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METHODS AND COMPOSITIONS FOR 
NUCLEIC ACID ANALYSIS 

CROSS REFERENCE 

[0001] This application claims the bene?t of US. Provi 
sional PatentApplicationNo. 61/478,777, ?ledApr. 25,2011, 
Which application is incorporated herein by reference in its 
entirety. 

BACKGROUND 

[0002] Next generation sequencing has many useful appli 
cations and can be used to analyze multiple samples. There is 
a need for improved methods of multiplexing samples for 
applications of next generation sequencing. There is also a 
need for improved methods of barcode tagging partitioned 
polynucleotides and analyzing the barcode tagged polynucle 
otides. 
[0003] Determining the copy number of a target sequence 
can have many useful applications. There is a need for 
improved methods of determining the copy number of a target 
sequence. 

SUMMARY 

[0004] This disclosure provides methods that can be used in 
sequencing and other applications. In some instances, this 
disclosure provides a method comprising: a. subdividing a 
plurality of adaptors into a plurality of ?rst partitions, Wherein 
each of the ?rst partitions has on average a ?rst volume and 
Wherein the adaptors comprise unique barcodes; b. subdivid 
ing a sample comprising multiple polynucleotides into a plu 
rality of second partitions, Wherein each of the second parti 
tions has on average a second volume, Wherein the second 
volume is greater than the ?rst volume; c. merging at least one 
of the ?rst partitions With at least one of the second partitions 
to form a merged partition; and d. tagging one of the multiple 
polynucleotides, or fragment thereof, With at least one of the 
adaptors. 
[0005] The method may comprise: a. subdividing a plural 
ity of adaptors into a plurality of ?rst partitions, Wherein each 
of the ?rst partitions has on average a ?rst volume and 
Wherein the adaptors comprise unique barcodes; b. subdivid 
ing a sample comprising multiple polynucleotides into a plu 
rality of second partitions, Wherein each of the second parti 
tions has on average a second volume, Wherein said second 
volume is less than said ?rst volume; c. merging at least one 
of said ?rst partitions With at least one of said second parti 
tions to form a merged partition; and d. tagging one of said 
multiple polynucleotides, or fragment thereof, With at least 
one of said adaptors. 
[0006] Often, in a method disclosed herein, the ?rst parti 
tions are droplets. In some instances, said second partitions 
are droplets. In some cases, said droplets are Within an immis 
cible ?uid. 
[0007] In some cases, the polynucleotides are genomic 
DNA. For example, the genomic DNA may be high molecular 
Weight DNA. In some cases, the sample of genomic DNA is 
partitioned so that it is unlikely that a given partition com 
prises tWo or more polynucleotides, or fragments thereof, 
from the same locus but from different chromosomes. 
[0008] In some cases, the ?rst partitions are ?rst droplets 
and the second partitions are second droplets; and prior to the 
merging, the at least one second droplet comprises the at least 
one ?rst droplet. In other cases, the ?rst partitions are ?rst 
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droplets and the second partitions are second droplets; and 
prior to the merging, the at least one second droplet does not 
comprise the at least one ?rst droplet. In some cases, the ?rst 
partitions are ?rst droplets and the second partitions are sec 
ond droplets; and prior to the merging, the at least one ?rst 
droplet comprises the at least one second droplet. In some 
cases, the ?rst partitions are ?rst droplets and the second 
partitions are second droplets; and prior to the merging, the at 
least one ?rst droplet does not comprise the at least one 
second droplet. 
[0009] The volumes of the partitions containing the sample 
may be different than the volumes of the partitions containing 
the adaptors. For example, the second volume is at least tWo 
times the volume of the ?rst volume. In other cases, the ?rst 
volume is at least tWo times the volume of the second volume. 
The methods disclosed herein may further comprise modify 
ing the temperature of the droplets. 
[0010] In some cases, the method further comprises merg 
ing droplets by a method comprising use of a controller such 
that each of the ?rst droplets merges With each of the second 
droplets. In some cases, merging comprises randomly merg 
ing droplets comprising polynucleotides With droplets com 
prising adaptors. The methods may further comprise pooling 
the adaptor-tagged polynucleotides, or fragments thereof. 
[0011] Often, the method further comprises analyZing the 
adaptor-tagged polynucleotides, or fragments thereof. The 
analyZing may involve sequencing the adaptor-tagged poly 
nucleotides, or fragments thereof. The analyZing may com 
prise determining Whether the adaptor-tagged polynucle 
otides, or fragments thereof, Were located in the same 
partition; or, in some cases, estimating the likelihood that any 
tWo sequence reads generated by the sequencing came from 
the same or different partitions. 

[0012] In some cases, the method further comprises frag 
menting the polynucleotides Within the second partitions to 
form polynucleotide fragments. The polynucleotides frag 
ments may be generated by fragmenting the polynucleotides 
With an endonuclease. 

[0013] In some cases, the polynucleotides are tagged by 
ligating the adaptors to the polynucleotides Within a plurality 
of the merged partitions. The tagging may be accomplished 
by multiple means; for example, tagging can be accomplished 
using transposons. 
[0014] Often, the methods herein include an ampli?cation 
reaction. Often, the ampli?cation comprises a polymerase 
chain reaction; or, the ampli?cation can be a different type of 
reaction such as multiple-displacement ampli?cation. Often, 
tagged polynucleotides are ampli?ed; and, in some cases, 
they are ampli?ed before tagging. 
[0015] In some cases, each of the ?rst partitions comprises, 
on average, less than ?ve adaptors. Often, each of said second 
partitions comprises, on average, less than ?ve of the multiple 
polynucleotides. In some cases, the subdividing of the sample 
comprises emulsifying or mixing the sample With the second 
partitions. Often, the subdividing of the plurality of adaptors 
comprises emulsifying or mixing the plurality of adaptors 
With the second partitions. 
[0016] In some aspects, this disclosure provides a method 
comprising: a. partitioning organelles into a plurality of par 
titions, Wherein each partition comprises on average less than 
?ve organelles per partition; b. lysing the extracellular 
organelles in the plurality of partitions, Wherein the lysing 
releases RNA from the organelles; c. generating tagged 
cDNA from the released RNA in the plurality of partitions 
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With adaptors comprising a barcode, wherein each partition in 
the plurality of partitions comprises adaptors With a unique 
barcode. In some cases, the organelles are extracellular 
organelles such as exosomes. In some cases, the generating 
tagged cDNA comprises reverse transcription of the released 
RNA With partition-speci?c barcoded primers. The method 
may further comprise sequencing the tagged cDNA and/or 
determining if the tagged cDNA is from the same organelle. 
[0017] This disclosure also provides a method comprising: 
a. partitioning microorganisms into a plurality of partitions, b. 
obtaining polynucleotides from the microorganisms in the 
plurality of partitions; and c. tagging the polynucleotides in 
the plurality of partitions With adaptors comprising a barcode, 
Wherein each partition in the plurality of partitions comprises 
adaptors With a unique barcode. In some cases, each of said 
partitions comprises, on average, less than ?ve microorgan 
isms. The method may further comprise sequencing the 
tagged polynucleotides and/or determining if the tagged 
polynucleotide fragments are from the same partition. 

INCORPORATION BY REFERENCE 

[0018] All publications, patents, and patent applications 
mentioned in this speci?cation are herein incorporated by 
reference to the same extent as if each individual publication, 
patent, or patent application Was speci?cally and individually 
indicated to be incorporated by reference. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] Novel features are set forth With particularity in the 
appended claims. A better understanding of the features and 
advantages Will be obtained by reference to the folloWing 
detailed description that sets forth illustrative embodiments, 
in Which principles are utiliZed, and the accompanying draW 
ings of Which: 
[0020] FIGS. 1A and 1B illustrate methods of merging 
droplets comprising a sample With droplets comprising adap 
tors With barcodes. 
[0021] FIG. 2 illustrates a method of determining copy 
number of a high copy number target using references 
detected With a common label. 

DETAILED DESCRIPTION 

[0022] In general, described herein are methods, composi 
tions, and kits for library preparation for sequencing poly 
nucleotides. The methods, compositions, and kits can be used 
to separate a sample of polynucleotides into a plurality of 
partitions, and each of the plurality of partitions can be pro 
vided With a unique set of adaptors comprising a barcode. 
Library preparation can be performed in each of the plurality 
of partitions (e.g., droplets). The contents of the partitions can 
be pooled and sequenced to generate sequence reads, and the 
barcodes can be used to identify Which sequence reads came 
from the same partition. A number of embodiments of meth 
ods, compositions, systems, and kits are provided herein. 
[0023] OvervieW 
[0024] In general, barcoding (or “tagging”) can enable one 
to pool samples of nucleic acids in order to reduce the cost of 
sequencing per sample, yet retain the ability to determine 
from Which sample a sequence read is derived. Separate 
library preparations can be prepared for each sample, and 
each sample can have its oWn unique barcode. The separately 
prepared libraries With unique barcodes can then be pooled 
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and sequenced. Each sequence read of the resulting dataset 
can be traced back to an original sample via the barcode in the 
sequence read. 

[0025] In methods provided herein, polynucleotides in a 
sample can be separated into a plurality of partitions, e.g., 
droplets. Adaptors With a unique barcode (or “tag”) can be 
supplied to each of a plurality of partitions comprising poly 
nucleotides. Polynucleotides With barcode adaptors can be 
sequenced, and the barcodes can be used determine if tWo or 
more sequence reads Were generated from one or more poly 
nucleotides in the same partition. 

[0026] Barcode adaptors can be bundled Within a partition, 
e.g., an aqueous phase of an emulsion, e.g., a droplet. Barcode 
tagging may be accomplished by merging adaptor-?lled par 
titions (e.g., droplets) With sample-polynucleotide-contain 
ing partitions (e.g., droplets). In some cases, adaptor-?lled 
partitions are smaller than sample-polynucleotide-containing 
partitions (see e.g., FIG. 1A). Barcoded-adaptors can be sepa 
rated into a plurality of partitions smaller in siZe than sample 
polynucleotide-containing partitions. Larger sample-poly 
nucleotide-containing partitions can be formed. A barcoded 
adaptor-?lled partition can be merged With a sample 
polynucleotide-containing partition, and an adaptor can be 
attached to a polynucleotide. For example, the partitions con 
taining sample polynucleotide may be, on average, greater 
than 1.5-fold, 2-fold, 2.5-fold, 3-fold, 3.5-fold, 4-fold, 4.5 
fold, 5-fold, 6-fold, 7-fold, 8-fold, 9-fold, 10-fold, 20-fold, 
50-fold, 75-fold, 100-fold, 500-fold, 1000-fold, 10,000-fold, 
50,000-fold, or 100,000-fold the average siZe the of the par 
titions containing the adaptors. The partitions containing 
sample polynucleotide may be, on average, greater than 1.5 
fold, 2-fold, 2.5-fold, 3-fold, 3.5-fold, 4-fold, 4.5 fold, 5-fold, 
6-fold, 7-fold, 8-fold, 9-fold, 10-fold, 20-fold, 50-fold, 
75-fold, 100-fold, 500-fold, 1000-fold, 10,000-fold, 50,000 
fold, or 100,000-fold the average volume of the partitions 
containing the adaptors. In some cases, sample-polynucle 
otide-containing partitions are formed so that they contain 
adaptor-?lled partitions. For example, adaptor-?lled parti 
tions (e. g., droplets) can be emulsi?ed With a polynucleotide 
sample so that sample-polynucleotide-containing partitions 
(e.g., droplets) end up containing adaptor-?lled partitions. 
The adaptor-?lled droplets can be burst (e. g., through a tem 
perature adjustment) to release reaction components (e.g., 
PCR or ligation components) that can be used for library 
preparation. In some embodiments, the temperature adjust 
ment comprises raising the temperature to about, more than 
about, or at least about 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 
60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 
77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 
94, 95, 96, 97, 98, 99, or 1000 C. for about, more than 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, 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 min. In some 
embodiments, the temperature adjustment can last for about, 
more than 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, 21, 22, 23, or24 hrs. In some 
cases, the adaptor-?lled droplets are not contained Within the 
sample-containing droplets. In such cases, separate droplets 
may be merged together. 
[0027] In some cases, an adaptor-?lled partition is larger 
than a sample-polynucleotide-containing partition (see e.g., 
FIG. 1B). Barcoded-adaptors can be separated into aplurality 
of partitions larger in siZe than sample-polynucleotide-con 
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taining partitions. Smaller sample-polynucleotide-contain 
ing partitions can be formed. A barcoded-adaptor-?lled par 
tition can be merged With a sample-polynucleotide 
containing partition, and an adaptor can be attached to a 
polynucleotide. For example, partitions containing adaptors 
may be, on average, greater than 1.5-fold, 2-fold, 2.5-fold, 
3-fold, 3.5-fold, 4-fold, 4.5 fold, 5-fold, 6-fold, 7-fold, 8-fold, 
9-fold, 10-fold, 20-fold, 50-fold, 75-fold, 100-fold, 500-fold, 
1000-fold, 10,000-fold, 50,000-fold, or 100,000-fold the 
average siZe of the partitions containing the samples. The 
partitions containing adaptors can be, on average, greater than 
1.5-fold, 2-fold, 2.5-fold, 3-fold, 3.5-fold, 4-fold, 4.5 fold, 
5-fold, 6-fold, 7-fold, 8-fold, 9-fold, 10-fold, 20-fold, 
50-fold, 75-fold, 100-fold, 500-fold, 1000-fold, 10,000-fold, 
50,000-fold, or 100,000-fold the average volume of the par 
titions containing the samples. In some cases, adaptor-con 
taining partitions are formed so that they contain sample 
containing partitions. For example, in some embodiments, 
sample-polynucleotide-?lledpartitions (e.g., droplets) can be 
emulsi?ed With adaptors so that adaptor-containing partitions 
(e.g., droplets) end up enveloping sample-containing parti 
tions. In such cases, the sample-containing droplets can be 
burst (e.g., through a temperature adjustment) so that the 
contents of the different types of droplets can merge. In some 
embodiments, the temperature adjustment comprises raising 
the temperature to about, more than about, or at least about 50, 
51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 
68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 
85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 1000 
C. for about, more than 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, 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 min. In some embodiments, the temperature adjust 
ment can last for about, more than 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, 
21, 22, 23, or 24 hrs. In some cases, the sample-polynucle 
otide-?lled droplets are not contained Within the adaptor 
containing droplets. In such cases, separate droplets may be 
merged together. 
[0028] A micro?uidic device can be used to merge pre 
made adaptor reagents With a plurality of sample-polynucle 
otide partitions such that every sample-polynucleotide parti 
tion comprises adaptor reagents. For example, a square 
shaped device can be used With 1000x1000 (one million) 
partitions, and each polynucleotide can be tagged With tWo 
barcodes. One million unique identi?ers can be constructed 
With 2,000 different barcodes. Reagents With 1,000 different 
barcodes can be loaded in horiZontal channels of the device 
and reagents for another set of 1,000 different barcodes can be 
loaded in vertical channels of the device. Every one of the 
million partitions can have its oWn unique combination of 
barcodes. 

[0029] In some cases, sample-polynucleotide-containing 
partitions (e.g., droplets) and adaptor-?lled partitions (e.g., 
droplets) are merged in a controlled manner, e.g., one droplet 
of sample polynucleotides With one droplet of unique adap 
tors. In some cases, adaptor-?lled partitions are randomly 
merged With sample-polynucleotide-containing partitions. 
[0030] The folloWing example illustrates an embodiment 
of a method. A large set of droplets of a number (N) types can 
be made. Each type of droplet can be loaded With its oWn 
barcode. The value N can be determined in part by the length 
of the barcode (L). For example, N can be as large as 43L. 

Dec. 13, 2012 

Thus, if L:1 0, around 1 million different droplet types can be 
generated. Standard sequencing library preparation Within 
each partition can be performed. Once the libraries are pre 
pared, the contents of all the partitions can be merged (e.g., by 
breaking droplets) and loaded onto a nucleic acid sequencer. 
The sequencer can generate sequence reads for many of the 
library polynucleotides. Polynucleotides prepared Within the 
same droplet can contain the same barcode. If the number of 
barcodes is suf?ciently large, it can be surmised that mol 
ecules containing the same barcode came from the same 
partition. If N is suf?ciently large (e.g., larger than the number 
of adaptor-?lled partitions actually used in the experiment), it 
can be expected that any tWo sample-polynucleotide-contain 
ing partitions can be tagged by different adaptor-?lled parti 
tions. HoWever, if N is not very large, sample-polynucleotide 
partitions can be tagged With the same adaptors. In that case, 
the likelihood that any tWo reads came from the same or 
different sample containing partitions can be estimated 
probabilistically. For many applications, a probabilistic 
assessment can be suf?cient. 

[0031] In some embodiments, the number of different 
samples that can be multiplexed, e.g., in a sequencing reac 
tion, can be about, more than about, less than about, or at least 
about 1000, 5000, 10,000, 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, 2,000,000, 3,000,000, 4,000,000, 5,000,000, 
6,000,000, 7,000,000, 8,000,000, 9,000,000, or 10,000,000 
samples. In some embodiments, about 1000 to about 10,000, 
about 10,000 to about 100,000, about 10,000 to about 500, 
000, about 100,000 to about 500,000, about 100,000 to about 
1,000,000, about 500,000 to about 1,000,000, about 1,000, 
000 to about 5,000,000, or about 1,000,000 to about 10,000, 
000 samples are multiplexed in the methods described herein. 

[0032] Some methods of barcode tagging are described, for 
example, in Us. Patent Application Publication No. 
20110033854. 

[0033] Fusing Smaller Droplets (E.g., Inner Droplets) With 
Larger Droplets (E.g., Outer Droplets) 
[0034] Some methods for fusing smaller droplets (e.g., 
inner droplets) With larger droplets (e.g., outer droplets) are 
disclosed, e.g., in Us. Patent Application Publication No. 
20110053798. In some cases, an inner droplet (or partition) 
can be fused With an outer droplet (or partition) by heating/ 
cooling to change temperature, applying pressure, altering 
composition (e.g., via a chemical additive), applying acoustic 
energy (e.g., via sonication), exposure to light (e.g., to stimu 
late a photochemical reaction), applying an electric ?eld, or 
any combination thereof. In some cases, the inner droplet may 
fuse to the outer droplet spontaneously. The treatment may be 
continuous or may vary temporally (e.g., pulsatile, shock, 
and/or repetitive treatment). The treatment may provide a 
gradual or rapid change in an emulsion parameter, to effect 
steady state or transient initiation of droplet fusion. The sta 
bility of the partitions, and their responsiveness to a treatment 
to induce droplet fusion, may be determined during their 
formation by selection of an appropriate surfactant type, sur 
factant concentration, critical micelle concentration, ionic 
strength, etc., for one or more phases of the inner/outer par 
tition. 

[0035] The fusing can result in a fused emulsion. Fusion 
may occur spontaneously, such that no treatment, other than a 
suf?cient time delay (or no delay), is necessary before pro 
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cessing fused droplets. Alternatively, the inner/outer droplet 
may be treated to controllably induce fusion of droplets to 
form assay mixtures. 

[0036] The fused emulsion may be processed. Processing 
may include subjecting the fused emulsion to any condition or 
set of conditions under Which at least one reaction of interest 
can occur (and/or is stopped), and for any suitable time 
period. Accordingly, processing may include maintaining the 
temperature of the fused emulsion near a prede?ned set point, 
varying the temperature of the fused emulsion betWeen tWo or 
more prede?ned set points (such as thermally cycling the 
fused emulsion), exposing the fused emulsion to light, chang 
ing a pressure exerted on the fused emulsion, adding at least 
one chemical substance to the fused emulsion, applying an 
electric ?eld to the fused emulsion, or any combination 
thereof, among others. 
[0037] Signals may be detected from the fused emulsion 
after and/or during processing. Detection is described further 
in other sections herein. The signals may be detected opti 
cally, electrically, chemically, or a combination thereof, 
among others. The detected signals may include test signals 
that correspond to at least one reaction of interest performed 
in the fused emulsion. Alternatively, or in addition, the 
detected signals may include code signals that correspond to 
codes present in the fused emulsion. Test signals and code 
signals generally are distinguishable and may be detected 
using the same or distinct detectors. For example, the test 
signals and code signals each may be detected as ?uorescence 
signals, Which may be distinguishable based on excitation 
Wavelength (or spectrum), emission Wavelength (or spec 
trum), and/or distinct positions in a fused droplet (e.g., code 
signals may be detectable as more localiZed than test signals 
With respect to fused droplets), among others. As another 
example, the test signals and code signals may be detected as 
distinct optical characteristics, such as test signals detected as 
?uorescence and code signals detected as optical re?ectance. 
As a further example, the test signals may be detected opti 
cally and the code signals electrically, or vice versa. 

[0038] Adaptors 
[0039] Barcodes can be present on adaptors, and an adaptor 
With a barcode can be attached to a polynucleotide by liga 
tion. A variety of types of adaptors can be used in the methods, 
compositions, systems, and kits described herein. For 
example, an adaptor can comprise double stranded sequence. 
An adaptor With double stranded sequence can comprise one 
blunt end. In some cases, an adaptor With double stranded 
sequence comprises tWo blunt ends. An adaptor With double 
stranded sequence can comprise one 3' overhang. An adaptor 
With double stranded sequence can comprise tWo 3' over 
hangs. An adaptor With double stranded sequence can com 
prise one 5' overhang. In some cases, an adaptor With double 
stranded sequence can comprise tWo 5' overhangs. An adaptor 
With double stranded sequence can comprise a 5' overhang 
and a 3' overhang. In some cases, an adaptor comprises only 
single stranded nucleic acid. 
[0040] When an adaptor has one or more overhangs, the 
overhang can be about, more than about, less than about, or at 
least about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 
18, 19, or 20 bases. For example, a 3' overhang can be about, 
more than about, less than about, or at least about 1, 2, 3, 4, 5, 
6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 bases.A 
5' overhang can be about, more than about, at least about, or 
less thanabout 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 
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17, 18, 19, or 20 bases. If an adaptor comprises tWo over 
hangs, the overhangs can comprise the same or different 
number of bases. 
[0041] The longest strand of an adaptor can be about, more 
than about, less than 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, 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, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70,71, 72, 73, 74, 75, 
76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 
93, 94, 95, 96, 97, 98, 99, or 100 bases. If an adaptor com 
prises a double-stranded portion, the double stranded portion 
can be about, more than about, at least about, or less than 
about 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, 51, 52, 53, 54, 55, 
56, 57,58, 59, 60, 61, 62,63, 64, 65, 66, 67,68, 69,70,71,72, 
73, 74,75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 
90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100 base-pairs. 
[0042] An adaptor can comprise DNA and/or RNA. In 
some cases, an adaptor comprises DNA. In some cases, an 
adaptor comprises RNA. In some cases, an adaptor comprises 
DNA and RNA. 
[0043] An adaptor can comprise double stranded nucleic 
acid. In some cases, an adaptor comprises double stranded 
DNA. In some cases, an adaptor comprises double stranded 
RNA. In some cases, an adaptor comprises a DNA/RNA 
hybrid duplex. 
[0044] An adaptor can comprise single stranded nucleic 
acid. In some embodiments, an adaptor comprises single 
stranded RNA. In some cases, an adaptor comprises single 
stranded DNA. In some cases, an adaptor comprises single 
stranded RNA and DNA. 
[0045] When an adaptor comprises double stranded 
sequence, one strand of the adaptor can comprise only DNA 
and one strand of the adaptor can comprise only RNA. A ?rst 
strand can comprise DNA and RNA and a second strand can 
comprise DNA only. A ?rst stand can comprise DNA and 
RNA, and a second strand can comprise RNA only. If a strand 
of an adaptor comprises both DNA and RNA, the DNA can be 
5' of the RNA or the DNA and be 3' or the RNA. In some 
embodiments, an adaptor is single stranded and comprises 
DNA and RNA, and the DNA is 5' of the RNA or 3' of the 
RNA. 

[0046] An adaptor can comprise a hairpin (or hairpin loop). 
A hairpin can comprise DNA and/or RNA. The number of 
nonbase-paired bases in a loop of a hairpin canbe about, more 
than about, or at least about 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 
bases. The number of nonbase-paired bases in a loop of a 
hairpin can be about 4 to about 8, about 4 to about 10, about 
4 to about 14, about 4 to about 16, about 4 to about 20, about 
4 to about 24, about 4 to about 26, or about 4 to about 30 bases. 
The length of the stem (base-paired portion) of the adaptor 
can be about, more than about, or at least about 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 base-pairs. 
[0047] In some cases, a hairpin adaptor is ligated to only 
one end of a polynucleotide. In some cases, a ?rst hairpin 
adaptor is ligated to one end of a polynucleotide and a second 
hairpin adaptor is ligated to the other end of the polynucle 
otide. The hairpin adaptors that are ligated to each end of a 
polynucleotide can comprise the same nucleic acid sequence 
or different nucleic acid sequence. The hairpin adaptors that 
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ligate to each end of a polynucleotide can have barcodes, and 
the barcodes can be the same or different. A hairpin adaptor 
that ligates to one end of a polynucleotide can have a barcode, 
and a hairpin adaptor that ligates to the other end of a poly 
nucleotide can lack a barcode. 

[0048] In some cases, adaptors are ligated to polynucle 
otides such that multiple adaptors and polynucleotides are 
interspersed. 
[0049] Barcode 
[0050] An adaptor can comprise one or more barcode (tag) 
sequences. A barcode sequence can be a unique identi?er. In 
some embodiments, a barcode is about, more than about, less 
than about, or at least about 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 bases or bases pairs. In some embodiments, a bar 
code is about 4 to about 6 bases or bp, about 4 to about 7 bases 
or bp, about 4 to about 8 bases or bp, about 4 to about 9 bases 
or bp, about 4 to about 10 bases or bp, about 4 to about 12 
bases or bp, about 4 to about 14 bases or bp, about 4 to about 
16 bases or bp, about 4 to about 18 bases or bp, about 4 to 
about 20 bases or bp, about 5 to about 10 bases or bp, about 5 
to about 15 bases or bp, about 5 to about 20 bases or bp, about 
5 to about 25 bases or bp, about 5 to about 30 bases or bp, 
about 5 to about 35 bases or bp, about 5 to about 40 bases or 
bp, or about 5 to about 50 bases or bp. In some embodiments, 
bases in a barcode are contiguous. In some embodiments, 
bases in a barcode are noncontiguous. In some embodiments, 
an adaptor comprises no barcodes. 
[0051] A barcode can be double stranded in an adaptor. In 
some cases, a barcode is single stranded in an adaptor. A 
barcode can comprise double stranded and single stranded 
sequence in an adaptor. An adaptor can comprise about, more 
than about, at least about, or less than about 1, 2, 3, 4, 5, 6, 7, 
8, 9, or different barcodes. If an adaptor comprises more than 
one barcode, the barcodes can be separated from each other 
by about, more than about, or at least about 1, 2, 3, 4, 5, 6, 7, 
8,9,10,11,12,13,14,15,16,17,18,19,or20basesorbase 
pairs on the adaptor. 
[0052] Commercially available kits comprising adaptors 
With barcodes can be used in the methods described herein. 
For example, a kit comprising adaptors With barcodes can 
include the ENCORETM 384 Multiplex System (NU GEN®) 
Which can comprise 384 molecularly barcoded library adap 
tors. The ENCORETM NGS Multiplex Library Systems for 
ION TORRENTTM can comprise adaptors With barcodes that 
can be ligated to fragments. The ENCORETM Complete 
RNA-Seq IL Multiplex System 1-8 (NUGEN®) and 
ENCORETM Complete RNA-Seq IL Multiplex System 9-16 
(NUGEN®) can provide barcoded adaptors for multiplex 
sequencing. The ENCORETM Complete RNA-Seq DR Mul 
tiplex system 1-8 (NUGEN®) and ENCORETM Complete 
RNA-Seq DR Multiplex system 9-16 (NUGEN®) can pro 
vide a dedicated read (DR) barcode design. Examples of kits 
With adaptors With barcodes from LIFE TECHNOLO 
GIESTM include 5500 SOLiDTM Fragment Library Barcode 
Adaptors 1-16, 5500 SOLiDTM Fragment Library Barcode 
Adaptors 1-96, 5500 SOLiDTM Fragment Library Barcode 
Adaptors 17-32, 5500 SOLiDTM Fragment Library Barcode 
Adaptors 33-48, 5500 SOLiDTM Fragment Library Barcode 
Adaptors 49-64, 5500 SOLiDTM Fragment Library Barcode 
Adaptors 65-80, 5500 SOLiDTM Fragment Library Barcode 
Adaptors 81 -96, 5500 SOLiDTM Fragment Library Core Kit, 
5500 SOLiDTM Fragment Library Standard Adaptors, 

Dec. 13, 2012 

LIBRARY BUILDERTM Fragment Core Kit for 5500 
Genetic Analysis Systems, SOLiDTM Fragment Library Bar 
coding Kit 1-96, SOLiDTM Fragment Library Barcoding Kit 
Module 17-32, SOLiDTM Fragment Library Barcoding Kit 
Module 33-48, SOLiDTM Fragment Library Barcoding Kit 
Module 49-64, SOLiDTM Fragment Library Barcoding Kit 
Module 65-80, SOLiDTM Fragment Library Barcoding Kit 
Module 81-96, SOLiDTM RNA Barcoding Kit, Module 1-16, 
SOLiDTM RNA Barcoding Kit, Module 1-48, SOLiDTM RNA 
Barcoding Kit, Module 1-96, SOLiDTM RNA Barcoding Kit, 
Module 17-32, SOLiDTM RNA Barcoding Kit, Module 
33-48, SOLiDTM RNA Barcoding Kit, Module 49-64, 
SOLiDTM RNA Barcoding Kit, Module 49-96, SOLiDTM 
RNA Barcoding Kit, Module 65-80, or SOLiDTM RNA Bar 
coding Kit, Module 81-96. 
[0053] Other commercially available kits With adaptors 
With barcodes include SureSelect AB Barcode Adaptor Kit 
(AGILENT TECHONOLOGIES), Bioo Scienti?c’s AIRTM 
Barcoded Adapters, NEXTFLEXTM DNA Barcodes, ILLU 
MINA® TRUSEQTM RNA and DNA Sample Preparation 
Kits, RAINDANCE® Technologies DEEPSEQTM FFPE 
solution, NEBNEXT® Multiplex Oligos for ILLUMNIA® 
(Index Primers 1-12), or NEBNEXT® Multiplex Small RNA 
Library Prep set for ILLUMNIA® (Index Primers 1-12). 
[0054] A polynucleotide can receive a barcode by being 
ligated to an adaptor comprising a barcode. The ligation can 
involve use of one or more ligases. A barcode can be attached 
to a polynucleotide by ampli?cation With a primer compris 
ing a barcode. 
[0055] A barcode can be adjacent to a primer binding site. 
A barcode can be 0 or about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 
13, 14, 15, 16, 17, 18, 19, or 20 bases 3' ofa primer binding 
(annealing, hybridization) site. 
[0056] Primer/Probe Binding Site 
[0057] An adaptor can comprise one or more primer, probe, 
or oligonucleotide hybridization sites. The one or more 
primer, probe, or oligonucleotide hybridization sites can be 
about, more than about, less than about, or at least about 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 bases. A primer, probe, or 
oligonucleotide hybridization site can be used to anneal an 
oligonucleotide primer to the adaptor for ampli?cation or to 
anneal a primer to the adaptor for a sequencing reaction. An 
adaptor can comprise sequence for annealing of more than 
one oligonucleotide primer or probes, e.g., 2, 3, 4, 5, 6, 7, 8, 
9, 10 or more oligonucleotide primers or probes. An adaptor 
can have a site for annealing a sequencing primer and an 
ampli?cation primer. A primer or probe that anneals to an 
adaptor can be about, more than about, less than about, or at 
least about 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 
22, 23, 24, 25, 26, 27, 28, 29, or 30 bases in length. 
[0058] Restriction Enzyme Site 
[0059] An adaptor can comprise one or more restriction 
enzyme binding sites and or cleavage sites. A restriction 
enzyme that can bind or cleave an adaptor can be, e.g., AatII, 
Acc65I,AccI,AciI,AclI,AcuI,AfeI,A?II,A?III,AgeI,AhdI, 
AleI, AluI, AlWI, AlWNI, ApaI, ApaLI, ApeKI, ApoI, AscI, 
AseI, AsiSI, AvaI, AvaIl, AvrII, BaeGI, BaeI, BamHI, BanI, 
BanII, BbsI, BbvCI, BbvI, BccI, BceAI, BcgI, BciVI, BclI, 
BfaI, BfuAI, BfuCI, BglI, BglII, BlpI, BmgBI, BmrI, BmtI, 
BpmI, Bpu10I, BpuEI, BsaAI, BsaBI, BsaHI, BsaI, BsaJI, 
BsaWI, BsaXI, BseRI, BseYI, BsgI, BsiEI, BsiHKAI, 
BsiWI, BslI, BsmAI, BsmBI, BsmFI, BsmI, BsoBI, 
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Bsp1286l, BspCNl, BspDl, BspEl, BspHl, BspMl, BspQl, 
BsrBl, BsrDl, BsrFl, BsrGl, Bsrl, BssHH, BssKl, BssSl, 
BstAPl, BstBl, BstEH, BstNl, BstUl, BstXl, BstYl, BstZ17l, 
Bsu36l, Btgl, BtgZl, BtsCl, Btsl, Cac8l, Clal, CspCl, CviAH, 
CviKl-l, CviQl, Ddel, Dpnl, Dpnll, Dral, Dralll, Drdl, Eael, 
Eagl, Earl, Ecil, Eco53kl, EcoNl, EcoO109l, EcoP15l, 
EcoRl, EcoRV, Fatl, Faul, Fnu4Hl, Fokl, Fsel, Fspl, HaeH, 
HaelH, Hgal, Hhal, HincH, HindHl, Hinfl, HinPll, Hpal, 
Hpall, Hphl, Hpy166l, Hpy188l, Hpy188 Ill, Hpy99l, 
HpyAV, HpyCH4Hl, HpyCH4lV, HpyCH4V, Kasl, Kpnl, 
Mbol, Mboll, Mfel, Mlul, Mlyl, MmeU, Mnll, Mscl, Msel, 
Msll, MspAll, Mspl, MWol, Nael, Narl, Nb.BbvCl, Nb.B 
sml, Nb.BsrDl, Nb.Btsl, Ncil, Ncol, Ndel, NgoMlV, Nhel, 
Nlalll, NlalV, NmeAHl, Notl, Nrul, Nsil, Nspl, Nt.AlWl, 
Nt.BbvCl, Nt.BsmAl, Nt.BspQl, Nt.BstNBl, Nt.CviPH, 
Pacl, PaeR7l, Pcil, P?Fl, P?Ml, Phol, Plel, Pmel, Pmll, 
PpuMl, PshAl, Psil, PspGl, PspOMl, PspXl, Pstl, Pvul, 
Pvull, Rsal, Rsrll, Sacl, SacH, Sall, Sapl, Sau3Al, Sau96l, 
Sbfl, Scal, ScrFl, SexAl, SfaNl, Sfcl, S?l, Sfol, SgrAl, Smal, 
Smll, SnaBl, Spel, Sphl, Sspl, Stul, StyD4l, Styl, SWal, T, 
Taqotl, T?l, Tlil, Tsel, Tsp45I, Tsp509I, TspMI, TspRl, 
Tth1 11, Xbal, Xcml, Xhol, Xmal, Xmnl, or Zral. 
[0060] An adaptor can comprise a Type 11S restriction 
enzyme binding site. A Type 11S restriction enzyme can 
cleave DNA at a de?ned distance from a non-palindromic 
asymmetric recognition site. Examples of Type 11S restriction 
enzymes include Aarl, Acc36l, AccBSl, Acil, AclWl, Acul, 
Alol, AlW26l, AlWl, AsuHPl, Bael, Bbsl, BbvCl, Bbvl, Bccl, 
BceAl, Bcgl, BciVl, B?l, BfuAl, Bful, BmgBl, Bmrl, Bpil, 
Bpml, Bpu10l, Bpu10l, BpuAl, BpuEl, Bsal, BsaMl, BsaXl, 
Bsell, Bse3Dl, BseGl, BseMl, BseMH, BseNl, BseRl, 
BseXl, BseYl, Bsgl, BsmAl, BsmBl, BsmFl, Bsml, Bso31l, 
BspCNl, BspMl, BspQl, BspTNl, BsrBl, BsrDl, Bsrl, BsrSl, 
BssSl, Bst2Bl, Bst6l, BstF5l, BstMAl, BstVll, BstV2l, 
BtgZl, Btrl, BtsCl, Btsl, CspCl, Eamll04l, Earl, Ecil, 
Eco31l, Eco57l, Eco57Ml, Esp3l, Faul, Faul, Fokl, Gsul, 
Hgal, Hin4l, Hphl, HpyAV, Ksp632l, LWel, Mbil, Mboll, 
Mlyl, Mmel, Mnll, Mva1269l, NmeAlH, Pctl, Plel, Ppil, 
Ppsl, Psrl, Sapl, Schl, SfaNl, Smul, TspDTl, TspGWl, or Taq 
H. A restriction enzyme can bind recognition sequence Within 
an adaptor and cleave sequence outside the adaptor (e. g., in a 
polynucleotide). 
[0061] The restriction enzyme can be a methylation sensi 
tive restriction enzyme. The methylation sensitive restriction 
enzyme can speci?cally cleave methylated DNA. The methy 
lation sensitive restriction enzyme can speci?cally cleave 
unmethylated DNA. A methylation sensitive enzyme can 
include, e.g., Dpnl, Acc65l, Kpnl, Apal, Bsp120l, Bsp143l, 
Mbol, BspOl, Nhel, Cfr9l, Smal, Csp6l, Rsal, Ecl136H, 
Sacl, EcoRH, Mval, Hpall, MSpJl, LpnPl, FsnEl, Dpnll, 
McrBc, or Mspl. 
[0062] An adaptor can comprise one or more recognition 
sites for one or more nicking endonucleases, Type I endonu 
cleases, or Type 111 endonucleases. A nicking endonuclease 
can hydrolyze only one strand of a duplex to produce DNA 
molecules that are “nicked” rather than cleaved. The nicking 
can result in a 3-hydroxyl and a 5'-phosphate. Examples of 
nicking enzymes include Nt.CviPH, Nb.Bsml, Nb.BbvCl, 
Nb.BsrDl, Nb.Btsl, Nt.BsmAl, Nt.BspQl, Nt.AlWl, Nt.B 
bvCl, or Nt.BstNBl. A Type I endonuclease can cleave at a 
site that differs and is at a random distance aWay from the 
recognition site. A Type III endonuclease can recognize tWo 

Dec. 13, 2012 

separate non-palindromic sequences that are inversely ori 
ented. Examples of Type III restriction enzymes include 
EcoP15 and EcoPl. 
[0063] One or more restriction enzymes used in the meth 
ods, compositions and/ or kits described herein can be a com 
ponent of a hybrid or chimeric protein. For example, a domain 
of a restriction enzyme comprising an enzymatic activity 
(e.g., endonuclease activity) can be fused to another protein, 
e.g., a DNA binding protein. The DNA binding protein can 
target the hybridto a speci?c sequence on a DNA. The nucleic 
acid cleavage activity of the domain With enzymatic activity 
can be sequence speci?c or sequence non-speci?c. For 
example, the non-speci?c cleavage domain from the Type lls 
restriction endonuclease Fokl can be used as the enzymatic 
(cleavage) domain of the hybrid nuclease. The sequence the 
domain With the enzymatic activity can cleave can be limited 
by the physical tethering of the hybrid to DNA by the DNA 
binding domain. The DNA binding domain can be from a 
eukaryotic or prokaryotic transcription factor. The DNA 
binding domain can recognize about, or at least about 2, 3, 4, 
5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 
23, 24, or 25 bases or base pairs of continuous nucleic acid 
sequence. The DNA binding domain can recognize about 9 to 
about 18 bases or base pairs of sequence. The DNA binding 
domain can be, e. g., a zinc ?nger DNA binding domain. The 
DNA binding domain can be from a naturally occurring pro 
tein. The DNA binding domain can engineered to speci?cally 
bind any desired nucleotide sequence. The hybrid can be a 
zinc ?nger nuclease (e.g., zinc ?nger nuclease). The hybrid 
protein can function as a multimer (e.g., dimer, trimer, tet 
ramer, pentamer, hexamer, etc.). 
[0064] Modi?cations 
[0065] An adaptor can comprise one or more end modi? 
cations. An adaptor can comprise one 5' phosphate. An adap 
tor can comprise tWo 5' phosphates. An adaptor can comprise 
one 3' hydroxyl. An adaptor can comprise tWo 3' hydroxyls. 
An adaptor can lack a 3' hydroxyl. 

[0066] An adaptor can comprise one or more 3' end modi 
?cations. The 3' end modi?cation can be, e.g., 3'-amino, 
3'-black hole quencher (e.g., BHQ-O, BHQ- 1, BHQ-2), 3'-bi 
otin, 3'-chloesterol, 3'-dabcyl CPG, 3' dabsyl CPG, 3'-dye 
(e.g., ?uorescein-CGP, Tamra-CPG, Rox-CPG, Cal Fluor 
560-CPG, Quasar 570 (Cy3 substitute)-CGP, Quasar 670 
(Cy5 substitute)-CPG, Quasar 705 (Cy5.5 substitute)-CPG, 
Pulsar 650-CPG, Epoch Richmond Red-CPG, EpochYakima 
YelloW-CPG, Acridine-CPG, 3'-inverted linkage (With 5'-OH 
attached to support and 3'-OH available for chain extension), 
3'-phosphate. An adaptor can comprise any ?uorescent dye 
described herein. 

[0067] An adaptor can comprise one or more 5' end modi 
?cations. The 5' end modi?cation can be, e.g., a 5'-amino 
group, 5'-biotin, 5'-digoxigenin (DIG), 5' phosphate group, or 
5'-thiol. An adaptor can comprise a 5' aldehyde, 5' alkaline 
phosphatase, 5' amine, 5' horse radish peroxidase (HRP), 5' 
?uorescein, 5' HEX, 5' ROX, 5' TET, or 5' TAMRA. The 5' 
modi?cation can be a molecular probe dye, e.g., Alexa Fluor 
488, Alexa Fluoro 532, Alexa Fluor 546, Alexa Fluor 555, 
Alexa Fluor 594, Alexa Fluor 647, Alexa Fluor 660, Alexa 
Fluor 750, BODIPY® FL, BODIPY® 530/550, BODIPY® 
493/503, BODIPY® 558/569, BODIPY® 564/570, 
BODIPY® 576/589, BODIPY® 581/591, BODIPY® FL-X, 
BODIPY® TR-X, BODIPY® TMR, BODIPY® R6G, 
BODIPY® R6G-X, BODIPY® 630/650, BODIPY® 650/ 
665, CASCADE BLUETM Dye, MARINA BLUETM, 
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OREGON GREEN® 514, OREGON GREEN® 488, 
OREGON GREEN® 488-X, PACIFIC BLUETM Dye, 
RHODAMINE GREENTM Dye, RHODOL GREENTM Dye, 
RHODAMINE GREENTM-X, RHODAMINE REDTM-X, 
TEXAS RED®, or TEXAS REDTM-X. 
[0068] A modi?cation can be attached to a nucleic acid 
strand through a linker, e.g., C1, C2, C3, C4, C5, C6, C7, C8, 
C9, C10, C11, C12, C13, C14, C15, C16, C17, C18, C19, or 
C20. A linker can be, e.g., PC (photo cleavable) spacer, hex 
anediol, spacer 9 (a triethylene glycol spacer), spacer 18 (an 
18-atom hexa-ethyleneglycol spacer), 1', 2' dideoxyribose 
(dspacer), or I-linker (from Exiqon). 
[0069] An adaptor can comprise one or more methyl 
groups. 
[0070] An adaptor can be synthesiZed With canonical 
nucleotides (dATP, dCTP, dGTP, and dTTP). An adaptor can 
be made one or more noncanonical nucleotides. The nonca 

nonical nucleotide can be dUTP. An adaptor can comprise 
deoxyuracil or deoxyinosine. 
[0071] An adaptor can comprise one or more RNA-like 
nucleosides, e.g., ANA (arabino), LNA (locked), 2'-O methyl 
RNA, FANA (2'-?uoroarabino), or 2'-?uoro RNA. An adap 
tor can comprise a DNA-like nucleoside, e.g., [3-D-DNA, 
[3-L-DNA, or ot-D-DNA. An adaptor can comprise one or 
more 5'-3 phosphorothioate linkages or inverted linkages (5' 
5' or 3'-3'). An adaptor can comprise A-phosphorothioate, 
C-phosphorothioate, G-phosphorothioate, or T-phospho 
rothioate. 
[0072] Modi?ed bases in an adaptor can include, e.g., LNA 
(locked nucleic acid), 2-aminopurine, trimer-20, ?uoro bases, 
2,6-diaminopurine (2-amino-dA), 5-bromo dU, deoxyuri 
dine, inverted dT, dideoxy C, 5-methyldC, deoxylnosine, 
5-nitroindole, ribo A, ribo C, ribo G, ribo U, or —+2' 0-methyl 
RNA bases. An adaptor can have any type of nucleic acid 
modi?cation described herein. 
[0073] In some embodiments, an adaptor is chemically 
synthesiZed. In some embodiments, an adaptor is not chemi 
cally synthesiZed. 
[0074] The modi?cations described herein can be found on 
sample polynucleotides. 
[0075] Partitions 
[0076] Apartition can be formed by any mode of separating 
that can be used for digital PCR. A partition can be a microf 
luidic channel, a Well on a nano- or micro?uidic device or on 

a microtiter plate, or a reaction chamber in a micro?uidic 
device. A partition can be an area on an array surface. A 
partition can be an aqueous phase of an emulsion (e.g., a 
droplet). Methods of generating droplets are described 
herein. 
[0077] Droplet Generation 
[0078] The present disclosure includes compositions, 
methods, and kits for manipulation of genetic material in 
droplets, e.g., using droplet digital PCR. The droplets 
described herein can include emulsion compositions (or mix 
tures of tWo or more immiscible ?uids) described in US. Pat. 
No. 7,622,280, and droplets generated by devices described 
in International Application Publication No. WO/2010/ 
03 63 52, ?rst inventor: Colston, each of Which is hereby incor 
porated by reference in its entirety. 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 can 
alloW for the compartmentaliZation of reaction mixtures 
Within aqueous droplets. In some embodiments, the emul 
sions can comprise aqueous droplets Within a continuous oil 
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phase. In other embodiments, the emulsions provided herein 
are oil-in-Water emulsions, Wherein the droplets are oil drop 
lets Within a continuous aqueous phase. The droplets pro 
vided herein can be used to prevent mixing betWeen compart 
ments, and each compartment can protect its contents from 
evaporation and coalescing With the contents of other com 
partments. One or mote enZymatic reactions can occur in a 
droplet. 
[0079] The mixtures or emulsions described herein can be 
stable or unstable. The emulsions can be relatively stable and 
have minimal coalescence. Coalescence can occur When 
small droplets combine to form progressively larger droplets. 
Less than 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%, or 
10% of droplets generated from a droplet generator can coa 
lesce With other droplets. The emulsions can also have limited 
?occulation, a process by Which the dispersed phase comes 
out of suspension in ?akes. 
[0080] Splitting a sample into small reaction volumes as 
described herein can enable the use of reduced amounts of 
reagents, thereby loWering the material cost of the analysis. 
Reducing sample complexity by partitioning can also 
improve the dynamic range of detection, since higher-abun 
dance molecules can be separated from loW-abundance mol 
ecules in different compartments, thereby alloWing loWer 
abundance molecules greater proportional access to reaction 
reagents, Which in turn can enhance the detection of loWer 
abundance molecules. 
[0081] Droplets can be generated having an average diam 
eter of about, more than about, less than about, or at least 
about0.001, 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. The average diameter of the droplets can be about 
0.001 microns to about 0.01 microns, about 0.001 microns to 
about 0.005 microns, about 0.001 microns to about 0.1 
microns, about 0.001 microns to about 1 micron, about 0.001 
microns to about 10 microns, about 0.001 microns to about 
100 microns, about 0.001 microns to about 500 microns, 
about 0.01 microns to about 0.1 microns, about 0.01 microns 
to about 1 micron, about 0.01 microns to about 10 microns, 
about 0.01 microns to about 100 microns, about 0.01 microns 
to about 500 microns, about 0.1 microns to about 1 micron, 
about 0.1 microns to about 10 microns, about 0.1 microns to 
about 100 microns, about 0.1 microns to about 500 microns, 
about 1 micron to about 10 microns, about 1 micron to about 
100 microns, 1 micron to about 500 microns, about 10 
microns to about 100 microns, about 10 microns to about 500 
microns, or about 100 microns to about 500 microns. 

[0082] Droplet volume can be about, more than about, less 
than about, or at least about 0.001 nL, 0.01 nL, 0.1 nL, 1 nL 
(100 m3), 10nL, or 100 nL. Droplets can be generated using, 
e.g., RAINSTORMTM (RAINDANCETM), micro?uidics 
fromADVACED LIQUID LOGIC, or ddPCRTM (BIO-RAD). 
[0083] Micro?uidic methods of producing emulsion drop 
lets using microchannel cross-?oW focusing or physical agi 
tation can produce either monodisperse or polydisperse emul 
sions. The droplets can be monodisperse droplets. The 
droplets can be generated such that the siZe of said droplets 
does not vary by more than plus or minus 5% of the average 
siZe of said droplets. The droplets can be generated such that 
the siZe of said droplets does not vary by more than plus or 
minus 2% of the average siZe of said droplets. A droplet 
generator can generate a population of droplets from a single 
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sample, wherein none of the droplets can vary in size by more 
than plus or minus 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. 
[0084] Both the How rate in a droplet generator and the 
length of nucleic acids in a sample can have an impact on 
droplet generation. One Way to decrease extension is to 
decrease ?oW rate; hoWever, this can have the undesirable 
side effect of loWer throughput and also increased droplet 
size. Long nucleic acids can disrupt droplet formation in 
extreme cases, resulting in a steady ?oW rather than discrete 
droplets. Reducing nucleic acid size in a sample can improve 
droplet formation When nucleic acid loads are high. Samples 
With high nucleic acid loads (e.g., high DNA loads, high RNA 
loads, etc.) can be used. Reducing the length of nucleic acids 
in a sample (e. g., by digestion, sonication, heat treatment, or 
shearing) can improve droplet formation. 
[0085] Higher mechanical stability can be useful for 
micro?uidic manipulations and higher-shear ?uidic process 
ing (e.g., in micro?uidic capillaries or through 90 degree 
turns, such as valves, in a ?uidic path). Pre- and post-ther 
mally treated droplets or capsules can be mechanically stable 
to standard pipette manipulations and centrifugation. 
[0086] A droplet can be formed by ?oWing an oil phase 
through an aqueous sample. A partition, e.g., an aqueous 
phase of an emulsion, can comprise a buffered solution and 
reagents forperforming an ampli?cation reaction, e. g., a PCR 
reaction, including nucleotides, primers, probe(s) for ?uores 
cent detection, template nucleic acids, DNA polymerase 
enzyme, and/ or reverse transcriptase enzyme. 

[0087] A partition, e.g., an aqueous phase of an emulsion, 
can comprise a buffered solution and reagents for performing 
an enzymatic reaction (e.g., a PCR) Without solid-state beads, 
such as magnetic-beads. The buffered solution can comprise 
about, more than about, at least about, or less than about 1, 5, 
10, 15, 20, 30, 50, 100, or 200 mM Tris. A partition, e.g., an 
aqueous phase of an emulsion, can comprise one or more 
buffers including, e.g., TAPS, bicine, Tris, Tricine, TAPSO, 
HEPES, TES, MOPS, PIPES, cacodylate, SSC, ADA, ACES, 
cholamine chloride, acetamidoglycine, glycinamide, male 
ate, phosphate, CABS, piperidine, glycine, citrate, glycylg 
lycine, malate, formate, succinate, acetate, propionate, pyri 
dine, piperazine, histidine, bis-tris, ethanolamine, carbonate, 
MOPSO, imidazole, BIS-TRIS propane, BES, MOBS, tri 
ethanolamine (TEA), HEPPSO, POPSO, hydrazine, Trizma 
(tris), EPPS, HEPPS, bicine, HEPBS, AMPSO, taurine 
(AES), borate, CHES, 2-amino-2-methyl-1-propanol 
(AMP), ammonium hydroxide, methylamine, or MES. The 
pH of the partition, e. g., an aqueous phase of an emulsion, can 
be about 2, 2.5, 3, 3.5, 4, 4.5, 5, 5.5, 6, 6.5, 6.6, 6.7, 6.8, 6.9, 
7, 7.1, 7.2, 7.3, 7.4, 7.5, 7.5, 7.6, 7.7, 7.8, 7.9, 8, 8.1, 8.2, 8.3, 
8.4, 8.5, 8.6, 8.7, 8.8, 8.9, 9, 9.5, 10, 10.5, 11, 11.5, 12, or 12.5. 
The pH of the partition, e.g., an aqueous phase of an emul 
sion, can be about 5 to about 9, about 5 to about 8, about 5 to 
about 7, about 6.5 to about 8, about 6.5 to about 7.5, about 6 
to about 7, about 6 to about 9, or about 6 to about 8. 

[0088] A partition, e.g., an aqueous phase of an emulsion, 
can comprise a salt, e.g., potassium acetate, potassium chlo 
ride, magnesium acetate, magnesium chloride, sodium 
acetate, or sodium chloride. The concentration of potassium 
chloride can be about, more than about, at least about, or less 
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than about 10, 20, 30, 40, 50, 60, 80, 100, 200 mM. The 
buffered solution can comprise about 15 mM Tris and about 
50 mM KCl. 
[0089] A partition, e.g., an aqueous phase of an emulsion, 
can comprise nucleotides. The nucleotides can comprise 
deoxyribonucleotide triphosphate molecules, including 
dATP, dCTP, dGTP, dTTP, in concentrations of about, more 
than about, less than about, or at least about 50, 100, 200, 300, 
400, 500, 600, or 700 [1M each. dUTP can be added Within a 
partition, e.g., an aqueous phase of an emulsion, to a concen 
tration of about, less than about, more than about, or at least 
about 50, 100, 200,300, 400, 500, 600,700, 800, 900, or 1000 
uM. The ratio of dUTP to dTTP in a partition, e. g., an aqueous 
phase of an emulsion, can be about 1:1000, 1:500:, 1:250, 
1:100,1:75,1:50,1:40,1:30,1:20,1:10,1:5,1:4,1:3,1:2,or 
1:1. 
[0090] A partition, e.g., an aqueous phase of an emulsion, 
can comprise one or more divalent cations. The one or more 

divalent cations can be, e.g., Mg2+, Mn2+, Cu2+, C02", or 
Zn2+. Magnesium chloride (MgCl2) can be added to a parti 
tion, e.g., an aqueous phase of an emulsion, at a concentration 
of about, more than about, at least about, or less than about 
1.0, 2.0, 3.0, 4.0, or 5.0 mM. The concentration ofMgCl2 can 
be about 3.2 mM. Magnesium sulfate can be substituted for 
magnesium chloride, at similar concentrations. A partition, 
e.g., an aqueous phase of an emulsion, can comprise both 
magnesium chloride and magnesium sulfate. A Wide range of 
common, commercial PCR buffers from varied vendors can 
be substituted for the buffered solution. 
[0091] A non-ionic Ethylene Oxide/Propylene Oxide block 
copolymer can be added to a partition, e. g., an aqueous phase 
of an emulsion, in a concentration of about, more than about, 
less than about, or at least about 0.1%, 0.2%, 0.3%, 0.4%, 
0.5%, 0.6%, 0.7%, 0.8%, 0.9%, or 1.0%. A partition, or 
aqueous phase, can comprise a biosurfactant. Common bio 
surfactants include non-ionic surfactants such as Pluronic 
F-68, Tetronics, Zonyl FSN. Pluronic F-68 can be present at 
a concentration of about 0.5% W/v. 

[0092] Additives 
[0093] A partition, e.g., an aqueous phase of an emulsion, 
can comprise one or more additives including, but not limited 
to, non-speci?c background/blocking nucleic acids (e.g., 
salmon sperm DNA), biopreservatives (e.g., sodium azide), 
PCR enhancers (e.g., betaine (N ,N,N-trimethylglycine; [car 
boxymethyl]trimethylammonium), trehalose, etc.), and/or 
inhibitors (e. g., RNAse inhibitors). A GC-rich additive com 
prising, e.g., betaine and DMSO, can be added to samples 
assayed in the methods provided herein. 
[0094] The one or more additives can include a non-speci?c 
blocking agent such as BSA or gelatin from bovine skin. The 
gelatin or BSA can be present in a concentration range of 
approximately 0.1 to about 0.9% W/v. Other blocking agents 
can include betalactoglobulin, casein, dry milk, or other com 
mon blocking agents. In some cases, the concentration of 
BSA and gelatin are about 0.1% W/v. 
[0095] The one or more additives can include 2-pyrroli 
done, acetamide, N-methylpyrolidone (NMP), B-hydroxy 
ethylpyrrolidone (HEP), propionamide, NN-dimethylaceta 
mide (DMA), N-methylformamide (MMP), 
NN-dimethylformamide (DMF), formamide, N-methylac 
etamide (MMA), polyethylene glycol, tetramethylammo 
nium chloride (TMAC), 7-deaza-2'-deoxyguanosine, T4 
gene 32 protein, glycerol, or nonionic detergent (Triton 
X-100, TWeen 20, Nonidet P-40 (NP-40), TWeen 40, SDS 
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(e.g., about 0.1% SDS)), salmon sperm DNA, sodium aZide, 
formamide, dithiothreitol (DTT), betamercaptoethanol 
(BME), 2-mercaptoethylamine-HCl, tris(2-carboxythyl) 
phosphine (TCEP), cysteine-HCl, or a plant polysaccharide. 
The one or more additives can be ethanol, ethylene glycol, 
dimethylacetamide, dimethylformamide, or suphalane. 
[0096] Primers 
[0097] A partition, e.g., an aqueous phase of an emulsion, 
can comprise oligonucleotide primers. The oligonucleotide 
primers can be used for ampli?cation. Primers for ampli?ca 
tion Within a partition, e.g., an aqueous phase of an emulsion, 
can have a concentration of about, more than about, less than 
about, or at least about 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 
or 1.0 uM. The concentration of each primer can be about 0.5 
uM. Primers can be designed according to knoWn parameters 
for avoiding secondary structures and self-hybridization. Dif 
ferent primer pairs can anneal and melt at about the same 
temperatures, for example, Within about 1, 2, 3, 4, 5, 6, 7, 8, 9 
or 100 C. of another primer pair. In some cases, greater than 
about 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 ini 
tially used. Such primers may be able to hybridiZe to the 
genetic targets described herein. About 2 to about 10,000, 
about 2 to about 5,000, about 2 to about 2,500, about 2 to 
about 1,000, about 2 to about 500, about 2 to about 100, about 
2 to about 50, about 2 to about 20, about 2 to about 10, or about 
2 to about 6 primers can be used. 

[0098] 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 such as Integrated DNA 
Technologies, Operon Technologies, Amersham Pharmacia 
Biotech, Sigma, or Life Technologies. The primers can have 
an identical melting temperature. The melting temperature of 
aprimer canbe about 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, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 
75, 76, 77, 78, 79, 81, 82, 83, 84, or 850 C. The melting 
temperature of a primer can be about 30 to about 85° C., about 
30 to about 80° C., about 30 to about 75° C., about 30 to about 
70° C., about 30 to about 65° C., about 30 to about 60° C., 
about 30 to about 55° C., about 30 to about 50° C., about 40 
to about 85° C., about 40 to about 80° C., about 40 to about 
75° C., about 40 to about 70° C., about 40 to about 65° C., 
about 40 to about 60° C., about 40 to about 55° C., about 40 
to about 50° C., about 50 to about 85° C., about 50 to about 
80° C., about 50 to about 75° C., about 50 to about 70° C., 
about 50 to about 65° C., about 50 to about 60° C., about 50 
to about 55° C., about 52 to about 60° C., about 52 to about 
58° C., about 52 to about 56° C., or about 52 to about 54° C. 

[0099] The lengths of the primers can be extended or short 
ened 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 anneal 
ing 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 melt 
ing temperature of primers smaller than 25 base pairs is the 
Wallace Rule (Td:2(A+T)+4(G+C)). Computer programs 
can also be used to design primers, including but not limited 
to Array Designer Software (Arrayit Inc.), Oligonucleotide 
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Probe Sequence Design SoftWare for Genetic Analysis 
(Olympus Optical Co.), NetPrimer, and DNAsis from Hitachi 
SoftWare Engineering. The TM (melting or annealing tem 
perature) of each primer can be calculated using softWare 
programs such as Net Primer (free Web based program at 
http ://WWW.premierbio soft .com/netprimer/index.html). The 
annealing temperature of the primers can be recalculated and 
increased after any cycle of ampli?cation, including but not 
limited to about cycle 1, 2, 3, 4, 5, about cycle 6 to about cycle 
10, about cycle 10 to about cycle 15, about cycle 15 to about 
cycle 20, about cycle 20 to about cycle 25, about cycle 25 to 
about cycle 30, about cycle 30 to about cycle 35, or about 
cycle 35 to about cycle 40. After the initial cycles of ampli 
?cation, the 5' half of the primers can be incorporated into the 
products from each loci of interest; thus the TM can be recal 
culated based on both the sequences of the 5' half and the 3' 
half of each primer. 
[0100] The annealing temperature of the primers can be 
recalculated and increased after any cycle of ampli?cation, 
including but not limited to about cycle 1, 2, 3, 4, 5, about 
cycle 6 to about cycle 10, about cycle 10 to about cycle 15, 
about cycle 15 to about cycle 20, about cycle 20 to about cycle 
25, about cycle 25 to about cycle 30, about cycle 30 to about 
35, or about cycle 35 to about cycle 40. After the initial cycles 
of ampli?cation, 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. 

[0101] 
[0102] A partition, e.g., an aqueous phase of an emulsion, 
can comprise one or more probes for ?uorescent detection. 
The concentration of each of the one or more probes can be 
about, more than about, at least about, or less than about 0.1, 
0.2, 0.3, 0.4, or 0.5 uM. The concentration of the one or more 
probes for ?uorescent detection can be about 0.25 uM. Ame 
nable ranges for target nucleic acid concentrations in PCR can 
be betWeen about 1 pg and about 500 ng. A probe can be 
about, more than about, less than about, or at least about, 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, or 40 
bases long. A probe can be about 8 to about 40, about 10 to 
about 40, about 10 to about 35, about 10 to about 30, about 10 
to about 25, about 10 to about 20, about 15 to about 40, about 
15 to about 35, about 15 to about 30, about 15 to about 25, 
about 15 to about 20, about 18 to about 40, about 18 to about 
35, about 18 to about 30, about 18 to about 25, or about 18 to 
22 bases. A label (?uorophore, dye) used on a probe (e.g., a 
Taqman probe) can be, e.g., 6-carboxy?uorescein (FAM), 
tetrachloro?uorescin (TET), 4,7,2'-trichloro-7'-phenyl-6 
carboxy?uorescein (VIC), HEX, Cy3, Cy 3.5, Cy 5, Cy 5.5, 
Cy 7, tetramethylrhodamine, ROX, and JOE, Alexa Fluor 
dye, e.g.,Alexa Fluor 350, 405, 430, 488, 532, 546, 555, 568, 
594, 633, 647, 660, 680, 700, and 750; Cascade Blue, Marina 
Blue, Oregon Green 500, Oregon Green 514, Oregon Green 
488, Oregon Green 488-X, Paci?c Blue, Rhodamine Green, 
Rhodol Green, Rhodamine Green-X, Rhodamine Red-X, and 
Texas Red-X. The label can be at the 5' end of a probe, 3' end 
of the probe, at both the 5' and 3' end of a probe, or internal to 
the probe. A unique label can be used to detect each different 
locus in an experiment. A probe, e.g., a Taqman probe, can 
comprise a quencher, e.g., a 3' quencher. The 3' quencher can 
be, e.g., TAMARA, DABCYL, BHQ-l, BHQ-2, or BHQ-3. 
In some cases, a quencher used in the methods provided 
herein is a black hole quencher (BHQ). In some cases, the 

Probes 



US 2012/0316074 A1 

quencher is a minor groove binder (MGB). In some cases, the 
quencher is a ?uorescent quencher. In other cases, the 
quencher is a non-?uorescent quencher (NFQ). 
[0103] Polymerases 
[0104] A partition, e.g., an aqueous phase of an emulsion, 
can comprise a polymerase. The polymerase can be a DNA 
polymerase. The DNA polymerase can be, e.g., T4 DNA 
polymerase, DEEP VENTTM DNA polymerase, LON 
GAMP® Tag, PHUSION® High Fidelity DNA polymerase, 
LONGAMP® Hot Start Taq, Crimson LONGAMP® Taq, 
Taq DNA polymerase, Crimson Taq DNA polymerase, ONE 
TAQ® DNA polymerase, QUICK-LOAD® DNA poly 
merase, VENTR® DNA polymerase, Hemo KLENTAQ®, 
Bsu DNA polymerase, DNA polymerase I, DNA Polymerase 
I, Large (KlenoW), KlenoW Fragment, Phi29 DNA poly 
merase, Pfu DNA polymerase, Pfx DNA polymerase, Tth 
DNA polymerase, Vent DNA polymerase, bacteriophase 29, 
REDTAQTM, or T7 DNA polymerase. The DNA polymerase 
can comprise 3' to 5' exonuclease activity. The DNA poly 
merase can comprise 5' to 3' exonuclease activity. The DNA 
polymerase can comprise both 3' to 5' exonuclease activity 
and 5' to 3' exonuclease activity. The DNA polymerase can 
comprise neither 3' to 5' exonuclease activity nor 5' to 3' 
exonuclease activity. The DNA polymerase can comprise 
strand displacement activity. In some cases, the DNA poly 
merase does not comprise strand displacement activity. The 
error rate of the DNA polymerase can be less than 1><10_6 
bases. 

[0105] A partition, e.g., an aqueous phase of an emulsion, 
can comprise a reverse transcriptase. The reverse tran 
scriptase can be AMV reverse transcriptase or M-MuLV 
reverse transcriptase. The RNA polymerase can comprise 5' 
to 3' exonuclease activity. The reverse transcriptase can com 
prise both 3' to 5' exonuclease activity and 5' to 3' exonuclease 
activity. The reverse transcriptase can comprise neither 3' to 5' 
exonuclease activity nor 5' to 3' exonuclease activity. The 
reverse transcriptase can comprise strand displacement activ 
ity. In some embodiments, the reverse transcriptase does not 
comprise strand displacement activity. 
[0106] A partition, e.g., an aqueous phase of an emulsion, 
can comprise an RNA polymerase. The RNA polymerase can 
be, e. g., phi6 RNA polymerase, SP6 RNA polymerase, or T7 
RNA polymerase. 
[0107] In some embodiments, a partition, e.g., an aqueous 
phase of an emulsion, comprises Poly(U) polymerase or Poly 
(A) polymerase. 
[0108] Oil Phase 
[0109] The oil phase can comprise a ?uorinated base oil 
Which can be additionally stabiliZed by combination With a 
?uorinated surfactant such as a per?uorinated polyether. The 
base oil can be one or more of HFE 7500, FC-40, FC-43, 
FC-70, or another common ?uorinated oil. The anionic sur 
factant can be Ammonium Krytox (Krytox-AM), the ammo 
nium salt of Krytox FSH, or morpholino derivative of Krytox 
FSH. Krytox-AS can be present at a concentration of about, 
more than about, less than about, or at least about 0. 1%, 0.2%, 
0.3%, 0.4%, 0.5%, 0.6%, 0.7%, 0.8%, 0.9%, 1.0%, 2.0%, 
3.0%, or 4.0% W/W. The concentration of Krytox-AS can be 
about 1.8%. The concentration of Krytox-AS can be about 
1.62%. Morpholino derivative of Krytox-FSH can be present 
at a concentration of about, more than about, less than about, 
or at least about 0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 0.6%, 0.7%, 
0.8%, 0.9%, 1.0%, 2.0%, 3.0%, or 4.0% W/W. The concentra 
tion of morpholino derivative of Krytox-FSH can be about 
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1.8%. In some embodiments, the concentration of mor 
pholino derivative of Krytox-FSH is about 1.62%. 
[0110] The oil phase can comprise an additive for tuning 
the oil properties, such as vapor pressure or viscosity or 
surface tension. Nonlimiting examples include per?uoro-oc 
tanol and 1H,1H,2H,2H-Per?uorodecanol. In some embodi 
ments, 1H,1H,2H,2H-Per?uorodecanol is added to a concen 
tration ofabout 0.05%, 0.06%, 0.07%, 0.08%, 0.09%, 1.00%, 
1.25%, 1.50%, 1.75%, 2.00%, 2.25%, 2.50%, 2.75%, or 
3.00% W/W. In some embodiments, 1H,1H,2H,2H-Per?uoro 
decanol is added to a concentration of 0.18% W/W. 

[0111] Microcapsules 
[0112] In some embodiments, the emulsion is formulated 
to produce highly monodisperse droplets having a liquid-like 
interfacial ?lm that can be converted by heating into micro 
capsules having a solid-like interfacial ?lm; such microcap 
sules can behave as bioreactors able to retain their contents 
through a reaction process such as PCR ampli?cation. The 
conversion to microcapsule form can occur upon heating. For 
example, such conversion can occur at a temperature of 
greater than about, more than about, or at least about 50, 60, 
70, 80, 90, or 95 degrees Celsius. In some embodiments this 
heating occurs using a thermocycler. During the heating pro 
cess, a ?uid or mineral oil overlay can be used to prevent 
evaporation. Excess continuous phase oil may or may not be 
removed prior to heating. The biocompatible capsules can be 
resistant to coalescence and/or ?occulation across a Wide 
range of thermal and mechanical processing. 
[0113] Following conversion, the capsules can be stored at 
about, more than about, less than about, or at least about 3, 4, 
5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 35, or 40 degrees Celsius, With 
one embodiment comprising storage of capsules at less than 
about 25 degrees Celsius. In some embodiments, these cap 
sules are useful in biomedical applications, such as stable, 
digitiZed encapsulation of macromolecules, particularly 
aqueous biological ?uids containing a mix of nucleic acids or 
protein, or both together; drug and vaccine delivery; biomo 
lecular libraries; clinical imaging applications, and others. 
[0114] The microcapsules can contain one or more nucleic 
acid probes (e.g., molecular inversion probe, ligation probe, 
etc.) and can resist coalescence, particularly at high tempera 
tures. Accordingly, PCR ampli?cation reactions can occur at 
a very high density (e.g., number of reactions per unit vol 
ume). In some embodiments, 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 
embodiments, 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 compo 
nents necessary to enable an enZymatic reaction (e.g., a PCR 
reaction) to occur, e.g., nucleotides, primers, probes, dNTPs, 
DNA or RNA polymerases, reverse transcriptases, restriction 
enZymes, etc. These capsules exhibit resistance to coales 
cence and ?occulation across a Wide range of thermal and 
mechanical processing. 
[0115] The compositions described herein can include 
compositions comprising mixtures of tWo or more immis 
cible ?uids such as oil and Water that contain a type of nucleic 
acid probe (e.g., TaqMan probe, molecular inversion probe, 
ligation probe, etc.). In some cases, the composition com 
prises a restriction enZyme described herein, e.g., a droplet 
comprising a restriction enZyme (e. g., methylation-sensitive 
enZyme). In other embodiments, the compositions described 
herein comprise microcapsules that contain a type of nucleic 
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acid (e. g., TaqMan probe, molecular inversion probe, ligation 
probe, etc.). Such microcapsules can resist coalescence, par 
ticularly at high temperatures, and therefore enable ampli? 
cation reactions to occur at a very high density (e.g., number 
of reactions per unit volume). 
[0116] Fragmentation 
[0117] Library preparation Within partitions (e.g., droplets) 
can entail fragmentation of polynucleotides in a sample and 
ligation of adaptors. Generally, the fragmentation occurs 
Within a partition (e. g., droplet); but, in some applications, the 
fragmentation may occur prior to the partitioning. Fragmen 
tation can be accomplished enZymatically, e.g., using an 
endonuclease. The endonuclease can be, e.g., AatII, Acc65I, 
AccI, AciI, AclI, AcuI, AfeI, A?II, A?III, AgeI, AhdI, AleI, 
AluI, AlWI, AlWNI, ApaI, ApaLI, ApeKI, ApoI, AscI, AseI, 
AsiSI, AvaI, AvaII, AvrUU, BaeGI, BaeI, BamHI, BanI, 
BanII, BbsI, BbvCI, BbvI, Bed, BceAI, BcgI, BciVI, BclI, 
BfaI, BfuAI, BfuCI, BglI, BglII, BlpI, BmgBI, BmrI, BmtI, 
BpmI, Bpu10I, BpuEI, BsaAI, BsaBI, BsaHI, BsaI, BsaJI, 
BsaWI, BsaXI, BseRI, BseYI, BsgI, BsiEI, BsiHKAI, 
BsiWI, BslI, BsmAI, BsmBI, BsmFI, BsmI, BsoBI, 
Bsp1286I, BspCNI, BspDI, BspEI, BspHI, BspMI, BspQI, 
BsrBI, BsrDI, BsrFI, BsrGI, BsrI, BssHII, BssKI, BssSI, 
BstAPI, BstBI, BstEII, BstNI, BstUI, BstXI, BstYI, BstZ17I, 
Bsu36I, BtgI, BtgZI, BtsCI, BtsI, Cac8I, ClaI, CspCI, CviAII, 
CviKI-l, CviQI, DdeI, DpnI, DpnII, DraI, DraIII, DrdI, EaeI, 
EagI, Earl, EciI, Eco53kI, EcoNU, EcoO109I, EcoP15I, 
EcoRI, EcoRV, FatI, FauI, Fnu4HI, FokI, FseI, FspI, HaeII, 
HaeIII, HgaI, HhaI, HincII, HincIII, HinfI, HinPlI, HpaI, 
HpaII, HphI, Hpy166I, Hpy188I, Hpy188III, Hpy99I, 
HpyAV, HpyCH4III, HpyCH4IV, HpyCH4V, KasI, KpnI, 
MboI, MboII, MfeI, MluI, MlyI, MmeI, MnlI, MscI, MseI, 
MslI, MspA1I, MspI, MWoI, NaeI, Natl, Nb.BbvCI, Nb.B 
smI, Nb.BsrDI, Nb.BtsI, NciI, NcoI, NdeI, NgoMIV, NheI, 
NlaIII, NlaIV, NmeAIII, NotI, NruI, NsiI, NspI, Nt.AiWI, 
Nt.BbvCI, Nt.BsmAI, Nt.BspQI, Nt.BstNBI, Nt.CviPII, 
PacI, PaeR7I, PciI, P?FI, P?MI, PhoI, PleI, PmeI, PmlI, 
PpuMI, PshAI, PsiI, PspGI, PspOMI, PspXI, PstI, PvuI, 
PvuII, RsaI, RsrII, SacI, SacII, SalI, SapI, Sau3AI, Sau96I, 
SbfI, ScaI, ScrFI, SexAI, SfaNI, SfcI, SfcI, SfoI, SgrAI, 
SmaI, SmlI, SnaBI, SpeI, SphI, SspI, StuI, StyD4I, StyO, 
SWaI, T, TaqotI, T?l, TliI, TseI, Tsp45I, Tsp509I, TspMI, 
TspRI, Tth111I, XbaI, XcmI, XhoI, XmaI, XmnI, or ZraI 
[0118] In some embodiments, the fragmentation is 
mechanical fragmentation. In some embodiments, shear 
forces created during lysis or extraction can mechanically 
fragment polynucleotides. Fragmentation can be accom 
plished by, e.g, sonication, heat treatment, or shearing. In 
some embodiments, mechanical fragmentation is by nebuli 
Zation. 

[0119] In some embodiments, the endonuclease is a methy 
lation sensitive restriction enZyme. In some embodiments, 
the methylation sensitive restriction enZyme speci?cally 
cleaves methylated polynucleotides. In some embodiments, 
the methylation sensitive restriction enZyme speci?cally 
cleaves unmethylated polynucleotides. A methylation sensi 
tive enZyme can include, e.g., DpnI, Acc65I, KpnI, ApaI, 
Bsp120I, Bsp143I, MboI, BspOI, NheI, Cfr9I, SmaI, Csp6I, 
RsaI, Ecl136II, SacI, EcoRII, MvaI, HpaII, MSpJI, LpnPI, 
FsnEI, DpnII, McrBc, or MspI. 
[0120] In some embodiments, fragmentation of a poly 
nucleotide is accomplished by introducing one or more non 
canonical nucleotides (e.g., dUTP) into a polynucleotide, 
generating one or more abasic sites by cleaving the base of the 
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non-canonical nucleotide (e.g., using, e.g., Uracil N-Glyco 
sylase (UNG) or Uracil DNA glycosylase (UDG)), and frag 
menting the polynucleotide at the one or more abasic sites. 
The fragmenting can be by an enZymatic agent or a chemical 
agent. The chemical agent can be, e.g., a polyamine, e.g., 
N,N'-dimethylethylenediamine (DMED). The enZymatic 
agent can be, e.g., apurinic/apyrimidinic endonuclease (APE 
1). In some embodiments, fragmentation can be accom 
plished as described in Us. Patent Application Publication 
Nos. 20110033854 or 20100022403. 

[0121] Ligation 
[0122] Fragmentation can be folloWed by a step of ligating 
adaptors to polynucleotides. In some embodiments, a ligation 
step does not folloWing a fragmentation step.A partition, e. g., 
an aqueous phase of an emulsion, can comprise a ligase. The 
ligase can be, e.g., T4 DNA ligase, E. coli DNA ligase, Taq 
DNA ligase, 9° NTM DNA ligase, T4 RNA ligase 1 (ssRNA 
ligase), T4 RNA ligase 2 (dsRNA ligase), or T4 RNA Ligase 
2, truncated (N EB). 
[0123] A partition, e.g., an aqueous phase of an emulsion, 
can comprise reagents for a ligation reaction, e.g., buffer, salt, 
and/or reducing agent. Ligase and other reagents can be sup 
plied in a partition, e.g., an aqueous phase of an emulsion, 
separate from a partition, e.g., an aqueous phase of an emul 
sion, comprising polynucleotides. A partition, e.g., an aque 
ous phase of an emulsion, comprising ligase can be merged 
With a partition, e.g., an aqueous phase of an emulsion, com 
prising polynucleotides. 
[0124] The ligation reaction can occur at a temperature of 
about, more than about, less than about, or at least about 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, 51, 52, 53, 54, 55, 56, 57, 
58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 
75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 
92, 93, 94, 95, 96, 97, 98, or 99° C. The ligation can occur at 
about 40 C. to about 16° C., about 16° C. to about 25° C., 
about 25° C. to about 30° C., about 25° C. to about 37° C., 
about 37° C. to about 45° C., about 37° C. to about 50° C., or 
about 50° C. to about 65° C. 
[0125] The ligation reaction can occur for a time period of 
about, more than about, less than about, or at least about 5 
min, 15 min, 30 min, 45 min, or 60 min. The ligation reaction 
can occur for a time period of about, more than about, less 
than about, or at least about 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, 
or 48 hr. The ligation reaction can last for about 5 min to about 
15 min, about 5 min to about 30 min, about 5 min to about 45 
min, about 5 min to about 60 min, about 30 min to about 60 
min, about 30 min to about 90 min, about 30 min to about 120 
min, about 1 hr to about 2 hr, about 1 hr to about 6 hr, about 1 
hr to about 12 hr, about 12 hr to about 24 hr, or about 12 hr to 
about 48 hr. 
[0126] A transposon-based approach such as that provided 
by NEXTERATM can be used in Which DNA is fragmented 
and an adaptor canbe ligated in a single step reaction (see e. g., 
http://WWW.epibio.com/neWsletter/16-3i4-6.pdf). A 
TRANSPOSOMETM complex can comprise free transposon 
ends and a transposase. A TRANSPOSOMETM complex can 
be incubated With target double strand DNA, and the target 
can be fragmented. The transferred strand of a transposon end 
oligonucleotide can be covalently attached to the 5' end of a 
target fragment. Transposon integration and strand transfer 
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can occur via a staggered, dsDNA break Within a target poly 
nucleotide. The resulting fragments can have single-stranded 
gaps. The concentration of TRANSPOSOMETM complexes 
can be varied to control the siZe distribution of the fragmented 
and tagged DNA library. The transposon ends can comprise 
barcodes. Adaptor ligation can be folloWed With PCR ampli 
?cation of ligated products to increase their concentrations. 
[0127] The NEXTERATM technology can be used to gen 
erate di-tagged libraries. The libraries can be optionally bar 
coded. The libraries can be compatible, e.g., With Roche/454 
or ILLUMINA®/SOLEXA® sequencing platforms. To gen 
erate platform-speci?c libraries, free transposon ends or 
appended transposon ends can be used. Platform speci?c 
tags, and optional barcoding, can be introduced by, e.g., PCR. 
Ampli?cation can occur by, e.g., emulsion PCR (emPCR) or 
bridge PCR (bPCR). 
[0128] In some embodiments, the methods of ligating 
adaptors to polynucleotides are those described in Us. Pat. 
Nos. 5,789,206 or Ameson et al. (2008) Whole-Genome 
Ampli?cation by Adaptor-Ligation PCR of Randomly 
Sheared Genomic DNA (PRSG) Cold Spring Harbor Prolo 
cols. 
[0129] SiZes of fragments of polynucleotides that can be 
generated can be about, more than about, at least about, or less 
than about 10, 25, 50, 100, 200,300, 400, 500, 600, 700, 800, 
900, 1000, 2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000, 
10,000, 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, 2,000, 
000, 3,000,000, 4,000,000, 5,000,000, 6,000,000, 7,000,000, 
8,000,000, 9,000,000, or 10,000,000 bases or base pairs. In 
some embodiments, the siZe of fragmented polynucleotides is 
about 50 to about 100, about 50 to about 150, about 50 to 
about 200, about 100 to about 150, about 100 to about 200, 
about 100 to about 300, about 150 to about 200, about 150 to 
about 250, about 200 to about 300, about 200 to about 400, 
about 300 to about 400, about 300 to about 500, about 400 to 
about 500, about 400 to about 600, about 500 to about 600, 
about 500 to about 700, about 600 to about 700, about 600 to 
about 800, about 700 to about 800, about 700 to about 900, 
about 800 to about 1000, about 50 to about 500, about 100 to 
about 500, about 100 to about 1000, about 50 to about 1500, 
about 50 to about 2000, about 1000 to about 2000, or about 
1500 to about 2000 bases or base pairs. In some embodi 
ments, the siZe of fragmented polynucleotides is about 1000 
to about 5000, about 1000 to about 10,000, about 10,000 to 
about 20,000, about 10,000 to about 50,000, about 10,000 to 
about 100,000, about 50,000 to about 100,000, about 100,000 
to about 200,000, about 100,000 to about 500,000, about 
100,000 to about 1,000,000, about 200,000 to about 1,000, 
000, about 300,000 to about 1,000,000, about 400,000 to 
about 1,000,000, about 500,000 to about 1,000,000, or about 
750,000 to about 1,000,000 bases or base pairs. 
[0130] Ampli?cation 
[0131] Polynucleotides may be ampli?ed before they are 
partitioned. In some embodiments, polynucleotides are 
ampli?ed While in a partition (e.g., aqueous phase of an 
emulsion, e.g., droplet). In some embodiments, polynucle 
otides are ampli?ed before fragmentation in a partition. In 
some embodiments, polynucleotides are ampli?ed after frag 
mentation in a partition. In some embodiments, polynucle 
otides are ampli?ed both before and after fragmentation in a 
partition. In some embodiments, polynucleotides are ampli 
?ed in a partition before ligating an adaptor to a polynucle 
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otide in a partition. In some embodiments, polynucleotides 
are ampli?ed in a partition after ligating an adaptor to the 
polynucleotide in the partition. In some embodiments, poly 
nucleotides are ampli?ed after ligating an adaptor to the poly 
nucleotides and pooling polynucleotides from different par 
titions. 

[0132] In some embodiments, the ampli?cation comprises 
polymerase chain reaction (PCR), digital PCR, reverse-tran 
scription PCR, quantitative PCR, real-time PCR, isothermal 
ampli?cation, linear ampli?cation, or isothermal linear 
ampli?cation, quantitative ?uorescent PCR (OF-PCR), mul 
tiplex ?uorescent PCR (MP-PCR), single cell PCR, restric 
tion fragment length polymorphism PCR(PCR-RFLP), PCR 
RFLP/RT-PCR-RFLP, hot start PCR, nested PCR, in situ 
polony PCR, in situ rolling circle ampli?cation (RCA), 
bridge PCR (bPCR), picotiter PCR, digital PCR, droplet digi 
tal PCR, or emulsion PCR (emPCR). Other suitable ampli? 
cation methods include ligase chain reaction (LCR (oligo 
nucleotide ligase ampli?cation (OLA)), transcription 
ampli?cation, cycling probe technology (CPT), molecular 
inversion probe (MIP)PCR, self-sustained sequence replica 
tion, selective ampli?cation of target polynucleotide 
sequences, consensus sequence primed polymerase chain 
reaction (CP-PCR), arbitrarily primed polymerase chain 
reaction (AP-PCR), transcription mediated ampli?cation 
(TMA), degenerate oligonucleotide-primed PCR (DOP 
PCR), multiple-displacement ampli?cation (MDA), strand 
displacement ampli?cation (SDA), and nucleic acid based 
sequence ampli?cation (NABSA). Other ampli?cation meth 
ods that can be used herein include those described in Us. 
Pat. Nos. 5,242,794; 5,494,810; 4,988,617; and 6,582,938. 
[0133] In some embodiments, a multiple-displacement 
ampli?cation (MDA) step can be performed Within a partition 
(e.g., droplet) prior to fragmentation of polynucleotides and 
adaptor ligation to amplify the amount of DNA in each drop 
let in order to cover more of the captured polynucleotides. 
MDA can be a non-PCR based ampli?cation technique that 
can involve annealing multiple primers (e. g., hexamer prim 
ers) to a polynucleotide template, and initiating DNA synthe 
sis (e.g., using Phi 29 polymerase). When DNA synthesis 
proceeds to the next synthesis starting site, the polymerase 
can displace the neWly produced DNA strand and continues 
its strand elongation. Strand displacement can generate neWly 
synthesiZed single stranded DNA template to Which other 
primers can anneal. Further primer annealing and strand dis 
placement on the neWly synthesized template can result in a 
hyper-branched DNA network. The sequence debranching 
during ampli?cation can result in a high yield of products. To 
separate the DNA branching network, one or more S1 
nucleases can be used to cleave the fragments at displacement 
sites. The nicks on the resulting DNA fragments can be 
repaired by DNA polymerase I. The generated DNA frag 
ments can be directly used for analysis or be ligated to gen 
erate genomic libraries for further sequencing analysis. MDA 
is described, e.g., in Us. Pat. No. 7,074,600. 
[0134] Ampli?cation of polynucleotides can occur on a 
bead. In other embodiments, ampli?cation does not occur on 
a bead. A hot start PCR can be performed Wherein the reaction 
is heated to 950 C. for tWo minutes prior to addition of the 
polymerase or the polymerase can be kept inactive until the 
?rst heating step in cycle 1. Hot start PCR can be used to 
minimiZe nonspeci?c ampli?cation. Other strategies for and 
aspects of ampli?cation suitable for use in the methods 
described herein are described in Us. Patent Application 
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Publication No. 2010/0173394 A1, published Jul. 8, 2010, 
Which is incorporated herein by reference. 
[0135] Any number of PCR cycles can be used to amplify 
the DNA, e. g., about, more than about, at least about, or less 
thanabout 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 ampli?cation cycles can be about 1 to about 45, about 10 to 
about 45, about 20 to about 45, about 30 to about 45, about 35 
to about 45, about 10 to about 40, about 10 to about 30, about 
10 to about 25, about 10 to about 20, about 10 to about 15, 
about 20 to about 35, about 25 to about 35, about 30 to about 
35, or about 35 to about 40. 

[0136] Thermocycling reactions can be performed on 
samples contained in droplets. The droplets can remain intact 
during thermocycling. Droplets can remain intact during ther 
mocycling at densities of greater than about 10,000 droplets/ 
mL, 100,000 droplets/mL, 200,000 droplets/mL, 300,000 
droplets/mL, 400,000 droplets/mL, 500,000 droplets/mL, 
600,000 droplets/mL, 700,000 droplets/mL, 800,000 drop 
lets/mL, 900,000 droplets/mL or 1,000,000 droplets/mL. 
Droplets can remain intact during thermocycling at densities 
of greater than about 10,000 droplets/mL to about 100,000 
droplets/mL, 10,000 droplets/mL to about 1,000,000 drop 
lets/mL, or about 100,000 droplets/mL to about 1,000,000 
droplets/mL. In other cases, tWo or more droplets may coa 
lesce during thermocycling. In other cases, greater than about 
100 or greater than about 1,000 droplets may coalesce during 
thermocycling. 
[0137] Polynucleotides 
[0138] The methods described herein can be used for 
manipulating and analyZing polynucleotides. The term poly 
nucleotide, or grammatical equivalents, can refer to at least 
tWo nucleotides covalently linked together. A nucleic acid 
described herein can contain pho sphodiester bonds, although 
in some cases, as outlined herein (for example in the construc 
tion of primers and probes such as label probes), nucleic acid 
analogs are included that can have alternate backbones, com 
prising, for example, phosphoramide (see e.g., Beaucage et 
al., Tetrahedron 49(10):1925 (1993) and references therein; 
Letsinger, J. Org. Chem. 3513800 (1970); SprinZl et al., Eur. J. 
Biochem. 811579 (1977); Letsinger et al., Nucl. Acids Res. 
1413487 (1986); SaWai et al, Chem. Lett. 805 (1984), 
Letsinger et al., J. Am. Chem. Soc. 11014470 (1988); and 
PauWels et al., Chemica Scripta 261141 91986)), phospho 
rothioate (Mag et al., NucleicAcids Res. 1911437 (1991); and 
US. Pat. No. 5,644,048), phosphorodithioate (Briu et al., J. 
Chem. Soc. 11112321 (1989), O-methyl phosphoroamidate 
linkages (see e.g., Eckstein, Oligonucleotides and Ana 
logues1 A Practical Approach, Oxford University Press), and 
peptide nucleic acid (also referred to herein as “PNA”) back 
bones and linkages (see e.g., Egholm, J. Am. Chem. Soc. 
11411895 (1992); Meier et al., Chem. Int. Ed. Engl. 3111008 
(1992); Nielsen, Nature, 3651566 (1993); Carlsson et al., 
Nature 3801207 (1996), all of Which are incorporated by 
reference). Other analog nucleic acids include those With 
bicyclic structures including locked nucleic acids (LNAs are 
a class of nucleic acid analogues in Which the ribose ring is 
“locked” by a methylene bridge connecting the 2'-O atom 
With the 4'-C atom), also referred to herein as “LNA” (see 
e.g., Koshkin et al., J Am. Chem. Soc. 120.13252 3 (1998)); 
positive backbones (Denpcy et al., Proc. Natl. Acad. Sci. USA 
9216097 (1995); non-ionic backbones (see e.g., US. Pat. Nos. 
5,386,023, 5,637,684, 5,602,240, 5,216,141 and 4,469,863; 
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KiedroWshi et al., AngeW. Chem. Intl. Ed. English 301423 
(1991); Letsinger et al., J. Am. Chem. Soc. 11014470 (1988); 
Letsinger et al., Nucleoside & Nucleotide 1311597 (1994); 
Chapters 2 and 3, ASC Symposium Series 580, “Carbohy 
drate Modi?cations inAntisense Research”, Ed.Y. S. Sanghui 
and P. Dan Cook; Mesmaeker et al., Bioorganic & Medicinal 
Chem. Lett. 41395 (1994); Jeffs et al., J. Biomolecular NMR 
34117 (1994); Tetrahedron Lett. 371743 (1996)), and non 
ribose backbones, including those described in US. Pat. Nos. 
5,235,033 and 5,034,506, and Chapters 6 and 7, ASC Sym 
posium Series 580, “Carbohydrate Modi?cations in Anti 
sense Research”, Ed. Y. S. Sanghui and P. Dan Cook. Nucleic 
acids containing one or more carbocyclic sugars are also 
included Within the de?nition of nucleic acids (see e.g., Jen 
kins et al., Chem. Soc. Rev. (1995) pp 169-176). Several 
nucleic acid analogs are described in RaWls, C & E News Jun. 
2, 1997 page 35. All of these references are hereby expressly 
incorporated by reference. These modi?cations of the ribose 
phosphate backbone can be done to increase the stability and 
half-life of such molecules in physiological environments. 
For example, PNA1DNA and LNA-DNA hybrids can exhibit 
higher stability and thus can be used in some embodiments. 
The target nucleic acids can be single stranded or double 
stranded, as speci?ed, or contain portions of both double 
stranded or single stranded sequence. Depending on the 
application, the nucleic acids can be DNA (including, e.g., 
genomic DNA, mitochondrial DNA, and cDNA), RNA (in 
cluding, e.g., mRNA and rRNA) or a hybrid, Where the 
nucleic acid can contain any combination of deoxyribo- and 
ribo-nucleotides, and any combination of bases, including 
uracil, adenine, thymine, cytosine, guanine, inosine, xatha 
nine hypoxathanine, isocytosine, isoguanine, etc. 
[0139] The methods, compositions, and kits provided 
herein can be used to analyZe polynucleotides (e.g., DNA, 
RNA, mitochondrial DNA, genomic DNA, mRNA, siRNA, 
miRNA, cRNA, single-stranded DNA, double-stranded 
DNA, single-stranded RNA, double-stranded RNA, tRNA, 
rRNA, cDNA, etc.). The methods, compositions and kits can 
be used to evaluate a quantity of a ?rst polynucleotide com 
pared to the quantity of a second polynucleotide. The meth 
ods can be used to analyZe the quantity of synthetic plasmids 
in a solution; to detect a pathogenic organism (e.g., microbe, 
bacteria, virus, parasite, retrovirus, lentivirus, HIV-1, HIV-2, 
in?uenza virus, etc.) Within a sample obtained from a subject 
or obtained from an environment. The methods also can be 
used in other applications Wherein a rare population of poly 
nucleotides exists Within a larger population of polynucle 
otides. Polynucleotides can be obtained through cloning, e. g., 
cloning into plasmids, yeast, or bacterial arti?cial chromo 
somes. A polynucleotide can be obtained by reverse tran 
scription of isolated mRNA. 

[0140] In some embodiments, genomic DNA is analyZed. 
In some embodiments, the genomic DNA is from a mammal, 
e.g., a human. The genomic DNA can be obtained from nor 
mal somatic tissue, germinal tissue, or diseased tissue (e.g., 
tumor tissue). In some embodiments, about, more than about, 
at least 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, 45, 
46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 
63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 
80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 
97, 98, 99, or 100 genome equivalents are used. A genome 
equivalent can be the amount of DNA in a single copy of a 
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genome (e.g., a single diploid cell has 2 genome equivalents 
of DNA). In some embodiments, about 1 to about 10, about 1 
to about 15, about 1 to about 20, about 1 to about 25, about 1 
to about 30, about 1 to about 35, about 1 to about 40, about 1 
to about 45, about 1 to about 50, about 1 to about 55, about 1 
to about 60, about 5 to about 10, about 5 to about 15, about 5 
to about 20, about 5 to about 25, about 5 to about 30, about 5 
to about 35, about 5 to about 40, about 5 to about 45, about 5 
to about 50, about 5 to about 55, about 5 to about 60, about 10 
to about 20, about 10 to about 30, about 10 to about 40, about 
10 to about 50, or about 10 to about 50 genome equivalents are 
used. In some embodiments, about, more than about, at least 
about, or less than about 100, 200, 300, 400, 500, 600, 700, 
800, 900, 1000, 2000, 3000, 4000, 5000, 6000, 7000, 8000, 
9000, 10,000, 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, 
2,000,000, 3,000,000, 4,000,000, 5,000,000, 6,000,000, 
7,000,000, 8,000,000, 9,000,000, or 10,000,000 genome 
equivalents are used. In some embodiments, about 100 to 
about 1000, about 100 to about 10,000, about 100 to about 
100,000, about 100 to about 1,000,000, about 100 to about 
10,000,000, about 1000 to about 10,000, about 1000 to about 
100,000, about 1000 to about 1,000,000, about 1000 to about 
10,000,000, about 10,000 to about 100,000, about 10,000 to 
about 1,000,000, about 10,000 to about 10,000,000, about 
100,000 to about 1,000,000, about 100,000 to about 10,000, 
000, or about 1,000,000 to about 10,000,000 genome equiva 
lents are used. 

[0141] In some embodiments, polynucleotides are pro 
tected from shearing. Additives that can protect polynucle 
otides from shearing include, e.g., spermidine, spermine, 
poly(N-vinylpyrrolidone) 40 (PVP40), or Co(NH3)6Cl3. In 
some embodiments, Wide pore pipettes are used to avoid 
shearing of polynucleotides, e.g., When polynucleotides are 
transferred from one receptacle to another. Methods and com 
positions for protecting polynucleotides from shearing are 
described, e.g., in Kovacic et al. (1995) Nucleic Acids 
Research 23: 3999-4000 and Gurrieri S and Bustamante C. 
(1997) Biochem J. 326: 131-138. 
[0142] The length of polynucleotides, or fragments of poly 
nucleotides, that can be partitioned (e.g., in droplets) as 
described herein can be about, more than about, at least about, 
orless than about 100,200, 300,400, 500, 600,700, 800, 900, 
1000, 2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000, 
10,000, 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, 2,000, 
000, 3,000,000, 4,000,000, 5,000,000, 6,000,000, 7,000,000, 
8,000,000, 9,000,000, 10,000,000, 20,000,000, 30,000,000, 
40,000,000, 50,000,000, 60,000,000, 70,000,000, 
80,000,000, 90,000,000, 100,000,000, 110,000,000, 
120,000,000, 130,000,000, 140,000,000, 150,000,000, 160, 
000,000, 170,000,000, 180,000,000, 190,000,000, 200,000, 
000, 210,000,000, 220,000,000, 230,000,000, 240,000,000, 
or 250,000,000 nucleotides or base pairs in length. 
[0143] Individual chromosomes can be separated into indi 
vidual partitions. Human chromosomes that can be parti 
tioned as described herein can include chromosomes 1, 2, 3, 
4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,20,21,22, 
X orY. 

[0144] In some embodiments, gentle processing steps are 
used to obtain large polynucleotides from a sample. The 
gentle processing steps can include, e.g., loW speed centrifu 
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gation, release of genomic DNA using proteinase K and/or 
RNase digestion, or dialysis. In some embodiments, steps 
such as vortexing, high speed centrifugation, or ethanol pre 
cipitation are not performed. 
[0145] Next Generation Sequencing 
[0146] The methods, compositions, and kits described 
herein can be used With next generation sequence platforms. 
For example, adaptors With barcodes can be ligated to poly 
nucleotides, different samples of polynucleotides With differ 
ent barcodes can be pooled, the pooled polynucleotides can 
be sequencedusing next generation sequencing, andbarcodes 
can be used to determine Which sequence reads are generated 
from polynucleotides in the same partition (e. g., droplet). 
[0147] In some embodiments, the next generation sequenc 
ing technique is 454 sequencing (Roche) (see e.g., Margulies, 
M et al. (2005) Nature 437: 376-380). 454 sequencing can 
involve tWo steps. In the ?rst step, DNA can be sheared into 
fragments of approximately 300-800 base pairs, and the frag 
ments can be blunt ended. Oligonucleotide adaptors can then 
ligated to the ends of the fragments. The adaptors can serve as 
sites for hybridizing primers for ampli?cation and sequenc 
ing of the fragments. The fragments can be attached to DNA 
capture beads, e. g., streptavidin-coated beads using, e. g., 
Adaptor B, Which can contain 5'-biotin tag. The fragments 
can be attached to DNA capture beads through hybridiZation. 
A single fragment can be captured per bead. The fragments 
attached to the beads can be PCR ampli?ed Within droplets of 
an oil-Water emulsion. The result can be multiple copies of 
clonally ampli?ed DNA fragments on each bead. The emul 
sion can be broken While the ampli?ed fragments remain 
bound to their speci?c beads. In a second step, the beads can 
be captured in Wells (pico-liter siZed; PicoTiterPlate (PTP) 
device). The surface can be designed so that only one bead ?ts 
per Well. The PTP device can be loaded into an instrument for 
sequencing. Pyrosequencing can be performed on each DNA 
fragment in parallel. Addition of one or more nucleotides can 
generate a light signal that can be recorded by a CCD camera 
in a sequencing instrument. The signal strength can be pro 
portional to the number of nucleotides incorporated. Pyrose 
quencing can make use of pyrophosphate (PPi) Which can be 
released upon nucleotide addition. PPi can be converted to 
ATP by ATP sulfurylase in the presence of adenosine 5' phos 
phosulfate. Luciferase can use ATP to convert luciferin to 
oxyluciferin, and this reaction can generate light that is 
detected and analyZed. 
[0148] In some embodiments, the next generation sequenc 
ing technique is SOLiD technology (Applied Biosystems; 
Life Technologies). In SOLiD sequencing, genomic DNA 
can be sheared into fragments, and adaptors can be attached to 
the 5' and 3' ends of the fragments to generate a fragment 
library. Alternatively, internal adaptors can be introduced by 
ligating adaptors to the 5' and 3' ends of the fragments, circu 
lariZing the fragments, digesting the circulariZed fragment to 
generate an internal adaptor, and attaching adaptors to the 5' 
and 3' ends of the resulting fragments to generate a mate 
paired library. Next, clonal bead populations can be prepared 
in microreactors containing beads, primers, template, and 
PCR components. FolloWing PCR, the templates can be dena 
tured and beads can be enriched to separate the beads With 
extended templates. Templates on the selected beads can be 
subjected to a 3' modi?cation that permits bonding to a glass 
slide. A sequencing primer can bind to adaptor sequence. A 
set of four ?uorescently labeled di-base probes can compete 
for ligation to the sequencing primer. Speci?city of the di 
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base probe can be achieved by interrogating every ?rst and 
second base in each ligation reaction. The sequence of a 
template can be determined by sequential hybridization and 
ligation of partially random oligonucleotides With a deter 
mined base (or pair of bases) that can be identi?ed by a 
speci?c ?uorophore. After a color is recorded, the ligated 
oligonucleotide can be cleaved and removed and the process 
can be then repeated. Following a series of ligation cycles, the 
extension product can be removed and the template can be 
reset With a primer complementary to the n-1 position for a 
second round of ligation cycles. Five rounds of primer reset 
can be completed for each sequence tag. Through the primer 
reset process, most of the bases can be interrogated in tWo 
independent ligation reactions by tWo different primers. Up to 
99.99% accuracy can be achieved by sequencing With an 
additional primer using a multi-base encoding scheme. 
[0149] In some embodiments, the next generation sequenc 
ing technique is SOLEXA sequencing (Illumina sequencing). 
SOLEXA sequencing can be based on the ampli?cation of 
DNA on a solid surface using fold-back PCR and anchored 
primers. SOLEXA sequencing can involve a library prepara 
tion step. Genomic DNA can be fragmented, and sheared 
ends can be repaired and adenylated. Adaptors can be added 
to the 5' and 3' ends of the fragments. The fragments can be 
size selected and puri?ed. SOLEXA sequence can comprise a 
cluster generation step. DNA fragments can be attached to the 
surface of ?oW cell channels by hybridizing to a laWn of 
oligonucleotides attached to the surface of the ?oW cell chan 
nel. The fragments can be extended and clonally ampli?ed 
through bridge ampli?cation to generate unique clusters. The 
fragments become double stranded, and the double stranded 
molecules can be denatured. Multiple cycles of the solid 
phase ampli?cation folloWed by denaturation can create sev 
eral million clusters of approximately 1,000 copies of single 
stranded DNA molecules of the same template in each 
channel of the ?oW cell. Reverse strands can be cleaved and 
Washed aWay. Ends can be blocked, and primers can by 
hybridized to DNA templates. SOLEXA sequencing can 
comprise a sequencing step. Hundreds of millions of clusters 
can be sequenced simultaneously. Primers, DNA polymerase 
and four ?uorophore-labeled, reversibly terminating nucle 
otides can be used to perform sequential sequencing. All four 
bases can compete With each other for the template. After 
nucleotide incorporation, a laser is used to excite the ?uoro 
phores, and an image is captured and the identity of the ?rst 
base is recorded. The 3' terminators and ?uorophores from 
each incorporated base are removed and the incorporation, 
detection and identi?cation steps are repeated. A single base 
can be read each cycle. 

[0150] In some embodiments, the next generation sequenc 
ing technique comprises real-time (SMRTTM) technology by 
Paci?c Biosciences. In SMRT, each of four DNA bases can be 
attached to one of four different ?uorescent dyes. These dyes 
can be phospholinked. A single DNA polymerase can be 
immobilized With a single molecule of template single 
stranded DNA at the bottom of a zero-mode Waveguide 
(ZMW). A ZMW can be a con?nement structure Which 
enables observation of incorporation of a single nucleotide by 
DNA polymerase against the background of ?uorescent 
nucleotides that can rapidly diffuse in an out of the ZMW (in 
microseconds). It can take several milliseconds to incorporate 
a nucleotide into a groWing strand. During this time, the 
?uorescent label can be excited and produce a ?uorescent 
signal, and the ?uorescent tag can be cleaved off. The ZMW 
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can be illuminated from beloW. Attenuated light from an 
excitation beam can penetrate the loWer 20-30 nm of each 
ZMW. A microscope With a detection limit of 20 zeptoliters 
(10'21 liters) can be created. The tiny detection volume can 
provide 1000-fold improvement in the reduction of back 
ground noise. Detection of the corresponding ?uorescence of 
the dye can indicate Which base Was incorporated. The pro 
cess can be repeated. 

[0151] In some embodiments, the next generation sequenc 
ing is nanopore sequencing (See e.g., Soni GV and MellerA. 
(2007) Clin Chem 53: 1996-2001). A nanopore can be a small 
hole, of the order of about one nanometer in diameter. Immer 
sion of a nanopore in a conducting ?uid and application of a 
potential across it can result in a slight electrical current due 
to conduction of ions through the nanopore. The amount of 
current Which ?oWs can be sensitive to the size of the nanop 
ore. As a DNA molecule passes through a nanopore, each 
nucleotide on the DNA molecule can obstruct the nanopore to 
a different degree. Thus, the change in the current passing 
through the nanopore as the DNA molecule passes through 
the nanopore can represent a reading of the DNA sequence. 
The nanopore sequencing technology can be from Oxford 
Nanopore Technologies; e.g., a GridION system. A single 
nanopore can be inserted in a polymer membrane across the 
top of a microWell. Each microWell can have an electrode for 
individual sensing. The microWells can be fabricated into an 
array chip, With 100,000 or more microWells per chip. An 
instrument (or node) canbe used to analyze the chip. Data can 
be analyzed in real-time. One or more instruments can be 
operated at a time. The nanopore can be a protein nanopore, 
e.g., the protein alpha-hemolysin, a heptameric protein pore. 
The nanopore can be a solid-state nanopore made, e.g., a 
nanometer sized hole formed in a synthetic membrane (e. g., 
SiNx, or SiO2). The nanopore can be a hybrid pore (e.g., an 
integration of a protein pore into a solid-state membrane. The 
nanopore can be a nanopore With an integrated sensors (e. g., 
tunneling electrode detectors, capacitive detectors, or 
graphene based nano-gap or edge state detectors (see e.g., 
Garaj et al. (2010) Nature vol. 67, doi:10.1038/na 
ture09379)). A nanopore can be functionalized for analyzing 
a speci?c type of molecule (e.g., DNA, RNA, or protein). 
Nanopore sequencing can comprise “strand sequencing” in 
Which intact DNA polymers can be passed through a protein 
nanopore With sequencing in real time as the DNA translo 
cates the pore. An enzyme can separate strands of a double 
stranded DNA and feed a strand through a nanopore. The 
DNA can have a hairpin at one end, and the system can read 
both strands. In some embodiments, nanopore sequencing is 
“exonuclease sequencing” in Which individual nucleotides 
can be cleaved from a DNA strand by a processive exonu 
clease, and the nucleotides can be passed through a protein 
nanopore. The nucleotides can transiently bind to a molecule 
in the pore (e.g., cyclodextran). A characteristic disruption in 
current can be used to identify bases. Nanopore sequencing 
technology from GENIA or NAB sys can be used. In GENIA’s 
technology, an engineered protein pore can be embedded in a 
lipid bilayer membrane, and “Active Control” technology can 
enable e?icient nanopore-membrane assembly and control of 
DNA movement through the channel. In some embodiments, 
the next generation sequencing comprises ion semiconductor 
sequencing (e.g., using technology from Life Technologies 
(Ion Torrent)). Ion semiconductor sequencing can take advan 
tage of the fact that When a nucleotide is incorporated into a 
strand of DNA, an ion can be released. To perform ion semi 
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conductor sequencing, a high density array of microma 
chined Wells can formed. Each Well can hold a single DNA 
template. Beneath the Well can be an ion sensitive layer, and 
beneath the ion sensitive layer can be an ion sensor. When a 

nucleotide is added to a DNA, H+ is released, When can be 
measured as a change in pH. The H+ ion can be converted to 
voltage and recorded by the semiconductor sensor. An array 
chip can be sequentially ?ooded With one nucleotide after 
another. No scanning, light, or cameras can be required. 

[0152] In some embodiments, the next generation sequenc 
ing is DNA nanoball sequencing (as performed, e.g., by Com 
plete Genomics; see e.g., Drmanac et al. (2010) Science 327: 
78-81). DNA can be isolated, fragmented, and siZe selected. 
For example, DNA can be fragmented (e.g., by sonication) to 
a mean length of about 500 bp. Adaptors (Ad1) can be 
attached to the ends of the fragments. The adaptors can be 
used to hybridiZe to anchors for sequencing reactions. DNA 
With adaptors bound to each end can be PCR ampli?ed. The 
adaptor sequences can be modi?ed so that complementary 
single strand ends bind to each other forming circular DNA. 
The DNA can be methylated to protect it from cleavage by a 
Type IIS restriction enZyme used in a subsequent step. An 
adaptor (e.g., the right adaptor) can have a restriction recog 
nition site, and the restriction recognition site can remain 
non-methylated. The non-methylated restriction recognition 
site in the adaptor can be recogniZed by a restriction enZyme 
(e. g., AcuI), and the DNA can be cleaved by AcuI 13 bp to the 
right of the right adaptor to form linear double stranded DNA. 
A second round of right and left adaptors (Ad2) can be ligated 
onto either end of the linear DNA, and all DNA With both 
adaptors bound can be PCR ampli?ed (e.g., by PCR). Ad2 
sequences can be modi?ed to alloW them to bind each other 
and form circular DNA. The DNA can be methylated, but a 
restriction enZyme recognition site can remain non-methy 
lated on the left Ad1 adaptor. A restriction enZyme (e. g., AcuI) 
can be applied, and the DNA can be cleaved 13 bp to the left 
of the Ad1 to form a linear DNA fragment. A third round of 
right and left adaptor (Ad3) can be ligated to the right and left 
?ank of the linear DNA, and the resulting fragment can be 
PCR ampli?ed. The adaptors can be modi?ed so that they can 
bind to each other and form circular DNA. A type III restric 
tion enZyme (e.g., EcoP15) can be added; EcoP15 can cleave 
the DNA 26 bp to the left ofAd3 and 26 bp to the right ofAd2. 
This cleavage can remove a large segment of DNA and lin 
eariZe the DNA once again. A fourth round of right and left 
adaptors (Ad4) can be ligated to the DNA, the DNA can be 
ampli?ed (e.g., by PCR), and modi?ed so that they bind each 
other and form the completed circular DNA template. Rolling 
circle replication (e. g., using Phi 29 DNA polymerase) can be 
used to amplify small fragments of DNA. The four adaptor 
sequences can contain palindromic sequences that can 
hybridiZe and a single strand can fold onto itself to form a 
DNA nanoball (DNBTM) Which can be approximately 200 
300 nanometers in diameter on average. A DNA nanoball can 
be attached (e.g., by adsorption) to a microarray (sequencing 
?oWcell). The ?oW cell can be a silicon Wafer coated With 
silicon dioxide, titanium and hexamethyldisilaZane (HMDS) 
and a photoresist material. Sequencing can be performed by 
unchained sequencing by ligating ?uorescent probes to the 
DNA. The color of the ?uorescence of an interrogated posi 
tion can be visualiZed by a high resolution camera. The iden 
tity of nucleotide sequences betWeen adaptor sequences can 
be determined. 
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[0153] In some embodiments, the next generation sequenc 
ing technique is Helicos True Single Molecule Sequencing 
(tSMS) (see e.g., Harris T. D. et al. (2008) Science 320: 106 
109). In the tSMS technique, a DNA sample can be cleaved 
into strands of approximately 100 to 200 nucleotides, and a 
polyA sequence can be added to the 3' end of each DNA 
strand. Each strand can be labeled by the addition of a ?uo 
rescently labeled adenosine nucleotide. The DNA strands can 
then be hybridiZed to a ?oW cell, Which can contain millions 
of oligo-T capture sites immobiliZed to the ?oW cell surface. 
The templates can be at a density of about 100 million tem 
plates/cm2. The ?oW cell can then be loaded into an instru 
ment, e. g., HELISCOPETM sequencer, and a laser can illumi 
nate the surface of the ?oW cell, revealing the position of each 
template. A CCD camera can map the position of the tem 
plates on the ?oW cell surface. The template ?uorescent label 
can then be cleaved and Washed aWay. The sequencing reac 
tion can begin by introducing a DNA polymerase and a ?uo 
rescently labeled nucleotide. The oligo-T nucleic acid can 
serve as a primer. The DNA polymerase can incorporate the 
labeled nucleotides to the primer in a template directed man 
ner. The DNA polymerase and unincorporated nucleotides 
can be removed. The templates that have directed incorpora 
tion of the ?uorescently labeled nucleotide can be detected by 
imaging the ?oW cell surface. After imaging, a cleavage step 
can remove the ?uorescent label, and the process can be 
repeated With other ?uorescently labeled nucleotides until a 
desired read length is achieved. Sequence information can be 
collected With each nucleotide addition step. The sequencing 
can be asynchronous. The sequencing can comprise at least 1 
billion bases per day or per hour. 

[0154] In some embodiments, the sequencing technique 
can comprise paired-end sequencing in Which both the for 
Ward and reverse template strand can be sequenced. In some 
embodiments, the sequencing technique can comprise mate 
pair library sequencing. In mate pair library sequencing, 
DNA can be fragments, and 2-5 kb fragments can be end 
repaired (e.g., With biotin labeled dNTPs). The DNA frag 
ments can be circulariZed, and non-circulariZed DNA can be 
removed by digestion. Circular DNA can be fragmented and 
puri?ed (e. g., using the biotin labels). Puri?ed fragments can 
be end-repaired and ligated to sequencing adaptors. 
[0155] In some embodiments, a sequence read is about, 
more than about, less than about, or at least about 10, 1 1, 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, 60, 61, 62, 63, 
64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 
81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 
98,99,100,101,102,103,104,105,106,107,108,109,110, 
111,112,113,114,115,116,117,118,119,120,121,122, 
123,124,125,126,127,128,129,130,131,132,133,134, 
135,136,137,138,139,140,141,142,143,144,145,146, 
147,148,149,150,151,152,153,154,155,156,157,158, 
159,160,161,162,163,164,165,166,167,168,169,170, 
171,172,173,174,175,176,177,178,179,180,181,182, 
183,184,185,186,187,188,189,190,191,192,193,194, 
195, 196, 197, 198, 199,200, 201, 202, 203, 204, 205, 206, 
207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218, 
219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 
231, 232, 233, 234, 235, 236, 237, 238, 239, 240, 241, 242, 
243, 244, 245, 246, 247, 248, 249, 250, 251, 252, 253, 254, 
255, 256, 257, 258, 259, 260, 261, 262, 263, 264, 265, 266, 
267, 268, 269, 270, 271, 272, 273, 274, 275, 276, 277, 278, 






















