substituted for the buffered solution.

[00126] The emulsion can be formulated to produce highly monodisperse droplets having a liquid-like

interfacial film that can be converted by heating into microcapsules having a solid-like interfacial film;

such microcapsules can behave as bioreactors able to retain their contents through a reaction process such

as extension or PCR amplification. The conversion to microcapsule form can occur upon heating. For

example, such conversion can occur at a temperature of greater than about 50 °C, 60 °C, 70 °C, 80 °C, 90

°C, or 95 °C. In some cases this heating occurs using a thermocycler. During the heating process, a fluid

or mineral oil overlay can be used to prevent evaporation. Excess continuous phase oil can or cannot be

removed prior to heating. The biocompatible capsules can be resistant to coalescence and/or flocculation

across a wide range of thermal and mechanical processing. Following conversion, the capsules can be

stored at about, more than about, or less than about 3 °C, 4 °C, 5 °C, 6 °C, 7 °C, 8 °C, 9 °C 10 °C, 15 °C,

20 °C, 25 °C, 30 °C, 35 °C, or 40 °C. These capsules can be useful in biomedical applications, such as

stable, digitized encapsulation of macromolecules, particularly aqueous biological fluids containing a mix

of nucleic acids or protein, or both together; drug and vaccine delivery; biomolecular libraries; clinical

imaging applications, and others.

[00127] The microcapsules can contain one or more polynucleotides and can resist coalescence,

particularly at high temperatures. Accordingly, extension or PCR amplification reactions can occur at a

very high density (e.g., number of reactions per unit volume). In some cases, greater than 100,000,

500,000, 1,000,000, 1,500,000, 2,000,000, 2,500,000, 5,000,000, or 10,000,000 separate reactions can

occur per ml. In some cases, the reactions occur in a single well, e.g., a well of a microtiter plate, without

inter-mixing between reaction volumes. The microcapsules can also contain other components necessary

to enable a reverse transcription, primer extension, and/or PCR reaction to occur, e.g., primers, probes,

dNTPs, DNA or RNA polymerases, etc. These capsules exhibit resistance to coalescence and flocculation

across a wide range of thermal and mechanical processing.

[00128] In some cases, the extension or amplifying step is carried out by performing digital PCR, such

as microfluidic-based digital PCR or droplet digital PCR.



[00129] Droplets can be generated using microfluidic systems or devices. As used herein, the "micro-"

prefix (for example, as "microchannel" or "microfluidic"), generally refers to elements or articles having

widths or diameters of less than about 1 mm, and less than about 100 microns (micrometers) in some

cases. In some cases, the element or article includes a channel through which a fluid can flow.

Additionally, "microfluidic", as used herein, refers to a device, apparatus or system that includes at least

one microscale channel.

[00130] Microfluidic systems and devices have been described in a variety of contexts, typically in the

context of miniaturized laboratory (e.g., clinical) analysis. Other uses have been described as well. For

example, International Patent Application Publication Nos. WO 01/89788; WO 2006/040551; WO

2006/040554; WO 2004/002627; WO 2008/063227; WO 2004/091763; WO 2005/021151; WO

2006/096571; WO 2007/089541; WO 2007/081385 and WO 2008/063227.

[00131] A droplet generally includes an amount of a first sample fluid in a second carrier fluid. Any

technique known in the art for forming droplets may be used with methods of the invention. An

exemplary method involves flowing a stream of the sample fluid containing the target material (e.g.,

immune cell) such that it intersects two opposing streams of flowing carrier fluid. The carrier fluid is

immiscible with the sample fluid. Intersection of the sample fluid with the two opposing streams of

flowing carrier fluid results in partitioning of the sample fluid into individual sample droplets containing

the target material.

[00132] The carrier fluid may be any fluid that is immiscible with the sample fluid. An exemplary

carrier fluid is oil. In certain embodiments, the carrier fluid includes a surfactant.

[00133] The same method may be applied to create individual droplets that contain other reagents such

as reagents for an extension or amplification reaction such as a polymerase chain reaction (PCR), or a

non-PCR based amplification reaction such as multi-strand displacement amplification, or other methods

known to one of ordinary skill in the art. Suitable reagents for conducting PCR-based amplification

reactions are known to those of ordinary skill in the art and include, but are not limited to, DNA

polymerases, forward and reverse primers, deoxynucleotide triphosphates (dNTPs), and one or more

buffers.

[00134] In certain embodiments, fluidic compartments are formed by providing a first fluid partition

(e.g., a droplet) comprising a target material (e.g., an immune cell and/or a solid support such as a bead)

and a second fluid (e.g., as a fluid stream or within droplets). The first and second fluids are merged to

form a droplet. Merging can be accomplished by application of an electric field to the two fluids. In

certain embodiments, the second fluid contains reagents for conducting an extension or amplification

reaction, such as a polymerase chain reaction.

[00135] In certain aspects, the invention provides a method of making a library of uniquely barcoded

heavy and light chain antibody sequences and/or alpha and beta chain TCR sequences and/or gamma and



delta chain TCR sequences including obtaining a plurality of nucleic acid constructs in which each

construct includes a unique N-mer and a functional N-mer. The functional N-mer can be a random N-

mer, a PCR primer, a universal primer, an antibody, a sticky end, or any other sequence. The method can

include making M sets of a number N of fluid compartments each containing one or more copies of a

unique construct. The method can create barcode libraries of higher complexity by adding an additional

construct to each compartment in a set, and repeating that for each set to produce Ν Μ compartments

each containing a unique pair of constructs. The pairs can be hybridized or ligated to produce new

constructs. In each construct in a barcode library, each unique N-mer can be adapted for identification by

sequencing, probe hybridization, other methods, or a combination of methods.

DROPLET LIBRARIES

[00136] In general, a droplet library is made up of a number of library elements that are pooled together

in a single collection. Libraries may vary in complexity from a single library element to lxl 015 library

elements or more. Each library element is one or more given components at a fixed concentration. The

element may be, but is not limited to, cells, beads, amino acids, proteins, polypeptides, nucleic acids,

polynucleotides or small molecule chemical compounds. The element may contain an identifier such as a

molecular barcode, a vessel barcode, or both.

[00137] A cell library element can include, but is not limited to, hybridomas, B-cells, T-cells, primary

cells, cultured cell lines, cancer cells, stem cells, or any other cell type. Cellular library elements are

prepared by encapsulating a number of cells from one to tens of thousands in individual droplets. The

number of cells encapsulated is usually given by Poisson statistics from the number density of cells and

volume of the droplet. However, in some cases the number deviates from Poisson statistics as described

in Edd et al., "Controlled encapsulation of single-cells into monodisperse picolitre drops." Lab Chip,

8(8): 1262-1264, 2008. The discreet nature of cells allows for libraries to be prepared in mass with a

plurality of cell variants, such as immune cells producing one antibody or TCR each, all present in a

single starting media and then that media is broken up into individual droplet capsules that contain at

most one cell. The cells within the individual droplets capsules are then lysed, heavy chain and light

chain polynucleotides and/or alpha and beta chain polynucleotides and/or gamma and delta chain

polynucleotides from the lysed cells are barcoded with molecular barcodes and vessel barcodes and

amplified and then combined or pooled to form a library consisting of heavy and light chain and/or alpha

and beta chain and/or gamma and delta chain library elements.

[00138] A bead based library element contains one or more beads, and may also contain other reagents,

such as antibodies, enzymes or other proteins. In the case where all library elements contain different

types of beads, but the same surrounding media, the library elements can all be prepared from a single

starting fluid or have a variety of starting fluids. In the case of cellular libraries prepared in mass from a

collection of variants, the library elements will be prepared from a variety of starting fluids. It is desirable



to have exactly one cell per droplet with only a few droplets containing more than one cell when starting

with a plurality of cells. In some cases, variations from Poisson statistics can be achieved to provide an

enhanced loading of droplets such that there are more droplets with exactly one cell per droplet and few

exceptions of empty droplets or droplets containing more than one cell.

[00139] In some embodiments, it is desirable to have exactly one vessel barcoded polynucleotide per

droplet with only a few droplets containing more than one vessel barcoded polynucleotide when starting

with a plurality of vessel barcoded polynucleotide. In some cases, variations from Poisson statistics can

be achieved to provide an enhanced loading of droplets such that there are more droplets with exactly one

vessel barcoded polynucleotide per droplet and few exceptions of empty droplets or droplets containing

more than one vessel barcoded polynucleotide.

[00140] Examples of droplet libraries are collections of droplets that have different contents, ranging

from beads, cells, small molecules, DNA, primers, antibodies, and barcoded polynucleotides. The

droplets range in size from roughly 0.5 micron to 500 micron in diameter, which corresponds to about 1

picoliter to 1 nanoliter. However, droplets can be as small as 5 microns and as large as 500 microns.

Preferably, the droplets are at less than 100 microns, about 1 micron to about 100 microns in diameter.

The most preferred size is about 20 to 40 microns in diameter (10 to 100 picoliters). The preferred

properties examined of droplet libraries include osmotic pressure balance, uniform size, and size ranges.

[00141] The droplets comprised within the droplet library provided by the instant invention are

preferably uniform in size. That is, the diameter of any droplet within the library will vary less than 5%,

4%, 3%, 2%, 1% or 0.5% when compared to the diameter of other droplets within the same library. The

uniform size of the droplets in the library may be critical to maintain the stability and integrity of the

droplets and also may be essential for the subsequent use of the droplets within the library for the various

biological and chemical assays described herein.

[00142] The invention provides a droplet library comprising a plurality of aqueous droplets within an

immiscible fluid, wherein each droplet is preferably substantially uniform in size and comprises a

different library element. The invention provides a method for forming the droplet library comprising

providing a single aqueous fluid comprising different library elements, encapsulating each library

element into an aqueous droplet within an immiscible fluid.

[00143] In certain embodiments, different types of elements (e.g., cells or beads), are pooled in a single

source contained in the same medium. After the initial pooling, the elements are then encapsulated in

droplets to generate a library of droplets wherein each droplet with a different type of bead or cell is a

different library element. The dilution of the initial solution enables the encapsulation process. In some

embodiments, the droplets formed will either contain a single element or will not contain anything, i.e.,

be empty. In other embodiments, the droplets formed will contain multiple copies of a library element.

The elements being encapsulated are generally variants of a type. In one example, elements are immune



cells of a blood sample, and each immune cell is encapsulated to amplify and barcode the antibody

sequences of the nucleotides in the immune cells.

[00144] For example, in one type of emulsion library, there are library elements that have different

particles, i.e., cells or barcoded polynucleotides in a different medium and are encapsulated prior to

pooling. In one example, a specified number of library elements, i.e., n number of different cells or

barcoded polynucleotides, is contained within different mediums. Each of the library elements are

separately emulsified and pooled, at which point each of the n number of pooled different library

elements are combined and pooled into a single pool. The resultant pool contains a plurality of water-in-

oil emulsion droplets each containing a different type of particle.

[00145] In some embodiments, the droplets formed will either contain a single library element or will

not contain anything, i.e., be empty. In other embodiments, the droplets formed will contain multiple

copies of a library element. The contents of the beads follow a Poisson distribution, where there is a

discrete probability distribution that expresses the probability of a number of events occurring in a fixed

period of time if these events occur with a known average rate and independently of the time since the

last event. The oils and surfactants used to create the libraries prevent the exchange of the contents of the

library between droplets.

AMPLIFICATION

[00146] The sample containing the target polynucleotide can comprise mRNA, or fragments thereof,

which can be amplified. In some cases, the average length of the mRNA, or fragments thereof, can be

less than about 100, 200, 300, 400, 500, or 800 base pairs, or less than about 5, 10, 20, 30, 40, 50, 60, 70,

80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, or 200 nucleotides, or less than about 1, 2, 5,

10, 20, 30, 40, 50, 60, 70, 80, 90, 100 kilobases. In some cases, a target sequence from a relative short

template, such as a sample containing a template that is about 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90,

95, or 100 bases, is amplified.

[00147] Thermocycling reactions can be performed on samples contained in reaction volumes (e.g.,

droplets). Droplets can be polydisperse or preferably monodisperse, generated through agitation,

sonication or microfluidically through a T-channel junction or other means by those familiar with the art.

Densities can exceed 20,000 droplets/40ul ( 1 nL droplets), 200,000 droplets/40ul (100 pL droplets). The

droplets can remain intact during thermocycling. Droplets can remain intact during thermocycling at

densities of greater than about 10,000 droplets^L, 100,000 droplets^L, 200,000 droplets^L, 300,000

droplets^L, 400,000 droplets^L, 500,000 droplets^L, 600,000 droplets^L, 700,000 droplets^L,

800,000 droplets^L, 900,000 droplets^L or 1,000,000 droplets^L. In other cases, two or more droplets

do not coalesce during thermocycling. In other cases, greater than 100 or greater than 1,000 droplets do

not coalesce during thermocycling.



[00148] Any DNA polymerase that catalyzes primer extension can be used, including but not limited to

E . coli DNA polymerase, Klenow fragment of E . coli DNA polymerase 1, T7 DNA polymerase, T4 DNA

polymerase, Taq polymerase, Pfu DNA polymerase, Vent DNA polymerase, bacteriophage 29,

REDTaq™, Genomic DNA polymerase, or sequenase. In some cases, a thermostable DNA polymerase is

used. A hot start PCR can also be performed wherein the reaction is heated to 95°C for two minutes prior

to addition of the polymerase or the polymerase can be kept inactive until the first heating step in cycle 1.

Hot start PCR can be used to minimize nonspecific extension or amplification. Any number of PCR

cycles can be used to extend or amplify the target polynucleotide, e.g., about, more than about, or less

than about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,

29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44 or 45 cycles. The number of amplification

cycles can be about 1-45, 10-45, 20-45, 30-45, 35-45, 10-40, 10-30, 10-25, 10-20, 10-15, 20-35, 25-35,

30-35, or 35-40.

[00149] Amplification of target nucleic acids can be performed by any means known in the art. Target

nucleic acids can be amplified by polymerase chain reaction (PCR) or isothermal DNA amplification.

Examples of PCR techniques that can be used include, but are not limited to, quantitative PCR,

quantitative fluorescent PCR (QF-PCR), multiplex fluorescent PCR (MF-PCR), real time PCR (reverse

transcription-PCR), single cell PCR, restriction fragment length polymorphism PCR (PCR-RFLP), PCR-

RFLP/reverse transcription-PCR-RFLP, hot start PCR, nested PCR, in situ polony PCR, in situ rolling

circle amplification (RCA), digital PCR (dPCR), droplet digital PCR (ddPCR), bridge PCR, picoliter

PCR and emulsion PCR. Other suitable amplification methods include the ligase chain reaction (LCR),

transcription amplification, molecular inversion probe (MIP) PCR, self-sustained sequence replication,

selective amplification of target polynucleotide sequences, consensus sequence primed polymerase chain

reaction (CP-PCR), arbitrarily primed polymerase chain reaction (AP-PCR), degenerate polynucleoti de-

primed PCR (DOP-PCR) and nucleic acid based sequence amplification (NABSA). Other amplification

methods that can be used herein include those described in U.S. Pat. Nos. 5,242,794; 5,494,810;

4,988,617; and 6,582,938, as well as include Q beta replicase mediated RNA amplification.

Amplification can be isothermal amplification, e.g., isothermal linear amplification.

[00150] In some embodiments, extension or amplification does not occur on a solid support. In some

embodiments, amplification does not occur on a solid support in a droplet. In some embodiments,

amplification does occur on a solid support when the amplification is not in a droplet.

[00151] An extension or amplification reaction can comprise one or more additives. In some cases, the

one or more additives are dimethyl sulfoxide (DMSO), glycerol, betaine (mono)hydrate (Ν ,Ν,Ν-

trimethylglycine = [caroxy-methyl] trimethylammonium), trehalose, 7-Deaza-2'-deoxyguanosine

triphosphate (dC7GTP or 7-deaza-2'-dGTP), BSA (bovine serum albumin), formamide (methanamide),

tetramethyl ammonium chloride (TMAC), other tetraalkylammonium derivatives (e.g.,



tetraethyammonium chloride (TEA-C1) and tetrapropylammonium chloride (TPrA-Cl), non-ionic

detergent (e.g., Triton X-100, Tween 20, Nomdet P-40 (NP-40)), or PREXCEL-Q. In some cases, an

extension or amplification reaction comprises 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 different additives. In other

cases, an extension or amplification reaction comprises at least 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 different

additives.

REVERSE TRANSCRIPTION

[00152] In some cases, target DNA polynucleotides are prepared from an RNA by reverse transcription. In

some cases, the target polynucleotides are prepared from a DNA by primer extension, such as using a

polymerase.

[00153] In some aspects, the methods described herein can be used in coupled reverse transcription-PCR

(reverse transcription-PCR). For example, reverse transcription and PCR can be carried out in two distinct

steps. First a cDNA copy of the sample mRNA can be synthesized using either a polynucleotide dT primer, a

sequence specific primer, a universal primer, or any primer described herein.

[00154] Reverse transcription and PCR can be carried out in a single closed vessel reaction. For example,

three primers can be employed, one for reverse transcription and two for PCR. The primer for reverse

transcription can bind to the mRNA 3' to the position of the PCR amplicon. Although not essential, the

reverse transcription primer can include RNA residues or modified analogs such as 2'-0-methyl RNA bases,

which will not form a substrate for RNase H when hybridized to the mRNA.

[00155] The temperature to carry out the reverse transcription reaction depends on the reverse transcriptase

being used. In some cases, a thermostable reverse transcriptase is used and the reverse transcription reaction is

carried out at about 37 °C to about 75 °C, at about 37 °C to about 50 °C, at about 37 °C to about 55 °C, at about

37 °C to about 60 °C, at about 55 °C to about 75 °C, at about 55 °C to about 60 °C, at about 37 °C, or at about

60 °C In some cases, a reverse transcriptase that transfers 3 or more non-template terminal nucleotides to an

end of the transcribed product is used.

[00156] A reverse transcription reaction and the PCR reaction described herein can be carried out in various

formats known in the art, such as in tubes, microtiter plates, microfluidic devices, or, preferably, droplets.

[00157] A reverse transcription reaction can be carried out in volumes ranging from 5 to 100 µ , or in 10

to 20 µ reaction volumes. In droplets, reaction volumes can range from 1pL to 100 nL, or 10 pL to 1nL.

In some cases, the reverse transcription reaction is carried out in a droplet having a volume that is about or

less than 1nL. In some cases, a PCR reaction is in a droplet having a reaction volume ranges from 1 pL to 100

nL preferably 10 pL to 1nL. In some cases, the PCR reaction is carried out in a droplet having a volume that

is about or less than 1nL. In some cases, a reverse transcription reaction and a PCR reaction are carried out in

the same droplet having a reaction volume ranges from 1pL to 100 nL or 10 pL to 1nL. In some cases, the

reverse transcription reaction and the PCR reaction are carried out in a droplet having a volume that is about

or less than 1 nL or a volume that is about or less than 1pL. In some cases, a reverse transcription reaction

and a PCR reaction are carried out in a different droplet. In some cases, a reverse transcription reaction and a



PCR reaction are carried out in a plurality of droplets each having a reaction volume ranges from 1 pL to 100

nL or 10 pL to 1nL. In some cases, t e reverse transcription reaction and the PCR reaction are carried out in a

plurality of droplets each having a volume that is about or less than 1nL.

[00158] Target polynucleotides, such as RNA, can be reverse transcribed into cDNA using one or more

reverse transcription primers. The one or more reverse transcription primers can comprise a region

complementary to a region of the RNA, such as a constant region (e.g., a heavy or light chain constant region

or a poly-A tail of mRNA). In some embodiments, the reverse transcription primers can comprise a first

reverse transcription primer with a region complementary to a constant region of a first RNA, and a second

reverse transcription primer with a region complementary to a constant region of a second RNA. In some

embodiments, the reverse transcription primers can comprise a first reverse transcription primer with a region

complementary to a constant region of a first RNA, and one or more reverse transcription primers with a

region complementary to a constant region of one or more RNAs, respectively.

[00159] In some embodiments, reverse transcription primers do not comprise a barcode.

[00160] Reverse transcription primers can further comprise a region that is not complementary to a region of

the RNA. In some embodiments, the region that is not complementary to a region of the RNA is 5' to a region

of the primers that is complementary to the RNA. In some embodiments, the region that is not complementary

to a region of the RNA is 3' to a region of the primers that is complementary to the RNA. In some

embodiments, the region that is not complementary to a region of the RNA is a 5' overhang region. In some

embodiments, the region that is not complementary to a region of the RNA comprises a priming site for

amplification and/or a sequencing reaction. Using the one or more primers described herein, the RNA

molecules are reverse transcribed using suitable reagents known in the art.

[00161] After performing the reverse transcription reactions of the RNA molecules, the resulting cDNA

molecules can be barcoded with a molecular barcode and a vessel barcode and amplified by one or more PCR

reactions, such as a first and/or a second PCR reaction. The first and/or second PCR reaction can utilize a pair

of primers or a plurality of primer pairs. The first and/or second PCR reaction can utilize a plurality of

forward/reverse primers and a reverse primer. The first and/or second PCR reaction can utilize a plurality of

forward/reverse primers and a forward primer. A first and/or second primer of a plurality of forward/reverse

primers can be a forward/reverse primer containing a region complementary to the cDNA molecules or

barcoded cDNA molecules. A first and/or second primer of a plurality of forward/reverse primers can be a

forward/reverse primer containing a region complementary to the barcoded cDNA molecules.

[00162] In some embodiments, a plurality of forward/reverse primers comprises one or more forward/reverse

primers wherein each of the forward/reverse primers in the plurality of forward/reverse primers comprises a

region complementary to one or more upstream or downstream regions to a V segment of the cDNAs or

barcoded cDNAs. For example, a plurality of forward/reverse primers comprises a forward/reverse primer

comprising a region complementary to a upstream or downstream region to a V segment of the cDNAs or

barcoded cDNAs and one or more other forward/reverse primers comprising a region complementary to one

or more other upstream or downstream regions to a V segment of the cDNAs or barcoded cDNAs. For



example, a plurality of forward/reverse primers comprises a first and/or second forward/reverse primer

comprising a region complementary to a first and/or second upstream or downstream region to a V segment of

the cDNAs or barcoded cDNAs and a second forward/reverse primer comprising a region complementary to a

second upstream or downstream region to a V segment of the cDNAs or barcoded cDNAs. For example, a

plurality of forward/reverse primers comprises a first and/or second forward/reverse primer comprising a

region complementary to a first and/or second upstream or downstream region to a V segment of the cDNAs

or barcoded cDNAs, a second forward/reverse primer comprising a region complementary to a second

upstream or downstream region to a V segment of the cDNAs or barcoded cDNAs, and a third

forward/reverse primer comprising a region complementary to a third upstream or downstream region to a V

segment of the cDNAs or barcoded cDNAs, etc. The primers in the plurality of forward/reverse primers can

be used to anneal to all possible upstream or downstream regions of all V segments expressed by the cells,

such as immune B-cells or T-cells, in the sample.

[00163] In some embodiments, a plurality of forward/reverse primers comprises one or more forward/reverse

primers wherein each of the forward/reverse primers in the plurality of forward/reverse primers comprises a

region complementary to one or more upstream or downstream regions to a C segment of the cDNAs or

barcoded cDNAs. For example, a plurality of forward/reverse primers comprises a forward/reverse primer

comprising a region complementary to a upstream or downstream region to a C segment of the cDNAs or

barcoded cDNAs and one or more other forward/reverse primers comprising a region complementary to one

or more other upstream or downstream regions to a C segment of the cDNAs or barcoded cDNAs. For

example, a plurality of forward/reverse primers comprises a first and/or second forward/reverse primer

comprising a region complementary to a first and/or second upstream or downstream region to a C segment of

the cDNAs or barcoded cDNAs and a second forward/reverse primer comprising a region complementary to a

second upstream or downstream region to a C segment of the cDNAs or barcoded cDNAs. For example, a

plurality of forward/reverse primers comprises a first and/or second forward/reverse primer comprising a

region complementary to a first and/or second upstream or downstream region to a C segment of the cDNAs

or barcoded cDNAs, a second forward/reverse primer comprising a region complementary to a second

upstream or downstream region to a C segment of the cDNAs or barcoded cDNAs, and a third

forward/reverse primer comprising a region complementary to a third upstream or downstream region to a C

segment of the cDNAs or barcoded cDNAs, etc. The primers in the plurality of forward/reverse primers can

be used to anneal to all possible upstream or downstream regions of all C segments expressed by the cells,

such as immune B-cells or T-cells, in the sample.

[00164] In some embodiments, a plurality of forward/reverse primers comprises one or more forward/reverse

primers wherein each of the forward/reverse primers in the plurality of forward/reverse primers comprises a

region complementary to one or more upstream or downstream regions to a molecular barcode of the

barcoded cDNAs. For example, a plurality of forward/reverse primers comprises a forward/reverse primer

comprising a region complementary to a upstream or downstream region to a molecular barcode of the

barcoded cDNAs and one or more other forward/reverse primers comprising a region complementary to one



or more other upstream or downstream regions to a molecular barcode of the barcoded cDNAs. For example,

a plurality of forward/reverse primers comprises a first and/or second forward/reverse primer comprising a

region complementary to a first and/or second upstream or downstream region to a molecular barcode of the

barcoded cDNAs and a second forward/reverse primer comprising a region complementary to a second

upstream or downstream region to a molecular barcode of the barcoded cDNAs. For example, a plurality of

forward/reverse primers comprises a first and/or second forward/reverse primer comprising a region

complementary to a first and/or second upstream or downstream region to a molecular barcode of the

barcoded cDNAs, a second forward/reverse primer comprising a region complementary to a second upstream

or downstream region to a molecular barcode of the barcoded cDNAs, and a third forward/reverse primer

comprising a region complementary to a third upstream or downstream region to a molecular barcode of the

barcoded cDNAs, etc. The plurality of forward/reverse primers can be used to anneal to all possible upstream

or downstream regions of all molecular barcodes expressed by the cells, such as immune B-cells or T-cells, in

the sample.

[00165] In some embodiments, a plurality of forward/reverse primers comprises one or more forward/reverse

primers wherein each of the forward/reverse primers in the plurality of forward/reverse primers comprises a

region complementary to one or more upstream or downstream regions to a vessel barcode of the barcoded

cDNAs. For example, a plurality of forward/reverse primers comprises a forward/reverse primer comprising a

region complementary to a upstream or downstream region to a vessel barcode of the barcoded cDNAs and

one or more other forward/reverse primers comprising a region complementary to one or more other upstream

or downstream regions to a vessel barcode of the barcoded cDNAs. For example, a plurality of

forward/reverse primers comprises a first and/or second forward/reverse primer comprising a region

complementary to a first and/or second upstream or downstream region to a vessel barcode of the barcoded

cDNAs and a second forward/reverse primer comprising a region complementary to a second upstream or

downstream region to a vessel barcode of t e barcoded cDNAs. For example, a plurality of forward/reverse

primers comprises a first and/or second forward/reverse primer comprising a region complementary to a first

and/or second upstream or downstream region to a vessel barcode of the barcoded cDNAs, a second

forward/reverse primer comprising a region complementary to a second upstream or downstream region to a

vessel barcode of the barcoded cDNAs, and a third forward/reverse primer comprising a region

complementary to a third upstream or downstream region to a vessel barcode of t e barcoded cDNAs, etc. The

primers in the plurality of forward/reverse primers can be used to anneal to all possible upstream or

downstream regions of all vessel barcodes expressed by the cells, such as immune B-cells or T-cells, in the

sample.

[00166] The forward/reverse primers in the plurality of forward/reverse primers further comprise a region that

is not complementary to a region of the R A. In some embodiments, the region that is not complementary to

a region of the RNA is 5' to a region of the forward/reverse primers that is complementary to the RNA (i.e. a

upstream or downstream regions of a V segment). In some embodiments, the region that is not complementary

to a region of the RNA is 3' to a region of the forward/reverse primers that is complementary to the RNA. In



some embodiments, the region that is not complementary to a region of the RNA is a 5' overhang region. In

some embodiments, the region that is not complementary to a region of the RNA comprises a priming site for

amplification and/or a second sequencing reaction. In some embodiments, the region that is not

complementary to a region of the RNA comprises a priming site for amplification and/or a third sequencing

reaction. In some embodiments, the region that is not complementary to a region of the RNA comprises a

priming site for a second and a third sequencing reaction. In some embodiments, the sequence of the priming

site for the second and the third sequencing reaction are the same. Using the one or more forward/reverse

primers and a reverse primer as described herein, the cDNA molecules are amplified using suitable reagents

known in the art. In some embodiments, a region is complementary to a region of the RNA, such as the

constant region or a poly-A tail of mRNA.

[00167] In some embodiments, the method further comprises an extension primer blocking

oligonucleotide. For example, the method can comprise performing a reverse transcription reaction in the

presence of an extension primer blocking oligonucleotide. In some embodiments, the reverse transcription

reaction comprises reverse transcribing the target polynucleotide. In some embodiments, the plurality of

vessels comprises an extension primer blocking oligonucleotide. In some embodiments, the extension

primer blocking oligonucleotide prevents extension of the extension primer or amplification primer

before PCR. In some embodiments, the extension primer blocking oligonucleotide prevents extension of

the extension primer or amplification primer during reverse transcription.

[00168] In some embodiments, the reverse transcription reaction is before the amplifying or the

amplification reaction. In some embodiments, the reverse transcription reaction is before the barcoding. In

some embodiments, the reverse transcription reaction is before the first extension reaction. In some

embodiments, the reverse transcription reaction is before the second extension reaction. In some

embodiments, the reverse transcription reaction is after the forming a plurality of vessels.

[00169] In some embodiments, the extension primer blocking oligonucleotide has a melting temperature to

a template barcoded polynucleotide of the plurality of template barcoded polynucleotides that is higher

than the melting temperature of an extension primer or amplification primer to the template barcoded

polynucleotide of the plurality of template barcoded polynucleotides. In some embodiments, the extension

primer blocking oligonucleotide has a melting temperature to a template barcoded polynucleotide of the

plurality of template barcoded polynucleotides that is at least 1 °C, 2 °C, 3 °C, 4 °C, 5 °C, 6 °C, 7 °C, 8

°C, 9 °C, 10 °C, 1 1 °C, 12 °C, 13 °C, 14 °C, 15 °C, 16 °C, 17 °C, 18 °C, 19 °C, 20 °C, 2 1 °C, 22 °C, 23

°C, 24 °C, 25 °C, 26 °C, 27 °C, 28 °C, 29 °C, or 30 °C higher than the melting temperature of an

extension primer or amplification primer to the template barcoded polynucleotide of the plurality of

template barcoded polynucleotides. In some embodiments, the extension primer blocking oligonucleotide

has a melting temperature to the plurality of template barcoded polynucleotides that is higher than the



melting temperature of an extension primer or amplification primer to the plurality of template barcoded

polynucleotides.

[00170] In some embodiments, the extension primer blocking oligonucleotide is annealed to the template

barcoded polynucleotides during the reverse transcription reaction. In some embodiments, the extension

primer blocking oligonucleotide is not annealed to the template barcoded polynucleotides during the

amplifying or the amplification reaction, such as PCR.

[00171] In some embodiments, the extension primer or amplification primer hybridizes to a region of the

template barcoded polynucleotides that hybridizes to the extension primer blocking oligonucleotide. In

some embodiments, the region of the template barcoded polynucleotides that hybridizes to the extension

primer or amplification primer is shorter than a region of the template barcoded polynucleotide to which

the extension primer blocking oligonucleotide hybridizes. In some embodiments, the extension primer or

amplification primer hybridizes to a first region of the template barcoded polynucleotides and the

extension primer blocking oligonucleotide hybridizes to a second region of the template barcoded

polynucleotides, wherein the first region and the second region overlap.

[00172] In some embodiments, the extension primer blocking oligonucleotide is longer than the first

extension primer. In some embodiments, the extension primer blocking oligonucleotide hybridizes to a

region of the plurality of template barcoded polynucleotides comprising the exclusionary sequence. In

some embodiments, the region of the plurality of template barcoded polynucleotides comprising the

exclusionary sequence to which the extension primer blocking oligonucleotide hybridizes is longer than

the exclusionary sequence.

PRIMERS

[00173] Generally, one or more pairs of primers can be used in an amplification reaction; one primer of a

primer pair can be a forward primer and one primer of a primer pair can be a reverse primer.

[00174] In some cases, a first pair of primers can be used in the amplification reaction; one primer of the

first pair can be a forward primer complementary to a sequence of a first target polynucleotide molecule

and one primer of the first pair can be reverse primer can be complementary to a second sequence of the

first target polynucleotide molecule, and a first target locus can reside between the first sequence and the

second sequence. In some embodiments, the first target locus comprises a VH or Va or V sequence.

[00175] In some cases, a second pair of primers can be used in the amplification reaction; one primer of

the second pair can be a forward primer complementary to a first sequence of a second target

polynucleotide molecule and one primer of the second pair can be a reverse primer complementary to a

second sequence of the second target polynucleotide molecule, and a second target locus can reside

between the first sequence and the second sequence. In some embodiments, the second target locus

comprises a VL or β or V sequence.



[00176] In some cases, a third pair of primers can be used in the amplification reaction; one primer of the

third pair can be a forward primer complementary to a first sequence of a third target polynucleotide

molecule and one primer of the third pair can be a reverse primer complementary to a second sequence of

the third target polynucleotide molecule, and a third target locus can reside between the first sequence

and the second sequence. In some embodiments, the third target locus comprises a barcode, such as a

molecular barcode or vessel barcode.

[00177] The length of the forward primer and the reverse primer can depend on the sequence of the

target polynucleotide and the target locus. For example, the length and/or TM of the forward primer and

reverse primer can be optimized. In some case, a primer can be about, more than about, or less than about

10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37,

38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, or 60 nucleotides in

length. In some cases, a primer is about 15 to about 20, about 15 to about 25, about 15 to about 30, about

15 to about 40, about 15 to about 45, about 15 to about 50, about 15 to about 55, about 15 to about 60,

about 20 to about 25, about 20 to about 30, about 20 to about 35, about 20 to about 40, about 20 to about

45, about 20 to about 50, about 20 to about 55, or about 20 to about 60 nucleotides in length.

[00178] A primer can be a single-stranded DNA prior to binding a template polynucleotide. In some

cases, the primer initially comprises double-stranded sequence. The appropriate length of a primer can

depend on the intended use of the primer but can range from about 6 to about 50 nucleotides, or from

about 15 to about 35 nucleotides. Short primer molecules can generally require cooler temperatures to

form sufficiently stable hybrid complexes with a template. In some embodiments, a primer need not

reflect the exact sequence of the template nucleic acid, but can be sufficiently complementary to

hybridize with a template. In some cases, a primer can be partially double-stranded before binding to a

template polynucleotide. A primer with double-stranded sequence can have a hairpin loop of about, more

than about, or less than about 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 bases. A

double stranded portion of a primer can be about, more than about, less than about, or at least about 3, 4,

5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,

35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50 base-pairs.

[00179] Primers can incorporate additional features that allow for the detection or immobilization of

the primer but do not alter a basic property of the primer (e.g., acting as a point of initiation of DNA

synthesis). For example, primers can contain an additional nucleic acid sequence at the 5' end which does

not hybridize to a target nucleic acid, but which facilitates cloning or further amplification, or sequencing

of an amplified product. For example, the additional sequence can comprise a primer binding site, such as

a universal primer binding site. A region of the primer which is sufficiently complementary to a template

to hybridize can be referred to herein as a hybridizing region.



[00180] In another case, a primer utilized in methods and compositions described herein can comprise

one or more universal nucleosides. Non-limiting examples of universal nucleosides are 5-nitroindole and

inosine, as described in U.S. Appl. Pub. Nos. 2009/0325169 and 2010/0167353.

[00181] Primers can be designed according to known parameters for avoiding secondary structures and

self-hybridization. Different primer pairs can anneal and melt at about the same temperatures, for

example, within 1 °C, 2 °C, 3 °C, 4 °C, 5 °C, 6 °C, 7 °C, 8 °C, 9 °C or 10 °C of another primer pair. In

some cases, greater than 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 100, 200, 500, 1000,

5000, 10,000 or more primers are initially used. Such primers can hybridize to target polynucleotides

described herein.

[00182] Primers can be prepared by a variety of methods including but not limited to cloning of

appropriate sequences and direct chemical synthesis using methods well known in the art (Narang et al,

Methods Enzymol. 68:90 (1979); Brown et al, Methods Enzymol. 68:109 (1979)). Primers can also be

obtained from commercial sources. The primers can have an identical melting temperature. The primers

can have non-identical melting temperatures. The lengths of the primers can be extended or shortened at

the 5' end or the 3' end to produce primers with desired melting temperatures. One of the primers of a

primer pair can be longer than the other primer. The 3' annealing lengths of the primers, within a primer

pair, can differ. Also, the annealing position of each primer pair can be designed such that the sequence

and length of the primer pairs yield the desired melting temperature. An equation for determining the

melting temperature of primers smaller than 25 base pairs is the Wallace Rule (TM=2(A+T)+4(G+C)).

Computer programs can also be used to design primers. The TM (melting or annealing temperature) of

each primer can be calculated using software programs. The annealing temperature of the primers can be

recalculated and increased after any cycle of amplification, including but not limited to cycle 1, 2, 3, 4, 5,

cycles 6-10, cycles 10-15, cycles 15-20, cycles 20-25, cycles 25-30, cycles 30-35, or cycles 35-40. After

the initial cycles of amplification, the 5' half of the primers can be incorporated into the products from

each loci of interest; thus the TM can be recalculated based on both the sequences of the 5' half and the

3' half of each primer.

[00183] Conducting the one or more reactions of the methods disclosed herein can comprise the use of

one or more primers. As used herein, a primer comprises a double-stranded, single-stranded, or partially

single-stranded polynucleotide that is sufficiently complementary to hybridize to a template

polynucleotide. A primer can be a single-stranded DNA prior to binding a template polynucleotide. In

some embodiments, the primer initially comprises double-stranded sequence. A primer site includes the

area of the template to which a primer hybridizes. In some embodiments, primers are capable of acting as

a point of initiation for template-directed nucleic acid synthesis. For example, primers can initiate

template-directed nucleic acid synthesis when four different nucleotides and a polymerization agent or

enzyme, such as DNA or RNA polymerase or reverse transcriptase. A primer pair includes 2 primers: a



first primer with a 5' upstream region that hybridizes with a 5' end of a template sequence, and a second

primer with a 3' downstream region that hybridizes with the complement of the 3' end of the template

sequence. A primer set includes two or more primers: a first primer or first plurality of primers with a 5'

upstream region that hybridizes with a 5' end of a template sequence or plurality of template sequences,

and a second primer or second plurality of primers with a 3' downstream region that hybridizes with the

complement of the 3' end of the template sequence or plurality of template sequences. In some

embodiments, a primer comprises a target specific sequence. In some embodiments, a primer comprises a

sample barcode sequence. In some embodiments, a primer comprises a universal priming sequence. In

some embodiments, a primer comprises a PCR priming sequence. In some embodiments, a primer

comprises a PCR priming sequence used to initiate amplification of a polynucleotide. (Dieffenbach, PCR

Primer: A Laboratory Manual, 2nd Edition (Cold Spring Harbor Press, New York (2003)). The universal

primer binding site or sequence allows the attachment of a universal primer to a polynucleotide and/or

amplicon. Universal primers are well known in the art and include, but are not limited to, -47F (M13F),

alfaMF, AOX3', AOX5', BGHr, CMV-30, CMV-50, CVMf, LACrmt, lamgda gtlOF, lambda gt 10R,

lambda gtl IF, lambda gtllR, M13 rev, M13Forward(-20), M13Reverse, male, plOSEQPpQE, pA-120,

pet4, pGAP Forward, pGLRVpr3, pGLpr2R, pKLAC14, pQEFS, pQERS, pucUl, pucU2, reversA,

seqIREStam, seqIRESzpet, seqori, seqPCR, seqpIRES-, seqpIRES+, seqpSecTag, seqpSecTag+,

seqretro+PSI, SP6, T3-prom, T7-prom, and T7-termInv. As used herein, attach can refer to both or either

covalent interactions and noncovalent interactions. Attachment of the universal primer to the universal

primer binding site may be used for amplification, detection, and/or sequencing of the polynucleotide

and/or 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, 2000, 2500, 3000, 3500, 4000, 4500, 5000, 5500, 6000, 6500, 7000, 7500, 8000, 8500,

9000, 9500, or 10000 nucleotides or base pairs. In some embodiments, the universal primer binding site

comprises 1-10, 10-20, 10-30 or 10-100 nucleotides or base pairs. In some embodiments, the universal

primer binding site comprises from about 1-90, 1-80, 1-70, 1-60, 1-50, 1-40, 1-30, 1-20, 1-10, 2-90, 2-80,

2-70, 2-60, 2-50, 2-40, 2-30, 2-20, 2-10, 1-900, 1-800, 1-700, 1-600, 1-500, 1-400, 1-300, 1-200, 1-100,

2-900, 2-800, 2-700, 2-600, 2-500, 2-400, 2-300, 2-200, 2-100, 5-90, 5-80, 5-70, 5-60, 5-50, 5-40, 5-30,

5-20, 5-10, 10-90, 10-80, 10-70, 10-60, 10-50, 10-40, 10-30, 10-20, 10-10, 5-900, 5-800, 5-700, 5-600, 5-

500, 5-400, 5-300, 5-200, 5-100, 10-900, 10-800, 10-700, 10-600, 10-500, 10-400, 10-300, 10-200, 10-

100, 25-900, 25-800, 25-700, 25-600, 25-500, 25-400, 25-300, 25-200, 25-100, 100-1000, 100-900, 100-

800, 100-700, 100-600, 100-500, 100-400, 100-300, 100-200, 200-1000, 200-900, 200-800, 200-700,

200-600, 200-500, 200-400, 200-300, 300-1000, 300-900, 300-800, 300-700, 300-600, 300-500, 300-

400, 400-1000, 400-900, 400-800, 400-700, 400-600, 400-500, 500-1000, 500-900, 500-800, 500-700,



500-600, 600-1000, 600-900, 600-800, 600-700, 700-1000, 700-900, 700-800, 800-1000, 800-900, or

900-1000 nucleotides or base pairs.

[00184] Primers can have a length compatible with its use in synthesis of primer extension products. A

primer can be a polynucleotide that is 8 to 200 nucleotides in length. The length of a primer can depend

on the sequence of the template polynucleotide and the template locus. For example, the length and/or

melting temperature (TM) of a primer or primer set can be optimized. In some case, a primer can be

about, more than about, or less than about 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,

27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54,

55, 56, 57, 58, 59, or 60 nucleotides in length. In some embodiments, primers are about 8-100

nucleotides in length, for example, 10-75, 15-60, 15-40, 18-30, 20-40, 21-50, 22-45, 25-40, 7-9, 12-15,

15-20, 15-25, 15-30, 15-45, 15-50, 15-55, 15-60, 20-25, 20-30, 20-35, 20-45, 20-50, 20-55, or 20-60

nucleotides in length and any length there between. In some embodiments, primers are at most about 10,

12, 15, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95 or 100

nucleotides in length.

[00185] Generally, one or more pairs of primers can be used in an exponential amplification reaction;

one primer of a primer pair can be a forward primer and one primer of a primer pair can be a reverse

primer. In some embodiments, a first pair of primers can be used in the exponential amplification

reaction; one primer of the first pair can be a forward primer complementary to a sequence of a first

template polynucleotide molecule and one primer of the first pair can be a reverse primer complementary

to a second sequence of the first template polynucleotide molecule, and a first template locus can reside

between the first sequence and the second sequence. In some embodiments, a second pair of primers can

be used in the amplification reaction; one primer of the second pair can be a forward primer

complementary to a first sequence of a second target polynucleotide molecule and one primer of the

second pair can be a reverse primer complementary to a second sequence of the second target

polynucleotide molecule, and a second target locus can reside between the first sequence and the second

sequence. In some embodiments, the second target locus comprises a variable light chain antibody

sequence. In some embodiments, a third pair of primers can be used in the amplification reaction; one

primer of the third pair can be a forward primer complementary to a first sequence of a third template

polynucleotide molecule and one primer of the third pair can be a reverse primer complementary to a

second sequence of the third template polynucleotide molecule, and a third template locus can reside

between the first sequence and the second sequence.

[00186] The one or more primers can anneal to at least a portion of a plurality of template

polynucleotides. The one or more primers can anneal to the 3' end and/or 5' end of the plurality of

template polynucleotides. The one or more primers can anneal to an internal region of the plurality of

template polynucleotides. The internal region can be at least about 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,



20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47,

48, 49, 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 or 5' ends the plurality of

template polynucleotides. The one or more primers can comprise a fixed panel of primers. The one or

more primers can comprise at least one or more custom primers. The one or more primers can comprise

at least one or more control primers. The one or more primers can comprise at least one or more

housekeeping gene primers. The one or more primers can comprise a universal primer. The universal

primer can anneal to a universal primer binding site. In some embodiments, the one or more custom

primers anneal to an SBC, a target specific region, complements thereof, or any combination thereof. The

one or more primers can comprise a universal primer. The one or more primers primer can be designed to

amplify or perform primer extension, reverse transcription, linear extension, non-exponential

amplification, exponential amplification, PCR, or any other amplification method of one or more target

or template polynucleotides

[00187] The target specific region can comprise at least about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,

15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42,

43, 44, 45, 46, 47, 48, 49, 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 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 in some

embodiments, the target specific region comprises from about 5-10, 10-15, 10-20, 10-30, 15-30, 10-75,

15-60, 15-40, 18-30, 20-40, 21-50, 22-45, 25-40, 7-9, 12-15, 15-20, 15-25, 15-30, 15-45, 15-50, 15-55,

15-60, 20-25, 20-30, 20-35, 20-45, 20-50, 20-55, 20-60, 2-900, 2-800, 2-700, 2-600, 2-500, 2-400, 2-300,

2-200, 2-100, 25-900, 25-800, 25-700, 25-600, 25-500, 25-400, 25-300, 25-200, 25-100, 100-1000, 100-

900, 100-800, 100-700, 100-600, 100-500, 100-400, 100-300, 100-200, 200-1000, 200-900, 200-800,

200-700, 200-600, 200-500, 200-400, 200-300, 300-1000, 300-900, 300-800, 300-700, 300-600, 300-

500, 300-400, 400-1000, 400-900, 400-800, 400-700, 400-600, 400-500, 500-1000, 500-900, 500-800,

500-700, 500-600, 600-1000, 600-900, 600-800, 600-700, 700-1000, 700-900, 700-800, 800-1000, 800-

900, or 900-1000 nucleotides or base pairs.

[00188] Primers can be designed according to known parameters for avoiding secondary structures and

self-hybridization. In some embodiments, different primer pairs can anneal and melt at about the same

temperatures, for example, within 1 °C, 2 °C, 3 °C, 4 °C, 5 °C, 6 °C, 7 °C, 8 °C, 9 °C or 10 °C of another

primer pair. In some embodiments, one or more primers in a plurality of primers can anneal and melt at

about the same temperatures, for example, within 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10°C of another primer in the



plurality of primers. In some embodiments, one or more primers in a plurality can anneal and melt at

different temperatures than another primer in the plurality of primers.

[00189] A plurality of primers for one or more steps of the methods described herein can comprise a

plurality of primers comprising about, at most about, or 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,

1000, 1500, 2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000, 10,000, 11,000, 12,000, 13,000, 14,000,

15,000, 16,000, 17,000, 18,000, 19,000, 20,000, 30,000, 40,000, 50,000, 60,000, 70,000, 80,000, 90,000,

100,000, 200,000, 300,000, 400,000, 500,000, 600,000, 700,000, 800,000, 900,000, 1,000,000,

50,000,000, 100,000,000 different primers. For example, each primer in a plurality of primers can

comprise a different target or template specific region or sequence.

SEQUENCING

[00190] After performing one or more of the methods or method steps described herein, a library of

polynucleotides generated can be sequenced.

[00191] Sequencing can be performed by any sequencing method known in the art. In some

embodiments, sequencing can be performed in high throughput. Suitable next generation sequencing

technologies include the 454 Life Sciences platform (Roche, Branford, CT) (Margulies et al, Nature,

437, 376-380 (2005)); lllumina's Genome Analyzer, GoldenGate Methylation Assay, or Infinium

Methylation Assays, i.e., Infinium HumanMethylation 27K BeadArray or VeraCode GoldenGate

methylation array (Illumina, San Diego, CA; Bibkova et al, Genome Res. 16, 383-393 (2006); and U.S.

Patent Nos. 6,306,597, 7,598,035, 7,232,656), or DNA Sequencing by Ligation, SOLiD System (Applied

Biosystems/Life Technologies; U.S. Patent Nos. 6,797,470, 7,083,917, 7,166,434, 7,320,865, 7,332,285,

7,364,858, and 7,429,453); or the Helicos True Single Molecule DNA sequencing technology (Harris et

al, Science, 320, 106-109 (2008); and U.S. Patent Nos. 7,037,687, 7,645,596, 7,169,560, and7,769,400),

the single molecule, real-time (SMRTTm) technology of Pacific Biosciences, and sequencing (Soni et al,

Clin. Chem. 53, 1996-2001 (2007)). These systems allow multiplexed parallel sequencing of many

polynucleotides isolated from a sample (Dear, Brief Funct. Genomic Proteomic, 1(4), 397-416 (2003)

and McCaughan et al., J . Pathol., 220, 297-306 (2010)). In some embodiments, polynucleotides are

sequenced by sequencing by ligation of dye-modified probes, pyrosequencing, or single-molecule

sequencing. Determining the sequence of a polynucleotide may be performed by sequencing methods

such as HelioscopeTM single molecule sequencing, Nanopore DNA sequencing, Lynx Therapeutics'

Massively Parallel Signature Sequencing (MPSS), 454 pyrosequencing, Single Molecule real time

(RNAP) sequencing, Illumina (Solexa) sequencing, SOLiD sequencing, Ion TorrentTM, Ion

semiconductor sequencing, Single Molecule SMRT(TM) sequencing, Polony sequencing, DNA nanoball

sequencing, and VisiGen Biotechnologies approach. Alternatively, determining the sequence of

polynucleotides may use sequencing platforms, including, but not limited to, Genome Analyzer IIx,



HiSeq, and MiSeq offered by Illumina, 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). Sequencing can comprise MiSeq sequencing. Sequencing can comprise HiSeq

sequencing. In some embodiments, determining the sequence of a polynucleotide 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 a polynucleotide can be determined by electron microscopy or a chemical-

sensitive field effect transistor (chemFET) array.

[00192] A method can further comprise sequencing one or more polynucleotides in the library. A

method can further comprise aligning one or more polynucleotide sequences, sequence reads, amplicon

sequences, or amplicon set sequences in the library to each other.

[00193] As used herein, aligning comprises comparing a test sequence, such as a sequence read, to one

or more other test sequences, reference sequences, or a combination thereof. In some embodiments,

aligning can be used to determine a consensus sequence from a plurality of sequences or aligned

sequences. In some embodiments, aligning comprises determining a consensus sequence from a plurality

of sequences that each has an identical molecular barcode or vessel barcode. In some embodiments, the

length of a sequence aligned for comparison purposes is at least 30%, at least 40%, at least 50%, at least

60%, at least 70%, at least 80%, at least 90%, or at least 95%, of the length of a reference sequence. The

actual comparison of the two or more sequences can be accomplished by well-known methods, for

example, using a mathematical algorithm. A non-limiting example of such a mathematical algorithm is

described in Karlin, S. and Altschul, S., Proc. Natl. Acad. Sci. USA, 90- 5873-5877 (1993). Such an

algorithm is incorporated into the NBLAST and XBLAST programs (version 2.0), as described in

Altschul, S. et al, Nucleic Acids Res., 25:3389-3402 (1997). When utilizing BLAST and Gapped

BLAST programs, any relevant parameters of the respective programs (e.g., NBLAST) can be used. For

example, parameters for sequence comparison can be set at score= 100, word length= 12, or can be

varied (e.g., W=5 or W=20). Other examples include the algorithm of Myers and Miller, CABIOS

(1989), ADVANCE, ADAM, BLAT, and FASTA. In some embodiments, the percent identity between

two amino acid sequences can be accomplished using, for example, the GAP program in the GCG

software package (Accelrys, Cambridge, UK).

[00194] Sequencing can comprise sequencing at least about 10, 20, 30, 40, 50, 60, 70, 80, 90, 100 or

more nucleotides or base pairs of the polynucleotides. In some embodiments, sequencing comprises

sequencing at least about 200, 300, 400, 500, 600, 700, 800, 900, 1000, or more nucleotides or base pairs

of the polynucleotides. In other instances, sequencing comprises sequencing at least about 1500, 2000,



3000, 4000, 5000, 6000, 7000, 8000, 9000, 10,000, or more nucleotides or base pairs of the

polynucleotides.

[00195] Sequencing can comprise at least about 200, 300, 400, 500, 600, 700, 800, 900, 1000 or more

sequencing reads per run. As used herein, a sequence read comprises a sequence of nucleotides

determined from a sequence or stream of data generated by a sequencing technique. In some

embodiments, sequencing comprises sequencing at least about 1500, 2000, 3000, 4000, 5000, 6000,

7000, 8000, 9000, 10,000, or more sequencing reads per run. Sequencing can comprise more than, less

than, or equal to about 1,000,000,000 sequencing reads per run. Sequencing can comprise more than, less

than, or equal to about 200,000,000 reads per run.

[00196] In some embodiments, the number of sequence reads used to determine a consensus sequence

is from about 2-1000 sequence reads. For example, the number of sequence reads used to determine a

consensus sequence can be from about 2-900, 2-800, 2-700, 2-600, 2-500, 2-400, 2-300, 2-200, 2-100,

25-900, 25-800, 25-700, 25-600, 25-500, 25-400, 25-300, 25-200, 25-100, 100-1000, 100-900, 100-800,

100-700, 100-600, 100-500, 100-400, 100-300, 100-200, 200-1000, 200-900, 200-800, 200-700, 200-

600, 200-500, 200-400, 200-300, 300-1000, 300-900, 300-800, 300-700, 300-600, 300-500, 300-400,

400-1000, 400-900, 400-800, 400-700, 400-600, 400-500, 500-1000, 500-900, 500-800, 500-700, 500-

600, 600-1000, 600-900, 600-800, 600-700, 700-1000, 700-900, 700-800, 800-1000, 800-900, or 900-

1000 sequence reads. In some embodiments, the number of sequence reads used to determine a consensus

sequence is at least about 1000, 1500, 2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000, 10,000, 11,000,

12,000, 13,000, 14,000, 15,000, 16,000, 17,000, 18,000, 19,000, 20,000, 25,000, 30,000,35,000, 40,000,

45,000, 50,000, 55,000, 60,000, 65,000, 70,000, 75,000, 80,000, 85,000, 90,000, 95000, 100,000,

150,000, 200,000, 250,000, 300,000, 350,000, 400,000, 450,000, 500,000, 550,000, 600,000, 650,000,

700,000, 750,000, 800,000, 850,000, 900,000, 950,000, 1,000,000, 50,000,000, or 100,000,000 reads. In

some embodiments, the number of sequence reads used to determine a consensus sequence is at most

about 1000, 1500, 2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000, 10,000, 11,000, 12,000, 13,000,

14,000, 15,000, 16,000, 17,000, 18,000, 19,000, 20,000, 25,000, 30,000,35,000, 40,000, 45,000, 50,000,

55,000, 60,000, 65,000, 70,000, 75,000, 80,000, 85,000, 90,000, 95000, 100,000, 150,000, 200,000,

250,000, 300,000, 350,000, 400,000, 450,000, 500,000, 550,000, 600,000, 650,000, 700,000, 750,000,

800,000, 850,000, 900,000, 950,000, 1,000,000, 50,000,000, or 100,000,000 reads.

[00197] A method can comprise sequencing mis-reads. A method can comprise determining the number

of mis-reads, such as for determining a reaction condition or designing primer sequences. Comparing the

number of mis-reads generated under one or more first conditions or sets of conditions can be used to

determine a preferred condition or condition set. For example, a first method can be carried out at a high

salt concentration during a PCR reaction, and a second method can be carried out at a low salt

concentration during a PCR reaction, wherein the first and second method are carried out substantially



the same aside from the salt concentration difference. If the first method results in a higher number of

mis-reads, such as a higher number of mis-reads for a particular target polynucleotide sequence or

primer, a lower salt reaction condition can be determined to be preferred for that particular target

polynucleotide sequence or primer.

KITS

[00198] In one aspect, provided herein is a kit comprising a plurality of template barcoded

polynucleotides comprising an exclusionary sequence; and a plurality of primers comprising a first

extension primer comprising an activating sequence with complementarity to an exclusionary sequence,

and a second extension primer complementary to the activated barcoded polynucleotide.

[00199] In some embodiments, the kit further comprises a first amplification primer with

complementarity to the exclusion sequence and a second amplification primer complementary to the

activated barcoded polynucleotide.

[00200] In some embodiments, the kit further comprises an extension primer blocking oligonucleotide.

[00201] In some embodiments, the extension primer blocking oligonucleotide has a melting temperature

to a template barcoded polynucleotide of the plurality of template barcoded polynucleotides that is higher

than the melting temperature of the first extension primer to the template barcoded polynucleotide of the

plurality of template barcoded polynucleotides.

[00202] In some embodiments, the extension primer blocking oligonucleotide has a melting temperature

to a template barcoded polynucleotide of the plurality of template barcoded polynucleotides that is at

least 1 °C, 2 °C, 3 °C, 4 °C, 5 °C, 6 °C, 7 °C, 8 °C, 9 °C, 10 °C, 1 1 °C, 12 °C, 13 °C, 14 °C, 15 °C, 16

°C, 17 °C, 18 °C, 19 °C, 20 °C, 2 1 °C, 22 °C, 23 °C, 24 °C, 25 °C, 26 °C, 27 °C, 28 °C, 29 °C, or 30 °C

higher than the melting temperature of the first extension primer to the template barcoded polynucleotide

of the plurality of template barcoded polynucleotides.

[00203] In some embodiments, the extension primer blocking oligonucleotide has a melting temperature

to the plurality of template barcoded polynucleotides that is higher than the melting temperature of the

first extension primer to the plurality of template barcoded polynucleotides.

[00204] In some embodiments, the extension primer blocking oligonucleotide is longer than the first

extension primer.

[00205] In some embodiments, the extension primer blocking oligonucleotide hybridizes to a region of

the plurality of template barcoded polynucleotides comprising the exclusionary sequence.

[00206] In some embodiments, the region of the plurality of template barcoded polynucleotides

comprising the exclusionary sequence to which the extension primer blocking oligonucleotide hybridizes

is longer than the exclusionary sequence.

COMPOSITIONS



[00207] In one aspect, provided herein is a composition comprising a plurality of vessels, each vessel of

the plurality comprising a plurality of template barcoded polynucleotide molecules and a target

polynucleotide comprising a barcode amplified from a single template barcoded polynucleotide molecule

of the plurality of template barcoded polynucleotide molecules.

[00208] In one aspect, provided herein is a composition, the composition comprising a plurality of

vessels, each vessel of the plurality comprising a plurality of template barcoded polynucleotides each

with a different barcode, and a target polynucleotide comprising a unique barcode amplified from a

template barcoded polynucleotide of the plurality of template barcoded polynucleotides.

[00209] In one aspect, provided herein is a composition comprising a plurality of vessels, each vessel of

the plurality comprising a plurality of template barcoded polynucleotides, a first primer with an affinity to

each template barcoded polynucleotide that is about the same, a second primer with an affinity to an

extension product of the first primer that is as least 5-fold more than the affinity of the first primer to each

of the template barcoded polynucleotides, and a target polynucleotide comprising a unique barcode

amplified from a template barcoded polynucleotide a of the plurality of template barcoded

polynucleotides.

[00210] In some embodiments, the plurality of vessels comprises at least 50 vessels. In some

embodiments, each vessel of the plurality comprises an extension primer blocking oligonucleotide. In

some embodiments, each vessel of the plurality comprises a polymerase. In some embodiments, each

vessel of the plurality comprises a reverse transcriptase.

[00211] While some embodiments described herein 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 disclosure provided herein. It should be understood that various alternatives to the

embodiments described herein can be employed in practicing the methods described herein. It is intended

that the following claims define the scope of the methods, compositions, and kits described herein and

that methods and compositions within the scope of these claims and their equivalents be covered thereby.

EXAMPLES

Example 1

[00212] Real-time PCR reactions and 3-color Taqman assays were performed within droplets using

activated droplet exclusion PCR methods. A comparison of the results to simulations demonstrated that

the methods work very closely to the level predicted by theory, and were effective to overcome Poisson

distribution limitations of other droplet barcoding methods. These results also indicated the activated

droplet exclusion PCR methods described herein would be applicable to and would be useful for methods

in which single DNA templates are desired to be amplified within each of a number of isolated reaction

volumes.



Example 2 - Method for preventing extension of an extension primer during reverse transcription (RT)

before PCR for RT-PCR applications.

[00213] Reverse transcription and PCR reactions were performed within droplets using activated droplet

exclusion PCR methods. Reverse transcription and PCR reactions were performed within droplets

containing a polymerase, within droplets containing a polymerase and a reverse transcriptase, and within

droplets containing a polymerase, a reverse transcriptase, and an extension primer blocking

oligonucleotide (FIG. 6). The extension primer blocking oligonucleotide was designed to have a higher

T M than the T M of the extension primer.

[00214] Real-time PCR was carried out to amplify l x 107 templates in the presence of a low-efficiency

extension primer and (1) a PCR polymerase, (2) a PCR polymerase and a reverse transcriptase, or (3) a

PCR polymerase, a reverse transcriptase, and an extension primer blocking oligonucleotide pre-annealed

to the templates. A comparison of the results (FIG. 7) suggests that within droplets containing a

polymerase and a reverse transcriptase without an extension primer blocking oligonucleotide, the

extension primer annealed to a template barcoded polynucleotide during reverse transcription, and was

extended before PCR. However, within droplets containing a polymerase, a reverse transcriptase, and an

extension primer blocking oligonucleotide, FIG. 7 suggests that annealing of the extension primer

blocking oligonucleotide to the template barcoded polynucleotide prevented access of the extension

primer to the template during reverse transcription, and prevented extension of the extension primer

before PCR.



CLAIMS

WHAT IS CLAIMED IS:

1. A method of producing amplicons comprising

(a) forming a plurality of vessels, each vessel of the plurality comprising a plurality of template

barcoded polynucleotide molecules; and

(b) amplifying a template barcoded polynucleotide molecule in each of vessel of the plurality of

vessels, wherein 80-100% of amplicons in 80-100% of the vessels of the plurality of vessels

comprise a barcode amplified from a single template barcoded polynucleotide molecule of the

plurality of template barcoded polynucleotide molecules.

2 . A method of producing amplicons comprising

(a) forming a plurality of vessels, each vessel of the plurality comprising one or a plurality of

template barcoded polynucleotide molecules; and

(b) for each of one or more of the plurality of vessels, amplifying one of the one or a plurality of

template barcoded polynucleotide molecules in the vessel, wherein at least 80 %, at least 90 %,

at least 99% or at least at or about 80-100% of amplicons in at least 80 %, at least 90 %, at least

99% or at least at or about 80-100% of the vessels of the plurality of vessels comprise a barcode

amplified from a single template barcoded polynucleotide molecule of the plurality of template

barcoded polynucleotide molecules and/or do not comprise amplicons of more than one of said

one or a plurality of template barcoded polynucleotide molecules.

3 . The method of claim 1 or 2, wherein the plurality of vessels comprises at least 50 vessels.

4 . A method of barcoding target polynucleotides comprising

(a) forming a plurality of vessels, each vessel of the plurality comprising a plurality of template

barcoded polynucleotide molecules; and

(b) amplifying a template barcoded polynucleotide molecule of the plurality of template barcoded

polynucleotide molecules in each vessel of the plurality of vessels, wherein a target

polynucleotide or amplicons thereof in 80-100% of the vessels of the plurality of vessels

comprises a barcode amplified from a single template barcoded polynucleotide molecule, and

wherein the plurality of vessels comprises at least 50 vessels.

5 . A method of barcoding target polynucleotides comprising;

(a) amplifying a template barcoded polynucleotide in each vessel of a plurality of vessels, each

vessel comprising from 2-1000 template barcoded polynucleotides with a different barcode; and

(b) uniquely barcoding a target polynucleotide or a complement thereof with a barcode sequence

from a single template barcoded polynucleotide of the 2-1000 template barcoded

polynucleotides with a different barcode in 80-100% of the vessels of the plurality of vessels.

6 . A method of barcoding target polynucleotides comprising



(a) forming a plurality of vessels, each vessel of the plurality comprising one or a plurality of

template barcoded polynucleotide molecules; and

(b) for each of one or more of the plurality of vessels, amplifying one of the one or a plurality of

template barcoded polynucleotide molecules in the vessel, wherein a target polynucleotide or

amplicons thereof in 80-100% of the vessels of the plurality of vessels comprises a barcode

amplified from a single template barcoded polynucleotide molecule, and wherein the plurality of

vessels comprises at least 50 vessels and/or do not comprise amplicons of more than one of said

one or a plurality of template barcoded polynucleotide molecules.

7 . A method of barcoding target polynucleotides comprising;

(a) amplifying a template barcoded polynucleotide molecule in each of one or more of a plurality of

vessels, each vessel comprising from 2-1000 template barcoded polynucleotide molecules, each

with a different barcode; and

(b) uniquely barcoding a target polynucleotide or a complement thereof with a barcode sequence

that is contained in, or the complement of which is contained in, a single of the template

barcoded polynucleotide molecules from among the 2-1000 template barcoded polynucleotide

molecules, wherein the barcode sequence is different among at least 80 %, at least 90 %, at least

99 %, or in 80-100% of the vessels of the plurality of vessels.

8 . A method comprising

(a) amplifying a template barcoded polynucleotide with a first primer and a second primer in each

of a plurality of vessels, each vessel of the plurality of vessels comprising a plurality of template

barcoded polynucleotide molecules, each with a different barcode sequences; under conditions

wherein the first primer is capable of carrying out extension of at least two and/or all of the

plurality of the template barcoded polynucleotide molecules, wherein the extension efficiency

for extension by the first primer of each of the at least two or plurality of template barcoded

polynucleotides is about the same as for the other of the at least two or of the plurality, and

wherein said extension efficiency is as least 5-fold less than the extension efficiency of the

second primer to an extension product of the extension of the at least two template

polynucleotide molecules by the first primer; and optionally further comprising

(b) uniquely barcoding a target polynucleotide or a complement thereof in each vessel of the

plurality of vessels with a barcode sequence contained within a single of the plurality of

template barcoded polynucleotides with different barcodes.

9 . A method comprising

(a) amplifying a template barcoded polynucleotide with a first primer and a second primer in each

vessel, each vessel of the plurality of vessels comprising a plurality of template barcoded

polynucleotides with different barcodes; wherein the first primer has an extension efficiency to



each of the plurality of template barcoded polynucleotides that is about the same and that is as

least 5-fold less than the extension efficiency of the second primer to an extension product of the

first primer; and

(b) uniquely barcoding a target polynucleotide or a complement thereof in each vessel of the

plurality of vessels with a barcode sequence from a single template barcoded polynucleotide of

the plurality of template barcoded polynucleotides with different barcodes.

10. A method of barcoding target polynucleotides comprising

(a) amplifying a template barcoded polynucleotide molecule or a complement thereof in each vessel

of a plurality of vessels comprising a plurality of template barcoded polynucleotide molecules,

wherein the amplifying comprises amplifying with a primer pair comprising a first primer and a

second primer, wherein the first primer a melting temperature to the template barcoded

polynucleotide molecule that is lower than the melting temperature of a second primer to an

extension product of the first primer; and

(b) uniquely barcoding a target polynucleotide or complement thereof in each vessel of the plurality

of vessels with a barcode sequence from a single template barcoded polynucleotide of the

plurality of template barcoded polynucleotides.

11. A method of barcoding target polynucleotides comprising performing an amplification reaction in

each vessel of a plurality of vessels comprising a plurality of template barcoded polynucleotides, the

amplification reaction comprising:

(a) a first step comprising:

(i) performing a first extension reaction, on a template barcoded polynucleotide of the plurality

of template barcoded polynucleotides to form a first extension molecule, wherein the

extension efficiency of the first extension reaction is once per 2 PCR cycles,

(ii) performing a second extension reaction on the first extension molecule to form a second

extension molecule wherein the extension efficiency of the second extension reaction is at

least about 2-fold higher than the extension efficiency of the first extension reaction; and

(b) a plurality of further PCR cycles comprising amplifying the first and second extension

molecules;

wherein a target polynucleotide or complement thereof is uniquely barcoded in each vessel of the

plurality of vessels with a barcode sequence from a single template barcoded polynucleotide of the

plurality of template barcoded polynucleotides.

12. A method of barcoding target polynucleotides comprising performing an amplification reaction

in each vessel of a plurality of vessels comprising a plurality of template barcoded

polynucleotides, the amplification reaction comprising a plurality of PCR cycles,

(a) wherein the method comprises:



(i) a first extension reaction with a first primer, on a template barcoded polynucleotide of the

plurality of template barcoded polynucleotides to form a first extension molecule, wherein the

extension efficiency of the first extension reaction is from about 0.0005-20%; and

(ii) a second extension reaction with a second primer comprising 80-100% complementarity to a

region of the first extension molecule that is more than 8 bases to form a second extension

molecule;

(b) amplifying the first and second extension molecules; and

(c) uniquely barcoding a target polynucleotide or a complement thereof in each vessel of the plurality

of vessels with a barcode sequence from a single template barcoded polynucleotide of the

plurality of template barcoded polynucleotides.

13. A method of barcoding target polynucleotides comprising

(a) performing a first extension reaction comprising extending a first extension primer comprising an

activating sequence annealed to an exclusion sequence of a template barcoded polynucleotide,

thereby forming an activated barcoded polynucleotide;

(b) performing a second extension reaction comprising extending a second extension primer annealed

to the activated template barcoded polynucleotide to form a nonexclusionary template barcoded

polynucleotide; and

(c) amplifying the activated template barcoded polynucleotide and the nonexclusionary template

barcoded polynucleotide, thereby barcoding a target polynucleotide or a complement thereof in a

vessel of a plurality of vessels.

14. The method of any one of claims 1-13, wherein the method further comprises forming the plurality

of vessels before performing a first extension reaction.

15. A method of barcoding target polynucleotides comprising:

(a) forming a plurality of vessels from a pool of template barcoded polynucleotides comprising

different barcodes, wherein the plurality of vessels comprises an average of 2 or more of the

template barcoded polynucleotides per vessel;

(b) performing an amplification reaction in each vessel of the plurality of vessels, and

(c) uniquely barcoding a target polynucleotide or a complement thereof in 80-100% of the vessels

of the plurality of vessels with a barcode sequence from a single template barcoded

polynucleotide of the average of 2 or more of the template barcoded polynucleotides.

16. A method of barcoding target polynucleotides comprising:

(a) forming a plurality of vessels, wherein at least 50% of the vessels of the plurality of vessels

comprise a plurality of template barcoded polynucleotide molecules;

(b) performing an amplification reaction in each vessel of the plurality of vessels, and



(c) uniquely barcoding a target polynucleotide or a complement thereof in 80-100% of the vessels

of the plurality of vessels comprising the plurality of template barcoded polynucleotide

molecules with a barcode sequence from a single template barcoded polynucleotide molecule of

the plurality of template barcoded polynucleotide molecules.

17. A method of producing amplicons comprising

(a) forming a plurality of vessels, each vessel of the plurality comprising a plurality of template

polynucleotide molecules each comprising a sequence flanked by known primer sequences; and

(b) amplifying a template polynucleotide molecule in each of vessel of the plurality of vessels,

wherein 80-100% of amplicons in 80-100% of the vessels of the plurality of vessels comprise a

sequence amplified from a single template polynucleotide molecule, wherein the plurality of

vessels comprises at least 50 vessels.

18. A method of barcoding target polynucleotides comprising

(a) forming a plurality of vessels from a pool of template barcoded polynucleotides comprising

different barcodes, wherein the plurality of vessels comprises an average of more than 1

template barcoded polynucleotides per vessel; and

(b) performing an amplification reaction in each vessel of the plurality of vessels,

wherein the amplification reaction is performed under conditions such that when the plurality of

vessels comprises an average of 10 or more of the template barcoded polynucleotides per vessel,

more than 40%, 50%, 60%, 70%, 80%, 90%, 95% or 99% of the vessels of the plurality of vessels

comprise a target polynucleotide or a complement thereof comprising a barcode sequence from a

single template barcoded polynucleotide of the average of 2 or more of the template barcoded

polynucleotides after the amplification reaction

19. The method of any one of claims 1-18, wherein the method further comprises sequencing amplicons

of the amplifying.

20. The method of any one of claims 1-10 and 15-19, wherein the method comprises performing a first

extension reaction, on a template barcoded polynucleotide of the plurality of template barcoded

polynucleotides to form a first extension molecule, wherein the extension efficiency of the first

extension reaction is once per 2 PCR cycles.

21. The method of claim 20, wherein the method comprises performing a second extension reaction on

the first extension molecule to form a second extension molecule wherein the extension efficiency of

the second extension reaction is at least about 2-fold higher than the extension efficiency of the first

extension reaction.

22. The method of claim 21, wherein the method comprises performing a plurality of further PCR cycles

comprising amplifying the first and second extension molecules.



23. The method of claim 22, wherein a target polynucleotide or complement thereof is uniquely

barcoded in each vessel of the plurality of vessels with a barcode sequence from a single template

barcoded polynucleotide of the plurality of template barcoded polynucleotides.

24. The method of any one of claims 1-10 and 15-19, wherein the method comprises performing a first

extension reaction with a first primer, on a template barcoded polynucleotide of the plurality of

template barcoded polynucleotides to form a first extension molecule, wherein the extension

efficiency of the first extension reaction is from about 0.0005-20%.

25. The method of claim 24, wherein the method comprises performing a second extension reaction with

a second primer comprising 80-100% complementarity to a region of the first extension molecule

that is more than 8 bases to form a second extension molecule.

26. The method of claim 25, wherein the method comprises amplifying the first and second extension

molecules.

27. The method of claim 26, wherein a target polynucleotide or a complement thereof in each vessel of

the plurality of vessels is uniquely with a barcode sequence from a single template barcoded

polynucleotide of the plurality of template barcoded polynucleotides.

28. The method of any one of claims 1-10 and 15-19, wherein the method comprises performing a first

extension reaction comprising extending a first extension primer comprising an activating sequence

annealed to an exclusion sequence of a template barcoded polynucleotide, thereby forming an

activated barcoded polynucleotide.

29. The method of claim 28, wherein the method comprises performing a second extension reaction

comprising extending a second extension primer annealed to the activated template barcoded

polynucleotide to form a nonexclusionary template barcoded polynucleotide.

30. The method of claim 29, wherein the method comprises amplifying the activated template barcoded

polynucleotide and the nonexclusionary template barcoded polynucleotide, thereby barcoding a

target polynucleotide or a complement thereof in a vessel of a plurality of vessels.

31. The method of any one of claims 11-14 and 20-30, wherein the first and the second extension

reactions occur during different PCR cycles.

32. The method of any one of claims 1-31, wherein the amplifying comprises one or more PCR cycles.

33. The method of any one of claims 1-32, wherein the amplifying comprises a plurality of PCR cycles.

34. The method of any one of claims 1-33, wherein the amplifying comprises at least 20, 30, 40, 50, 60,

70, 80, 90, 100, 120, 140, 160, 180, 200, 220, 240, 260, 280, or 300 PCR cycles.

35. The method of any one of claims 1-34, wherein the amplifying comprises from 20-200, 20-150, 20-

100, 40-200, 40-150, 40-100, 60-200, 60-150, 60-100, 80-200, 80-150, 80-100, 20-300, 40-300, 60-

300, 80-300, 100-300, or 150-300 PCR cycles.



36. The method of any one of claims 1-35, wherein an activated barcoded polynucleotide in a vessel is

formed at least one PCR cycle before a second activated barcode is formed in the same vessel.

3 . The method of any one of claims 1-36, wherein an activated barcoded polynucleotide in a vessel is

formed at least 2, 3, 4, 5, 6, 7, 8, 9, or 10 PCR cycles before a second activated barcode is formed in

the same vessel.

38. The method of any one of claims 1-37, wherein an activated barcoded polynucleotide in a vessel is

formed at most 10 PCR cycles before an activated barcoded polynucleotide is formed in any other

vessel.

39. The method of any one of claims 1-38, wherein each activated template barcoded polynucleotide

formed in a vessel comprises the same barcode sequence.

40. The method of any one of claims 1-39, wherein at least 70%, 80%, 90%, 95%, 98%, 99%, or 100%

of products of the amplifying in a vessel comprise a same barcode sequence.

41. The method of any one of claims 1-40, wherein less than 10%, 5%, 4%, 3%, 2%, 1%, or 0.1% of

products of the amplifying in a vessel comprise a different barcode sequence.

42. The method of any one of claims 1-41, wherein at least 70%, 80%, 90%, 95%, 98%, 99%, or 100%

of the barcoded target polynucleotides or a complement thereof or amplified products thereof in a

vessel comprise the same barcode sequence.

43. The method of claim of any one of claims 1-42, wherein at least 70%, 80%, 90%, 95%, 98%, 99%,

or 100% of the vessels of the plurality of vessels comprise an amount of products of the amplifying

that have the same barcode that is at least 70%, 80%, 90%, 95%, 98%, 99%, or 100% of a total

amount of barcoded target polynucleotides or a complement thereof or amplified products within

each vessel.

44. The method of any one of claims 1-43, wherein a single activated template barcoded polynucleotide

is formed in a vessel of the plurality of vessels.

45. The method of any one of claims 1-44, wherein a single activated template barcoded polynucleotide

is formed in at least 50%, 60%, 70%, 80%, 90% or 100% of the vessels of the plurality of vessels.

46. The method of any one of claims 1-45, wherein a single activated template barcoded polynucleotide

is formed in each vessel of the plurality of vessels.

47. The method of any one of claims 1-46, wherein the plurality of vessels comprises at least 10, 50,

100, 1,000, 10,000, 100,000, 1,000,000, 10,000,000, or more vessels.

48. The method of any one of claims 1-47, wherein the vessel is a well, an emulsion, or a droplet.

49. The method of any one of claims 1-48, wherein the extension efficiency of a first extension reaction

is less than once per PCR cycle.

50. The method of any one of claims 1-49, wherein the extension efficiency of a first extension reaction

is less than once per 2 PCR cycles.



51. The method of any one of claims 1-50, wherein the extension efficiency of a first extension reaction

is less than once per 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, or 15 PCR cycles.

52. The method of any one of claims 1-51, wherein the extension efficiency of a first extension reaction

is about once per 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, or 15 PCR cycles.

53. The method of any one of claims 1-52, wherein the extension efficiency of a first extension reaction

is less than 80%.

54. The method of any one of claims 1-53, wherein the extension efficiency of a first extension reaction

is less than 70%, 60%, 50%, 10%, 1%., 0.1%, or 0.01%.

55. The method of any one of claims 1-54, wherein the extension efficiency of a first extension reaction

is from about 0.0005% to 20%.

56. The method of any one of claims 1-55, wherein the extension efficiency of a first extension reaction

is from about 0.005% to 5%.

57. The method of any one of claims 1-56, wherein the extension efficiency of a first extension reaction

is from about 0.05% to 0.5%.

58. The method of any one of claims 1-57, wherein the extension efficiency of a second extension

reaction is at least 80%, 90%, or 100%.

59. The method of any one of claims 1-58, wherein the extension efficiency of a first extension reaction

is at least about 2-fold, 5-fold, 10-fold, 25-fold, 50-fold, 100-fold, or 1000-fold lower than the

extension efficiency of a second extension reaction.

60. The method of any one of claims 1-59, wherein the extension efficiency of a first extension reaction

is at least about 2-fold, 5-fold, 10-fold, 25-fold, 50-fold, 100-fold, or 1000-fold lower than the

extension efficiency of an extension reaction of the amplifying.

61. The method of any one of claims 1-60, wherein the amplifying comprises a third extension reaction

comprising extending a first extension primer annealed to a nonexclusionary template barcoded

polynucleotide.

62. The method of any one of claims 1-61, wherein the extension efficiency of a third extension reaction

is at least 80%, 90%, or 100%.

63. The method of any one of claims 1-62, wherein the extension efficiency of a first extension reaction

is at least about 2-fold, 5-fold, 10-fold, 25-fold, 50-fold, 100-fold, or 1000-fold lower than the

extension efficiency of a third extension reaction.

64. The method of any one of claims 1-63, wherein the extension efficiency of a second extension

reaction is about the extension efficiency of an extension reaction of the amplifying.

65. The method of any one of claims 1-64, wherein the extension efficiency of a second extension

reaction is about the extension efficiency of a third extension reaction.



66. The method of any one of claims 1-65, wherein the plurality of vessels comprises an average of at

least one template barcoded polynucleotide molecule per vessel.

67. The method of any one of claims 1-66, wherein the plurality of vessels comprises an average of

from 1-2000, 1-1000, 1-500, 1-250, 1-100, 1-50, 1-25, 1-10, 1-6, 2-2000, 2-1000, 2-500, 2-250, 2-

100, 2-50, 2-25, 2-10, 2-6, 3-2000, 3-1000, 3-500, 3-250, 3-100, 3-50, 3-25, 3-10, or 3-6 template

barcoded polynucleotide molecules per vessel.

68. The method of any one of claims 1-67, wherein the plurality of vessels comprises an average of at

least 3, 4, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 150, 200, 250, 300, 400, 500, 750, or 1000

template barcoded polynucleotide molecules per vessel.

69. The method of any one of claims 1-68, wherein at least 50%, 60%, 70%, 80%, 90% or 100% of the

vessels of the plurality of vessels comprise at least one template barcoded polynucleotide molecule.

70. The method of any one of claims 1-69, wherein at least 50%, 60%, 70%, 80%, 90% or 100% of the

vessels of the plurality of vessels comprise from 1-2000, 1-1000, 1-500, 1-250, 1-100, 1-50, 1-25, 1-

10, or 1-6 template barcoded polynucleotide molecules.

71. The method of any one of claims 1-70, wherein at least 50%, 60%, 70%, 80%, or 90% of the vessels

of the plurality of vessels comprise a plurality of template barcoded polynucleotide molecules.

72. The method of any one of claims 1-71, wherein at least 50%, 60%, 70%, 80%, 90% or 100% of the

vessels of the plurality of vessels comprise from 2-2000, 2-1000, 2-500, 2-250, 2-100, 2-50, 2-25, 2-

10, or 2-6 template barcoded polynucleotide molecules.

73. The method of any one of claims 1-72, wherein each vessel of the plurality of vessels comprises at

least 3, 4, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 150, 200, 250, 300, 400, 500, 750, or 1000

template barcoded polynucleotide molecules.

74. The method of any one of claims 1-73, wherein at least 50%, 60%, 70%, 80%, 90% or 100% of the

vessels of the plurality of vessels comprise from 3-2000, 3-1000, 3-500, 3-250, 3-100, 3-50, 3-25, 3-

10, or 3-6 template barcoded polynucleotide molecules.

75. The method of any one of claims 1-74, wherein a plurality of template barcode polynucleotides is

distributed within the plurality of vessels in a Poisson distribution.

76. The method of any one of claims 1-75, wherein a plurality of first extension primers is distributed

within the plurality of vessels in a Poisson distribution.

77. The method of any one of claims 1-76, wherein a second extension primer in a vessel has 80-100%

sequence complementarity to the activated template barcoded polynucleotide in the vessel.

78. The method of any one of claims 1-77, wherein a second extension primer in a vessel has 80-100%

sequence complementarity to tan activated template barcoded polynucleotide in different vessel.



79. The method of any one of claims 1-78, wherein a second extension primer in each vessel of the

plurality of vessels has 80-100% sequence complementarity to an activated template barcoded

polynucleotide in different vessel.

80. The method of any one of claims 1-79, wherein an activated template barcoded polynucleotide in a

vessel has 80-100% sequence complementarity to a second extension primer in the vessel.

81. The method of any one of claims 1-80, wherein an activated template barcoded polynucleotide in a

vessel has 80-100% sequence complementarity to a second extension primer in a different vessel.

82. The method of any one of claims 1-81, wherein an activated template barcoded polynucleotide in

each vessel of the plurality of vessels has 80-100% sequence complementarity to a second extension

primer in a different vessel.

83. The method of any one of claims 1-82, wherein an activation sequence of a first extension primer in

a vessel has less than 95%, 90%, 85%, 80%, 75%, 70%, 65%, 60%, 55%, or 50% sequence

complementarity to an exclusion sequence of one or more or each template barcoded polynucleotide

in the vessel.

84. The method of any one of claims 1-83, wherein an activation sequence of a first extension primer in

a vessel has less than 95%, 90%, 85%, 80%, 75%, 70%, 65%, 60%, 55%, or 50% sequence

complementarity to an exclusion sequence of one or more or each template barcoded polynucleotide

in a different vessel.

85. The method of any one of claims 1-84, wherein an activation sequence of a first extension primer in

each vessel has less than 95%, 90%, 85%, 80%, 75%, 70%, 65%, 60%, 55%, or 50% sequence

complementarity to an exclusion sequence of one or more or each template barcoded polynucleotide

in a different vessel.

86. The method of any one of claims 1-85, wherein a first extension primer has 100% sequence

complementarity to less than 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, or 4 bases or less of an activated

template barcoded polynucleotide.

87. The method of claim of any one of claims 1-86, wherein an exclusion sequence of the template

barcoded polynucleotides in a vessel have 80-100% sequence identity.

88. The method of claim of any one of claims 1-87, wherein an exclusion sequence of a template

barcoded polynucleotide in a vessel has 80-100% sequence identity to an exclusion sequence of a

template barcoded polynucleotide in a different vessel.

89. The method of claim of any one of claims 1-88, wherein an exclusion sequence of a template

barcoded polynucleotide in a vessel has 90-100% sequence identity to an exclusion sequence of a

template barcoded polynucleotide in each vessel of the plurality of vessels.

90. The method of any one of claims 1-89, wherein two or more of template barcoded polynucleotide

molecules in one vessel comprise a different barcode sequence.



91. The method of any one of claims 1-90, wherein each template barcoded polynucleotide molecule in

one vessel comprises a different vessel barcode.

92. The method of claim of any one of claims 1-91, wherein a barcode of a template barcoded

polynucleotide in a vessel is different from a barcode of a template barcoded polynucleotide in a

different vessel.

93. The method of claim of any one of claims 1-92, wherein a barcode of a template barcoded

polynucleotide in each vessel is unique to a barcode of a template barcoded polynucleotide in a

different vessel.

94. The method of any one of claims 1-93, wherein the amplifying inhibits amplification of another

template barcoded polynucleotide in a same vessel.

95. The method of any one of claims 1-94, wherein at least 70%, 80%, 90%, 95%, 98%, 99%, or 100%

of the vessels of the plurality of vessels comprise a cell.

96. The method of any one of claims 1-95, wherein at least 70%, 80%, 90%, 95%, 98%, 99%, or 100%

of the vessels of the plurality of vessels comprise a single cell.

97. The method of any one of claims 1-96, wherein the target polynucleotide is from the cell.

98. The method of any one of claims 1-97, wherein at least 70%, 80%, 90%, 95%, 98%, 99%, or 100%

of the vessels of the plurality of vessels comprise a barcoded target polynucleotide or a complement

thereof.

99. The method of any one of claims 1-98, wherein 2 or more target polynucleotides or complements

thereof in a vessel are barcoded.

100. The method of any one of claims 1-99, wherein at least 70%, 80%, 90%, 95%, 98%, 99%, or 100%

of the vessels of the plurality of vessels comprise 2 or more barcoded target polynucleotides or

complements thereof .

101. The method of claim of any one of claims 1-100, wherein the barcoded target polynucleotides or

complements thereof in a vessel comprise the same barcode.

102. The method of claim of any one of claims 1-101, wherein the barcoded target polynucleotides or

complements thereof in a vessel comprise a different barcode than the barcode of the barcoded target

polynucleotides or complements thereof in a different vessel.

103. The method of claim of any one of claims 1-102, wherein the barcoded target polynucleotides or

complements thereof in a vessel comprise a different barcode than each of the barcodes of the

barcoded target polynucleotides or complements thereof in a different vessel.

104. The method of any one of claims 1-103, wherein each vessel of the plurality of vessels comprises

the cell.

105. The method of any one of claims 1-104, wherein each vessel of the plurality of vessels comprises a

plurality of primers comprising



(1) the first extension primer.

(2) the second extension primer,

(3) a first amplification primer comprising the activating sequence of the first extension primer,

and

(4) a second amplification primer complementary to a sequence of the activated barcoded

polynucleotide.

106. The method of any one of claims 1-105, wherein the vessels comprise a polymerase.

107. The method of claim 106, wherein the polymerase is a DNA polymerase.

108. The method of claim 106 or 107, wherein the polymerase is a thermostable polymerase.

109. The method of any one of claims 1-108, wherein a PCR cycle is performed at an annealing

temperature of less than 60 °C, 59 °C, 58 °C, 57 °C, 56 °C, 55 °C, 54 °C, 53 °C, 52 °C, 5 1 °C, 50

°C, 49 °C, 48 °C, 47 °C, 46 °C, or 45 °C.

110. The method of any one of claims 1-109, wherein a first extension primer has melting temperature to

a template barcoded polynucleotide that is lower than an annealing temperature of a PCR cycle.

111. The method of any one of claims 1-110, wherein a first extension primer has melting temperature to

a template barcoded polynucleotide is lower than an annealing temperature of a PCR cycle by at

least 1 °C.

112. The method of any one of claims 1-111, wherein a first extension primer has a melting temperature

to a template barcoded polynucleotide that is lower than an annealing temperature of a PCR cycle by

at least 2 °C, 3 °C, 4 °C, 5 °C, 6 °C, 7 °C, 8 °C, 9 °C, 10 °C, 1 1 °C, 12 °C, 13 °C, 14 °C, or 15 °C.

113. The method of any one of claims 1-112, wherein an activation sequence comprises a mismatch to an

exclusion sequence.

114. The method of any one of claims 1-113, wherein an activation sequence comprises at least 2, 3, 4, 5,

6, 7, 8, 9, or 10 mismatches to an exclusion sequence.

115. The method of any one of claims 1-114, wherein the target polynucleotide is DNA.

116. The method of any one of claims 1-114, wherein the target polynucleotide is RNA.

117. The method of claim 116, wherein the RNA is mRNA.

118. The method of any one of claims 1-117, wherein the method comprises performing a reverse

transcription reaction.

119. The method of claim 118, wherein the reverse transcription reaction is before the amplifying or the

amplification reaction.

120. The method of claim 118 or 119, wherein the reverse transcription reaction is before the barcoding.

121. The method of any one of claims 118-120, wherein the reverse transcription reaction is before the

first extension reaction.



122. The method of any one of claims 118-121, wherein the reverse transcription reaction is before the

second extension reaction.

123. The method of any one of claims 118-122, wherein the reverse transcription reaction is after the

forming a plurality of vessels.

124. The method of any one of claims 118-123, wherein the reverse transcription reaction comprises

reverse transcribing the target polynucleotide.

125. The method of any one of claims 118-124, wherein the plurality of vessels comprises an extension

primer blocking oligonucleotide.

126. The method of claim 125, wherein the extension primer blocking oligonucleotide has a melting

temperature to a template barcoded polynucleotide of the plurality of template barcoded

polynucleotides that is higher than the melting temperature of an extension primer or amplification

primer to the template barcoded polynucleotide of the plurality of template barcoded

polynucleotides

127. The method of claim 125 or 126, wherein the extension primer blocking oligonucleotide has a

melting temperature to a template barcoded polynucleotide of the plurality of template barcoded

polynucleotides that is at least 1 °C, 2 °C, 3 °C, 4 °C, 5 °C, 6 °C, 7 °C, 8 °C, 9 °C, 10 °C, 11 °C, 12

°C, 13 °C, 14 °C, 15 °C, 16 °C, 17 °C, 18 °C, 19 °C, 20 °C, 2 1 °C, 22 °C, 23 °C, 24 °C, 25 °C, 26

°C, 27 °C, 28 °C, 29 °C, or 30 °C higher than the melting temperature of an extension primer or

amplification primer to the template barcoded polynucleotide of the plurality of template barcoded

polynucleotides.

128. The method of any one of claims 125-127, wherein the extension primer blocking oligonucleotide

has a melting temperature to the plurality of template barcoded polynucleotides that is higher than

the melting temperature of an extension primer or amplification primer to the plurality of template

barcoded polynucleotides.

129. The method of any one of claims 125-128, wherein the extension primer blocking oligonucleotide is

annealed to the template barcoded polynucleotides during the reverse transcription reaction.

130. The method of any one of claims 125-129, wherein the extension primer blocking oligonucleotide is

not annealed to the template barcoded polynucleotides during the amplifying or the amplification

reaction.

131. The method of any one of claims 125-130, wherein the extension primer or amplification primer

hybridizes to a region of the template barcoded polynucleotides that hybridizes to the extension

primer blocking oligonucleotide.

132. The method of claim 131, wherein the region of the template barcoded polynucleotides that

hybridizes to the extension primer or amplification primer is shorter than a region of the template

barcoded polynucleotide to which the extension primer blocking oligonucleotide hybridizes.



133. The method of any one of claims 125-132, wherein the extension primer or amplification primer

hybridizes to a first region of the template barcoded polynucleotides and the extension primer

blocking oligonucleotide hybridizes to a second region of the template barcoded polynucleotides,

wherein the first region and the second region overlap.

134. The method of any one of claims 125-133, wherein the extension primer blocking oligonucleotide

prevents extension of the extension primer or amplification primer before PCR.

135. A kit comprising a plurality of primers comprising

(1) a plurality of template barcoded polynucleotides comprising an exclusionary sequence,

(2) a first extension primer comprising an activating sequence with complementarity to an

exclusionary sequence, and

(3) a second extension primer complementary to the activated barcoded polynucleotide.

136. The kit of claim 135, wherein the kit further comprises a first amplification primer with

complementarity to the exclusion sequence and a second amplification primer complementary to the

activated barcoded polynucleotide.

137. The kit of claim 135 or 136, wherein the kit further comprises an extension primer blocking

oligonucleotide.

138. The kit of claim 137, wherein the extension primer blocking oligonucleotide has a melting

temperature to a template barcoded polynucleotide of the plurality of template barcoded

polynucleotides that is higher than the melting temperature of the first extension primer to the

template barcoded polynucleotide of the plurality of template barcoded polynucleotides.

139. The kit of claim 137 or 138, wherein the extension primer blocking oligonucleotide has a melting

temperature to a template barcoded polynucleotide of the plurality of template barcoded

polynucleotides that is at least 1 °C, 2 °C, 3 °C, 4 °C, 5 °C, 6 °C, 7 °C, 8 °C, 9 °C, 10 °C, 11 °C, 12

°C, 13 °C, 14 °C, 15 °C, 16 °C, 17 °C, 18 °C, 19 °C, 20 °C, 2 1 °C, 22 °C, 23 °C, 24 °C, 25 °C, 26

°C, 27 °C, 28 °C, 29 °C, or 30 °C higher than the melting temperature of the first extension primer

to the template barcoded polynucleotide of the plurality of template barcoded polynucleotides.

140. The kit of any one of claims 137-139, wherein the extension primer blocking oligonucleotide has a

melting temperature to the plurality of template barcoded polynucleotides that is higher than the

melting temperature of the first extension primer to the plurality of template barcoded

polynucleotides.

141. The kit of any one of claims 137-140, wherein the extension primer blocking oligonucleotide is

longer than the first extension primer.

142. The kit of any one of claims 137-141, wherein the extension primer blocking oligonucleotide

hybridizes to a region of the plurality of template barcoded polynucleotides comprising the

exclusionary sequence.



143. The kit of claim 142, wherein the region of the plurality of template barcoded polynucleotides

comprising the exclusionary sequence to which the extension primer blocking oligonucleotide

hybridizes is longer than the exclusionary sequence.

144. A composition comprising a plurality of vessels, each vessel of the plurality comprising a plurality

of template barcoded polynucleotide molecules, and a target polynucleotide comprising a barcode

amplified from a single template barcoded polynucleotide molecule of the plurality of template

barcoded polynucleotide molecules.

145. A composition comprising a plurality of vessels, each vessel of the plurality comprising a plurality

of template barcoded polynucleotides each with a different barcode, and a target polynucleotide

comprising a unique barcode amplified from a template barcoded polynucleotide of the plurality of

template barcoded polynucleotides.

146. A composition comprising a plurality of vessels, each vessel of the plurality comprising

(a) a plurality of template barcoded polynucleotides,

(b) a first primer with an affinity to each template barcoded polynucleotide that is about the same,

(c) a second primer with an affinity to an extension product of the first primer that is as least 5-fold

more than the affinity of the first primer to each of the template barcoded polynucleotides, and

(d) a target polynucleotide comprising a unique barcode amplified from a template barcoded

polynucleotide a of the plurality of template barcoded polynucleotides.

147. The composition of any one of claims 144-146, wherein the plurality of vessels comprises at least

50 vessels.

148. The composition of any one of claims 144-147, wherein each vessel of the plurality comprises an

extension primer blocking oligonucleotide.

149. The composition of any one of claims 144-148, wherein each vessel of the plurality comprises a

polymerase.

150. The composition of any one of claims 144-149, wherein each vessel of the plurality comprises a

reverse transcriptase.
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